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Abstract
This research defines the result of studies on a Sugar cane bagasse ash (SCBA) material through laboratory experiment. The material prepared with mix ratio (0.2 % to 1.0
%), Blast furnace slag as mix ratio proportion (10%), glass fibre as reinforcing materials, cement (10%,15% and 20%) and water (50%,60%) for mix in to homogeneous slurry
were added to material. The consequence of mix ratio percentages on density, compressive strength are studied. It was observed that the density of materials with
inclusion of glass fibre ranging between 1101 kg/m  to 1326 kg/m . The compressive strength of material increases as percentages of cement increase from 10 to 20%. The
compressive strength of materials influenced considerably by mix ratio 0.2 % to 1.0 %. The stress–strain outline was observed to be nonlinear for every mix ratio
percentage and curing duration.
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a b s t r a c t

Rapid industrialization and advancement in technology have led to the creation of bulk loads of waste
material. Subsequently, the management of these waste materials has been a topic of major concern
due to their complex treatment processes. As a result, utilizing these wastes with new ideas has pre-
sented viable solutions to global concerns in recent years. One of them is the utilization of waste mate-
rials in manufacturing sustainable brick. In the present study, phosphogypsum (PG), rice husk ash (RHA),
and cement are used in different proportions [PG-65% to 82.5%, RHA-2.5% to 15%, cement-15% to 20%] to
develop sustainable bricks. The developed sustainable bricks were tested as per the Indian and ASTM
Standards. Findings revealed that the compressive strength and water absorption value of composition
‘H’ [PG(77.5%). RHA(7.5%). CEMENT(15%)] meet the requirement of IS 3495:1992. The designed sustain-
able brick of composition ‘H’ is shown to have a higher specific heat capacity than commercially available
fly ash bricks (FAB) and burnt clay bricks (BCB); hence the developed sustainable brick (composition H) is
found to be thermally insulated. Present research can be used by various resource persons who are active
in developing sustainable construction materials or bricks from industrial wastes.
Copyright � 2022 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Sustainable Materials
and Practices for Built Environment.

1. Introduction

Bricks contain the majority of the embodied energy in a unit of a
wall. They are the fundamental building unit of any structure. The
interest in developing bricks from diverse industrial or agricultural
wastes has increased because population expansion outpaces
available housing. The production of building materials has an irre-
versible impact on the environment. The construction industry’s
growth is reliant on finite natural resources, thus forcing manufac-
turers to seek alternative solutions. Due to the increased demand
for construction materials, several academics or researchers are
attempting to turn industrial wastes into sustainable construction
materials. Recycling and reusing these wastes in developing sus-
tainable construction materials may help to reduce reliance on nat-
ural resources, conserve non-renewable resources, improve
population health and security, and reduce waste disposal costs.

The most efficient use of waste materials in the creation of sustain-
able bricks is a great approach to solve the problem of waste stor-
age while also cutting the cost of construction materials. Globally,
different waste materials are produced in industries viz. chemical
solvents, paints, agricultural wastes, paper products, industrial
by-products, metals, construction wastes, and radioactive wastes.
A variety of these wastes has been used for manufacturing sustain-
able materials like agro-industrial wastes [1], granulated blast-
furnace slag, waste paper pulp, waste steel slag, rice husk ash,
expanded polystyrene [2], etc. Some of them have become prime
waste materials for brick production, and others are still undergo-
ing research works. In this study, statistics about phosphogypsum
(PG) and rice husk ash (RHA) have been described to get a general
idea of the potentiality of these waste materials. The PG comes
from phosphoric acid factories’ filtration process [3,4]. Approxi-
mately 4–6 Tonnes [5] of PG is generated per ton of P2O5 recovered.
If PG is dumped in an open area, it could endanger the ecosystem.
The handling and control of PG is also a critical challenge in plants
owing to their massive volumes, as well as the likelihood of dust,
and heavy metals emissions. [6] There are 11 phosphoric acid pro-
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duction units in India, which are spread over 7 states as shown in
Fig. 1. PG is currently stored, and some of it is exported to other
businesses for usage as a raw material in cement manufacturing,
for alkali soil additives, and reconditioning. The Hazardous Waste
Rules [7], exempted PG from the Schedule-I hazardous waste cat-
egory and mandated that PG from phosphoric acid fertilizer plants
be managed according to the CPCB guidelines. PG production in the
country is estimated to be over 11 million tonnes per year (based
on the assumption that 5 tonnes of PG are produced for every
tonne of phosphoric acid). Fig. 1 depicts the country’s phosphoric
acid production scenario by industry [6].

RHA is a rice milling waste product [8]. It is formed from burned
rice paddy husks. Non-crystalline amorphous RHA is created by
burning rice husks at temperatures between 500 and 800 �C.
RHA contains 90% amorphous silica [9]. Because of its high surface
area and high silica concentration, it has good pozzolanic activity.
India produces roughly 24 million tonnes of rice husk each year
[10]. It is used as fuel in boilers and to generate electricity in the
industrial sector. Rice husk has a high ash percentage, ranging from
15 to 20% when compared to other forms of biomass utilized for
gasification [11]. RHA is mostly made up of silica. With such a high
silica content in the ash, extracting silica from it becomes cost-
effective, which has a large market and reduces the need for ash
disposal. Rice husk is used for a variety of purposes, including as
a fuel in brick kilns, furnaces [12], for parboiling (Rice mills), as a
cleaning agent in the machine sector, and in the manufacture of
construction materials. Although rice husk has a variety of well-
known uses, only a small fraction of it is actually used; the rest
is thrown away or used as cattle feed. Because there is so much rice
husk produced, the issues associated with its exploitation must be
addressed not only in terms of quality but also in terms of quantity.
However, efficient brick production is the most promising and
profitable use of this ash. Thus, the objective of this study is to
develop sustainable bricks using wastes viz. PG, and RHA along
with cement as a binding material. Numerous compositions have
been explored and tested as per various standards to produce brick
with enhanced properties.

2. Material and methodology

2.1. Material

In this study, the PG is procured from Samudrapur Dist. Wardha
(Fig. 2). RHA is procured from Ellora Industries, Tumsar, Dist. Bhan-
dara (Fig. 3). Ordinary Portland Cement of grade 43, is employed as
a binder for the development of sustainable bricks. The chemical
composition was determined by the XRF (Xray-Fluorescence) test
at the Indian Bureau of Mines, Nagpur.

2.2. Development of sustainable bricks

To prepare sustainable bricks possible proportions of raw mate-
rials were made as shown in Table 1. After that, the raw materials
were hand-mixed until they were homogeneous [13]. (Fig. 4) The

Fig. 1. Details about phosphoric acid manufacturing in India [6].

Fig. 2. Production of PG from the fertilizer industry.
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mixture is then molded at various proportions in a mould of size
190 � 75 � 100 mm. After that, the developed bricks are dried in
the open air for 15 to 20 days as shown in Fig. 5. The dried bricks
are subsequently put through a series of testing in compliance with
various standards (Table 2).

The initial five compositions namely A to E and the bricks devel-
oped using 0–50% PG was not effective as the bricks produced
resulted in poor structural formation and also developed shrinkage
cracks resulting in a strength low enough to be broken by hand.
Hence, it was not possible to carry out tests on them. The next five
compositions i.e F to J had constant cement content with increas-
ing PG and decreasing RHA content. The resulting bricks were firm
and strong. Therefore, the study is conducted on these five compo-
sitions to develop a sustainable brick.

3. Results and discussion

3.1. Chemical characterization of PG and RHA

Table 3 shows the findings of the XRF study of PG and RHA.
According to the results, the principal ingredients in the PG sample
are CaO, F, P2O5, SO3, and SiO2. The specific gravity of PG is found to
range from 2.3 to 2.6, and a maximum dry bulk density varies
between 1470 kg/m3 to 1670 kg/m3. PG sample is found to have
a pH of 2.9, indicating their acidic nature. The major oxides that
are found in the RHA samples are iron oxide, silicon dioxide, and
aluminium oxide. The specific gravity of RHA is found to be 2.13
and the density of 2216.5 kg/m3. The specific gravity of cement
used is found to be 3.15 and its density is 1440 kg/m3. From the

Fig. 3. Rice Husk Ash.

Table 1
Proportioning of raw materials for sustainable bricks.

Composition name Phosphogypsum (%) Cement (%) Rice husk ash (%)

A 65 20 15
B 70 17 13
C 80 19 1.0
D 80 15 5.0
E 80 17 3.0
F 72.5 15 12.5
G 75 15 10
H 77.5 15 7.5
I 80 15 5.0
J 82.5 15 2.5

Fig. 4. Brick casting work.

Fig. 5. Manufactured bricks kept for sun drying.

Table 2
Various tests performed on sustainable bricks.

Sr. No. Tests Performed IS Codes/References

1 Density and Dimension Test IS 1077.1992 [14]
2 Compressive Strength Test IS 3495 Part I.1992 [15]
3 Water Absorption Test IS 3495 Part II.1992 [15]
4 Voidage Test IS 3495 Part II.1992 [15]
5 Efflorescence Test IS 3495 Part III.1992 [15]
6 Specific Heat Capacity –
7 Shear Bond Test Source - [16]
8 Flexure Bond Test ASTM C1072 [17]

Table 3
Chemical composition of phosphogypsum and rice husk ash elements (%).

Chemical composition Phosphogypsum (PG)% Rice Husk Ash (RHA)%

Na2O 0.11 0.12
MgO 0.02 0.44
Al2O3 0.13 0.46
SiO2 1.74 88.32
P2O5 1.04 –
SO3 52.94 –
CaO 38.87 0.67
TiO2 0.05 –
Fe2O3 0.16 0.67
SrO 0.04 –
Y2O3 0.008 –
F 0.32 –
K2O – 2.91
L.O.I 3.97 5.81
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sieve analysis of PG and RHA samples, the majority of particles
were found to be retained on a 0.075 mm sieve i.e (31% and 80%
respectively).

3.2. Test on sustainable bricks

The results are tabulated for the five compositions namely F, G,
H, I, and J, and a comparative study amongst them with commer-
cially available common burnt clay bricks (BCB) and fly ash bricks
(FAB) was carried out for each test.

3.2.1. Dimension test
The size of bricks was kept similar to the conventional BCB and

FAB bricks (Table 4). The dimensions of bricks are found to slightly
differ from standard modular dimension size with a fluctuation
margin of ±5 mm.

3.2.2. Density test
As can be seen from Fig. 6, The density of the bricks is observed

to increase as the quantity of PG increases, but the RHA decreases.
The lowest density was obtained as 1282.05 Kg/m3 and a maxi-
mum of 1695 Kg/m3 was observed. The density of BCB is around
1700 Kg/m3. Thus, in comparison, it can be inferred that the PG-
RHA bricks are light-weighted and hence have a lower density than
BCB and FAB. This suggests that using the RHA and PG in the right
amounts can significantly reduce the unit weight of bricks.

3.2.3. Water absorption test
From Fig. 7, It is observed that as the content of PG increases,

the water absorption capacity decreases. However, water absorp-
tion values of PG and RHA incorporated bricks were higher than
BCB and FAB bricks. But, from the obtained results, it is evident
that all the composition has a water absorption capacity of less
than 20% which agrees with the Indian standard [11]. The water
absorption capacity of bricks I and J also satisfied the Chinese stan-
dards (JC/T422-2007) [18] wherein the top limit is given as 18%.

3.2.4. Voidage test
The volume of voids in brick should be minimum. Therefore,

composition ‘H’ filters out to be better than any other composition
in achieving the voidage criteria (Fig. 8). The fine texture of RHA
and PG provides improved particle packing density due to the filler
effect, as a result, the void percentage between particles decreases.

3.2.5. Efflorescence test
The bricks were tested in accordance with IS 3495. Part 3 [15].

Fig. 9, It is observed that there was no perceptible deposit of efflo-
rescence after the conduction of the test on any of the tested sam-
ple compositions. Therefore, the liability of efflorescence is nil.

3.2.6. Specific heat capacity test
The specific heat of brick is calculated by using a temperature

gun (Fig. 11) to measure the average temperatures on all surfaces
of the brick before and after an hour in the oven. The specific heat

Table 4
Result of dimension test.

Composition Length (mm) Width (mm) Height (mm)

BCB 195 100 70
FAB 195 100 70
F 195 100 70
G 195 100 70
H 195 100 70
I 195 100 70
J 195 100 70

Fig. 6. Density of specimens.

Fig. 7. Water absorption values of specimens.

Fig. 8. Voidage test.
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capacity is computed using the energy consumed (q) per brick to
generate this temperature difference (t) by the known mass (m)
of brick, as shown in Table 5. From Table 5 and Fig. 10, it is evident
that PG incorporated bricks require more amount of heat than a
common BCB to have their temperature increased by one degree
Celsius. Therefore, all sample compositions are more effective in
temperature control than BCB.

3.2.7. Compressive strength
Fig. 12 shows the results obtained as an average of measure-

ments taken on three specimens of various compositions. It can
be seen that as the percentage of PG increases, the brick’s compres-
sive strength increases. i.e up to 77.5%, thereafter slightly decreases
but the change observed is very small. Similar results were
reported in the past study [19] i.e PG incorporated clay brick
showed an increase in strength up to 75%, after which a decrease
in strength was observed. Sample composition ‘H’ clearly has the
highest failure load and has a compressive strength of 3.7 N/mm2

which is more than 3.5 N/mm2 prescribed by Indian Standard for
common brick [14] (see Fig. 13).

3.2.8. Load compression curve
From Fig. 14, it is evident that the line for composition H shows

lesser compression as compared to other compositions as the load
gradually increases. Also, the area under the curve for composition
H is more compared to other compositions. Thus it can be inferred
that the energy absorption capacity for bricks made with H compo-
sition is higher when compared with the other compositions.

3.2.9. Shear bond strength test
The experimental setup for determining shear bond strength is

shown in Fig. 15. This strength is related to the mortar/brick bond.
It usually falls in the range of 0.10 to 0.30 Mpa. Fig. 16, The test car-
ried out on sample compositions indicates that sample ‘H’ has the

highest shear strength i.e 0.125 Mpa when compared with other
compositions and conventional BCB bricks.

3.2.10. Flexure bond strength test
Fig. 17 shows the experimental setup of the flexural bond

strength test. Masonry performs well in compression but not so
well in tension. Its flexure bond strength is thus determined and
it depends on the mortar/brick bond. From Fig. 18, It can be seen
that the flexure strength of sample ‘H’ is 0.09 Mpa whereas sample
‘J’ has the lowest strength.

Fig. 9. Efflorescence test.

Table 5
Result of specific heat capacity test.

Composition Before avg temp. (k) After avg temp. (k) Change in temperature Dt (k) Mass Specific heat capacity (J/Kg k)

BCB 7375 10378.83 3003.83 0.236 1143.18
FAB 7376 10590.74 3214.74 0.236 1065.42
F 7374 10355.76 2981.76 0.178 1522.80
G 7374.2 10360.87 2986.67 0.199 1360.88
H 7376 10437.22 3061.22 0.167 1587.60
I 7375 10442.10 3067.10 0.143 1850.54
J 7374 10370.48 2996.48 0.150 1797.84

Fig. 10. Specific heat capacity test.

Fig. 11. Measurement of temperature by temperature gun.
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Fig. 12. Compressive strength test.

Fig. 13. Test setup for compressive strength.

Fig. 14. Combined load-deformation curve of all bricks.

Fig. 15. Test setup for shear bond strength.

Fig. 16. shear bond strength of specimens.

Fig. 17. Test setup for flexure bond strength.
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4. Conclusion

the following conclusions can be drawn from this exhaustive
study.

1. The brick composition ‘H’ has better brick properties than other
compositions. It has a compressive strength of 3.7 N/mm2,
water absorption of 19.3%, voidage of 23.07%, flexure bond
strength of 0.09 N/mm2, and shear bond strength of 0.125 N/
mm2.

2. The developed sustainable bricks exhibit better thermal insula-
tion than commercially available BCB and FAB.

3. The optimum percentages of PG in the brick increases the
mechanical strength of bricks.

4. The value of water absorption of bricks decreases with a per-
centage increase of PG.

5. As the RHA percentage increases, the water absorption of brick
increases, and the compressive strength of brick reduces. Thus
the optimum range of RHA is suggested.

6. The results also show that the PG-RHA bricks with proper com-
position have higher strength compared to conventional BCB
and FAB.

As a result, it can be stated that the use of PG and RHA in the
brick manufacturing process can be made environmentally friendly
if it is done properly and in the right optimum proportion. Bricks
created from these wastes might be considered a better alternative
to traditional BCB and FAB. This characteristic can be used to turn
waste into wealth.
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a b s t r a c t

An increase in environmental concern has occurred from the accumulation of mismanaged industrial
burned residue, particularly in developing countries. Recycling these wastes as a sustainable building
material seems to be a potential solution not only to the pollution problem, but also to the cost of green
building design. In order to develop sustainable construction materials, industrial and incinerated left-
over materials are being used. The goal of this research is to find out more about the probability of replac-
ing natural soil in brick production with burned industrial waste, such as Cupola Slag and fly ash. This
study is based on various mix proportions for making bricks keeping constant cement by 10 %. Brick mix-
ture was prepared with cupola slag and fly ash for various proportions. From the five distinct mixes with
variable CS from 80% to 60%, the M1 mix with 80 % CS, 10% FA, 10% Cement had the highest compressive
strength 4.5 N/mm2. Compressive strength for burnt clay bricks is 3.5 N/mm2 which is less than cupola
slag bricks, while the brick mix M5 (60 CS: 30 FA: 10 cement) had the lowest water absorption and den-
sity 6.53 % and 1350.57 kg/m3. This study reveals that used of cupola slag and fly ah in combination gives
satisfactory results to be used in making sustainable bricks. This study also reflects the use of burnt resi-
due to developed sustainable building blocks.
Copyright � 2022 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Sustainable Materials
and Practices for Built Environment.

1. Introduction

As a result of urbanization, a large quantity of solid waste was
produced, and disposal of this waste became a big issue. Dumping
and land-filling of solid waste causes environmental deterioration
such as ground water contamination due to leaching, soil pollution,
and human health concerns. In recent years, solid waste utilization
has grown in potential to recycle valuable materials while reducing
solid waste volume, other pollutants, and disposal costs. Brick is a
widely utilized building material all over the world. Brick plays an
essential part in the construction sector due to its exceptional
qualities like as low cost, high strength, and long durability [1].
Because of the high demand for building materials, particularly
in the previous decade as a result of rising population, there is a
gap in demand–supply management of these resources. As a result,
experts are working to create and develop sustainable alternative
building material options to suit the ever-increasing demand.
Lightweight construction materials low-cost and environmentally

friendly are becoming increasingly popular in the construction sec-
tor has demanded research on ways to do so while still following
the standards material criteria. [2]. Approximately 960 million ton-
nes of solid waste are created per annum in India as waste material
of industrial, mining, and mining operations [3]. Various industrial
and agricultural wastes are now being used to create building
blocks that provide a long-term answer for the construction sector
[4]. Cupola slag is a waste product produced by the cast iron indus-
try when molten steel is alienated from impurities in cupola fur-
naces [5]. During the cast iron production process in cupola
furnaces, roughly 57 percent of the waste is produced. Industry
produces between 50 and 3000 tonnes of C.I [6]. In concrete,
cupola slag has been used as a partial cement substitute [7]. Cupola
slag was also employed in concrete to evaluate its behavior as a
partial replacement for both coarse and fine aggregate combina-
tions [8]. For increasing various thermo-mechanical properties,
several types of bricks such as burnt clay bricks, fly ash bricks,
stone masonry, refractory bricks, solid sand lime bricks, blocks,
and thermos acoustic bricks can be employed [9]. Different waste
materials were used to make sustainable bricks, including co-
fired blended ash, spent mushrooms compost, electric arc furnace
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dust, recycle paper mills waste, ground granulated blast furnace
Slag, Sugarcane Bagasse ash, waste glass sludge, waste tyre rubber,
construction waste, and residues made from recycled paper. The
use of waste glass sludge improved the thermal performance of
bricks [10].

Several studies have employed cupola slag as a substitute for
cement, fine and coarse aggregate in concrete, pavement, and mor-
tar. Furthermore, there is no research on cupola slag utilized in
bricks. This can be put to good use in the manufacture of building
blocks. Using this cupola slag as a raw material for making sustain-
able building materials will not only address the issue of environ-
mental pollution, but it will also improve construction efficiency
makes the construction materials sustainable and cost-effective.
Cupola slag (CS) was used as the principal raw material in this
investigation, along with fly ash as an industrial waste and a con-
sistent cement percentage. Cupola slag and fly ash were physically
and chemically characterised in order to determine their suitability
as a raw material for developing sustainable building blocks. The
physico-mechanical properties of the developed bricks were
tested. This research focuses on the efficient use of cupola slag to
generate cost-effective, long-lasting, and high-performance build-
ing blocks, providing another option for industrial waste manage-
ment and pollution prevention.

2. Materials And Test Methods

2.1. Raw materials and preparation of brick specimen

Cupola slag and fly Ash (FA) was utilized as an industrial waste
in this paper. As a binding material, cement was used. Though the
cement percentage was kept constant, variable proportions of fly
ash and cupola slag were utilized to provide a wide range of
results. Fly ash is a finely distributed residue formed by the burn-
ing of pulverized coal that is conveyed away from the combustion
chamber by exhaust gases. Coal-fired power plants and steam
plants produce fly ash. Coal is commonly pulverized and mixed
with air in a boiler’s combustion chamber, where it quickly burns,
producing molten mineral residue and the heat. Fly ash was gath-
ered from the thermal power plant in Khaperkheda, Nagpur, Maha-
rashtra as shown in Fig. 1. Cupola slag is a type of industrial waste
that comes from the steel industry Neco Heavy Engineering and
casting limited, MIDC Hingna, Nagpur, Maharashtra. This can only
be used for land filling purposes. Cupola slag is a thick substance
with a lot of iron filling shown in Fig. 2 (a). Before employing slag

in bricks, it must be sieved. It was sieved using a 1.18 mm IS sieve
as per Fig. 2 (b). As a binding material, OPC grade 53 cement was
used. It was utilized in all proportions with a minimum percentage
and a constant proportion.

The quantity of raw materials necessary was first determined
using various combinations of cupola slag, fly ash, and cement, as
well as the dimensions of the mould (190 � 90 � 90 mm) and den-
sities of all raw materials. Cupola slag was dry mixed with fly ash
and cement in the quantities listed in Table 1. The water was then
added into the dry mixture by hand mixing, and blending was
resumed until a homogenous consistency was reached. A frog with
dimensions of 140 � 60 � 10 mm was cast using the same dimen-
sioned hardwood piece as the brick. Bricks (Fig. 3) were made with
the proper moulds. The bricks are next dried for seven days in the
sun in a rain-protected shed.

2.2. Test methodology

The chemical constituents of raw materials were analyzed out
using X-ray fluorescence (XRF). Using an XRF spectrometer, the
elemental composition of cupola slag was examined (Indian
bureau of Mines, Nagpur). IS 2386 (Part III):1963 was used to cal-
culate the specific gravity of raw materials [12]. The cupola’s par-
ticle size distribution was also examined. Block densities are
calculated according to IS 2185 (Part 1): 2005 [13]. IS 3495 (Part
1): 1992 was used to conduct compressive strength tests on cupola
slag brick specimens (Fig. 3) [14]. All generated bricks were
exposed to compressive load at a constant rate of 14 N/mm2 per
minute until failure happened. The weight of bricks soaked in
water for 24 h and oven dried brick specimens were used to deter-
mine water absorption for bricks. A total of 100 brick specimens
were made of various concentrations.

3. Results and discussion

3.1. Properties of raw materials

3.1.1. Chemical composition
The chemical composition of cupola slag and fly ash is shown in

Table 2. Cupola slag has substantial amounts of silica and alumina,
making it ideal for brick production. The cupola slag also contained
trace levels of calcium oxide, magnesium oxide, and iron oxides.
The presence of a large amount of silica in the cupola slag improves
the binding properties of the brick specimen. Fly ash also has a
higher concentration of silica. Cupola slag has more calcium oxide
than fly ash, which may contribute to pozzolanic activity. The
majority of the chemical composition is made up of SiO2 and
CaO. When Al2O3 and MgO were present, more cementitious
hydration products were produced. The presence of large quanti-
ties of silicon, calcium, and aluminium oxides in the cupola slag
indicates that the material has a high reactivity potential. If the
content of silica (SiO2) is greater than 25 %, Sum of Silica (SiO2),
Alumina (Al2O3) and iron oxide (Fe2O3) is greater than or nearly
Equal to 70% and Sulphur (SO3) is less than 5%, the material can
be utilized as a supplementary cementitious material. Cupola slag
also has a larger percentage of lime, which aids in the improve-
ment of binding properties.

3.1.2. Specific gravity and unit weight
CS and FA had specific gravities of 2.917 and 1.87, respectively.

The water absorption of CS and FA was 0.37 percent and 11 per-
cent, respectively, with CS having much lower water absorption
than FA. CS and FA had a density of 1477. 71 kg/m3 and 1310 kg/
m3 could help reduce the weight of a single brick, resulting in aFig 1. Fly ash dumped at Thermal Power plant.
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lighter, more cost-effective construction. The physical parameters
of cement are also shown in Table 3.

3.1.3. Particle size distribution
Fig. 4 depicts the particle size distribution of cupola slag. It was

discovered that 95% of the cupola slag particles were classified as
sand (Table 4). This suggests that the slag particles from the cupola
can be used to make bricks. Only 5% of the particles were classified
as silt. There are no particles in the gravel and clay categories, as
shown in the table. Fig. 5 indicated the particle size distribution
for fly ash. It was discovered that 96% of the fly ash particles were
classified as sand.

3.2. Mechanical properties

3.2.1. Density
Hollow (open and closed cavity) concrete blocks bearing units

must have a minimum block density of 1500 kg/m3 according to
IS 2185 (Part 1):2005. After 28 days, minimum compressive
strengths of 3.5, 5.5, 7.0, 8.5, 10.0, 12.5 and 15.0 N/mm2 are
required. As the percentage of CS in the mix increases, the density
of the bricks dropped (Fig. 6). When the amount of CS increased
from 80 % to 60 %, the dry density reduced by 20%, from
1670.45 kg/m3 to 1350.57 kg/m3, as indicated in Table 5. Because
of the lower density of fly ash and cupola slag in the brick mix, this
trend in density was noticed. This came in handy for making light-
weight bricks. As a result, lighter bricks were more cost-effective,
economical, and convenient to carry. For all mix proportions, the
density of cupola slag bricks is comparable to commercially avail-
able fly ash bricks and burnt clay bricks shown in Table 8.

3.2.2. Water absorption
Water absorption has a substantial impact on the quality and

strength of bricks. Fig. 7 shows that after introducing cupola slag
into the brick mix, water absorption drops from 11.7 to 6.53 % as
the proportion of cupola slag lowers according to Table 6. As long
as water absorption is less than 15%, as indicated by IS 1077:1992,

Fig. 2. (a) Cupola Slag before sieving (b) Cupola Slag after sieving.

Table 1
Mix proportions of raw materials for bricks.

Mix No of Specimen Cupola Slag (%) Fly Ash (%) Cement (%)

M1 20 80 10 10
M2 20 75 15 10
M3 20 70 20 10
M4 20 65 25 10
M5 20 60 30 10

Fig. 3. Brick Specimen.

Table 2
Chemical Properties of the raw materials.

Chemical composition Cupola Slag (CS) Fly ash (FA) [11]

Lime, CaO (%) 24.27 1.49
Silica, SiO2 36.86 58.69
Alumina, AL2O3 7.5 25.1
Iron oxide, Fe2O3 21.79 5.8
Magnesia, MgO 1.22 2.22
Sulphur trioxide, SO3 0.11 0.12
Sodium Oxide, Na2O 0.15 0.59
Potassium oxide, K2O 0.9 4.04
Titanium Oxide, Tio2 0.97 –
Pentium Oxide, P2O5 0.23 –
Sodium Oxide, NaO 0.15 –
Strontium Oxide, SrO 0.03 –
Barium Oxide, BaO 0.04 –
Magnesium dioxide, MnO2 1.76 –
Chromium trioxide, CrO3 0.11 –
Zirconium dioxide, ZrO2 0.3 –
Tin oxide, SnO2 0.02 –
Free Cl – 1.28
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higher brick classes can be utilised, and values less than 20% can be
used for brick classes up to 12.5. The addition of CS can thus aid in
the production of more durable, cost-effective, and environmen-
tally friendly masonry bricks. Water absorption values of cupola

slag bricks for all the mix proportion are less as compared to com-
mercially available fly ash bricks and burnt clay bricks (Table 8).

3.2.3. Compressive strength
Compressive strength is the main characteristic since it indi-

cates the brick’s strength and quality. Fig. 8 indicates the results
for all of the bricks that were tested. Table 7 shows that the com-
pressive strength of M1 to M5 mixes drops from 4.5 N/mm2 to
3.6 N/mm2, a reduction of 12.5 % (Fig. 9). The M1 percentage mix
(80 CS: 10 FA: 10 cement) yielded the highest strength. This is
because of the chemical makeup of the basic components. Higher
compressive strength of bricks mixes with cupola slag due to lower
CaO content in the chemical composition. The minimum compres-

Table 3
Physical Properties of the cement, fly ash and cupola slag.

S.N Tests Performed Test Results

Cement Fly Ash Cupola Slag

1 Specific Gravity 3.15 1.87 2.917
2 Density 1440 kg/m3 1310 kg/m3 1477.71 kg/m3

3 Standard Consistency 32 % – –
4 Fineness 5 % 15.03 –
5 Water Absorption – 11 % 0.37 %
6 Initial Setting Time 75 min – –
7 Final Setting time 130 min – –

Fig. 4. Particle size distribution for Cupola Slag.

Table 4
Cupola Slag Particle size distribution.

Percentage
Distribution

Size Specifications (in mm) Cupola Slag Fly ash

Clay <0.002 0 0
Silt 0.002–0.075 5 4
Sand 0.075–2 95 96
Gravel >2 0 0

Fig. 5. Particle size distribution for Fly Ash.
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sive strength requirements are 3.5 N/mm2 according to Indian
standard code 1077:1992 [15]. All cupola slag brick specimens
passed the IS criteria for compressive strength. It also complies
with the I Class brick 4 N/mm2 criteria. As a result, created blocks

can be employed in environmentally friendly building. Fly ash
bricks have a minimum compressive strength of 5.4 N/mm2, while
burnt clay ricks have a minimum compressive strength of 3.5 N/
mm2. When compared to regular burnt clay bricks, cupola slag
has higher compressive strengths in all proportions, and when
compared to commercially available fly ash bricks, the maximum
value is about 4.5 N/mm2 as per Table 8.

3.2.4. Thermal conductivity
Thermal comfort of human being is based on the amount of heat

conduction through the building components, which can be

Fig. 6. Density for brick specimens.

Table 5
Density for brick specimens.

Mix Proportion Density (kg/m3)

M1 1670.45
M2 1659.1
M3 1543.56
M4 1454.64
M5 1350.57

Fig. 7. Effect of CS on water absorption.

Table 6
Water Absorption for brick specimens.

Mix Proportion Water Absorption (%)

M1 11.7
M2 10.89
M3 8.74
M4 7.21
M5 6.53

Fig. 8. Compression Test on brick Specimen.

Table 7
Compressive strength of brick specimens incorporating CS.

Mix Proportion Compressive Strength (N/mm2)

M1 4.5
M2 4.2
M3 4
M4 3.7
M5 3.6

Fig. 9. Compressive strength of brick specimens incorporating CS.
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reduced by means of thermal protection in building external walls
and roofs. The proper use of thermally insulated sustainable con-
struction material in building reduces the cooling/heating load.
For good thermally efficient building blocks the requirement is
low thermal conductivity. Thermal conductivity is estimated for
best combination of brick mix. Thermal conductivity for M1 mix
is 0.8 W/mK as per Table 8 which is less than fly ash brick and
burnt clay bricks.

4. Conclusion

Dumping on land and disposing of cupola slag results in con-
tamination of the soil, which has a direct influence on the ecosys-
tem. As a result, its productive usage in the construction of bricks
provides an alternative remedy for such issues to some extent.
Cupola slag as a by-product of the cast iron industry was combined
with fly ash as an industrial waste in the construction of bricks
with a constant cement ratio. The presence of silica and alumina
in the cupola slag indicates that it could be used to make sustain-
able building blocks. From the five distinct mixes with variable CS
from 80% to 60%, the M1 mix with 80 percent CS, 10% FA, 10%
Cement had the highest compressive strength 4.5 N/mm2. Com-
pressive strength for burnt clay bricks is 3.5 N/mm2 which is less
than cupola slag bricks, while the brick mix M5 (60 CS: 30 FA:
10 cement) had the lowest water absorption and density 6.53 per-
cent and 1350.57 kg/m3 when compared with fly ash bricks and
burnt clay bricks it has higher water absorption and density as
18.43 % and 27.11 %, 1700 kg/m3 and 1650 kg/m3. Thermal conduc-
tivity for M1 mix is 0.8 W/mK which is less than fly ash brick and
burnt clay bricks as 1.1 and 1.24. The water absorption value for all
of the mixes was determined to be less than 20%, indicating that
they meet the specifications. As a result, cupola slag can be used
to create long-lasting construction blocks. Cupola slag is a dis-
carded product from the iron industry which can be utilised to
make bricks, as well as reducing its disposal and land filling issues,
which helps to reduce land pollution. Based on the findings of the
tests, it is suggested that CS will be utilised in the production of
large-scale building bricks to improve the physico-mechanical
properties of bricks, thereby contributing to cost-effective, ecolog-
ically friendly, and sustainable building construction.
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Abstract 

The proposed study is to make a compact electrically operated hygiene bin to reduce the 
waste generated by the sanitary products like diapers contributing to land pollution. The bin 
is capable of extracting the biodegradable inner cellulose from the inner layer which is 
usually made up of polymers. As the disposed diaper takes long time to degrade and thus 
contributing to land pollution. The proposed machine can tear off the inner layer of diaper 
and exposes the inner trapped cellulose which will make the composting easy and is 
applicable for all kinds of sanitary products. This will give new ideas for the generation of 
biogas and manure. This will result in the reduction of the unwanted generated sanitary waste 
which could take several years to get degraded if disposed in landfills and can contribute 
adversely if incinerated that is contributing to the air pollution. Thus, this model could 
contribute to sustainable development. 
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Abstract 

Enhancement of heat transmission properties and pressure loss efficiency with light size and 
moderate cost in, widely used, compact heat exchangers is an ever-demanding and ongoing 
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research in the field of heat exchanger applications. This study reviews the numerical and 
experimental investigations in which different active and passive methods such as using 
various types of fin geometries, porous fins, fins with grooves or vortex generators, and 
nanofluids are discussed meticulously to enhance the thermohydraulic effectiveness of plate-
fin heat exchangers (PFHE). Some important friction factor and j factor correlations are also 
discussed. Overall, this review will guide the innovative plate-fin heat exchanger (PFHE) 
design for a specific purpose. 
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Abbreviations 

ReH: 
Reynolds number based on height 

f: 
Friction factor 

Ac: 
Minimum free flow area, m2 

Da: 
Darcy number, K/H2 

L: 
Length of porous fin, m 

H: 
Height of channel, m 

A0: 
Total heat transfer surface area of porous fin, m2 

j*: 
Modified j factor 

s: 
Flow maldistribution parameters 

h: 
Velocity ratio 

https://wayf.springernature.com/?redirect_uri=https%3A%2F%2Flink.springer.com%2Fchapter%2F10.1007%2F978-981-16-9613-8_12


j: 
Colburn factor 

CFD: 
Computational fluid Dynamics 

Re: 
Reynolds number 

h: 
Fin height, m 

s: 
Fin spacing, mm 

A: 
Wave amplitude, mm 

L: 
Fin wavelength, m 

VG: 
Vortex generator 

CFU: 
Common flow up 

EG: 
Ethylene glycol 

Nu: 
Nussult number 

JFi: 
Thermal Hydraulic performance Factor 

Φ : 
Nanoparticles weight fraction 

Pr: 
Prandtl number 

μμw : 
Wall fluid viscosity 



μμm : 
Average fluid viscosity 

l: 
Lance length of fin, m 

t: 
Thickness, m 

s: 
Fin spacing, m 

H: 
Height of fin, m 

HTE: 
Heat transfer enhancement 

PPF: 
Plain plate fin 

JF: 
Thermal hydraulic performance factor 

R: 
Humped radii 

εNTU : 
Effective number of transfer units 

s1: 
Non-louvered inlet and exit 

s2: 
Redirection length of fin 

Kc: 
Total heat transfer coefficient of cold fluid 

CFD: 
Common flow down 

IRW: 
Inline row winglet 



SRW: 
Staggered rows of winglets 

PFHE: 
Plate-fin heat exchanger 

WFP: 
Wavy plate fins 

E: 
Friction power per unit surface area, w/m2 

E� : 
Core Volume Goodness Index 

�aha� : 
Friction power 

�a : 
Overall surface efficiency 

ha: 
Coefficient of heat transfer at air side ,wm2 0c 

Fp: 
Fin pitch, mm 

De: 
Hydraulic diameter 

Fh: 
Fin height, m 

t: 
Thickness of fin, m 

h: 
Coefficient of heat transfer , wm2 0c 

ΔP : 
Pressure drop 

� : 
Crease angle 

� : 
Crease cycles 
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Abstract 

In the below presented work, the steps are taken to evaluate torsional strength of parts 
developed using fused deposition modelling (FDM). For this test, samples were 3D printed 
using ABS material and then investigated to understand the influence of layer height on the 
torsional strength of components. The parts were fabricated and tested as per ASTM 
standards with varying the layer height of 0.14 mm, 0.16 mm and 0.22 mm. Further, the parts 
were applied with acetone bath treatment and its effect on torsion strength is also 
investigated. The obtained values of torsional properties were compared with the injection 
moulded parts from literature. The results show that torsional properties of components 
manufactured by FDM are significantly influenced by variation in layer height. 
Comparatively, injection moulded parts were found to have better torsional properties. 
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Abstract 

The castings produced by a sand casting process have multiple 
quality features. The quality of a casting always depends upon 
proper controlling of enormous parameters involved in the process 
as well as proper combination among these parameters, while 
some of the defects are found persisting and difficult to avoid. 
Controlling the process to avoid the rejections of cast components 
due to the presence of such persisting defects mainly depends on 
the right understanding of the parameters associated with it. In the 
work presented in this paper, the primary focus is on the 
optimization of essential parameters of the green sand process to 
minimize the occurrences of these persisting defects in gray iron 
automotive components through experimental investigation using 
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effective approach. The study applies the Taguchi‟s „Design of 
Experiments‟ approach in combination with grey relational analysis 
(GRA) and principal component analysis (PCA) for determining the 
optimal level of parameters to minimize the defects Shrinkage 
porosity (SP), blowholes (BH), sand inclusion (SI), scabbing (SC) 
and low hardness (LH), which are persisting in the foundry industry 
producing cylinder heads and other castings required in the 
automotive, factory situated in central India. Optimal levels of 
parameters were determined by the single grey relational grade 
(GRG) obtained from GRA for overall improvement in multi-quality 
characteristics. PCA is used to determine the corresponding 
weighting values of each performance. The outcomes of this study 
assure that the approach used in this work, is useful to foundry 
industries to minimize the persisting casting defects. 

Introduction 

The green sand process for casting production is the most famous 
casting process and is widely used in small, medium and large-
scale foundry industries for manufacturing grey iron (GI) castings. 
Among the several possible defects in castings produced by a 
green sand casting process, some of the casting defects are 
persisting and more challenging to avoid. Monore [1] stated that, 
Porosity is one of the most persistent casting defects and common 
complaint of casting users, the final reliability of a casting and 
mechanical properties of the casting is greatly influenced by the 
presence of such defects. Krause [2], reported that gray cast iron is 
most favorable among all the cast irons mainly, because of its 
capacity to be cast into intricate shapes at a comparatively lower 
production cost. Alagarsamy [3], tried to illustrate the systematic 
approach for the correct identification of casting defects to reduce 
rejections, particularly, ambiguous casting defects such as porosity 
and inclusions. He also exemplifies the mechanism of defect 
formation. In the actual case study described, shrinkage and a 
porosity defect in spheroidal graphite cast iron is correctly identified 
through defect mapping and analysis and is resolved by controlling 
key process factors. Rehman, et. al. [4], discussed the factors that 
measure the performance of green manufacturing (GM) in India, 
and find out the status of understanding and execution of GM in 
India. 



Saikaya et.al. (2015) [5] applied an effective approach for 
optimizing the multi-response output such as vibration signals, 
cutting force, and surface roughness in the milling process. The 
effect of process parameter such as depth of cut, feed rate, cutting 
speed, and number of inserts on multi-response outputs was 
investigated and parameters were simultaneously optimized by 
using Taguchi-based gray relational analysis. Kaushik and Singhal 
(2018) [6] analyzed the effect of three process parameters; load, 
sliding distance and wt. % of SiC on the multi-quality characteristics 
of metal matrix composites by using the hybrid Taguchi-Grey 
relational Analysis (GRA) -Weight method.. Zerti et. al. (2018) [7], 
optimized the machining parameters. Grey relational analysis 
“GRA” based on Taguchi design was proposed in his study for 
simultaneous improvement of surface quality and productivity. 
Confirmation experiments proved the powerful improvement of 
experimental results and effectiveness of the multi-optimization 
technique applied.P.D. Kamble (2017) [8], in this paper Taguchi 
philosophy is used for design of experiment. The response factor 
surface roughness is evaluated experimentally for turning process. 
The cutting speed, feed rate, nose radius, depth of cut are used as 
controllable factors. Signal to noise ratio of surface roughness is 
tabulated by Smaller-the-better Taguchi quality characteristic 
Experimentation is conducted by orthogonal array L27. From the 
review of the above significant studies on multi-objective 
optimization of respective manufacturing process, it is revealed that 
in most of the above studies a combination of Taguchi method with 
grey relational analysis (GRA) and principal component analysis 
(PCA) for determining the optimal level of parameters found very 
powerful to deal with multi-objective optimization problem. 

Section snippets 

Experimental design 

The Taguchi approach to parameter design is a powerful technique 
among optimization techniques that can be effectively, applied to 
foundry industries, Bendell A et.al.(2019) [9]. Taguchi-based GRA is 
a statistical method to analyze the complex multi-response 
systems. It was proposed by Deng, in 1982, to measure the degree 
of approximation among the sequences with the help of gray 

http://et.al/


relational grade (GRG) to explore the relationship between 
responses and input parameters [10], [11]. 

Taguchi based grey relational analysis (GRA) 
coupled with principal component analysis (PCA) 

Grey system theory provides an effective solution for optimization of 
the multiple performance characteristics. Grey relational analyses 
based on this theory provide relation between process parameters 
and multi-responses. GRA uses a grey relational grade to evaluate 
the multiple performance characteristics. As a result, optimization of 
multiple performance characteristics can be converted into 
optimization of a single grey relational grade as shown in Table 5. 
The stepwise procedure of GRA 

Result and discussion 

The observations made from the analysis of the results obtained 
are mentioned below. 

 1. 
The optimal combination for multi-performance obtained from 
combination of proposed methods that is, Taguchi-GRA-PCA is set 
with levels as, A1, B2, C2, D2, E2, F2, G2, H2, J1, K2, L1, M2, N3, 
O1, P1,Q3,R2,S3,T1. 

 2. 
Based on the analysis of variance, the process parameters that 
significantly affects the multi-performance characteristics is carbon 
equivalent (CE), pouring temperature, steel scrap, green 
compression 
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Abstract 

The recent solar technology offers clean, economic andenvironment 
friendly energy applications to society. Photovoltaic (PV) modules 
are directly converted the incident solar radiations into electrical 
energy. These modules are connected in different electrical 
configurations and topologies. These configurations and topologies 
are decided as per the power requirement. The selection of variety 
of electrical configurationsand type of topologies arecritical for 
performance of the PV system. This research paper aims to 
Experimental investigationthe different PV array configurations 
(Series Parallel and Total cross Tied) with two different topologies 
(4SX5P and 5SX4P) in non-shading and partially shaded condition. 
It is observed that impedance of solar panel and input resistance 
playing important role in achieving maximum power output of PV 
system. The 4Sx5P topology shows the maximum power of 12 W is 
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observed at 8 am for uniform condition and 11.7 W is at 9:30 a.m. 
for partial shaded. Similarly 18.57 W at 9:15 a.m. for uniform 
condition and 15.26 W at 10:45 a.m. are observed for partial 
shaded condition of 5Sx4P topology. The power generated in both 
topologies is almost following the same pattern. From above graph 
it is clear that approximately 9–13% power variation was observed 
in uniform and partial shading condition for both the topologies. 

Introduction 

Energy is the most important factor for the economic as well as 
social and technological development of both developing and 
developed countries [1]. Mostly we are depending on different non 
renewable energy sources for satisfying our daily energy demand. 
In non-renewable energy sources fossil fuel are playing crucial role 
for managing these demands. But scarcity of fossil fuel, continuous 
price hike and environmental concern are the major bottle neck for 
usingthese for a long time. Detail literature review shows that lot of 
work was already carried out for minimizing the adverse effect of 
fossil fuels but these efforts are not enough as per different 
published reports on global disturbance. In recent year’s renewable 
energy sources like solar energy, wind energy, bio gas and fuel cell 
technology are showing potential for bridging the gap of future 
energy demands with environmental concern. These energy 
sources having their own challenges and at the same time also 
providing different opportunities. Zero carbon emission, easy 
availability and environment friendlyare the important characteristics 
which attract lot of research on renewable energy sources. 

Recently it is observed that solar technology is one of the most 
promising areas for future energy demand. Solar energy can be 
used in a direct or indirect way for producing the energy. In indirect 
utilization of solar energies like wind energy, hydro energy, ocean 
energy etc. observe that solar energy having secondary effect on 
production. Photoelectric and photo thermal are the direct 
conversion of energy from solar radiation. Photoelectric conversion 
direct directly converts the incident radiation into electrical energy 
while the photo thermal conversion directly convert the incident 
radiation into thermal energy. On grid, off grid and hybrid solar 
power plant are works on the principle of photoelectric conversion. 



Solar water heater, solar cooker are working on the principle of 
solar photo thermal conversion. 

The maximum achievable efficiency of polycrystalline silicon solar 
cells is 20–30%, which will further reduced by 5% due to the 
conventional series or parallel configurations. The present paper 
suggested the arrangement of some new configurations and their 
performance under non shaded and partially shaded conditions. 

This paper based on the experimental investigation of photoelectric 
conversion. This conversion works on the principle of photoelectric 
effect. The silicon semiconductor materials are used for absorbing 
the incident radiations in Photoelectric effect. When these materials 
are exposed to light, the photons of light are absorbed by the 
semiconductor crystal which causes number of free electrons in the 
crystal. This resulted production of electricity. It is observed that 
when the radiations are incident on the silicon cell, some of the 
radiations are reflected, some are transmitted through the materials 
and remaining is absorbed by the material. These losses reduce the 
efficiency of the system. These silicon cells are arranged in different 
combination of solar panel or solar modules. These solar panels are 
electrically connected in different combination of topologies and 
configurations. These combinations are decided on the basis of 
project requirement and the applications. This selection played 
important role for enhancing the performance of the solar system. 

Section snippets 

Literature review 

Solar panel is an array of number of PV cell. Cellsdirectly transform 
the sun’s photons into electricity. These PV cells are available in 
different electrical and physical characteristics. Bansal et al. 
checked the detailed performance and done the degradation 
analysis on different type of PV power plants with different 
topologies. They found that HIT appears to be the most promising 
technology followed by pc-Si and a-Si technology for all conditions 
[2]. Jaiswal et al. presented an effectual 

Experimental setup 



The experimentation was carried out to determine an optimum 
PVarray configuration under different operating conditions. PV array 
configurations have been tested (SP and TCT) in two different 
topologies (4SX5P and 5SX4P). The tests have been carried out at 
the outdoor location of YCCE (latitude: 21.1110625), college 
campus Wanadongari, Nagpur. 

The aluminum frame is fabricated with the PV solar modules 
dimensions. 20 poly-crystalline PV modules (60 W) were fitted in 
the frame. These modules are 

Variation of power and time 

All experiments are carried out from morning 6 a.m. to evening 
6p.m. under actual atmospheric condition of the stated site. The fix 
load of 20 W was applied for all topologies. 

Conclusions 

Following are mentioned the conclusions of the investigations done 
on Solar PV Array by varying parameters. 

This research work carried out SP and TCT array configuration with 
two different topologies (4SX5P and 5SX4P) in uniform and partially 
shaded condition. However all configurations can be taken at the 
same time to get better results. The impedance of solar panel and 
input resistance playing important role in achieving maximum power 
output of PV system. As soon as resistance increases the 
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Abstract 

Cellular structures are prominent over solid structures in Additive manufacturing because of their inherent features like reduced 
weight, more strength, and porosity. A cylindrical component was designed and then different lattice topologies like grid, vin tile 
and hexagon were used to create the internal cellular structure. A comparative analysis was then carried out on these cellular 
structures based on different unit cell sizes, variable strut thickness, coefficient of volume reduction (VRC) and surface area 
coefficient (SAC). The effect of these parameters on mechanical properties was studied and correlated. These different cellular 
structures were then fabricated using PLA (Polylactic acid) material on a Makerbot Replicator + 3-D printer. These cellular 
structures were then simulated through FEA by providing loading and boundary conditions and the results were then evaluated and 
validated with experimentation work. The yielded results shown lowest stress and smallest of the deformation for vin tile lattice 
structure as compared to grid and hexagon lattice cellular structures. Physical experimentation results also validated the simulation 
outputs. This study was not limited to only creation of different cellular structures but it also compared how the structures behave 
mechanically through unit cell parameters like VRC and SAC. The cellular structures were tested virtually using FEA and physical 
experimentation was carried out on the 3-d printed samples. The results obtained through both the tests confirmed that vin tile 
cellular structure bears less stress and lowest deformation as compared to grid and hexagon cellular structures when subjected to 
same compressive loading conditions. 
[copyright information to be updated in production process] 
Keywords: Additive manufacturing (AM); Cellular structure; Finite element analysis (FEA); Structural optimization; 

1. Introduction 

Cellular structures are mostly seen in nature and are derived for designing various engineering applications.  These 
structures have properties like they are lightweight in nature and use less material than solid structures. Structurally 
optimized and well adapted to their surroundings are the key features of these structures [1]. While designing these 
cellular structures the nature focused on reducing down the weight while using energy efficient ways to create them. 
The cellular structures available in nature are honeycombs, bone, wood, foam, etc. 
            Cellular structure are commonly used in industry and are prepared through  manufacturing techniques like 
foaming, sintering, casting and vapor deposition method (VDM) [2]. These methods are conventional ones and are 
mostly suitable for creating simple cellular structures. The complex cellular structures can be prepared nowadays using 
modern manufacturing techniques like Additive Manufacturing (AM). It provides the means to create these complex 
geometries with variable density [3-7]. As in AM the base material is in powder or droplets of liquid form, it drastically 
reduces the material use and ultimately reduces the cost [8,9]. AM can be done through various techniques. [3-5,10-

 
* Chetan Mahatme. Tel.: +91-8983760646 
E-mail address: chetanmahatme@gmail.com, 9829@ycce.in 

http://www.sciencedirect.com/science/journal/22120173
mailto:chetanmahatme@gmail.com


15]. AM materials include glass, metals, sand, polymers, etc [3-5,14,15]. The layering resolution is also reaching to 
microns(<10µ). Advanced composite structures with complex geometries can also be manufactured now by using 
combination of AM materials i.e. polymer and powder simultaneously with complex topology [17,18].  

                   Medical field application of cellular structures includes creation of scaffolds, implants for teeth and 
bone and engineered tissues [18-23]. Use of cellular structures for manufacturing bone implants consider various 
factors like pore size, internal connectivity of pores, volume reduction coefficient and permeability of the structure 
[24]. Various cellular structures were investigated in several studies for their mechanical performance. In biomedical 
field, Li X et. al.  analyzed Ti6Al4V implant for compressive load with honeycomb lattice structure[25]. Hu LL and 
Yu TX studied cellular structure under low velocity impacts using hexagonal lattice structures [26], Sullivan et al. 
investigated open-celled foams using tetrakaidecahedron lattice for Young’s modulus, tensile strength and poisons 
ratio [27]. Babaee et al. investigated rhombic dodecahedron lattice structure for mechanical properties [28]. Jan 
Wieding et. al. evaluated open-porous scaffolds under various loading conditions [29], G. Campoli et.al. evaluated the 
finite element models for prediction of properties of cellular bio-materials created through AM techniques (SLM & 
SEBM) [30], Elastic, compressive and shear strength were corelated with relative density of the 3-d structure by 
Wallach JC and Gibson LJ [31], variable density cellular structures and its optimization was proposed for AM by 
Zhang P. et.al. [32], octahedral lattice structure was tested for various mechanical properties by Hedayati et al. [33]. 
Kalayu M. A. et.al. mechanically investigated the performance of various cellular structures [34]. Mahatme C. et.al. 
investigated the mechanical properties for vin tile lattice structure [35]. Giri, J. et.al. investigated effect of process 
parameters in FDM process [36]. The work here has the objective of creating cellular structures by incorporating 
different lattice topologies and then analyzing those structures under compressive loads for comparison.  The solid 
component used as a basis for creating different cellular structures is a cylindrical part of 50mm diameter and 40mm 
height. The behavior of cellular structures having different lattice topology with different unit cell sizes was observed 
under compressive load. For analyzing and simulating the component under compressive load, method of Finite 
Element Analysis was used. The cellular structures were then 3d printed and tested physically to validate the results 
obtained through FEA method.  

       The work done here dealt with the comparative analysis of cellular structures created with different lattice 
topologies and different unit cell sizes and their structural performance under compressive loading conditions. The 
study is not limited to the structural performance under compressive loading but also considered key parameters like 
reduction of volume and overall surface area and their effect on the overall performance of the cellular structure. The 
cellular structures were also optimized through the optimization toolbox in Autodesk Netfabb and compared with the 
non-optimized structures. Finally, for evaluation of optimized as well as non-optimized cellular structures, they were 
tested experimentally as well as through FEA method.  

2. Methodology 

The procedure that was followed during this comparative study and the material used is explained in this section. 

2.1 Cell structure  

Cellular structures with different lattice topologies were created virtually and physically. The FEA analysis and 
physical compressive tests were performed on these cellular structures. Autodesk Netfabb software was used for 
designing the cellular structure as well as for FEA analysis. Figure 1 shows the solid cylindrical component used for 
creating the different cellular structures. 

 
Fig. 1 Solid cylindrical component 

2.2 Unit cell and different lattice topologies  

For the purpose of comparative analysis, the Grid, Vin tile and hexagon lattice topologies were used. A dedicated 3d-
printing software, Autodesk Netfabb was used for creating the cellular structures using these lattice topologies. A 



Solid cylindrical component (Figure 1) was transformed into different cellular structures by inserting a lattice cell 
structure inside it (Figure 3). Combination of different lattice topologies with different unit cell sizes that were used 
for creating different cellular structures for comparison (Table 1). An example is shown in Figure 3, where the grid 
lattice cell structure was incorporated in a cylindrical component. Cellular structures created were then exported as 
.stl (standard tessellation language) files for structural optimization, FEA analysis and fabrication purpose. 

  
          (a)                                           (b)                                           (c) 

Fig. 2 Lattice cell structures a) Grid b) Vin tile c) Hexagon 

                                        
Fig. 3 Process of cellular structure design (Example: Grid lattice topology) 

2.3 Parameters considered 

The comparative analysis of cellular structures having different lattice topologies was mainly based on structural 
behaviour under compressive loading conditions. The other important parameters which were considered for 
evaluation of the different lattice structures were SAC and VRC. SAC stands for surface area coefficient and VRC 
stands for volume reduction coefficient. Both these parameters were equally important while comparing the cellular 
structures. Increase in SAC denotes the increase in porosity of the cellular structure while increase in VRC denotes 
the weight reduction in cellular structure. While comparing these cellular structures mechanically based on strength 
to weight ratio and porousness these parameters had to be considered. 

2.4 Fabrication of samples 

The samples were fabricated using PLA (polylactic acid) material. The PLA material properties are given in the Table 
2 and 3. The 1kg PLA filament spool was procured from Makerbot and was used for 3d printing the samples. Table 1 
shows the combinations of geometrical variations that was used for creating the samples. The CAD file of solid 
component shown in Figure 1 was converted into STL file and cellular structures were created using different lattice 
topologies shown in Table 1. The cellular structures were then checked for errors in Netfabb. Inbuilt repair scripts 
available in Netfabb was used to reduce down the triangulation errors of these cellular structures. These repaired 
cellular structures were then 3d printed on Makerbot replicator+. The thickness of layer as 0.1mm and infill density 
as 10% was kept common for all these cellular structures while printing. Forty-five cellular structures were created 
using Netfabb using the combination as shown in Table 1 and thirteen of them were fabricated based on minimum 
displacement criteria. Physical compressive tests were performed on these samples as shown in Figure 5. The layer 
resolution for 3d printer was 0.1 mm. The shrinkage and distortion were minutely visible when the virtual cellular 
structure was compared with the actual physical fabricated sample. Kechagias et al. [28] related this deformation to 
the minimum layer thickness selected while printing the samples. The shrinkage in fabricated samples was because of 
cooling effect to which the samples were subjected when they cooled down to room temperature.  

Table 1. Lattice topologies and Unit cell size combinations 
Lattice topologies Size: Unit cell (mm) Strut Thickness (mm) Thickness (Threshold in mm) 

Grid, Vin tile and Hexagon 3 x 3 x 3 to 7 x 7 x 7 0.5, 1.0, 1.5 0.5 



           
                                                                               (a)                               (b)                                (c) 

Fig. 4 Cellular structure (a) Grid (b) Vin Tile (c) Hexagon 

 

 

 

 
                                                        (a)                                                 (b)                                               (c) 

Fig. 5 Printed samples (a) Grid (b) Vin Tile (c) Hexagon  

Table 2. PLA material properties 

Melting point (M.P.) Heat Deflection Temperature 
(HDT) 

Solubility 
(water) 

Density Shrink Rate 

151 to 162 °C (300 to 320 °F) 126 °F (52 °C)  0 mg/ml 1.24 g/cm−3 0.37-0.41% (0.0037-
0.0041 in/in) 

Young’s Modulus (MPa) Tensile strength (MPa) Flexural 
Strength 

Impact Strength 
(Un-notched) IZOD (J/m) 

Poisson’s ratio(µ) 

2.50e+03 50 80 MPa 96.1   0.36 

2.5 FEA Analysis 

The Finite Element Analysis was used to computationally simulate the physical conditions on the cellular structures. 
Simulation of physical conditions and theoretical analysis of structures behaviour was done through this technique. 
Same loading conditions were provided to all the samples and then their performance was compared. FEA analysis 
was done on Autodesk Netfabb. The loading was given to the sample as a pressure on top surface and a restraint was 
provided at the bottom surface as fixed. The restraint at the bottom was used as a boundary condition and to restrict 
the motion of bottom surface in all possible directions. For analysis, Table 2 PLA material properties were used. The 
mechanical performance of different cellular structures given in Table 1 was then compared on the basis of lattice and 
skin deformation and Maximum Von Mises Stress.  

2.6 Physical Testing     

The fabricated samples were then physically tested under same compressive loading conditions and FEA simulation 
results were compared for validation. Compressive testing was done on the universal testing machine of make FIE 
UTES-HGFL-60-C having maximum capacity of 600kN. The samples were placed between the platens of UTM as 
shown in Figure 6. Position and orientation of the sample was same as in FEA simulation work. Gradual loading was 
then applied to the sample and the displacement and load were recorded through UTM display.. For the compressive 
test 𝒗 was considered even in all directions.  

                         
                                                       (a)                                                                                        (b) 
 



 
 
 
 

 
                                                           (c)                                                                                                              (d) 
Fig. 6 UTM test setup (a) before starting the test, (b) Grid: during and after test (c) Vin tile: during and after test (d) Hexagon: during and after 

test 

2.7 Optimization process 

Cellular structures have inherent advantage of weight reduction and efficient structural optimization. Most 
of the work was done across the globe by various researchers in this field. The primary focus was to find optimized 
unit cell configuration so as to meet intended functional requirements [37-41]. Bendsoe and Kikuchi proposed a 
mathematically driven approach for topology optimization. The main focus was optimum material use with main focus 
on performance [42]. In Evolutionary Structural Optimization (ESO) method the material was gradually removed 
from the design space [43]. Ning et al worked on an analytical approach to determine the Johnson-Cook constants for 
structural optimization of cellular structures [44].  

In this study Autodesk Netfabb software lattice optimization utility was used for structural optimization. The 
process flow followed was like this: 1. Defining unit cell and its parameters like strut thickness (max. min. and 
threshold). 2. Mesh generation and smoothness method.  3. Load and boundary conditions for FEA analysis. Autodesk 
Netfabb integrated ADS Nastran V12.1 (FEA solver) was used for performing the simulation.  The lattice and skin 
was set for optimization in the solver. Maximum Optimization time and iteration were set to 10 minutes and 5 
iterations. 1mm was set as target maximum displacement. MiniOpt optimization algorithm was used and kernels were 
kept as it is. Hence KernelOpt was omitted for optimization. 

3. Results and discussion 

3.1. Results: FEA 

Stress and displacement variation are shown in Figure 7 for the cellular structures. Because of the variation in lattice 
structure stress variation is there. Variable thickness of the cells also contributed to the stress variation. The Grid 
cellular structure with 3 x 3 x 3 mm unit cell size with 1.5 mm cell thickness showed deformation of 0.656188 mm 
while in Vin tile cellular structure 3 x 3 x 3 mm unit cell size with 1.5 mm cell thickness showed deformation of 
0.185991mm. For Hexagon cellular structure with 3 x 3 x 3 mm unit cell size with 1.5 mm cell thickness showed 
deformation of 0.17612 mm This shows that the 3 x 3 x 3 mm unit cell size with 1.5 mm cell thickness proved to be 
more efficient in terms of minimum deformation and maximum stress bearing capacity. The supremacy of this 
structure was also confirmed by the obtained VRC and SAC values (Table 3). High VRC and SAC values for this 
sample indicated the high material reduction and more porous nature. 

Table 3. FEA results  
Lattice 

Topology 
Size: Unit 
Cell (mm) 

Strut Thickness 
(mm) 

SAC VRC Structure : Non-optimized  

     Von Mises Stress (MPa) Deformation(mm) 

 
 
 
 

 
Grid 

Cellular 
Lattice 

Structure 

    Lattice Skin Lattice Skin 

3 x 3 x 3 0.5 4.853 0.125 4.9369E+08 3.82E+07 5.995809 6.044762 

3 x 3 x 3 1.0 7.153 0.312 1.2004E+08 6.72E+06 1.485588 1.500261 

3 x 3 x 3 1.5 7.446 0.56 5.1329E+07 2.76E+06 0.656188 0.663963 

4 x 4 x 4 0.5 2.975 0.088 8.7919E+08 1.36E+08 10.7309 10.90733 

4 x 4 x 4 1.0 4.482 0.191 2.6424E+08 3.29E+07 2.7043 2.758883 

4 x 4 x 4 1.5 5.394 0.347 1.1886E+08 1.12E+07 1.187052 1.210815 

5 x 5 x 5 0.5 2.038 0.072 1.5801E+06 1.22E+08 20.958 22.359 

5 x 5 x 5 1.0 3.013 0.133 4.5555E+08 3.72E+07 5.2314 5.607207 

5 x 5 x 5 1.5 3.717 0.226 2.6.8963e6 1.69E+07 2.272848 2.422262 



6 x 6 x 6 0.5 1.758 0.067 2.7898E+09 4.29E+08 29.63401 32.050041 

6 x 6 x 6 1.0 2.544 0.114 1.0554E+09 1.56E+08 7.461509 8.545643 

6 x 6 x 6 1.5 3.149 0.187 4.8673E+08 6.00E+07 3.248033 3.685827 

7 x 7 x 7 0.5 1.518 0.062 4.3406E+09 7.73E+08 45.2033 61.445499 

7 x 7 x 7 1.0 2.125 0.097 1.6102E+09 2.11E+08 12.04606 17.32139 

7 x 7 x 7 1.5 2.618 0.151 7.3835E+08 8.62E+07 5.10969 7.146599 

 
 
 
 
 
 
 
 
 

Vin tile 
Cellular 
Lattice 

Structure 

3 x 3 x 3 0.5 10.299 0.267 8.8455E+08 5.70E+07 5.8538 5.872522 

3 x 3 x 3 1.0 35.468 1.415 1.0996E+08 4.54E+06 0.591069 0.592816 

3 x 3 x 3 1.5 98.145 4.912 3.7768E+07 2.22E+06 0.185991 0.186702 

4 x 4 x 4 0.5 6.794 0.174 2.1196E+09 9.62E+07 16.692 16.8064 

4 x 4 x 4 1.0 11.984 0.592 2.3998E+08 2.07E+07 1.457536 1.467781 

4 x 4 x 4 1.5 36.844 2.01 8.2585E+07 2.07E+06 0.422477 0.427619 

5 x 5 x 5 0.5 4.827 0.128 3.7239E+09 1.42E+08 38.0387 38.4265 

5 x 5 x 5 1.0 6.962 0.356 4.8152E+08 4.65E+07 3.191447 3.271274 

5 x 5 x 5 1.5 16.163 0.999 1.5141E+08 1.18E+07 0.867472 0.902106 

6 x 6 x 6 0.5 3.718 0.105 5.8762E+09 1.81E+08 75.1479 75.659843 

6 x 6 x 6 1.0 5.484 0.26 7.3625E+08 5.74E+07 5.795874 5.817815 

6 x 6 x 6 1.5 8.192 0.575 2.3090E+08 2.24E+07 1.508669 1.521126 

7 x 7 x 7 0.5 3.008 0.091 1.0984E+10 3.00E+08 133.67 135.16 

7 x 7 x 7 1.0 4.531 0.21 1.0935E+09 8.01E+07 10.37549 10.56457 

7 x 7 x 7 1.5 5.342 0.395 3.4922E+08 4.19E+07 2.666243 2.723572 

 
 
 
 
 
 
 
 
 

Hexagon 
Cellular 
Lattice 

Structure 

3 x 3 x 3 0.5 12.772 0.327 7.9354E+08 4.98E+07 5.277265 5.299514 
3 x 3 x 3 1.0 46.714 1.831 8.1885E+07 2.16E+06 0.540505 0.544873 
3 x 3 x 3 1.5 128.37 6.352 2.7591E+07 1.93E+06 0.17612 0.178449 
4 x 4 x 4 0.5 8.186 0.205 1.7863E+09 9.21E+07 14.99835 15.11241 
4 x 4 x 4 1.0 15.153 0.738 1.9906E+08 1.76E+07 1.34431 1.354767 
4 x 4 x 4 1.5 46.627 2.569 6.2832E+07 1.72E+06 0.401619 0.405083 
5 x 5 x 5 0.5 5.857 0.149 3.1701E+09 1.35E+08 34.12756 34.5807 
5 x 5 x 5 1.0 8.452 0.437 3.8060E+08 3.51E+07 2.780602 2.795874 
5 x 5 x 5 1.5 20.834 1.283 1.0968E+08 7.43E+06 0.751503 0.757614 
6 x 6 x 6 0.5 4.488 0.12 5.0248E+09 2.00E+08 67.475 68.312 
6 x 6 x 6 1.0 6.7 0.323 6.2378E+08 4.41E+07 5.226516 5.276895 
6 x 6 x 6 1.5 10435 0.736 1.8105E+08 1.18E+07 1.298878 1.3071 
7 x 7 x 7 0.5 3.485 0.1 8.8876E+09 2.56E+08 122.08 123.62 
7 x 7 x 7 1.0 5.313 0.247 9.7769E+08 7.00E+07 9.223155 9.137981 
7 x 7 x 7 1.5 6.243 0.48 2.8942E+08 3.07E+07 2.205045 2.223026 

 

      
                                                                                      (a)                                                      (b)                                                       

     
 
 
   
 

 (c) 
Fig. 7 Stress and displacement in unit cell (a) Grid 3 x 3 x 3-1.5 (b) Vin tiles 3 x 3 x 3-1.5 (c) Hexagon 4 x 4 x 4-1.5  



3.2. Structural optimization results 

Figure 8 shows the simulation results for the Optimized cellular structure. In grid lattice structure, maximum Von 
Mises Stress was 2.5% less and maximum displacement 37.5% less than that of non-optimized cellular structure. 
Similar reductions were also observed in vin tile and hexagon lattice structures. These reductions in optimized cellular 
structures were because of stiffening of struts and strengthening of load bearing sections of the structures. The 
comparative results are as depicted in Table 4. 

                          
                                                      (a)                                                                                   (b) 

      
(c) 

Fig. 8 Optimized structure (stress and deformation) (a) Grid 3 x 3 x 3-1.5 (b) Vin tiles 3 x 3 x 3-1.5 (c) Hexagon 4 x 4 x 4-1.5 

3.3 Mechanical properties: comparison 

As can be seen from Table 4, Optimized cellular structures have less Von mises stress and smaller deformation as 
compared to non-optimized ones because of variable density internal structure. The results obtained in simulation 
study have pointed out that the optimized cellular structures are stiffer than the non-optimized cellular structures when 
the unit cell parameters are kept constant.  

Table 4. Mechanical properties 
 Grid 3 x 3 x 3-1.5 Vin tile 3 x 3 x 3-1.5 Hexagon 4 x 4 x 4-1.5 

 Stress (max.) 
(MPa) 

deformation 
(max.) (mm) 

Stress (max.) 
(MPa) 

deformation 
(max.) (mm) 

Stress (max.) 
(MPa) 

deformation 
(max.) (mm) 

Optimized 50.04 0.41 32.64 0.102 58.36 0.212 

Non-optimized 51.32 0.656 37.76 0.185 62.83 0.401 

4. Conclusions 

In this study, we have designed various cellular structures using unit cell of grid, vin tile and hexagon lattice topology. 
The cellular structures were then structurally optimized and compared. For comparison purpose physical tests were 
performed on samples. FEA analysis was done and optimization methods were used for optimizing the structures. 
Cellular structures were formed using solid cylindrical part and evaluation was done under compressive loading 
conditions for stress and displacement. While optimizing the structures, strut thickness, volume reduction coefficient, 
surface area coefficient was taken into account. Optimization utility in Autodesk Netfabb software was used for FEA 
simulation and structural optimization. For validation of the simulation results, physical compression tests were also 
carried out on different samples on UTM. FEA simulation results and the physical compression test results were 
compared and they were in close agreement with each other. 
 It is seen from the result that the vin tile cellular structure with 3 x 3 x 3mm unit cell size with 1.5 mm strut 
thickness had smallest of the deformation and lowest of the stress as compared to grid and hexagon lattice cell 
structures. Grid cellular structure with 3 x 3 x 3mm unit cell size with 1.5 mm strut thickness and Hexagon 4 x 4 x 
4mm unit cell size with 1.5 mm strut thickness also showed promising results with less than 1mm deformation but the 
von mises stress within those structures were far more than vin tile cellular structure. While comparing the structures 
on the basis of VRC and SAC with less than 1mm deformation, vin tile cellular structure was once again superior to 
grid and hexagon structure. The study hence done a comparative evaluation of the grid, vin tile and hexagon cellular 
structures and their effectiveness when used for superior mechanical performance intended under compressive loading 
conditions. 
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a b s t r a c t

Spot welded dissimilar lap joint of austenitic and ferritic stainless steel were performed to reveal the
ultimate strength of the joint. The failure analysis at the spot weld is structural and the lap joint is sub-
jected to tensile load. The stress distribution of the applied load corresponds to the tensile load of the
specimen based on the observed fracture mechanism. It was found that the ultimate strength from the
experimental is 9 percent greater than the Von Mises stress. Experimental data from the tensile test using
universal test machine as well as finite element analysis using ANSYS are used to validate the results.
Copyright � 2021 Elsevier Ltd. All rights reserved.
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1. Introduction

Spot welding is widely used in automotive sheet metal joining
and it is the main joining technique in the automotive industry
[1,2] . In modern automobiles, stainless steels such as austenitic
and ferritic stainless steels are used in chassis, bodywork and cat-
alytic converters [3]. Therefore, the analysis of welding force under
various welding conditions is very important for the vehicle design
[4]. The variables considered in industry to practice the analysis of
the spot weld for design purpose are welding parameters, sheet
thickness and weld nugget size. Due to its complexity, it is difficult
to analyze the stresses developed in the joint. The sensitivity anal-
ysis technique is used to determine the mechanical properties such
as material hardness [5]. The various types of welding processes
used to weld dissimilar metals are tungsten inert gas welding, fric-
tion stir welding etc [6–7]. Ahmet Hasanbasog lu and Ramazan
Kacar [8] found that higher the maximum welding current, the
higher the tensile strength of the welding material due to the size
of the nugget. M. Alenius et.al [9] found that the breaking load in
the cross-tensile specimens was about 72–78% more than that of
the lap shear test, and that the combination failed in both the tests.
The strength and thickness of the stainless steel depend upon the
lap shear strength of the dissimilar metal joints. M. Pouranvari
and S. P. H. Marashi [10] studied the mechanical properties

(hardness values) of spot welds. This significantly affects the frac-
ture behavior and fracture pattern of spot welds. The critical Fusion
Zone (FZ) required to ensure Potential Failure (PF) mode during
tensile testing of RSW stainless steels increases or decreases in dis-
similar spot welds and low carbon galvanized steel. This may be
due to the low weld hardness of FZ stainless-steel. Danial Kianersi,
et.al [11] investigated the tensile and shear strength of the welded
material by increasing the weld nugget size and increasing the
welding current to 8 kA, but further increasing the welding current
to 9 kA had a negative effect. The minimum and maximum tensile
and shear forces as well as the maximum loads of 2450 N and
8070 N are indicated for welding currents of 4 kA and 8 kA. A.B.
Verma,et,al [12] found that the welding current is an important
controlling factor affecting the tensile shear strength of the weld
samples in resistance spot welding. As the welding current
increases, the size of weld nugget also increases. This improves
the tensile strength of the weld.Anand Prakash Singh,et.al [13] con-
ducted hardness testing and the Rockwell hardness number for
stainless steel grade 202 and grade 316 comes out to be 23–25
HRC and 82–83 HRB respectively and optimum value of hardness
of the joint comes out to be 22–24 HRC on current value 12kA after
which it started decreasing. It can be concluded that greater the
welding current, greater the welding heat input and hence higher
the probability of failure. Hence, the high welding current reduces
the hardness. In this paper, the spot-welded dissimilar joint is used
to predict the ultimate strength and maximum deformation from
the universal testing machine and it is compared with the von
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mises stress and maximum deflection of finite element analysis
under static loading conditions. This analysis is used to predict
the stresses developed in the weld prior to welding [14].

2. Experimental work

In Fig. 1, the two plates of 100 mm length, 75 mm width and
3 mm thickness of 430 FSS and 316L ASS were spot welded. The
ten spots of 10 mm diameter were spotted at the lap joint of the
two plates. The length of overlap between the two plates is
10 mm during welding. The plates were cut by electrical discharge
machine to obtain tensile test specimens in accordance with ASTM
E8 standard [15–16] as shown in Fig. 2. The chemical composition
calculated with optical emission spectroscopy (OES) with weight
percentage for 316L ASS and 430 FSS is presented in table 1.

Table 1. The chemical composition (wt %) of 430 FSS and 316L
ASSTable 2.Table 3.

The welding parameters are determined during welding, the
welding current is 8kA, squeeze time (cycle) is two welds, and
weld cooling condition is atmosphere. Fig. 3 shows the spot-
welding machine used for welding.

3. Results and discussion

3.1. Experimental test results

3.1.1. Tensile test results
The ultimate stress, yield stress, maximum displacement and

percentage elongation were evaluated by means of Universal test-
ing machine. The maximum load applied at the load rate of 30 KN/
min and strain rate of 15 mm/min. The ultimate tensile stress and

Fig. 1. 316L ASS and 430 FSS Dissimilar spot-welded plates.

Fig. 2. Tensile test specimen according to ASTM E8 standard.

Table 1
The chemical composition (wt %) of 430 FSS and 316L ASS.

Sample C Si Mn P Cr Mo Ni Fe

316L ASS 0.0264 0.345 1.088 0.036 16.384 2.006 9.757 Bal.
430 FSS 0.0403 0.411 0.378 0.017 16.392 0.001 0.190 Bal.

Table 2
Stress evaluation of spot weld by Universal Testing Machine.

Sample Ultimate Tensile stress (MPa) Yield stress (MPa) Max Displacement (mm) Elongation (%)

316L ASS 562 359 13.2 52
430 FSS 432 317 10.3 25
316L ASS and 430 FSS 563.563 415.385 15.7 14.207

Table 3
Impact test.

Sample Impact energy (Joules)

316L ASS BM 54
430 FSS BM 28
316L ASS and 430 FSS 3.33

Fig. 3. Spot Welding machine.
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maximum displacement of the spot weld joint obtained from uni-
versal testing machine is shown in table 2. The stress strain curve
and fracture specimen are shown in Fig. 4a) and Fig. 4b) respec-
tively. The ultimate stress of the spot weld is greater than the base
metal this indicates that the strength is more prominent in lap
shear mode [17].

3.1.2. Impact test results
The impact energy was evaluated by means of Charpy impact

test having sample size 55 � 10 � 3 mm3 and the results have been
shown in table 3. The resultant toughness obtained from spot weld
is avg.3.33 J which is due to the welding current which affects the
toughness of the spot weld, as the welding current increases it will
increase the bonding area [18].

3.2. ANSYS results

3.2.1. Creation of model by ANSYS
The finite element model (FEM) is created by using two plates

316L ASS and 430 FSS by using ANSYS R18.2 workbench [19].
The spot-welded plates of dimension as per ASTM E8 standard
(length (L)-150 mm, gauge length (G) � 45 mm, Width (W) –
12.5 mm, Width of Grip Section (C) – 20 mm, Length of grip section
(B)- 55 mm, Radius of fillet- 12.50 , thickness of plate (T) – 3 mm)
which is created in design modeler of ANSYS. The element type
used is SOLID 183 which is used for metals such as stainless steel
[19]. The tensile specimen in ANSYS is shown in Fig. 5.

3.2.2. Meshing of dissimilar spot-welded plates
The meshing is created by using hexahedral mesh size of

0.8 mm and having 44,715 number of nodes and 8520 number of
Fig. 4. a) Stress Strain curve b) Fractured specimen of dissimilar spot weld.

Fig. 5. Modelling.

Fig. 6. Meshing.
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elements having element quality 0.9856. As the number of mesh
size is less it increases the accuracy of the results [20]. The meshing
of dissimilar weld joints is shown in Fig. 6

3.2.3. Boundary conditions
The boundary conditions applied is necessary to solve equilib-

rium equation at each element such that continuity is achieved
at each node to obtain the stress [21]. The boundary conditions
were applied at one end of the dissimilar spot weld joint assuming
one side of the joint is fixed (as point B). The material properties

are assumed to be isotropic. The boundary conditions applied
between the two plates is shown in Fig. 7.

3.2.4. Displacement in plates
The finite element analysis can be used for finding the maxi-

mum displacement with the load acting on it [22].The displace-
ment between the two plates were calculated and it was found
that maximum displacement between the spot-welded plates were
14.185 mm. The maximum displacement calculated by ANSYS
R18.2 is shown in Fig. 8.

Fig. 7. Boundary conditions.

Fig. 8. Deformation in spot welded plates.

Fig. 9. Von mises stress.
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3.2.5. Von Mises stresses
The Von Mises stresses were calculated at the spot weld joint

and it was found that the maximum Von Mises stress were found
to be 513.73 MPa. The Von Mises stress are in counterpart with
ultimate tensile stress (563.563 MPa) and it is less than the yield
strength of the joint (415.385 MPa) therefore the spot weld joint
can sustain the load applied on it [23].The Von Mises stress calcu-
lated by ANSYS R18.2 is shown in Fig. 9.

The error in percentage graph comparing experimental with
ANSYS results is shown in Fig. 10.

4. Conclusions

� The maximum displacement obtained with experimental was
15.7 mm and from ANSYS 18.2 the maximum deformation
obtained is 14.185 mm.

� The ultimate tensile stress from experimental was 563.563 MPa
whereas from ANSYS R18.2 the Von Mises stress is 513.13 MPa.

� The structural analysis results of spot weld joints with experi-
mental (avg.9.57 % error in percentage) are in counterpart with
ANSYS results.
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Abstract 
The performance of the CNC turning process is experimentally evaluated in this paper. The 
independent variables are feed rate, depth of cut, nose radius, tool type, and environmental 
condition. Three different levels of predictors are selected. The dependent variables are TTT 
(tool tip temperature) and TW (tool wear). The machine is run at 1337 RPM. The chatter in 
the spindle is included as an uncontrollable variable (Noise Factor) with three different 
values. The number of observations is calculated by Taguchi Method. The experimentation is 
conducted on CNC Spinner Lathe Machine. The responses are measured by a Non-contact 
laser gun and Canny Method in MATLAB software. The analysis is performed by Taguchi 
philosophy and ANOVA. The best setting for responses is identified by the main effect plot. 
The prediction of the output parameters at optimum levels is done by additive model. 
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Minimum Tool Tip Temperature (50.545 °C) is achieved when Environmental condition is at 
high level (minimum quantity lubrication), Nose Radius is at low level (0.4 mm), Feed rate is 
at low level (0.15 mm/rev), Depth of cut is at low level (0.5 mm) and tool type is at high level 
(CVD Coated insert). Minimum Tool Wear (0.0401 mm) is achieved when Environmental 
condition is at high level (minimum quantity lubrication), Nose Radius is at high level 
(1.2 mm), Feed rate is at high level (0.35 mm/rev), Depth of cut is at low level (0.5 mm) and 
tool type is at high level (CVD Coated insert). 

Introduction 
Nowadays, it is very important to satisfy the end-users (Customers) as much as product 
quality is considered. Quality is nothing but the measure of performance of product after 
selling to the customer. And productivity is very crucial to the manufactures, when profit is 
considered. Both quality and productivity are contradictive in nature. Hence it becomes 
necessary to identify the best setting of factors related process/product that will satisfy both 
quality and productivity. Multi-objective optimization is a tool which helps to achieve this. 

In machining process, especially in turning, milling and drilling, condition of cutting tool 
decides the quality of surface finish and MRR (Material removal rate). TTT and TW decide 
the condition of cutting tool. If the tool is not damaged (wear), the predefined value of quality 
characteristics can be achieved. But if the machining is done with damaged cutting tool, even 
if the optimal setting is used, the quality of finished products get degraded. Hence, in this 
paper, the tool tip temperature and tool wear are considered for performance evaluation of 
Turing process. AISI 4340 is used as workpeice material and coated (PVD & CVD) as well 
as uncoated inserts are used as cutting tool. Shilpa B. Sahare et al. [1], this paper described 
the use of Taguchi philosophy to optimize milling process for the workpeice AI2024. A 
comparative study is done for different type of lubrications though experimentation. A flow 
rate was the key factor for performance evaluation of lubrication. A regression model is 
generated for prediction of responses. P.P. Shirpurkar et al. [2], surface finish and machine 
tool vibration are output factors in this research study. Taguchi method is used to find the 
better values of responses. In design of experiment, Taguchi L16 orthogonal array is used. 
Analysis of variance is used for the data analysis. Anwarul Haque et al. [3], this paper 
investigated the optimal setting of wire EDM process parameters. The factors used are Ton, 
Toff, Wp, Wf. The workpiece is HCHCr. The orthogonal array L-9 is used. GRA (Grey 
relational Analysis) is implemented to MOO (multiple objective optimization). Analysis is 
done in Minitab 15 software. The experimental result revealed that the Wire EDM process is 
improved by the optimum setting of input parameters. P.D Kamble et al. [4], researcher used 
GRA and TM (Taguchi method) to optimize the turning process. The aim was to reduce the 
values of SR (Surface Roughness) and TW (Tool Wear) at a time. Basic turning factors are 
considered for experimentation. The effect on Surface Roughness and Tool Wear is tested for 
different Environmental Conditions like dry, wet and MQL. Machine tool is CNC Spinner 
Lathe machine. Workpeice used is AISI 4340 steel. The multi-optimization is carried out by 
Grey Relational Analysis. L27 Orthogonal Array (OA) is used for number of experimentation. 
ANOVA and response table are used for data analysis. P.D. Kamble [5], in this paper 
Taguchi philosophy is used for design of experiment. The response factor surface roughness 
is evaluated experimentally for turning process. The cutting speed, feed rate, nose radius, 
depth of cut are used as controllable factors. Signal to noise ratio of surface roughness is 
tabulated by Smaller-the-better Taguchi quality characteristic. No replication or repetition of 
output parameter is done, only one value for one setting is considered. Experimentation is 
conducted by orthogonal array L27. Main effect plot is generated in MINITAB software and 



optimal setting is predicted. K. Rajkumar et al [7], this paper explained the performance of 
machining process by using different tool inserts like cBN and PCD inserts. Composite 
material, especially aluminium based composite is used for its vast applications in 
transportation, aerospace, automobiles and defence. The performance of turning process is 
evaluated with PCD and cBN inserts. These tools have lesser tool wear attainment. Shilpa 
Sahare et al [8], in this paper researchers used Taguchi Method to obtain the better values of 
responses. L9 orthogonal array was adopted for experimentation. To match the latest scenario 
of manufacturing system, MQL (minimum quantity lubrication) was used. ANN technique 
along with Taguchi to find the regression model. Ahilan, C et al [9], this paper focused on 
optimization of multiple output factors of turning process. GRA (grey relational analysis) was 
jointly used with Taguchi method. S45C Carbon Steel was used as workpiece material. It is 
concluded that “Process parameters can be improved by Taguchi method”. Jasper, S et 

al [10], this paper discussed the optimization of multiple output factors of turning process. 
PCA (Principal component analysis) was combined with Taguchi method. A mathematical 
model was made for two factors. Harun Akkuş et al [11], this paper described the Taguchi 
philosophy in optimizing the process for turning AISI 1040 steel. L16 (Taguchi Orthogonal 
array) is used for experimentation. ANOVA and S/N are implemented to select the optimized 
factor. Tzeng Chorng-Jyh et al [12], in this work, optimization of multi parameter 
optimization was done by GRA (Grey Relational Analysis) with Taguchi Method. 
L9 (Taguchi Orthogonal Array) experimentation was conducted. It is revealed that “Depth of 
cut is the most significant factor to get better roughness”. Sahoo et al [13], researchers 
investigated that Taguchi method is good for minimizing the number of experimentations. 
Further it is stated that depth of cut is the significant parameter for optimizing the MRR. S. 
Madhavi et al [14], this work focused on process optimization by Taguchi Method. It is 
stated that this method was suitable to obtain best values of surface finish with more 
hardness. Ahmet Hasçalık et al [15], in this study, optimization of turning Ti-6Al-4V material 
was done by Taguchi approach. Life of tool and roughness of material’s surface were 
optimized at a time. 

Section snippets 

Experimentation 
The experimentation is conducted on CNC lathe machine. The workpiece is AISI 4340 steel 
bat. The length of bar is 8 cm and diameter is 5 cm. In the workplace (industry), the 
equipment’s used in Hydraulic system such as split bush are manufactured by this material. 
Further, it is used to manufacture gear shaft, landing gears, propellers etc. It is the alloy of 
high tensile steel. It has good wear resistance and high strength. Table 1 shows the chemical 
composition of workpiece. 

Before the 

Data analysis 
Data analysis by Taguchi method is performed as follows. 

 (a) 
Selection of S/N ratio equation. 



Depending upon the nature of response, the equation is selected. The smaller values of TTT 
and TW are preferable, hence Lower-the-Better S/N ratio is selected.��=-10log1�∑�2 

 (b) 
Calculation of S/N ratio. TTT and TW with S/N ratio is enumerated in Table 2. 

 (c) 
Computation of Response Table for mean S/N ratio for every level of TTT and TW. 

 (d) 
Prediction of optimal setting. 

Result 
Minimum TTT (50.545 °C) is achieved when FR (mm/rev) is 0.15, DOC (mm) is 0.5 with 
CVD Coated insert of 0.4 mm NR under minimum quantity lubrication and minimum Tool 
Wear (0.0401 mm) is achieved when FR (mm/rev) is 0.35, DOC is 0.5 mm with CVD Coated 
insert of 1.2 mm NR under minimum quantity lubrication. 

Low feed rate is preferable for achieving low temperature at tool tip with CVD Coated insert. 
Low Depth of cut is advised for machining of AISI 4340 steel to achieve low temperature at 
tool. It  

Conclusion 
Taguchi Technique is applied effectively to find best output. The decision made are 
mentioned bellows: 

 1. 
Taguchi technique is fruitfully utilized to enhance TTT and TW 

 2. 
Quality characteristic Tool tip temperature is optimized to 50.545 °C 

 3. 
Quality characteristic Tool wear is optimized to 0.0401 mm. 

 4. 
Table 4 shows the best setting for TTT and TW. 

 5. 
The optimal setting for TTT is CE = MQL, NR (mm) = 0.4, FR (mm/rev) = 0.15, DOC 
(mm) = 0.5 and TT = Coated (CVD) insert. 

 6. 
The optimal setting for TW is CE = MQL, 
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Abstract— Medical image acquisition is generally done 

through Magnetic Resonance Imaging (MRI) or computerized 

tomography (CT) scan which is a non-intrusive technique. For 

identifying the Tumor in the brain, a segmentation process is 

used which involves using image processing algorithms on MRI 

scans. While many approaches have been used for brain tumor 

segmentation, the manual segmentation process is tedious and 

has inherent problems associated with it. This paper proposes 

an implementation of 3-D slicer segmentation of the brain tumor 

model along with STL model optimization using Autodesk 

Netfabb. This will provide an effective way of reducing the STL 

errors in the segmented 3-D models. These optimized models 

can then be 3-D printed which will provide accurate information 

on tumor shape and size to the medical professionals. The 

process of STL model optimization shows very promising results 

on the MRI dataset used in this case study and it achieves the 

creation of error-free STL models for 3-D printing. 

Additionally, this work demonstrates the effective use of the 3-

D slicer along with Autodesk NetFabb, to considerably reduce 

the STL errors which were generated in the conventional 

process of manual segmentation. The manual segmentation 

process was tedious and required force smoothening of 3-D 

slicer models obtained after segmentation leading to faulty 3-D 

model printing. 

Keywords— medical image segmentation, 3-D printing, 

optimization, STL error 

I. INTRODUCTION 
Early detection of a brain tumor is important for exploring 

and improving the treatment possibilities. The process of 
tumor diagnosis generally falls into two categories. The first 
one is anatomy-related computed tomography (CT) and MRI 
(magnetic resonance imaging) and the other is PET and 
SPECT. The output of MRI scans creates different contrast 
levels of the tissue which provides various details of a 
structure. The brain tumor diagnosis modalities include 
weighted (T1 & T2), gadolinium contrast enhancement (T1-
Gd), and fluid-attenuated inversion recovery (FLAIR). 
Tumors in comparison to normal tissues look dark using T1, 
and bright using T2. The brain tissue pressured by the tumor 
also looks bright using T2 [1]. Most of the time, T1 separated 
normal tissues from the tumor.  T2 generally separates the 
edema region, the edges of the tumor are identified using T1-

Gd, and FLAIR is utilized for separating the edema region and 
the CSF. The tissues can be separately identified based on 
their contrast in different modalities. The various challenges 
involved in the segmentation of brain tumors are varying 
tumor sizes, location, shape, and non-homogenous tissue 
intensities [2]. Present techniques involve manual 
segmentation of the tumor through image processing tools. 
Manual segmentation of the edges of the tumor is a tedious 
task. In addition to the segmentation process, validation of the 
accuracy of the results is currently much limited. Nowadays 
3-D printing is an emerging technology through which we can 
create physical objects layer-by-layer. The use of this 
technology has been widely embraced in the medical imaging 
domain, prosthetics, and implants. These 3-D printed models 
help to improve the understanding of the human brain 
anatomy and other important organs. 

The 3-D prints of the human brain are found to help 
understand the structure of the brain and position of the tumor 
for pre-surgical simulation [3]. 3-D printing was not popular 
before for analyzing brain tumors. The creation of patient-
specific 3-D printed brain tumor models was first done in a 
pediatric patient and successfully showed the use of 3-D 
printing in the creation of anatomical parts [4]. A detailed 
review on the use of 3-D printing for simulating cranial 
neurosurgery using 3-D printed models in pre-operative 
simulation and training for the neurosurgeons was 
successfully performed [5]. A computerized image processing 
software for preoperative surgical planning using MRI images 
was developed for analyzing brain tumors [4]. An extensive 
review was also undertaken on informative techniques for 
visualization in 3-D from MRI data [6]. A Pineal gland tumor 
3-D model using CT and MRI images was created for a 4-
month-old male patient and was used in neuro-endoscopic 
training and simulation [7]. Due to the complexity of internals 
in the brain, the use of rapid prototyping technology for 
neurosurgery simulation is still vastly unexplored. In 
preoperative planning of brain surgeries, the safest approach 
is which causes minimum brain tissue damage [8, 9]. Since its 
introduction, medical imaging techniques, mostly MRI have 
been used by neurosurgeons for planning brain surgeries. Due 
to the contrast difference, these images can show a clear visual 
distinction between the healthy and tumor tissue [10, 11]. 
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These days, virtual reality simulation of surgical procedures 
was emulated by surgeons. Current advances in virtual 
surgical simulation using MRI for brain surgery using haptic 
devices have largely improved the outcomes of neurosurgery 
which facilitated the surgeons to virtually simulate the surgery 
by using a computer and select the optimal procedure while 
carrying out the actual surgery [12]. Though such 
advancements are there, the major drawback of these 
techniques is that the perception of depth information on a 2-
D screen is quite difficult, and also these simulations do not 
permit realistic interaction with the physical anatomy, which 
3-D printed models can only offer. 

In a recent study, interactive virtual simulation (IVS) 
which is a virtual reality pre-surgical simulation combined 
with 3-D printed models showed how 3-D printing can be used 
for preoperative planning and rehearsal for deep brain tumors 
[13]. The main advantages of using this approach for pre-
surgical planning include more understanding of complex 
anatomy which helped in the complicated procedure of bone 
dissection which is necessary to create canals in the base of 
the skull without damaging the surrounding tissue. Novel 
approaches to neurological 3-D printing are more related to 
developing methods to create 3-D brain models with details of 
cerebral blood circulation. Though advancements are there in 
virtual surgical simulation for preoperative planning, it is not 
sufficient in providing the total real experience of surgeries or 
planning a surgical path with real instruments. These 
limitations are large because of the requirement of computer 
skills and hardware for its widespread application. 

Now, the first application of 3-D printing in neurosurgical 
planning combinedly used standard CT and MR angiography 
data for  3-D printing (SLA) cerebrovascular models of 
patients diagnosed with cerebral aneurysms and cerebral 
arteriovenous malformations (AVM) [14]. These vasculature 
models were solid structures and were complete replicas of the 
original. They showed the lumen structure which is 
highlighted by contrast in CTA or blood flow in MRA. 
Further, SLA 3-D printed models of cerebral aneurysms with 
parent and surrounding vessels were created from 3-D CT 
scans and 3-D rotational angiography data [15]. With the help 
of this data, small vessels were fabricated with a resolution of 
0.4 mm. But, as these models were made up of solid resin 
material, they were unsuitable for evaluating neck geometry, 
simulating clipping, and practicing dissection procedures. 
Hence, though these models were having higher resolution, 
they were not helpful in presurgical planning. Later studies 
demonstrated the first 3-D printed hollow models of cerebral 
aneurysms which could be practically used for preoperative 
planning and surgical training [16]. In another approach, a 
hollow, capable elastic cerebral 3-D printed model was 
fabricated for surgical simulation, which demonstrated an 
aneurysm and the parent artery using an FDM-based 3D 
printer [17]. 

In recent studies, different algorithms are used for medical 
image segmentation [18]. The segmentation to 3-D print 
workflow with different segmentation packages is also 
analyzed for an in-hospital scenario [19]. A detailed review of 
3-D printing parameters, slicing, supports and post-processing 
techniques were also done [20]. The effect of different process 
parameters like infill density and layer thickness was also 
assessed for the accuracy of 3-D printed parts [21]. The voxel 
mapping decoupling fast calculation algorithm was also 
developed for region recognition in STL which involved the 

use of interference ratio for estimating the complexity of the 
3-D model [22].  

In all these approaches the 3-D printed model of the 
anatomical part was created directly from the STL model 
obtained from the segmentation software using MRI/CT data. 
In some cases, the segmented models were smoothened with 
third-party software but that resulted in losing out the 
important shape and size characteristics of the anatomical part 
in consideration. In some cases, the surface of the printed part 
is smoothened by using external processes. In both cases, the 
3-D printed anatomical part was not accurately replicated. 
Taking this into consideration, this study aims at reducing or 
eliminate these errors in STL models by providing a simple 
process of STL model optimization. The methodology 
followed for obtaining the desired results is explained in 
further sections. 

II. METHODOLOGY
The process followed in this research work for carrying 

out the optimization of 3-D models obtained through the 
process of medical image segmentation involves the work-
flow as shown in fig. 1. The different stages for generating 
STL models are Acquisition of Medical Image, Segmentation 
using image processing tools, creation of ROI, and 3-D Model 
generation. Medical Image Datasets are mainly CT or MRI. 
For dental applications, orthopedics, etc., CT scan images are 
preferred, whereas MRI images can be acquired by not 
exposing the patients to harmful radiation. For medical 
imaging of soft tissue such as tendons, ligaments, and the 
brain, MRI is preferred. The MRI images available in the 
respective dataset are used here for the creation of STL models 
using open-source software called 3-D slicer. 

Fig. 1. Workflow followed in the research work 

A. Case study 

The case study involves a patient already diagnosed with 
a brain tumor. The MRI scan data of this patient is in the form 
of 2-D images which are used for diagnosing the patient’s 
medical condition. The MRI scan data involves a NiFTi or .nii 
file which includes the stacks of many 2-D images. The region 
of interest (ROI) i.e., brain tumor is then extracted from these 
2-D images and combined layer-by-layer to form a 3-D 
volumetric surface model. 

B. Dataset 

The MRI datasets (Brain Tumor Segmentation BraTS) are 
obtained from the challenge for biomedical image analysis 
called “Medical Segmentation Decathlon” [23], in which 
different teams compete with their algorithms on different 
tasks as well as modalities. These datasets were available 
under personal and non-profitable use licenses. The dataset 

MRI Scan data of 

patient selected for 

case study

Manual 

Segmentation of 

ROI in 3-D Slicer

3-D volume 

creation of ROI

Exporting 

segmented STL 
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has 750 multi-parameter-based magnetic resonance images 
(mp-MRI) from either glioblastoma or lower-grade glioma-
diagnosed patients. 

C. Selection of Dataset 

 The MRI dataset is selected based on the tumor position in 
the brain. The specifications of the dataset selected are given 
in Table I. The selection of this dataset is done because of the 
challenge of locating these complex and heterogeneously-
located targets [18]. 

TABLE I. MEDICAL IMAGE DATASET SPECIFICATIONS 
Anatomy Neuroi

maging 

file 

format 

File 

Name 
Modality 

Protocol Target 

Brain 
(NiFTi
) 

BRAT
S_221.

nii 
mp-MRI 

FLAIR, 
T1w, T1 
\w Gd, 
T2w 

Edema, 
enhancing 

and 
non-

enhancing 
tumor 

III. RESULTS

The MRI dataset of the patient selected for the case study 
is first imported into the 3-D slicer. The image segmentation 
process is then carried out manually for separating the ROI. 
The main segmentation effect used for separating the ROI was 
the Threshold. 

A. Output from the 3-D slicer 

The manual segmentation is processed on MRI data in a 3-
D Slicer by using slices of images in 3 views namely axial, 
coronal and sagittal, concurrently, as shown in Fig. 2. After 
carrying out the manual segmentation of ROI from the MRI, 
the 3-D model of the brain tumor obtained is shown in Fig. 3. 
The segmentation settings used are listed in Table II. These 
extracted tumors are then exported as STL models to 
Autodesk NetFabb for further processing.  

TABLE II. MANUAL SEGMENTATION SETTINGS 

Effect  Editable Intensity 

Range 

Segmentation 

Planes  

Surface 

Smoothing 

Threshold 883.79 to 
2132.65 

Axial, Coronal, 
and Sagittal No 

B. Optimization in NetFabb 

The 3-D brain tumor model obtained through a 3-D slicer 
is then imported into Autodesk Netfabb software. The STL 
model is then analyzed for errors. The errors present in the 
STL model are listed in Table III. Fig. 4 below also shows the 
visual representation of the errors present in the 3-D model. 
The STL model is then optimized with the help of custom Lua 
scripting created in the Autodesk Netfabb software. The Lua 
script has multiple repair tasks which involved stitching 
triangles, closing trivial holes, fixing flipped triangles, 
removing degenerated faces, etc. By repairing the errors in the 
STL mesh, the mesh becomes continuous. This continuous 
mesh is then suitable for 3-D printing and the shape of the 3-
D model of a brain tumor will be accurately printed with any 
3-D printer. 

TABLE III. STL ERROR ESTIMATIONS 

Model Mesh Open 

Border 

Edges 

Surface 

Holes  

Inverted 

Orientations 

of triangles 

Segmented 
Brain Tumor 

Open 56 17 200 

C. Comparative analysis of STL models 

The 3-D models obtained directly through a 3-D slicer 
without any optimization and the 3-D model obtained through 
Autodesk Netfabb are compared. The comparison data is 
shown in Table IV. The STL model shown in Fig. 5 (b) shows 
the mesh comparison and surface deviation from the actual 
model as 0mm i.e. it shows that the surface contours are 
accurately preserved during the STL optimization process. 

  (a)    (b)  

        (c) 

Fig. 2. Segmentation of MRI data in 3-D Slicer (a) Axial (b) Coronal (c) 
Sagittal 

        (a)                                                             (b) 
Fig. 3. 3-D model of ROI segmented from MRI data (a) 3-D model (with 
MRI image in the backdrop) and (b) 3-D model (individual) 

        (a)                                                    (b) 
Fig. 4. STL errors in the 3-D model imported from 3-D slicer (a) Meshed 
model with highlighted errors (b) CAD model with errors 
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TABLE IV.  ERROR OPTIMIZATION RESULTS 

Model Mesh Open 

Border 

Edges 

Surface 

Holes  

Inverted 

Orientations 

of triangles 

Segmented 
Brain 
Tumor 

Closed 
0 0 0 

        (a)                                                    (b) 
Fig. 5. Mesh comparison of the non-optimized and optimized model (a) 
Mesh overlapped (b) Surface deviation after mesh optimization 

IV. CONCLUSION

Medical image segmentation is a very difficult task when 
done manually and the resulting 3-D models have inherent 
problems. These problems include non-conforming surface 
geometries to the actual anatomical part. These errors in 3-D 
models obtained through segmentation arise due to voids and 
misplaced voxels while surface creation from segmented 
images. The comparative analysis of 3-D models created 
using the segmentation process in the 3-D slicer and optimized 
models produced in Autodesk NetFabb provide a way of 
analyzing the effect of errors and deviation in the model shape 
and size. In this way, the efficient, optimized, true-to-shape 3-
D can be created and further can be used for 3-D printing. For 
further work in this area, machine learning techniques, 
specifically deep learning, with the help of python tools like 
PyTorch and PyVista can be used to produce error-free STL 
models directly through the 3-D slicer with an integrated 
python environment. These accurate models when 3-D printed 
can then be utilized by medical professionals for pre-operative 
planning, training, simulation, and patient awareness and can 
effectively reduce the hazards during the surgery. 
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Abstract—Responding to current energy demand scenario, 

there will be a more demand in coming years. The energy 

requirements of developed and developing country continuously 

increasing, that will increase the exploration of renewable 

energy sources, needs more efficient system to meet 

requirement. The wind energy is one of the area to satisfy 

current scenario. To meet it, it is important issue to concentrate 

on small wind energy industry apart from commercial systems. 

Another critical aspect of wind energy usage is the efficiency 

with which usable energy is converted into producing power. 

Enhance technologies such as twin blade contra rotating rotors, 

generators, gears and lube oils, aero foil shapes and profile, 

smart pitch control rotors etc. will minimizes the total cost and 

increase total output power. The purpose of this work is, 

therefore, to support the effectiveness of employing Twin-blade 

contra-rotating system to enhance performance of twin blade 

contra-rotating wind turbine system. With this idea, the contra-

rotating system works more efficient and produced more power 

in a unit turbine area. To support this approach, a research 

model was developed and tested under a variety of operating 

conditions. To verify turbine system a test were carried out in 

wind tunnel. Result are presented for cases of different wind 

speeds, Reynolds number and different angle of attack for 

blades. The result exhibit a significant increase in wind energy 

conversion efficiency in case of twin blade contra-rotating 

system and good response to low wind speed compared to single 

rotor system of same type. 

Keywords— wind turbine, contra rotating rotor, wind tunnel, 

betz limits, angle of attack, NREL S809 aerofoil profile. 

I. INTRODUCTION 

The wind power business is the world's fastest expanding 
electric power industry [1]. Global installed capacity now 
exceeds 32000MW, with a predicted annual growth rate of 
10,000MW over the next five years. The quick development 
of technology used to materialise wind turbines equipment 
used to produce electric power from the wind may be ascribed 
to the remarkable expansion of this business. For economic 
reasons, the majority of wind turbine technology research has 
concentrated on huge wind turbines (60-80m tower and 70-
100m blade span). Despite a declining global economy, India's 
power demand increased in 2012. Electricity scarcity is 
prevalent, and more than 40% of the population lacks access 
to modern energy services. Between 2005 and 2030, India's 
power demand is expected to more than treble. The Central 
Electricity Authority forecasted the demand for 350-360 GW 

of total generating capacity by 2022 in the newly announced 
NEP (2012). 

Fig. 1. India’s cumulative wind installation growth rate per year in MW 

A. Objectives and scope 

The objective of this work was to study the effect of blade 
angles on the power generated by wind turbine. For this 
purpose, a wind tunnel was fabricated to perform experiment. 
A laboratory base small contra rotating wind turbine system 
with NREL S809 aero foil shaped blade profile was 
manufactured. Apart from blade angle, the effects of other 
parameters like wind velocity, Reynolds number and distance 
between blade rotors also studied. To reach this goal, the 
following sections completed:- 
• Reviewed the literature related to design and fabrication

of wind tunnel, contra rotating turbine, aerofoil blade 
profile, other research papers related to design and 
fabrication of small wind turbine and various 
assumptions and working conditions, papers related to 
NREL aerofoil blades data.  

• On the basis of literature reviewed, wind tunnel and
NREL S809 aerofoil blade profile selected for this work 
and decided the parameters which has to consider for this 
work. 

• Fabricated the laboratory based horizontal axis twin
blade contra rotating wind turbine system and wind 
tunnel according to design considerations. Series of 
experiment on fabricated wind turbine setup was done by 
varying turbine parameters such as blade angle, distance 
between rotor blades, wind velocity and Reynolds 
Number and studied it effects on wind turbine power 
output. 
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II. LITERATURE REVIEW

The literature review was mainly carried out to know various 
developments related to wind turbine technology from last one 
to two decades. This gives better understanding regarding the 
concept of wind turbine analysis and recent trend related to 
turbine technology. On the basis of literature review, it is 
comes in focus that from last many years, The research work 
related to wind turbine is concentrating  on to improve the 
performance of wind turbine by different design approach or 
by varying design geometry of blade profile. Many  articles 
from journal and conference were studied which included 
latest developments related to wind technology. Some of the 
articles related to this research work are discussed here. 

Extensive literature is presented by many of the authors 
about the design of wind turbines [8].  Eggleston, David M. 
and Forrest S. Stoddard (1987) [2] made a design of wind 
turbine. It provided information related to aerodynamic test on 
blade. Somers. D.( July 1987)[3] discussed the NREL S809 
aerofoil blade profile performance in wind tunnel under 
different operating condition to evaluate stresses and forces 
developed on boundary surface of aerofoil section of blades. 
Selig, Michael S. and Bryan D. McGranahan (2004) [4], 
investigated the data related to wind tunnel test for six aerofoil 
blade profile on small rotor size is given and evaluate various 
parameters. Experiment was conducted in wind tunnel in 
laminar steady flow field for various profiles and performance 
is studied. John Larson(February 2008) [5] gives information 
of test to find effect of chord length and taper of blade of blade 
performance. By varying chord length and taperness of blade 
measure power produced by generator and by analyzing the 
result,  proposed  the statement regarding  research work. Dr. 
James Dann’s (2010) [9], worked on the building of a test 
wind tunnel to do a experiment on 1:18 scale down car models 
to find lift and drag for acting on scale models of cars. In this 
work, performed various experiments on car models to find 
aerodynamic drag forces acting on car and propose a best 
aerodynamic car model which offer minimum resistant to 
wind velocity. Riadh W. Y. Habash, VoicuGroza, Yeu Yang, 
Charles Blouin, Pierre Guillemette (2010) [14], A series of 
experiment on small contra rotating wind converter to predict 
the performance of turbine and effect on power of turbine. 
Fabrication of the metallic exhaust 3 blade rotor  was done and 
performed tunnel experiment on it and proposed result on 
smoke test to predict the flow visualization over the blade. A 
full examination of wind turbine blade design loads is 
provided, detailing gravitational, aerodynamic, gyroscopic, 
centrifugal, and operating circumstances.  Rajeevalochanam 
et al. (2020) [1] modified the contra rotating blade for the 
application of turbo fan engine. They compared the 
performance of contra rotating and co rotating turbines. They 
found that according to flow estimates, performance is 
increased by 2%.  Hosotani et al. (2019) [16] have performed 
a Study on high pressure design of contra-rotating small 
hydro-turbines. They found that the maximum efficiency of 
front rotor is 67% with at 40 deflection angle. 

By the literature review, it is observed that very limited 
work is carried out on the analysis of contra rotating turbine. 
The works mainly focus on profile of blade, design of blade.In 
view of above, It is propose to carry out the experimental 
analysis of contra rotating wind turbine to investigate the 
effects of blade angle, wind velocity, Reynolds Number and 
distance between rotors on the power output of wind turbine. 

III. EXPERIMENTATION

A. Experimental Approach 

 Designing of turbine blade is very important issue. 
Turbine performance directly depends on blade design 
because blade is part which comes in contact with wind and 
extract energy from it. So if blade design is not correct then 
plant efficiency goes down. Wind turbine blades are shaped to 
generate the maximum power from the wind. The blade design 
process starts with a “best guess” compromise between 
aerodynamic and structural efficiency. There are various 
aerofoil shapes are available, but NACA series and NREL 
series are frequently employed due to their good performance. 
It is decided to choose aerofoil profile from NREL series for 
our research work. National Research Energy Laboratory 
(NREL) formerly the Solar Research Energy Institute (SREI) 
is a Colorado based research organization which is doing a 
research work related to aerofoil shape of  blade for space 
work. It developed series of aerofoil shape for various 
purposes. The S809 aerofoil shape profile is selected because 
it is from the family of big turbine recommended profile.  

Fig. 2. Shape of S809 aerofoil profile.[10] 

The NREL S809 aerofoil profile was used to manufacture 
blade of HAWT of overall diameter 190 mm with radius of 
blade 80mm and hub diameter 20m. Wood (tike wood) is used 
to manufacture a blade profile with wooden hub with  3 mm 
diameter  as shown in fig. 2.  Its specification and shape is 
shown below. 

Table I. Design specification of S809 aerofoil profile[10] 
Design specification of S809 aerofoil profile

Camber 0.0095C 
Maximum thickness 0.2099C 
Lead Edge Radius 0.0123C 
Trailing Edge Angle(0c) 3.68 
Where C is chord length 

Table II Details of chord length and chord  thickness for different section 

Blade section Chord length (mm) Chord thickness 
(mm) 

Section 1 42.66 8.95 
Section 2 21.33 4.48 
Section 3 14.22 2.99 
Section 4 10.67 2.23 
Section 5 8.53 1.89 

 Several consideration needs be taken in to account to 
properly design the blade with required properties. The main 
design considerations based on literature survey are listed 
below. 
Maximum wind speed is 10 m/s 

Lift co-efficient is 0.7 for optimum design 
Tip speed ratio is 5 
Number of blade is 3 
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Blade Length(R) is 80 mm 
Hub Height is 20 mm 

Fig. 3.  Different section of turbine blade NREL S809 

Fig. 4.  Manufactured wooden NREL S809 aerofoil blade 

Wind tunnel is a convergent-throat-divergent like section 
which is used to perform in-house test facility for  various 
machine prototypes or models. Wind tunnel had a facility to 
simulate wind tunnel in-house condition with actual working 
condition of prototype and perform various research work on 
it related to study and find effect of all this on the machine. 
Wind tunnel test is a good research tool to perform various 
research which required high cost and time consuming to 
perform on site in actual working condition. Wind tunnel 
testing are very effective tool in the fields of aerospace, 
automobile aerodynamics design, wind turbine research work 
etc. Various components of wind tunnel with overall 
dimension discuss below. 

Fig. 5. Wind tunnel with overall dimensions 

The initial stage in wind tunnel design is to specify the size, 
form, and intended air velocity of the test chamber. 

Fig.6. Inner view of test section with in-house blades and generators. 

Test section is a place where object to be placed and 
various test  performed on it. In this scenario, a square test 

chamber with a 200mm side and an air velocity of 10 m/s was 
utilised. The length of the test chamber must be between 0.5 
and 3 times its side length. As a result, in this investigation, 
the length of the test chamber was fixed to one time the side 
of the test section. Inside test section two stand are fabricated 
to keep generator set at their place firmly and turbine blades 
are place on shaft of each generator set in opposite direction 
as shown in figure 6. 

The objective of this work is to study the effects of blade 
angle, wind velocity, Reynolds number and distance between 
rotor blades on the power produced by wind turbine. To 
achieve this goal, an experimental test setup is required. So for 
this purpose an experimental test setup was fabricated to carry 
out this work. The test setup consists of wind tunnel with 
equipments and a model of contra rotating wind turbine 
system with NREL S809 blade profile as shown in figure 
below. In fabricated wind tunnel we can get 10 m/sec 
maximum possible wind velocity. 

Fig. 7. Systematic diagram of wind tunnel test setup 

B. Analytical Approach 

Wind energy is widely and freely available on the earch which 
is actually the kinetic energy between the passages of air flow. 
The electrical energy generation is possible from wind energy 
with the help of electro mechanical conversion devices like 
wind mills or wind turbines.  When air is in motion, its kinetic 
energy may be calculated as 

 EK = �
�

mu
�     (1) 

Where mass of the air denoted by m and average wind speed 
at specific time is denoted by u. so the derivative of wind 
energy with respect to time is generally denoted as wind 
power and may be expressed as   

 PW = ���

��
 = �

�
mu

�  (2) 
The mass flow rate of is also one of the important driving 
factor while checking the performance of a wind turbine 
which can be calculated as  

m = ρAu                   (3) 
Where  
ρ = air density and  
A= swept area of blades, from the equation 2 and 3 the 
available power in wind Pw can be calculated as 

PW  = 
�

�
�Au

� (4) 

IV. RESULTS AND DISCUSSIONS

A series of experiment performed inside fabricated wind 
tunnel related to twin blade contra rotating wind turbine. In 
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this research work, the main aim is to find effect of variation 
in performance deciding parameters and study the effect of it. 
To achieve this goal, we decided to focus on wind velocity, 
Reynolds number, Distance between blades and blade angle 
(angle of attack). After a series of experiments the various 
results obtained from this study is discuss below with the 
observation table for experimental and analytical approaches. 

Table III. Observation table for experimental readings of Power for 
change in wind velocity in wind tunnel 

The figure 8 shows relation between turbine power and wind 
velocity. It shows power of front rotor, power of back rotor 
and total power. As velocity increase power of turbine also 
increase, 5 m/s is a cut in velocity for front rotor and 6.5 m/s 
is a cut in velocity for back rotor of turbine. 

Fig. 8. Graph of effect of change in wind velocity on output power of wind 
turbine. 

Fig. 9. Graph showing relation between generator voltage and wind velocity 
for front blade 

Fig. 10. Graph showing relation between generator current and wind velocity 
for front blade 

Figure 9 is the graph plotted for generator power verses wind 
velocity. It shows effect of velocity on voltage of generator, 
as the velocity increase voltage also increase. But at higher 
velocity more voltage generated as compare to lower velocity. 

The graph plotted between generator current and wind 
velocity for front blade. It is observed from graph, the current 
rapidly increase with velocity at low velocity value as 
compare to high wind velocity  value. As shown in graph, 
generator voltage for back  blade is plotted  against wind 
velocity. It is observed that up to 6 m/s velocity there is no 
voltage generation in back blade. 

Fig. 11. Graph showing relation between generator voltage and wind velocity 
for  back blade 

Fig. 12. Graph showing relation between generator current and wind velocity 
for back blade 

As shown in graph, generator current for back  blade is plotted 
against wind velocity. It is observed that up to 6 m/s velocity 
there is no current generation in back blade. After 6 m/s 
current increase with increase in velocity up to 9 m/s and after 
it value is steady. 

Table IV. Experimental and analytical readings for rotor output power 

velocity 
m/s 

analytical 
readings(watts) 

experimental 
readings(watts) 

front 
power 

back 
power 

front 
power 

back 
power 

10 17.77 10.15 1.88 0.44 
9 12.95 8.29 1.32 0.4 
8 9.09 4.48 0.93 0.25 
7 6.09 1.62 0.56 0.08 
6 3.84 0.81 0.36 0 
5 2.22 0.48 0.16 0 
4 1.14 0.35 0 0 

Fig. 13. Comparison of experimental power and analytical power 

The figure 13 shows data related to analytical and 
experimental results. As observed, the power generated in 
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case of analytical analysis is more compared to experimental 
data. In actual case, only 1.2%  of wind power is converted 
into electric power. 
Table V. Experimental and analytical readings for front rotor output power 

velocity 
m/s 

analytical  front 
power (watt) 

experimental front 
power (watt) 

10 17.77 1.88 
9 12.95 1.32 
8 9.09 0.925 
7 6.09 0.56 
6 3.84 0.36 
5 2.22 0.16 
4 1.14 0 

Fig. 14. Graph for analytical and experimental calculated power for front rotor 

The above graph shows relation between analytical power and 
experimental power for front turbine generated by DC 
generator for different wind velocity. The graph shows that in 
case of actual working condition, less power is generated by 
turbine compared to analytical power . 
Table VI. Experimental and analytical readings for back rotor output power 

velocity 
m/s 

Analytical back 
power (watt) 

experimental back 
power (watt) 

10 10.15 0.44 
9 8.29 0.4 
8 4.48 0.249 
7 1.62 0.08 
6 0.81 0 
5 0.48 0 
4 0.35 0 

Fig. 15. Graph for analytical and experimental calculated power for back rotor 

The figure 15 shows relation between analytical power and 
experimental power  for back turbine generated by DC 
generator for different wind velocity. The graph shows that in 
case of actual working condition, less power is generated by 
turbine compared to analytical power . 

V. CONCLUSIONS 
Twin blade contra rotating wind turbine system was studied. 
Based on experimental results, it was concluded that: 
• The contra rotating wind turbine produced 25% more

power compared to single rotor from the same wind
stream.

• By varying the blade angles it was observed that, it
affects the rotational speed of rotor. The blade angles 40

and 60 are the angles at which the contra rotating turbine
with NREL S809 blade profile produced more power
compared to other angle. It was also observed that blade
angles from 40-100 was the range up to which turbine
produced more power compared to angles greater than
100. 

• By varying the distance between rotors, it was observed
that there was no specific trend is observed. The 25 mm
rotor distance is a distance at which maximum power is
generated.
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Abstract

While the virus's intermediate point of origin and spread to humans is unknown,

it has been shown that it is capable of rapid human-to-human transmission. The

virus was primarily transmitted from person to person by physical interaction.

Coughing, sneezing, and laughing cause droplets. Fever, chills, cough, sore

throat, breathing difficulties, myalgia or fatigue, nausea, vomiting, and diarrhoea

are common signs of COVID-19 infection. Cardiovascular damage, respiratory

failure, acute respiratory distress syndrome, and even death may occur in severe
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situations. AIM: Breaking the chain of transmission of COVID-19 by Social

Distancing MATERIAL AND METHOD: A primary research study has been

done using an online questionnaire created using Google form. An observation

study design has been used. The respondents were sent a survey of three

questions including consent forms to participants in survey, using mail ID's and

social media platforms. The material required for the review was taken from the

databases of PubMed, Web of science, the from the website of World Health

Organization, International diabetes federation and the patients data of SMHRC

and DMMC Wanadongari Nagpur.
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Abstract

In day-to-day working, when we are dealing with collecting

and managing information for business, designing of interface

plays a very important role. For designing an interface,

different web designing frameworks are required. This review

paper is based on discussion and comparison of different

frameworks which are currently used in the industry and are in

demand in the industry. It will help one to choose between the

different frameworks and get an idea about their uses and

where to use them. Anyone can understand and can choose

between different frameworks. It will help newbies to get

started and make choices about the framework. This review

paper focuses on the pros and cons and their requirements for

deployment. This paper is also focused on the time

requirement, access, what they provide, where they are used,

when to use, and how to choose upon it. It also includes the

starting requirements and what goals user can achieve using

different frameworks. It also includes the basic structure of a

Web application or the basic requirements of a web application

to start. The comparative study broadly consist of Bootstrap,
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I. Introduction
Maintaining regular class attendance while engaging in other academic activities is a tedious task for
students. Due to the COVID-19 pandemic, face masks are mandatory to reduce the virus spread
probability. In the conventional approach, proxy attendance is the biggest issue as students
acknowledge absent students. Teacher finds it tedious to identify students whenever student faces
are occluded with a face mask. Currently, there is need for real-time attendance management that
can detect the student face even if student face is occluded with the face mask and register student
attendance as per the respective subject time and date scheduled automatically. Again, in case
student-relevant face is not available at a specific time, then student attendance should be marked as
absent.
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Abstract

Every education institution nowadays is concerned about

student attendance and performance. In the current academic

system, consistent class attendance of students plays a

significant role in their performance, assessment, and quality

monitoring. The traditional approach of taking attendance in

several institutions is by calling the names of students one after

the other or each student manually signs on the papers. In

existing approaches, taking and tracking student’s attendance

manually, losing attendance sheets, dishonesty of students,

and high error scales are open challenges face by the faculties.

It is a complex process, requires time, and causes manual

paperwork. We proposed an efficient and robust approach for

an attendance monitoring system using the face of a human.

The proposed algorithm first detects and recognizes the

student’s faces from videos or images. Second, mark the

attendance using a neural network model and texture features.

Experiments were conducted on the commercially available

datasets. The proposed approach is compared with the
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traditional attendance marking system in terms of time and

accuracy. Our approach resolves the state-of-the-art approach

challenges and saves time to monitor the students.
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Abstract

The new COVID, later dubbed coronavirus, is an incurable disease that can be

transmitted to humans. It originally appeared in late December 2019 in the

Chinese city of Wuhan, where it documented cases of pneumonia of unclear

etiology. After its rise, it marked as an episode that caused real concern for the

general public by the WHO, and in the middle of January 2020, the WHO

declared a global pandemic due to a dramatic increase in global diseases

affecting many nations. More than 108 million cases had been validated
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worldwide as of February 14, 2021, with 5.99 million cases reported in the

Eastern Mediterranean region. As a result of this global emergency, segregation

and detention measures were being taken by international and governmental

organizations to prevent the spread of the disease. Additional measures include

airline suspension, large assembly congestion, and compulsory use of face

masks in many countries, community evacuation, telephone work, child

education, and home-based care. Conclusion: There is a need to build the

mindfulness among the different media stages about mental difficulties during

pandemics and feature the significance of looking for help and taking part in

actual work for the administration of emotional well-being messes. Moreover,

an increment in mindfulness among the medical care experts in recognizing and

focusing on the high-hazard gatherings of the populace who are in danger in

creating psychological well-being issues is crucially significant.
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Abstract

The outburst of coronavirus in December 2019 from Wuhan, China led to the

global COVID-19 pandemic. COVID-19 was declared as a pandemic by the

WHO at the beginning of 2020. This resulted in lockdowns in many countries as

a preventive measure. Due to the lockdowns, people were forced to stay at

home, which increased the feeling of loneliness, anxiety, depression, or suicidal

thoughts. Mental health is the least discussed topic but most important. With the
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outbreak of the highly infectious virus, public fear, anxiety, stress due to

lethality, and uncertainty also follows. This review article is aimed to explore

the impact of the COVID-19 pandemic on the mental health of individuals and

groups of individuals. A twenty percent increase in mental illnesses was

reported in a survey by the Indian Psychiatric Society since the coronavirus

outbreak in India. In China, a study showed 16.5% moderate to severe

depressive symptoms, 28.8% moderate to severe anxiety symptoms, and 8.1%

moderate to severe stress due to COVID-19. Different countries all over the

world showed similar statistics. Conclusion: The COVID-19 pandemic has

probably been the greatest pandemic in modernized human history. To prevent

the transmission of coronavirus, the lockdown was imposed, which forced

everyone to stay at home. The isolation had an adverse effect on the mental

health of individuals.
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Abstract 

Pedestrian detection, tracking, and suspicious activity recognition have grown increasingly significant in computer vision 
applications in recent years as security threats have increased. Continuous monitoring of private and public areas in high-density 
areas is very difficult, so active video surveillance that can track pedestrian behavior in real time is required. This paper presents 
an innovative and robust deep learning system as well as a unique pedestrian data set that includes student behavior like as test 
cheating, laboratory equipment theft, student disputes, and danger situations in institutions. It is the first of its kind to provide 
pedestrians with a unified and stable ID annotation. Again, presented a comparative analysis of results achieved by the recent deep 
learning approach to pedestrian detection, tracking, and suspicious activity recognition methods on a recent benchmark dataset. 
Finally, paper concluded with investigation new research directions in vision-based surveillance for practitioners and research 
scholars. 
© 2023 The Authors. Published by ELSEVIER B.V. 
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0) 
Peer-review under responsibility of the scientific committee of the International Conference on Machine Learning and Data 
Engineering 
Keywords: Pedestrian detection; Video Surveillance; Tracking; Suspicious activity. 

1. Introduction 

Video surveillance is now installed everywhere to track and monitor pedestrians or criminals in streets, airports, banks, 
prisms, laboratories, shopping centers, etc. [1]. The surveillance system is based on a closed-circuit television (CCTV) 
system. Recently, Pan-Tilt-Zoom (PTZ) cameras have many advantages over traditional CCTV cameras. The main 
advantage of a PTZ camera is that it allows users to view more content than a fixed camera. The features of the PTZ 
camera include: 1) The user can pan left and right and tilt up and down to obtain a complete 180o view, whether it is 
left or right or up and down. If installed and positioned correctly, advanced PTZ cameras can provide a complete 360o 
field of view. Therefore, a single pan/tilt camera can replace two or even three fixed-view cameras, which is very 
suitable and can almost eliminate most of the blind spots on cameras with deviated fixed-view angles. A PTZ camera 
is programmed to rotate automatically in multiple directions at a different view of an area. Researchers main focus is 
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system. Recently, Pan-Tilt-Zoom (PTZ) cameras have many advantages over traditional CCTV cameras. The main 
advantage of a PTZ camera is that it allows users to view more content than a fixed camera. The features of the PTZ 
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left or right or up and down. If installed and positioned correctly, advanced PTZ cameras can provide a complete 360o 
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1. Introduction 
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system. Recently, Pan-Tilt-Zoom (PTZ) cameras have many advantages over traditional CCTV cameras. The main 
advantage of a PTZ camera is that it allows users to view more content than a fixed camera. The features of the PTZ 
camera include: 1) The user can pan left and right and tilt up and down to obtain a complete 180o view, whether it is 
left or right or up and down. If installed and positioned correctly, advanced PTZ cameras can provide a complete 360o 
field of view. Therefore, a single pan/tilt camera can replace two or even three fixed-view cameras, which is very 
suitable and can almost eliminate most of the blind spots on cameras with deviated fixed-view angles. A PTZ camera 
is programmed to rotate automatically in multiple directions at a different view of an area. Researchers main focus is 
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to develop a video surveillance system that can assess pedestrian methods in real time [2]. The challenge of identifying 
pedestrians in crowded environments becomes extremely challenging in real-time when low-resolution images, 
motion blur, contrast illumination, scale or size of pedestrian changes, and entirely or partially obscured outlines 
are present. Fig.1 describes the proposed approach motivation. Pedestrian public university dataset such as INRIA 
[2], Caltech [1], MS COCO [3], KITTI [5], and ETH [4] datasets, pedestrian cases are typically modest. Due to 
restrictions such as 1) cloudy presentation, 2) confused and imprecise boundary, 3) duplicated pedestrian occurrences, 
4) tiny and big dimension occurrences with distinctive properties, etc., localizing these small instances in the presence 
of illumination change and occlusion is a vital operation. The advanced research on pedestrians” analysis conducted 
on publicly available benchmark datasets. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1. (a) Issues and challenges of ETH [2] and Caltech [3] datasets. (a) pedestrian significant change in the visual as the 
illumination changes. (b) pedestrian scale or size changes in images changed significantly. (c) pedestrian occlusion affects the 
detection and tracking results. (d) pedestrian occlusion with other road objects effects detection accuracy. (e) pedestrian cloth 
variation affects the detection algorithm accuracy. (f) Multi-camera captured direction represents a different visual appearance. 

These datasets have several limitations, including: 1) a limited variety of pedestrian instances captured in a supervised pattern. 2) 
The size of the dataset is small and contains the least scenarios. 3) limited environment such as urban road and city only. No student 
behavior dataset is available. A robust and novel deep learning model and student academic environment dataset. During each 
sequence of frames in the video, human experts annotated the behavior of student pedestrians. It provides data in three categories. 
1) Using bounding boxes to locate pedestrians. 2) fully labelled; 3) unique IDs are used as a class category for annotated pedestrians. 
The proposed contributions are as follows: 

1. To solve existing state-of-the-art database concerns such as size and illumination variance in pedestrian images, It presents 
the unique enhanced Mask R-CNN deep learning architecture. 

2. Student’s normal and suspicious activities are recorded in the proposed dataset. 
3. Within the framework of the proposed pedestrian dataset for academic settings along with comprehensive review of previous 

work and compare existing techniques. 

The remaining research paper is categorized as follows: the most significant contribution of the new pedestrian dataset, as well as 
concerns and challenges in the academic context discuss in section 2. A deep learning architecture is described in section 3. The 
outcomes of the empirical examination are discussed in section 4. Finally, in the Section 5 the research paper ended with conclusion 
and research direction. 
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1. Introduction 

Video surveillance is now installed everywhere to track and monitor pedestrians or criminals in streets, airports, banks, 
prisms, laboratories, shopping centers, etc. [1]. The surveillance system is based on a closed-circuit television (CCTV) 
system. Recently, Pan-Tilt-Zoom (PTZ) cameras have many advantages over traditional CCTV cameras. The main 
advantage of a PTZ camera is that it allows users to view more content than a fixed camera. The features of the PTZ 
camera include: 1) The user can pan left and right and tilt up and down to obtain a complete 180o view, whether it is 
left or right or up and down. If installed and positioned correctly, advanced PTZ cameras can provide a complete 360o 
field of view. Therefore, a single pan/tilt camera can replace two or even three fixed-view cameras, which is very 
suitable and can almost eliminate most of the blind spots on cameras with deviated fixed-view angles. A PTZ camera 
is programmed to rotate automatically in multiple directions at a different view of an area. Researchers main focus is 
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to develop a video surveillance system that can assess pedestrian methods in real time [2]. The challenge of identifying 
pedestrians in crowded environments becomes extremely challenging in real-time when low-resolution images, 
motion blur, contrast illumination, scale or size of pedestrian changes, and entirely or partially obscured outlines 
are present. Fig.1 describes the proposed approach motivation. Pedestrian public university dataset such as INRIA 
[2], Caltech [1], MS COCO [3], KITTI [5], and ETH [4] datasets, pedestrian cases are typically modest. Due to 
restrictions such as 1) cloudy presentation, 2) confused and imprecise boundary, 3) duplicated pedestrian occurrences, 
4) tiny and big dimension occurrences with distinctive properties, etc., localizing these small instances in the presence 
of illumination change and occlusion is a vital operation. The advanced research on pedestrians” analysis conducted 
on publicly available benchmark datasets. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1. (a) Issues and challenges of ETH [2] and Caltech [3] datasets. (a) pedestrian significant change in the visual as the 
illumination changes. (b) pedestrian scale or size changes in images changed significantly. (c) pedestrian occlusion affects the 
detection and tracking results. (d) pedestrian occlusion with other road objects effects detection accuracy. (e) pedestrian cloth 
variation affects the detection algorithm accuracy. (f) Multi-camera captured direction represents a different visual appearance. 

These datasets have several limitations, including: 1) a limited variety of pedestrian instances captured in a supervised pattern. 2) 
The size of the dataset is small and contains the least scenarios. 3) limited environment such as urban road and city only. No student 
behavior dataset is available. A robust and novel deep learning model and student academic environment dataset. During each 
sequence of frames in the video, human experts annotated the behavior of student pedestrians. It provides data in three categories. 
1) Using bounding boxes to locate pedestrians. 2) fully labelled; 3) unique IDs are used as a class category for annotated pedestrians. 
The proposed contributions are as follows: 

1. To solve existing state-of-the-art database concerns such as size and illumination variance in pedestrian images, It presents 
the unique enhanced Mask R-CNN deep learning architecture. 

2. Student’s normal and suspicious activities are recorded in the proposed dataset. 
3. Within the framework of the proposed pedestrian dataset for academic settings along with comprehensive review of previous 

work and compare existing techniques. 

The remaining research paper is categorized as follows: the most significant contribution of the new pedestrian dataset, as well as 
concerns and challenges in the academic context discuss in section 2. A deep learning architecture is described in section 3. The 
outcomes of the empirical examination are discussed in section 4. Finally, in the Section 5 the research paper ended with conclusion 
and research direction. 
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2. Related Work 

This section describes the most relevant and recent pedestrian datasets. In addition, it discusses the advanced deep 
learning approaches to pedestrian detection, tracking, and suspicious activity recognition, along with its limitation. 

2.1. State-of-the-art Pedestrian Dataset 
 
Currently pedestrian datasets used by researchers for pedestrian detection, tracking, and suspicious activity 
recognition. First, the Caltech dataset contains 2,300 unique pedestrians and 350,000 annotated bounding boxes to 
represent these pedestrians. This dataset was created on the city road and using the camera mounted on the vehicle 
[3]. Second, the MIT dataset is the well-known pedestrian dataset, which consists of high-quality pedestrian sample 
images. It contains 709 unique pedestrians. Whether in front view or back view, the range of pose images taken on 
city streets [4] is relatively limited. Third, Daimler, this dataset captures people walking on the street through cameras 
installed on vehicles in an urban environment during the day. The data set includes pedestrian tracking attributes, 
annotated labelled bounding boxes, ground truth images, and floating disparity map files.  

The training set contains 15560 pedestrian images and 6744 annotated pedestrian images. The test set contains 21,790 
pedestrian images and 56,492 annotated images [5]. The ATCI dataset is a pedestrian database acquired by a normal 
car”s rear-view camera, and it”s used to test pedestrian recognition in parking lots, urban environments city streets, 
and private as well as public lanes. The data set contains 250 video clips, each of 76 minutes, and 200,000 marked 
pedestrian bounding boxes, captured in day-light scenes, with contrasting weather scenarios [6]. The ETH dataset is 
used to observe the traffic scene from the inside of the vehicle. The behavior of pedestrians is recorded and placed 
over vehicles. In an urban setting, the dataset can be used for pedestrian recognition and tracking via mobile platforms. 
Road cars and pedestrians, are included in the dataset [7]. The TUD-Brussels dataset was created using a mobile 
platform in an urban environment. 

Crowded urban street behavior was recorded vehicle embedded cameras. It can be used in car safety scenarios in urban 
environments [8]. One of the most abstract pedestrian detection data sets is the INRIA dataset. It incorporates human 
behavior, as well as a mobile camera and complex background scenes, with various variations in posture, appearance, 
dress, background, lighting, contrast, etc. [9]. The PASCAL Visual Object Classes (VOC) 2017 and 2007 collection 
contains static objects in an urban setting with various viewpoints and positions. This dataset was created with the 
goal of recognizing visual object classes in real-world scenarios. Animals, trees, road signs, vehicles, and people are 
among the 20 different categories in this collection [10]. The Common Object in Context was constructed using the 
MS COCO 2018 dataset [11]. (COCO). The 2018 dataset was recently utilized to recognize distinct things in the 
context while focusing on stimulus object detection. 

The annotations include different examples of things connected to 80 different object categories and 91 different 
human segmentation categories. For pedestrian instances, there are key point annotations and five picture labels per 
sample image. (1) real-scene object detection with segmentation mask, (2) panoptic semantic segmentation, (3) 
pedestrian key point detection and evaluation, and (4) Dense Pose estimation in a congested scene is among the COCO 
2018 dataset challenges [12]. 

For street picture segmentation, the Mapillary Vistas Research dataset is employed [13]. Pedestrians and other non- 
living categories are solved using panoramic segmentation, which successfully merges the concepts of semantic and 
instance segmentation. A comparison of pedestrian databases and their video surveillance purposes is shown in Table 
1. In addition, we’ve included proposed dataset, which will be introduced in the next section. The connection is made 
based on the dataset’s use, size, environment, label, and annotation.   

2.1. Proposed Deep learning architecture and Academic Environment Pedestrian Dataset 
 

In this section, the proposed framework from a different perspective, as captured by a high-quality DSLR camera. 
The proposed video acquisition framework records the video at 30f/s along with 384x2160 resolution. The size of the 
dataset is 100GB. The student behavior frames shown in Fig.2. The orientation of the camera is in the range of 45o to 
90o. Yeshwantrao Chavan College of Engineering (YCCE), Nagpur student academic activity behavior recorded in 
the proposed dataset. The student age is between 22-27, including both male and female. Out of which, 65% are male 
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and 35% are female. The academic environment dataset consists of different behaviors such as lab student activities, 
exam hall, classroom, student cheating behavior, dispute, and stealing a mobile phone and lab electronic devices [34].  
 

Table 1. Comparison of benchmark pedestrian dataset the pedestrian detection, tracking. 
Dataset Dataset size Annotation Environment Year Ref. Issues and 

Challenges 
Caltech 250000 

frames 
2300 unique 
pedestrian 

City street 2012 [3] Only urban 
roads are 
captured. 

MIT 709 unique 
pedestrians 

No annotated 
pedestrian 

Day light 
scenario 

2000, 
2005 

[4] Missing 
annotation not 
allow user to 
verify different 
techniques. 

Daimler 15,560 unique 
pedestrians 

Ground truth 
with bounding 
boxes. 

City street 2016 [5] Only urban 
roads are 
captured. 

GM-ATCI Video 
clips:250 

Annotated 
pedestrian 
bounding 
boxes: 200K 

Day and 
complex 
weather 
and lighting 

2015 [6] Only urban 
roads are 
captured. Side 
view of road not 
captured. 

ETH Videos Annotated 
cars and 
pedestrians 

City street 2010 [7] Small size 
dataset. Limited 
scenarios cover. 

TUD 
Brussels 

1092 frames Pedestrian 
Annotation 

City street 2009 [8] Only urban 
roads are 
captured. 

INRIA 498 
images 

Manual 
Annotations 

City street 2005 [9] Only urban 
roads are 
captured. 

PASCAL 
VOC 2012 

11,530 
images, 20 
objects classes 

ROI 
Annotated 
27,450 

City street 2012 [10] Only urban 
roads are 
captured. 

MS COCO 
2017 

328,124 
images 

Segmented 
people object 

City street 2017 [11] Only urban 
roads are 
captured. 

MS COCO 
2015 

328,124 
images 

Segmented 
people object 

City street 2015 [12] Only urban 
roads are 
captured. 

Mapillary 
Vistas 
dataset 
2017 

152 obj. 
, 25300 img. 

Instance 
segmentation 

City street 2017 [13] Only urban 
roads are 
captured. Side 
view of road not 
captured. 

 

At the frame level, domain experts annotate the pedestrian video sequence. The labelling stage contains three phases: 
1) human identification. 2) tracking, and 3) detection of suspicious activities. First, Mask R-CNN [12] method was 
used to determine the location of the pedestrian in the frame, followed by manual validation and correction of the data. 
Next, a deep sort [14] model was used for extracting tracking information. At last, with these two basic operations, get 
a rectangle bounding box around pedestrians that defines the ROI for each human. The last stage of the updating process 
is performed manually, with human expert knowledge in the academic environment. Height, age, enclosing box, 
unique Id, feet, frame, body size, hairstyle, hair color, head attachments, clothing, mustache stubble activities, and 
accessories are all given for each human instance in the frame mostly on the label. 
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contains static objects in an urban setting with various viewpoints and positions. This dataset was created with the 
goal of recognizing visual object classes in real-world scenarios. Animals, trees, road signs, vehicles, and people are 
among the 20 different categories in this collection [10]. The Common Object in Context was constructed using the 
MS COCO 2018 dataset [11]. (COCO). The 2018 dataset was recently utilized to recognize distinct things in the 
context while focusing on stimulus object detection. 

The annotations include different examples of things connected to 80 different object categories and 91 different 
human segmentation categories. For pedestrian instances, there are key point annotations and five picture labels per 
sample image. (1) real-scene object detection with segmentation mask, (2) panoptic semantic segmentation, (3) 
pedestrian key point detection and evaluation, and (4) Dense Pose estimation in a congested scene is among the COCO 
2018 dataset challenges [12]. 

For street picture segmentation, the Mapillary Vistas Research dataset is employed [13]. Pedestrians and other non- 
living categories are solved using panoramic segmentation, which successfully merges the concepts of semantic and 
instance segmentation. A comparison of pedestrian databases and their video surveillance purposes is shown in Table 
1. In addition, we’ve included proposed dataset, which will be introduced in the next section. The connection is made 
based on the dataset’s use, size, environment, label, and annotation.   

2.1. Proposed Deep learning architecture and Academic Environment Pedestrian Dataset 
 

In this section, the proposed framework from a different perspective, as captured by a high-quality DSLR camera. 
The proposed video acquisition framework records the video at 30f/s along with 384x2160 resolution. The size of the 
dataset is 100GB. The student behavior frames shown in Fig.2. The orientation of the camera is in the range of 45o to 
90o. Yeshwantrao Chavan College of Engineering (YCCE), Nagpur student academic activity behavior recorded in 
the proposed dataset. The student age is between 22-27, including both male and female. Out of which, 65% are male 
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and 35% are female. The academic environment dataset consists of different behaviors such as lab student activities, 
exam hall, classroom, student cheating behavior, dispute, and stealing a mobile phone and lab electronic devices [34].  
 

Table 1. Comparison of benchmark pedestrian dataset the pedestrian detection, tracking. 
Dataset Dataset size Annotation Environment Year Ref. Issues and 

Challenges 
Caltech 250000 

frames 
2300 unique 
pedestrian 

City street 2012 [3] Only urban 
roads are 
captured. 

MIT 709 unique 
pedestrians 

No annotated 
pedestrian 

Day light 
scenario 

2000, 
2005 

[4] Missing 
annotation not 
allow user to 
verify different 
techniques. 

Daimler 15,560 unique 
pedestrians 

Ground truth 
with bounding 
boxes. 

City street 2016 [5] Only urban 
roads are 
captured. 

GM-ATCI Video 
clips:250 

Annotated 
pedestrian 
bounding 
boxes: 200K 

Day and 
complex 
weather 
and lighting 

2015 [6] Only urban 
roads are 
captured. Side 
view of road not 
captured. 

ETH Videos Annotated 
cars and 
pedestrians 

City street 2010 [7] Small size 
dataset. Limited 
scenarios cover. 

TUD 
Brussels 

1092 frames Pedestrian 
Annotation 

City street 2009 [8] Only urban 
roads are 
captured. 

INRIA 498 
images 

Manual 
Annotations 

City street 2005 [9] Only urban 
roads are 
captured. 

PASCAL 
VOC 2012 

11,530 
images, 20 
objects classes 

ROI 
Annotated 
27,450 

City street 2012 [10] Only urban 
roads are 
captured. 

MS COCO 
2017 

328,124 
images 

Segmented 
people object 

City street 2017 [11] Only urban 
roads are 
captured. 

MS COCO 
2015 

328,124 
images 

Segmented 
people object 

City street 2015 [12] Only urban 
roads are 
captured. 

Mapillary 
Vistas 
dataset 
2017 

152 obj. 
, 25300 img. 

Instance 
segmentation 

City street 2017 [13] Only urban 
roads are 
captured. Side 
view of road not 
captured. 

 

At the frame level, domain experts annotate the pedestrian video sequence. The labelling stage contains three phases: 
1) human identification. 2) tracking, and 3) detection of suspicious activities. First, Mask R-CNN [12] method was 
used to determine the location of the pedestrian in the frame, followed by manual validation and correction of the data. 
Next, a deep sort [14] model was used for extracting tracking information. At last, with these two basic operations, get 
a rectangle bounding box around pedestrians that defines the ROI for each human. The last stage of the updating process 
is performed manually, with human expert knowledge in the academic environment. Height, age, enclosing box, 
unique Id, feet, frame, body size, hairstyle, hair color, head attachments, clothing, mustache stubble activities, and 
accessories are all given for each human instance in the frame mostly on the label. 
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Fig.2: An example of the designed database. Lab fight between two girls – 1st Row. The scenario of snatching the phone is depicted 
in the 2nd row. A scenario of a student threatening is depicted in the 3rd row. The 4th row describes the same critical situation. The 
5th row depicts a situation in which students steal lab material. The sixth row depicts exam cheating scenario in examination hall. 

3. Recent Deep Learning Architecture 

The current deep learning-based pedestrian detection, tracking, and suspicious activity recognition systems are not as 
accurate and fast as human vision [2]. Pedestrian detection, tracking, and activity recognition are now separated into 
two categories: CNN and deep learning. V. Jones [3] approach used in pedestrian detection for face recognition. Again, 
HOG [5] and DPM [4] conventional approaches are used for pedestrian detection. These procedures are 
computationally intensive and time-consuming, and they necessitate the participation of humans. CNN-based deep 
learning techniques have grown in prominence as a result of their accuracy in pedestrian identification [7,8]. R-CNN 
[9] is the first deep learning model for object detection. Multiple stage convolutional network such Mask R-CNN 
[9], R-CNN family other variant as (Fast and Faster R-CNN model) [9][10][11][12]. Other, CNN models having single 
stages such as You Only Look Once (YOLO) [14] and SSD [15] are examples of deep learning approaches. As a 
result, real-time pedestrian detection is now unsuitable. As a result, Redmon et al. [15] introduced the YOLO net, that 
is an object regression architecture, to increase detection speed and accuracy. The proposed improved YOLOv5 
method effectively detects small and constant pedestrians. 

2.1. YOLOv5 Deep Learning Architecture 
 
The YOLOv5 detector has only one stage. The YOLOv5 architecture contains three sections. 1) A solid foundation. 
2) The output, and 3) the neck. The input picture features are extracted first by the backbone portion. For scale invariant 
feature extraction, CNN and max-pooling backbone networks are used [29]. The feature map development process is 
divided into four tiers in the backbone network. Each layer generates a feature map with the following dimensions: 
152x152 pixels, 76x76 pixel resolution, 38x38 pixel resolution, and 19x19 pixel resolution. The neck network 
integrates feature maps of several levels to capture additional contextual information and prevent information loss. 
For multi-scale features, a recursive neural network is created, and pixel grouping backbone networks are employed 
for feature engineering. In a top-down method, semantic features are provided via a feature pyramid network. The 
bottom-up approach uses a pixel aggregation network for object localization. In the neck network, it can see three 
feature fusion components of different scales with sizes of 76x76x255, 38x38x255, and 19x19x255, where 255 is the 
network’s image intensity range. The CSP network aims to improve inference speed. In the neck, the CSP network 
replaces the leftover units with CBL modules. The SPP module combines the benefits of the largest pooling with the 
flexibility of varying kernel sizes. The feature map in the input is mostly compressed. It compresses the extracted 
feature, resulting in a considerable reduction in feature extraction time. Again, it compresses features and removes the 
most important ones. Following that, it went through the intricacies of the upgraded YOLOv5 architecture. 
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2.1. Improved Mask R-CNN Deep Learning Architecture 
 
To detect pedestrians on several scales, by leveraging scale-independent convolutional feature construction, the 
suggested Improved Mask R-CNN addresses the existing approach difficulties. Fig.3 depicts the basic concept of 
scale-independent feature map generation. A unique Improved R-CNN framework based on the Faster R-CNN 
pipeline [12] has been proposed as a result of the aforesaid proposal. The proposed Improved R-CNN is a unified 
architecture that combines a scale-independent feature map with a two-stage backbone network.  

 

 

 

 

 

 

 

Fig.3. Depicts the basic concept of scale independent feature map generation. 

The Improved R-CNN, as illustrated in Fig.4, takes input image and runs it through the common convolutional layers 
to obtain its whole local features. The scale-independent feature map and multiple backbone structure, that is useful 
for the present input about certain scales, may always help to increase the decisive outcomes. As a result, improved 
R-CNN can outperform traditional R-CNN detection across a large number of input scales. Improved R-CNN is also 
particularly efficient and effective of training and testing time because it combines convolutional characteristics for 
the input image. The traditional Mask R-CNN uses a binary convolution mask for every candidate region.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4. Improved Mask R-CNN Architecture. 

A normalized framework is used to train the Scale invariant modified Mask R-CNN on the Microsoft COCO 
pedestrian dataset. Its testing section consisted of two primary steps: proposal region construction and pedestrian 
classification. The RoIs generated by the proposed region generation process might not even contain the requested 
object. The Region of Interest are categorized as an object or the background in the classification step. The traditional 
R-CNN network is very expensive for the original image to the network, notwithstanding its remarkable outcomes in 
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Fig.2: An example of the designed database. Lab fight between two girls – 1st Row. The scenario of snatching the phone is depicted 
in the 2nd row. A scenario of a student threatening is depicted in the 3rd row. The 4th row describes the same critical situation. The 
5th row depicts a situation in which students steal lab material. The sixth row depicts exam cheating scenario in examination hall. 

3. Recent Deep Learning Architecture 

The current deep learning-based pedestrian detection, tracking, and suspicious activity recognition systems are not as 
accurate and fast as human vision [2]. Pedestrian detection, tracking, and activity recognition are now separated into 
two categories: CNN and deep learning. V. Jones [3] approach used in pedestrian detection for face recognition. Again, 
HOG [5] and DPM [4] conventional approaches are used for pedestrian detection. These procedures are 
computationally intensive and time-consuming, and they necessitate the participation of humans. CNN-based deep 
learning techniques have grown in prominence as a result of their accuracy in pedestrian identification [7,8]. R-CNN 
[9] is the first deep learning model for object detection. Multiple stage convolutional network such Mask R-CNN 
[9], R-CNN family other variant as (Fast and Faster R-CNN model) [9][10][11][12]. Other, CNN models having single 
stages such as You Only Look Once (YOLO) [14] and SSD [15] are examples of deep learning approaches. As a 
result, real-time pedestrian detection is now unsuitable. As a result, Redmon et al. [15] introduced the YOLO net, that 
is an object regression architecture, to increase detection speed and accuracy. The proposed improved YOLOv5 
method effectively detects small and constant pedestrians. 

2.1. YOLOv5 Deep Learning Architecture 
 
The YOLOv5 detector has only one stage. The YOLOv5 architecture contains three sections. 1) A solid foundation. 
2) The output, and 3) the neck. The input picture features are extracted first by the backbone portion. For scale invariant 
feature extraction, CNN and max-pooling backbone networks are used [29]. The feature map development process is 
divided into four tiers in the backbone network. Each layer generates a feature map with the following dimensions: 
152x152 pixels, 76x76 pixel resolution, 38x38 pixel resolution, and 19x19 pixel resolution. The neck network 
integrates feature maps of several levels to capture additional contextual information and prevent information loss. 
For multi-scale features, a recursive neural network is created, and pixel grouping backbone networks are employed 
for feature engineering. In a top-down method, semantic features are provided via a feature pyramid network. The 
bottom-up approach uses a pixel aggregation network for object localization. In the neck network, it can see three 
feature fusion components of different scales with sizes of 76x76x255, 38x38x255, and 19x19x255, where 255 is the 
network’s image intensity range. The CSP network aims to improve inference speed. In the neck, the CSP network 
replaces the leftover units with CBL modules. The SPP module combines the benefits of the largest pooling with the 
flexibility of varying kernel sizes. The feature map in the input is mostly compressed. It compresses the extracted 
feature, resulting in a considerable reduction in feature extraction time. Again, it compresses features and removes the 
most important ones. Following that, it went through the intricacies of the upgraded YOLOv5 architecture. 
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A normalized framework is used to train the Scale invariant modified Mask R-CNN on the Microsoft COCO 
pedestrian dataset. Its testing section consisted of two primary steps: proposal region construction and pedestrian 
classification. The RoIs generated by the proposed region generation process might not even contain the requested 
object. The Region of Interest are categorized as an object or the background in the classification step. The traditional 
R-CNN network is very expensive for the original image to the network, notwithstanding its remarkable outcomes in 
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general of object detection accuracy. The RoIs must be generated using the proposal region generation technique, 
which takes time. Since the exponential function for the items is unavailable, the tiniest objects are not categorized 
efficiently. Mask R-CNNs in a practical utility for pedestrian monitoring are limited due to these two flaws. In the 
traditional Mask R-CNN, the human examples, which differ in scale, are not recognized adequately. As a result, this 
problem must be addressed by creating scale-independent extracted features for the various scales of human instances. 
To construct the probability value, the multi resolution images were mixed with various sizes of anchor box. This 
score is then combined with the feature map created previously in the process. Because of the scale-independent 
feature map, the region proposal accuracy improves. The steps in creating a scale-independent map for object detection 
discuss in brief as follows: 

Algorithm: Features extraction algorithm for generation Scale-independent Object detection 
Input: MultiScaleFeature, scale invariant mask, MultiScaleImage, multi-scale image,  
Output: scaleFeatureMatrix, the scale-independent matrix 
Read all the image at multiple scale. 
for scalefeatureMatrixfi  ← 1 to K do 
      Multi-scale image convolution process 
      for MultiScalFj  ← 1 to T do 
         Multi-scaled invariant mask generated and convolved 
         CScoreConv (MultiScaleImage, MultiScaleFeature)   
         if CScoreConv = null then 
               exit out of iteration 
         else 
              CuScore  ← CuScore  + CuScore  
         end 
   end 
      scaleFeatureMatrix ← CuScore 
end 

 
To identify the varied scale pedestrian efficiently, scale-independent local features are combined with other 
convolution layers. Following that, the RoI align procedure is used to align each region’s suggestions. Other Mask R-
CNN processes are used in subsequent processing. The Mask R-CNN architecture for pedestrian detection has been 
discussed. Finally, the bounding box and segmented mask are used to represent all of the discovered and finally, 
results are represented using class annotation for each object in the scene. 

4. Result and Discussion 

In this section, the results of three tasks performed using methods regarded to be cutting-edge technology as pedestrian 
detection, tracking, and suspicious activity recognition. It also presents the results acquired using such strategies in 
the academic environment database, it also presents baseline findings using the same technique in a well-known 
dataset. Pedestrian Detection is the first step. Both the R-FCN [15] and RetinaNet [16], Mask R-CNN [17] deep 
learning frameworks excelled in the PASCAL VOC [17] problems, particularly in pedestrian identification. 

4.1 Performance evaluation on the state-of-the-art Pedestrian Detection 

The R-FCN [15] and RetinaNet [16], Mask R-CNN [17] computational intelligence system provides the benchmark 
performance for pedestrian detection given that both performed very well in the PASCAL VOC [17] challenges, 
particularly in the pedestrian detection issues. It compared the predicted dataset performance of the two methods with 
the results seen in the PASCAL VOC 2007 and 2012 datasets. On top of the ResNet, RetinaNet leverages the Feature 
Pyramid Network (FPN) as its support system. Variations in position are encoded using a particular convolutional 
layer by R-FCN [15]. Instead of a completely linked layer, it makes use of ROI max pooling. Again, try Mask R-CNN 
on the suggested dataset. The dataset is divided into three categories: training (60%) and testing (20%) for real-time 
queries. The experimental findings for the proposed and current methodologies are presented in Table 2. APIoU=0:5 
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represents the Average Precision (AP) at the Intersection of Union (IoU) values of the common evaluation measure 
with the value set to 0.5.  
 

Table 2. Comparative analysis of proposed method and existing method on Proposed dataset And PASCAL VOC 2007 
Methodology Backbone Structure PASCAL VOC Dataset Proposed Dataset 
R-FCN CNN Net [15] ResNet-101 Network 84.43 ± 1.85 59.29 ± 1.31 
RetinaNet CNN Net [16] ResNet-50 Network 86.44 ± 1.03 63.10 ± 1.64 
Proposed Mask R-CNN ResNet-101 Network 87.41 ± 1.02 65.10 ± 1.44 

 
4.2 Performance evaluation on the state-of-the-art human Tracking in Surveillance System 

The Tracktor CV [2] and V-IOU [18] techniques give the state-of-the-art, for two reasons: 1) best performer in the 
MOT challenge; and 2) open source pre-builded framework. The two phases of the TracktorCV approach are as 
follows: 1) a regression component that uses the output of the detector stage to modify the bounding box's current 
location; and 2) a detecting component that keeps the set of frames for the subsequent frames. For both methodologies, 
it is seen that there is a positive association between failures that are connected to crowds and two worrying instances: 
1) scenarios where trajectories intersect individuals at every second due to dense pedestrian congestion; and 2) when 
crucial deformations of the person silhouettes occur. The proposed database comprises of more intricate pictures with 
dense backdrops, including several situations with organization.  It provides an overview of the findings in Table 3. 
 

Table 3. Performance comparison of the two cutting-edge tracking methods using the suggested dataset and MOT datasets. 
Methodology Backbone MOTA Measure MOTP Measure F1-Measure 
TracktorCv [2] MOT-17 65.20 ± 9.60  62.30 ± 11.00  89.60 ± 2.80 

Proposed dataset 56.00 ± 3.70  55.90 ± 2.60  87.40 ± 2.00 
V-IOU [18] MOT-17 52.50 ± 8.80  57.50 ± 9.50  86.50 ± 1.90 

Proposed dataset 47.90 ± 5.10  51.10 ± 5.80  83.30 ± 8.40 
Proposed Mask R-CNN MOT-17 67.50 ± 9.80  59.50 ± 10.50  89.50 ± 2.87 

Proposed dataset 70.90 ± 6.12  57.10 ± 15.80  83.10 ± 18.39 
 

4.3 Performance evaluation on the state-of-the-art Pedestrian Suspicious Activity Recognition 

In surveillance videos, abnormal activities are detected by varying object behaviors in scenes with varying 
appearances, scales, lighting conditions, and occluded trajectories. In a crowd area, detecting individual pedestrians 
is an important process. The aforementioned techniques are not suitable in these circumstances. The use of motion 
has been the focus of other recent investigation groups [20][21]. The extraction of local spatiotemporal cuboids from 
optical flow or gradient patterns has also been attempted [23]. Challa S.K. et al. [24] presented a multi-branch CNN-
BiLSTM model for human activity recognition using wearable sensor data. An activity recognition algorithm based 
on CNN filters is used in this approach. Next, Jain R. et al. [25] proposed a deep ensemble learning approach for lower 
extremity activities recognition using wearable sensors. Semwal V. B. and colleagues [26] proposed an improved 
method for the selection of features for the recognition of human walking activities using bio-geography optimization. 
An ensemble learning approach was used by Semwal et al. [27] in order to create an optimized hybrid deep learning 
model for recognizing human walking activities. Other handcrafted features were considered by another author. An 
invariant gait recognition-based person identification method was presented by Semwal et al. [28]. According to 
Bijalwan et al. [29], multi-sensor based biomechanical gait analysis can be carried out using wearable sensors 
combined with vision. Semwal et al. [30] presented a pattern identification of different human joints for different 
human walking styles using an inertial measurement unit (IMU) sensor. Dua N. et al. [31] proposed a multi-input 
CNN-GRU based human activity recognition using wearable sensors. Bijalwan V. et al. [32] proposed a heterogeneous 
Computing Model for Post-injury Walking Pattern restoration and Postural Stability Re-habilitation Exercise 
Recognition". Again, although the above methods have proved their effectiveness in experiments, most of them only 
cover the detection of abnormal activities in local or global areas. As shown in Table 4, joint deliberation of motion 
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general of object detection accuracy. The RoIs must be generated using the proposal region generation technique, 
which takes time. Since the exponential function for the items is unavailable, the tiniest objects are not categorized 
efficiently. Mask R-CNNs in a practical utility for pedestrian monitoring are limited due to these two flaws. In the 
traditional Mask R-CNN, the human examples, which differ in scale, are not recognized adequately. As a result, this 
problem must be addressed by creating scale-independent extracted features for the various scales of human instances. 
To construct the probability value, the multi resolution images were mixed with various sizes of anchor box. This 
score is then combined with the feature map created previously in the process. Because of the scale-independent 
feature map, the region proposal accuracy improves. The steps in creating a scale-independent map for object detection 
discuss in brief as follows: 

Algorithm: Features extraction algorithm for generation Scale-independent Object detection 
Input: MultiScaleFeature, scale invariant mask, MultiScaleImage, multi-scale image,  
Output: scaleFeatureMatrix, the scale-independent matrix 
Read all the image at multiple scale. 
for scalefeatureMatrixfi  ← 1 to K do 
      Multi-scale image convolution process 
      for MultiScalFj  ← 1 to T do 
         Multi-scaled invariant mask generated and convolved 
         CScoreConv (MultiScaleImage, MultiScaleFeature)   
         if CScoreConv = null then 
               exit out of iteration 
         else 
              CuScore  ← CuScore  + CuScore  
         end 
   end 
      scaleFeatureMatrix ← CuScore 
end 

 
To identify the varied scale pedestrian efficiently, scale-independent local features are combined with other 
convolution layers. Following that, the RoI align procedure is used to align each region’s suggestions. Other Mask R-
CNN processes are used in subsequent processing. The Mask R-CNN architecture for pedestrian detection has been 
discussed. Finally, the bounding box and segmented mask are used to represent all of the discovered and finally, 
results are represented using class annotation for each object in the scene. 

4. Result and Discussion 

In this section, the results of three tasks performed using methods regarded to be cutting-edge technology as pedestrian 
detection, tracking, and suspicious activity recognition. It also presents the results acquired using such strategies in 
the academic environment database, it also presents baseline findings using the same technique in a well-known 
dataset. Pedestrian Detection is the first step. Both the R-FCN [15] and RetinaNet [16], Mask R-CNN [17] deep 
learning frameworks excelled in the PASCAL VOC [17] problems, particularly in pedestrian identification. 

4.1 Performance evaluation on the state-of-the-art Pedestrian Detection 

The R-FCN [15] and RetinaNet [16], Mask R-CNN [17] computational intelligence system provides the benchmark 
performance for pedestrian detection given that both performed very well in the PASCAL VOC [17] challenges, 
particularly in the pedestrian detection issues. It compared the predicted dataset performance of the two methods with 
the results seen in the PASCAL VOC 2007 and 2012 datasets. On top of the ResNet, RetinaNet leverages the Feature 
Pyramid Network (FPN) as its support system. Variations in position are encoded using a particular convolutional 
layer by R-FCN [15]. Instead of a completely linked layer, it makes use of ROI max pooling. Again, try Mask R-CNN 
on the suggested dataset. The dataset is divided into three categories: training (60%) and testing (20%) for real-time 
queries. The experimental findings for the proposed and current methodologies are presented in Table 2. APIoU=0:5 
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method for the selection of features for the recognition of human walking activities using bio-geography optimization. 
An ensemble learning approach was used by Semwal et al. [27] in order to create an optimized hybrid deep learning 
model for recognizing human walking activities. Other handcrafted features were considered by another author. An 
invariant gait recognition-based person identification method was presented by Semwal et al. [28]. According to 
Bijalwan et al. [29], multi-sensor based biomechanical gait analysis can be carried out using wearable sensors 
combined with vision. Semwal et al. [30] presented a pattern identification of different human joints for different 
human walking styles using an inertial measurement unit (IMU) sensor. Dua N. et al. [31] proposed a multi-input 
CNN-GRU based human activity recognition using wearable sensors. Bijalwan V. et al. [32] proposed a heterogeneous 
Computing Model for Post-injury Walking Pattern restoration and Postural Stability Re-habilitation Exercise 
Recognition". Again, although the above methods have proved their effectiveness in experiments, most of them only 
cover the detection of abnormal activities in local or global areas. As shown in Table 4, joint deliberation of motion 
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flows pattern, varying size of objects, and interactions between adjacent objects can be used to represent pedestrian 
activities in a high-density scene and enhance the performance of unusual activity detection. 
     

 
Table 4. Comparative analysis of frame level Suspicious activity recognition using Equal Error Rate (EER). 

Methodology/Technique Pedestrian 1 (%) Pedestrian 2 (%) Average (%) 
Social Force Map [22]  36.5%  35.0%  35.7% 
MDT-spatial [23]  32%  38%  34% 
Multibranch CNN-BiLSTM model [24]  44%  26%  32% 
Lower extremity activities recognition [25]  45%  27%  35% 
Optimized feature selection [26]  46%  29% 38% 
Hybrid deep learning model [27]  48%  25%  34% 
Pose Invariant Gait [28]  45.2% 29% 33% 
Multi-sensor Gait [29]  45%  31.2%  39% 
Human joints using IMU [30]  41%  27%  35% 
Multi-input CNN-GRU [31]  38% 37% 37% 
Heterogeneous Computing Model [32]  47%  31%  40% 

 

5. Conclusion 

In this paper, the academic environment database is proposed, which comprises video sequences of pedestrians in 
indoor academic environments that are annotated at the frame level. The pedestrian database contains the behavior of 
students in the institution. This is the first of its kind dataset that provides a unified and stable pedestrian ID annotation, 
making it suitable for pedestrian detection, tracking, and behaviour detection. It also proposed a scale-invariant Mask 
R-CNN model for robust and efficient pedestrian detection. Again, the proposed framework is also useful in suspicious 
activity recognition on recent benchmark databases. This well-organized comparison helps to identify problems and 
challenges in this domain. In the future, more experimentation is required for pose estimation and pedestrian trajectory 
identification and detection.  
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flows pattern, varying size of objects, and interactions between adjacent objects can be used to represent pedestrian 
activities in a high-density scene and enhance the performance of unusual activity detection. 
     

 
Table 4. Comparative analysis of frame level Suspicious activity recognition using Equal Error Rate (EER). 

Methodology/Technique Pedestrian 1 (%) Pedestrian 2 (%) Average (%) 
Social Force Map [22]  36.5%  35.0%  35.7% 
MDT-spatial [23]  32%  38%  34% 
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Lower extremity activities recognition [25]  45%  27%  35% 
Optimized feature selection [26]  46%  29% 38% 
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Pose Invariant Gait [28]  45.2% 29% 33% 
Multi-sensor Gait [29]  45%  31.2%  39% 
Human joints using IMU [30]  41%  27%  35% 
Multi-input CNN-GRU [31]  38% 37% 37% 
Heterogeneous Computing Model [32]  47%  31%  40% 

 

5. Conclusion 

In this paper, the academic environment database is proposed, which comprises video sequences of pedestrians in 
indoor academic environments that are annotated at the frame level. The pedestrian database contains the behavior of 
students in the institution. This is the first of its kind dataset that provides a unified and stable pedestrian ID annotation, 
making it suitable for pedestrian detection, tracking, and behaviour detection. It also proposed a scale-invariant Mask 
R-CNN model for robust and efficient pedestrian detection. Again, the proposed framework is also useful in suspicious 
activity recognition on recent benchmark databases. This well-organized comparison helps to identify problems and 
challenges in this domain. In the future, more experimentation is required for pose estimation and pedestrian trajectory 
identification and detection.  
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Abstract. For a complete extended b-metric space with continuous mapping satisfying the rational type contractive condition, 
a distinctive common fixed point theorem is established. Our outcome is the extension of several results available in the 
literature, from metric space to extended b-metric space. In specific, Dass and Gupta[Indian J. Pure Appl. Math. 6, 1455–1458 
(1975)], Jaggi[Indian J. Pure Appl. Math. 8, 223–230 (1977)], Alqahtani et.al.[J. Inequal. Appl. Paper No. 220, 11 pp (2019)]
and even the well-known Banach contraction mapping theory are extracted. A proper example is also given in sustenance of it.

INTRODUCTION

In fixed point theory, the Banach contraction theorem is a fundamental and remarkable result. It has huge 
applications in almost all areas of mathematical sciences for example to prove the existence of solutions of ordinary 
and partial differential equations, integral equations, system of linear equations, closed orbit of dynamical systems. It 
has been expanded and generalized in various directions and spaces over the years. Rational type expressions were 
considered in the contraction condition in the results of Dass and Gupta[2] and Jaggi[3].

Jaggi[3] defined the main result for complete metric space.
1.1-Theorem[3]-Let ,X d be a complete metric space and : X X be a continuous mapping. If there

exists , [0,1) with 1 such that 

, ,  
, · ,

,

( )
) ·(

d a a d b b
d a b d a b

d a b
for all distinct ,a b X , then has a unique fixed point in X .

Dass and Gupta [2] have presented the result in complete metric space.
1.2-Theorem [2]- Let ,X d be a complete metric space and : X X be a continuous mapping. If there exists

, [0,1) with 1 such that 

( )1  ,
, · ,  · ,

1
)

,
(

d a a
d a b d b b d a b

d a b
for all distinct ,a b X , then has a unique fixed point in X

. Moreover, the sequence n x converges to a unique fixed point u for all a X .

One of important extension of metric spaces is b-metric space. This concept was introduced by Bakhtin[4] in 1989 
and Czerwik[5,6] in 1993. 

Later the notion of extended b-metric space was introduced by Kamran et.al. [7] which is an extension of b-
metric space.
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1.3-Extended b-metric space [7]: Let X  be a non-empty set and : [1, )X X . A function  

: [0, )d X X  is called an extended b-metric space, if for all , ,a b c X , it satisfies 

(1) , 0d a b  if and only if a b ; 

(2) , ,d a b d b a  

(3)
 

, , , ,d a c a c d a b d b c . 

The pair ,X d  is called an extended b-metric space. 
It is obvious that an extended b-metric space is a metric space ( , ) 1a b s where s  is a real number and it is a 

metric space if , 1a b . 
Alqahtani et. Al.[1] in 2019, have extended and generalized the results of Dass and Gupta [2] and Jaggi [3] for 

extended b-metric space. 
1.4-Theorem [1]- Let  ,X d  be an extended b-metric space and : X X  a continuous mapping such 

that, for all distinct ,a b X   
, ,d a b M a b  where [0,1)  and  

1 , 1 , , ,
, max , , , , ,

[ ] [ ]
,

1 , 1 , ,

d b b d a a d b b d a a
M a b d a a d b Tb d a b

d a b d a b d a b
       

Also 

for each 0a X , 
,

1
lim ,n mm n

a a , where 0
n

na a , .n N                       

Then  has a unique fixed point .u Also for each a X , we have na u  

PRELIMINARIES 

2.1-Definition[7]: Let ,X d  be an extended b-metric space. 

A sequence na in X converges to a X , if for every 0 there exists ( )n N such that ,nd a a

, for all ( )n n .In this case, we write lim nn
a a . 

A sequence na  in X is said to be Cauchy if for every 0 there exists ( )n N such that ,m nd a a
, for all , ( )m n n . 

An extended b-metric space ,X d  is complete if every Cauchy sequence in X is convergent. 
Notice that the extended b-metric does not need to be continuous. 

MAIN RESULT 

 
Our result is for complete extended b-metric space with continuous mapping satisfying rational type contractive 

condition. It extends the results of Dass and Gupta [2] and Jaggi [3] and generalizes the results of Alqahtani et. al.[1].  

3.1-THEOREM:  

Let  ,X d  be a complete extended b-metric space and : X X a continuous mapping such that, for all 

distinct ,a b X   
, ,d Ia Ib N a b                                                                                                                            …(3.1.1) 
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Also for each 0a X , 
,

1
lim ,n mm n

a a , where 0
n

na a , .n N  

Then  has a unique fixed point .u Also for each a X , we have na u . 
Proof: Let 0a X  and define the iterative sequence na

 
by 0

n
na a  (equivalently 1n na a ) where n  

stands for the map obtained by n -time composition of  with . 
If for some 10 0 0n n na a a for some 0n N , then 

0nu a forms a unique fixed point for .  So, we assume 

that 1n na a  for all n N . 

Putting 1,n na a b a  in (3.1.1), we get 
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1 1
1 1

1 1

1 1
1 1

1 1 1

1 1

1 1

1 , 1 ,
, , , ,

1 , 1 ,

1 ,, ,
, , ,

, , ,
max

1 ,
,

, ,

n n n n
n n n n

n n n n

n nn n n n
n n

n n n n n n

n n
n n

n n n n

d a a d a a
d a a d a a

d a a d a a

d a ad a a d a a
d a a

d a a d a a d a a

d a a
d a a

d a a d a a
1 1

1

1 1 1 1
1

1 1

, ,
,

1 ,

, , , ,
,

, ,

,

,

n n n n

n n

n n n n n n n n
n n

n n n n

d a a d a a

d a a

d a a d a a d a a d a a
d a a

d a a d a a

 

020047-3



                                  

1
1 1 1

1

1 ,
max , , , ,1, ,

1 ,
n n

n n n n n n
n n

d a a
d a a d a a d a a

d a a
 

Case-I: If  

1
1 1 1 1 1

1

1 ,
, max , , , ,1, , ,

1 ,
n n

n n n n n n n n n n
n n

d a a
N a a d a a d a a d a a d a a

d a a
 

Then from (3.1.2), we get 1 1, ,n n n nd a a kd a a
 
which is a contradiction.

 
Case-II: If  

1
1 1 1 1 1

1

1 ,
, max , , , ,1, , ,

1 ,
n n

n n n n n n n n n n
n n

d a a
N a a d a a d a a d a a d a a

d a a
 

Then from (3.1.2), we get 1 1, ,n n n nd a a d a a
                                                                  

….(3.1.3) 
Case-III: If  

1
1 1 1 1

1

1 ,
, max , , , ,1, ,

1 ,
n n

n n n n n n n n
n n

d a a
N a a d a a d a a d a a

d a a
 

                                                                                                      1
1

1

1 ,
,

1 ,
n n

n n
n n

d a a
d a a

d a a
               

 
Now, Case-III-(A) if 1 1 1max , , , ,n n n n n nd a a d a a d a a  

i.e. 1 1, ,n n n nd a a d a a                                                                                                            ….(3.1.4) 

1
1 1

1

1 ,
, ,

1 ,
n n

n n n n
n n

d a a
d a a d a a

d a a
 

1 1 1 1, 1 , , 1 ,n n n n n n n nd a a d a a d a a d a a
 

1 1 1 1 1 1, , , , , ,n n n n n n n n n n n nd a a d a a d a a d a a d a a d a a  

1 1, ,n n n nd a a d a a  which is a contradiction from (3.1.4). 

Now, Case-III-(B) if 1max , , , ,n n n n n nd a a d a a d a a  

i.e. 1 1, ,n n n nd a a d a a                                                                                                               ….(3.1.5)                              

i.e. 1
1 1

1

1 ,
, ,

1 ,
n n

n n n n
n n

d a a
d a a d a a

d a a
 

1 1 1 11 , 1 , , ,n n n n n n n nd a a d a a d a a d a a  which is a contradiction from (3.1.5) 
Thus Case-III does not hold. 

Case-IV: 1
1 1 1 1

1

1 ,
, max , , , ,1, , 1

1 ,
n n

n n n n n n n n
n n

d a a
N a a d a a d a a d a a

d a a
 

Then from (3.1.2), we get 1, 1n nd a a which is always not true. 
Hence Case-II holds. So, from (3.1.3)  

1 1, ,n n n nd a a d a a
 

. 

. 

020047-4



1 0 1, ,n
n nd a a d a a

                               
0,10,1  

1 0 1lim , lim , 0n
n nn n

d a a d a a
                                                                                               

….(3.1.6) 

By the definition of extended b-metric space (3),
 

, , , ,d a c a c d a b d b c
 

Using the above triangle inequality, 1, 1n p
 

 1 1, , , ,n n p n n p n n n n pd a a a a d a a d a a  

1 1 1 2 2, , , , , ,n n p n n n n p n n p n n n n pa a d a a a a a a d a a d a a                   

1 1 1 2

1 1 1

, , , , , .......

, , ... , ,

n n p n n n n p n n p n n

n n p n n p n p n p n p n p

a a d a a a a a a d a a

a a a a a a d a a
 

1
0 1 1 0 1

1
1 1 0 1

, , , , , .......

, , ... , ,

n n
n n p n n p n n p

n p
n n p n n p n p n p

a a d a a a a a a d a a

a a a a a a d a a
 

1

0 1
00

, ,
ipn i

n j n p
ji

d a a a a . 

Now, 
1 1

0 00 0
, ,

i ip pi i
n j n p n j n p

j ji i
a a a a . 

Using ratio test, we observe that the series 
1

00
,

ip i
n j n p

ji
a a  converges to some 0, . 

From ratio test, 1lim lim , 1i
i i pi i

i

a
a a

a
. 

Thus we get 
00

,
i

i
n j n p

ji
a a  with 

00
,

in i
n n j n p

ji
a a  

Consequently, we observe that, 0 1 1 1, ,n
n n p n p nd x x d a a                                      …(3.1.7) 

Taking n  in (3.1.7), we get na is a cauchy sequence in extended b-metric space. 

As ,X d  is a complete extended b-metric space, we conclude that there exists u X  such that na u as 
n . 

From to the continuity of , we get 

1lim lim limn n nn n n
u a a a u . 

Unique: let if possible there are two fixed points say u v  such that u u v v , 
Putting ,x u y v  in (3.1.1), we get  

, ,d u v N u v                                                                                                                                 …(3.1.8) 
where [0,1)  and  
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1 , 1 , , ,
, , , , ,

1 , 1 , ,

1 , 1 ,
, max , , , ,

, , , ,

, , ,
,

, , ,

1 , ,

d v v d u u d v v d u u
d u u d v v

d u v d u v d u v

d v u d u v
N u v d u v d v u

d u v d v u d u v d v u

d u v d v u d u u d u v d v v d v u

d u v d u
,

,
, d u v

v d v u

 

 

                    

2
,

max 0, 0, 0, , , , 0, , ,
1 ,

d u v
d u v d u v d u v

d u v
 

, , 1d u v d u v 1 

, 0d u v u v . Thus the fixed point is unique. 
In the following we have simplified the condition by omitting the continuity of the mapping. 

3.2-THEOREM  

Let  ,X d  be a complete extended b-metric space and : X X is mapping such that 

, ,d a b N a b                                                                                                                                …(3.1.9) 
for all distinct ,a b X ,where [0,1)  and  

1 , 1 , , ,
, , , , ,

1 , 1 , ,

1 , 1 ,
, max , , , ,

, , , ,

, , ,
,

, , ,

1 , ,

d b b d a a d b b d a a
d a a d b b

d a b d a b d a b

d b a d a b
N a b d a b d b a

d a b d b a d a b d b a

d a b d b a d a a d a b d b b d b a

d a b d a
,

,
, d a b

b d b a

 

Also for each 0a X , 
,

1
lim ,n mm n

a a , where 0
n

na a , .n N  

Then  has a unique fixed point .u Also for each a X , we have na u . 
Proof: Proceeding in the same way as in theorem-3.1.1, we get that na is a Cauchy sequence. 

As stated X  is a complete extended b-metric space, there exists u X , such that 0
n

na a converges to u , that 

is lim , 0nn
d a u                                                                                                                                ….(3.1.10) 

By the definition of extended b-metric space (3), , , , ,d a c a c d a b d b c  

, , , ,n nd u u u u d u a d a u  From (3.1.9), we get  

, , ,n nu u d u a N a u                                                                                          …(3.1.11) 
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1 , 1 , , ,
, , , , ,

1 , 1 , ,

1 , 1 ,
, max , , , ,

, , , ,

, ,

1 ,
,

,

n n n n
n n

n n n

n n
n n n

n n n n

n n n n

n

d u u d a a d u u d a a
d a a d u u

d a u d a u d a u

d u a d a u
N a u d a u d u a

d a u d u a d a u d u a

d a u d u a d a a

d a u

, , ,
,

,
,

,
n n

n
n n

d a u d u u d u a
d a u

d a u d u a

 

            

1 1
1

1
1

1 1

1

1 , 1 , , ,
, , , , ,

1 , 1 , ,

1 , 1 ,
max , , , ,

, , , ,

, ,

1 ,
,

,

n n n n
n n

n n n

n n
n n

n n n n

n n n

n

d u u d a a d u u d a a
d a a d u u

d a u d a u d a u

d u a d a u
d a u d u a

d a u d u a d a u d u a

d a u d u a d a

d a u
1 1

1

, , ,
,

, ,
,n n n

n
n n

a d a u d u u d u a
d a u

d a u d u a

 

Taking lim
n

 and considering (3.1.6), (3.1.10), we get  

, , ,d u u u u d u u       , 0u Tu,u,u,  

, 0d u u u u . 
 
Again the unique fixed point may be proved following the same steps as in theorem-3.1.1 

3.3-COROLLARY 

Let ,X d  be a complete extended b-metric space and : X X a continuous mapping such that, for all 

distinct ,a b X   

1 2 3

6

4

7

5

1 , 1 , , ,
, , ,

1 , 1 , ,

1 , 1 ,
, ,

, , , ,

, , , ,

1 ,

d b b d a a d b b d a a
d a b d a a d b b

d a b d a b d a b

d b a d a b
d a b d b a

d a b d b a d a b d b a

d a b d b a d a a d a b d b

d a b 8
, ,

,
, ,

b d b a
d a b

d a b d b a

                                                 

where [0,1), 1, 2,3, 4,5,6,7,8i i  with 
8

1
1i

i
 also for each 0a X , 8,

1

1
lim ,n mm n

i
i

a a , where 

0
n

na a , .n N Then  has a unique fixed point .u Also for each a X , we have .na u . 

Proof: The result is easily obtained from Theorem-3.1 by taking 
8

1
1.i

i
. 

020047-7



3.4-REMARK 

1- Corollary-3.3 is an extension of Jaggi[3] to extended b-metric space if we consider 3 8 1 and 

1 2 4 5 6 7 0 . 

2- Corollary-3.3 is an extension of Dass and Gupta [2] to extended b-metric space if we consider 2 8 1 and 

1 3 4 5 6 7 0 . 

3.5-EXAMPLE  

Let 
1 1 1

, ,
2 4 8

X ,     : 1,X X  such that , 1a b a b  

: 0,d X X  such that 
1 1 1 1

, , 1
2 4 4 2

d d , 
1 1 1 1

, , 2
2 8 8 2

d d ,  

1 1 1 1
, , 3

4 8 8 4
d d ,

1 1 1 1 1 1
, , , 0

2 2 4 4 8 8
d d d , 

7

12
 and : X X is defined as 

1 1 1
,

2 4 4

1 1

8 2
. 

We may well prove that 
1

4
na , as n for all a X . 

,

1 1 3 1 12
lim , 1

4 4 2 7
m n

m n
x x . 

1 1 1 1 7
, 1

2 4 2 4 4
,  

1 1 1 1 13
, 1

2 8 2 8 4
,   

1 1 1 1 11
, 1

8 4 8 4 8
. 

1 1 1 1 1 1 1 1 7 35
1 , , , , 2 3

2 4 2 4 2 8 8 4 4 4
d d d , 

1 1 1 1 1 1 1 1 13 13
2 , , , , 1 3

2 8 2 8 2 4 4 8 8 2
d d d , 

1 1 1 1 1 1 1 1 11 33
3 , , , , 1 2

4 8 4 8 4 2 2 8 8 8
d d d , 

Hence it is proved that d  is an extended b-metric space. 

Case-I: If 
1 1

,
2 4

a b , 

1 1
, 0,

2 4
LHS d  
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1 1 1 1 1 1 1 1
1 , 1 , , ,

1 1 1 14 4 2 2 4 4 2 2, , , ,
1 1 1 1 1 12 2 4 41 , 1 , ,
2 4 2 4 2 4

1 1
1 ,

1 1 7 1 1 4 2
, max , ,

2 4 12 2 4

d d d d
d d

d d d

d
RHS N d

1 1
1 ,

1 1 2 4
, ,

1 1 1 1 1 1 1 14 2
, , , ,

2 4 4 2 2 4 4 2

1 1 1 1 1 1 1 1 1 1
, , , , ,

2 4 4 2 2 2, 2 4 4 4,
1 1

1 ,
2 4

d
d

d d d d

d d d d d

d

1 1
,

1 14 2 ,
1 1 1 1 2 4

, ,
2 4 4 2

,
d

d
d d

 

7 1 1 7
max , 0, 0, , 0, 0,1,1

12 2 2 12
 

LHS RHS  

Case-II: If 
1 1

,
2 8

a b , 

1 1
, 1,

2 8
LHS d  

1 1 1 1
1 , 1 ,

1 1 1 18 8 2 2
, , , ,

1 1 1 12 2 8 81 , 1 ,
2 8 2 8

1 11 1 1 1
1 ,, ,

1 1 8 28 8 2 2 , ,
1 1 2 8,
2 81 1 7

, max
2 8 12

d d
d d

d d

dd d
d

d

RHS N

,
1 1 1 1

, ,
2 8 8 2

1 1 1 1 1 1
1 , , ,

1 1 2 8 2 8 8 2, ,
1 11 1 1 18 2 1 ,, ,
2 82 8 8 2

1 1 1 1 1 1
, , ,

2 2 2 8

,

8 8

d d

d d d
d

dd d

d d d
1 1

,
1 1

,8 2 ,
1 1 1 1 2 8

, ,
2 8 8 2

d
d

d d
 

7 4 7
max 3, ,1, 0,1, 0, 2, 2

12 3 6
 

LHS RHS  

Case-III: If 
1 1

,
4 8

a b , 
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1 1
, 1,

4 8
LHS d  

1 1 1 1
1 , 1 ,

1 1 1 18 8 4 4
, , , ,

1 1 1 14 4 8 81 , 1 ,
4 8 4 8

1 11 1 1 1
1 ,, ,

1 1 8 48 8 4 4 , ,
1 1 4 8,
4 81 1 7

, max
4 8 12

d d
d d

d d

d Td d
d T

d

RHS N

,
1 1 1 1

, ,
4 8 8 4

1 1 1 1 1 1
1 , , ,

1 1 4 8 4 8 8 4, ,
1 11 1 1 18 4 1 ,, ,
4 84 8 8 4

1 1 1 1 1 1
, , ,

4 4 4 8

,

8 8

d T d T

d d d
d

dd d

d d d
1 1

,
1 1

,8 4 ,
1 1 1 1 4 8

, ,
4 8 8 4

d
d

d d

  

                 

7 1 3 7
max 0, , 0,1, 2, , 3, 3

12 2 4 4
 

LHS RHS  

Thus all the conditions of theorem-3.2 are satisfied. Hence the fixed point is
1

4
a .  

CONCLUSION  

A unique common fixed point theorem has been established in extended b-metric space satisfying rational type 
contractive condition, which extends and generalizes earlier results available in the literature. 
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Abstract— Digital data protection frameworks inclusive of 

cryptographic mechanisms and signature crypto mechanisms are 

essential for stable data communication in open network systems. 

An extensive open-key folder is not necessary for 𝓘𝓓-based crypto 

mechanisms like 𝓘𝓓 -based crypto mechanisms, the 𝓘𝓓 -

basedsignature mechanisms, else 𝓘𝓓 -basedkey circulation 

mechanisms are between the enhanced an opposing for create 

stable and protected digital data communication for enormous-

scale open network systems recommended by Shamir. This article 

suggests an isoidentity based isobeta crypto mechanism build on 

the generalized isodiscrete isologarithm isoproblem and isointeger 

isofactorization isoproblem that is one of the initial 

implementations of Shamir's for security norms. Also, we examine 

the security adverse a conjuration of certain clients in the 

suggested mechanism, and demonstrate the probability of 

establishing a higher secure mechanism. 

Keywords— Cryptography, Isomathematics of first-kind 

(𝓘𝓕𝓚) , Isobeta cryptographic mechanism, Isodiscrete 

isologarithm isoproblem (𝑰𝓓𝓛𝓟) , Generalized Isodiscrete 

isologarithm isoproblem  (𝓖𝑰𝓓𝓛𝓟) , and Isointeger 

isofactorization isoproblem (𝓘𝓘𝓕𝓟). 

I. INTRODUCTION  
For stable and protected data transmission, essentials to be 

collective close session key among two clients. Close session 
key circulation will be a significant issue as the number of 
clients is expanding in the open network system. The model 
for the open key circulation system (𝒪𝒦𝒞𝒮)  presented by 
Diffie and Hellman in 1976 [1]. In the 𝒪𝒦𝒞𝒮, every client 
require to choose a close key and numerate an analogous 
openkey and save in open directory. The collective closes 
sessionkey will be mutual among binary clients; can be 
numerate by some one client, created on his/her individual 
close key and the other client’s open key. The 𝒪𝒦𝒞𝒮 runs an 
aesthetic approach to simplify the key circulation issue, the 
primary thinking is the validation of the open keys utilized in 
the cryptographic mechanisms. The framework of an identity 
is presented by Shamir [2] in 1984. In an identity mechanism, 
every client requires to identify himself/herself from key 
authentication isocenter (𝒦𝒜𝒞) prior to connecting the open 
network system. The 𝒦𝒜𝒞  will approve and give his/her 
close key if client’s identity is recognized. Thus, a client 

requires individual “identity” of his/her connection client and 
the openkey of the 𝒦𝒜𝒞, at one time with his/her closekey, 
to interconnect with other clients. Hence no open folder 
compulsory in this mechanism. After all, Shamir did not 
succeed to build an identity-based cryptosystem, however 
succeed just to build an identity-based signature mechanism. 
Thereafter many scholar suggested several classes of ℐ𝒟 -
based cryptographic mechanism. An identity-based key 
transmission mechanism is presented by Okamoto [3] in 1988 
and extensive their mechanism for client recognition 
presented by Ohta [4]. The above-mentioned mechanism 
utilized the RSA openkey crypto mechanism having security 
is built on the computational difficulty of factoring product of 
two huge primes. An ℐ𝒟- based crypto mechanism build on 
the discrete logarithm problem presented by Tsujii and Itoh 
[5] along with discrete exponent which utilized the ElGamal 
openkey crypto mechanism. 

A non-interactive ℐ𝒟 -Based open-key circulation 
mechanism presented by Maurer and Yacobi [6] in 1991 in 
which no additional authentication by certificates as the open 
keys are oneself authenticated. The amended variant of this 
mechanism presented in [7]. With multi purposes like an 
identification mechanism, ℐ𝒟 -Based signature mechanism, 
and a conference key circulation mechanism required strong 
computational efficiency as the computational difficulty of the 
mechanism is heavy. Factoring and discrete logarithm based 
open key crypto mechanism presented by L. Harn [8]. A 
modified ℐ𝒟 -Based encryption mechanism of integer 
factorization problem, which is incapable as plaintext is 
converted bit-by-bit and henceforth the output of converted 
plaintext turns into protracted. A mechanism that can transfer 
the entire crypto mechanism build on discrete logarithm the 
ℐ𝒟-based mechanism presented by Wei Bin lee and Kuan 
Chieh Liao [9] in 2004. An ℐ𝒟-based crypto mechanism and 
modified ℐ𝒟 -based crypto mechanism build on double 
generalized discrete logarithm problem presented by C. 
Meshram [10-12]. Lightweight crypto mechanisms for end-to-
end encryption process in IoT field presented by Chatterjee, 
Chakraborty and Mandal [13] in 2019. 

In 2020, crypto mechanisms build on quadratic-
exponentiation-randomized and partial discrete logarithm 

Proceedings of the International Conference on Automation, Computing and Renewable Systems (ICACRS 2022)
IEEE Xplore Part Number: CFP22CB5-ART: ISBN: 978-1-6654-6084-2

978-1-6654-6084-2/22/$31.00 ©2022 IEEE 459

20
22

 In
te

rn
at

io
na

l C
on

fe
re

nc
e 

on
 A

ut
om

at
io

n,
 C

om
pu

tin
g 

an
d 

R
en

ew
ab

le
 S

ys
te

m
s (

IC
A

C
R

S)
 | 

97
8-

1-
66

54
-6

08
4-

2/
22

/$
31

.0
0 

©
20

22
 IE

EE
 | 

D
O

I: 
10

.1
10

9/
IC

A
C

R
S5

55
17

.2
02

2.
10

02
91

85

Authorized licensed use limited to: NYSS'S Yeshwantrao Chavan College of Engineering. Downloaded on February 11,2023 at 05:25:35 UTC from IEEE Xplore.  Restrictions apply. 



problem presented in [14]. Key exchange protocol build on 
isoring isopolynomials coefficient presented in [15]. Lately, 
Key exchange protocol and isocrypto mechanism build on 
Santilli’s isomathematics presented in [16-18]. Improvements 
in the cloud safety with  crypto mechanisms, deep learning 
and block-chain presented by Hari Krishnan Andi [19] in 
2021. 

 In 2022, isokey interchange protocol, beta and IsoQER 
cryptosystem build on isonumber presented in [20-22]. 

In light of the perception that new crypto mechanism 
generally encounter security difficulties and privacy concerns 
and numerous crypto frameworks build on integer 
factorization & discrete logarithm have been implemented. 
Isokey creation segment with low computational complexity 
for transformation procedure is main role in our crypto 
mechanism such as no correction in initial Shamir mechanism. 
Thus propose crypto mechanism have identical protection as 
the initial one and preserves entire advantages of the ℐ𝒟-based 
mechanism.  

    In this study, we suggested unique ℐ𝒟 -beta 
cryptosystem called  isoidentity based isobeta cryptosystem 
(ℐℐℬ𝒞) . The safety of suggested isobeta cryptosystem on 
isomathematics, generalized isodiscrete isologarithm problem 
with individual discrete exponent and isointeger 
isofactorization. Our system does not need any shared initial 
communications in all data transmission and every 
assumption excepting the complexity of the generalized 
isodiscrete isologarithm problem. Therefore the suggested 
system is a tangible model of an ℐ𝒟-based cryptosystem that 
fulfills Shamir’s primal idea [2]. 

II. RELEVANT MATHEMATICAL DEFINITIONS 
In this section, we resolve rapidly relevant mathematical 

definitions utilizes to design  ℐℐℬ𝒞 over isofields. 

A. Mathematical definition of  ℐℱ𝒦 

     Isonumbers ξ̂ = ξ�̂�  is an element in the rings ℱ̂ =

ℱ̂(ξ̂, +,×̂)  where ξ ∈ ℱ, �̂� = 1/�̂�  is a well behaved, 
invertible and Hermitean quantity external from the original 
field �̂� = 1/�̂� ∉ ℱ  and ξ�̂�  is the multiplication in  ℱ 
equipped with the isoaddition ξ̂ + �̂� = (ξ + 𝓇)�̂�  with 
traditional additive unit  0 = 0�̂� = 0, ξ̂ + 0 = ξ̂ + 0 =

ξ̂,  ∀ξ̂ ∈ ℱ̂ and the isomultiplication ξ̂ ×̂ �̂� = ξ̂�̂��̂� =

ξ�̂��̂�𝓇�̂� = (ξ𝓇)�̂� with  �̂� = 1/�̂� is the correct left and right 
novel unit (�̂� ×̂ ξ̂ = ξ̂ ×̂ �̂� = ξ̂,  ∀ξ̂ ∈  ℱ̂)  called isounit 
satisfy  
ξ̂�̂� = ξ�̂�,  ξ̂−�̂� = ξ−1�̂�,   
ξ̂�̂� ×̂ ξ̂−�̂� = ξ̂0̂ = �̂� = �̂�−1 ≠ 1, 
ξ̂�̂� = ξ𝓇�̂�,  ξ̂−�̂� = ξ−𝓇�̂�, 
 ξ̂�̂� ×̂ ξ̂−�̂� = ξ̂0̂ = �̂� = �̂�−1 ≠ 1, 

ξ̂
ℓ
𝓇 = ξ

ℓ
𝓇�̂�,  ξ̂−

ℓ
𝓇

̂

= ξ−
ℓ
𝓇�̂�,   

ξ̂ℓ/𝓇 ×̂ ξ̂−ℓ/�̂� = ξ̂0̂ = �̂� = �̂�−1 ≠ 1, 
ξ̂ ×̂ �̂� = ξ̂�̂��̂� = ξ̂, 
ξ̂ ×̂ �̂� = ξ�̂��̂�𝓇�̂� = ξ𝓇�̂� = ξ�̂�, 
ξ̂ ×̂ �̂�−2̂ = ξ�̂��̂�𝓇−2�̂� = ξ/𝓇2�̂� 
where �̂� is named as isounit, �̂� is named as isoinverse of 

�̂�; ξ̂−�̂�  is named as isoinverse of ξ̂𝓇; (ξ̂�̂� ,×̂). 

B. Mathematical definition of  𝒢𝐼𝒟ℒ𝒫 

Let �̂� be cyclic isogroup of order ℯ̂ such that isonumber 
𝓈̂  ≡  ℊ̂�̂�  for isonumber �̂� ∈ [0, ℯ̂ − 1]  then ℊ̂ 
primitiveisoroot of the isogroup is knowing  𝒢I𝒟ℒ𝒫. 

C. Mathematical definition of  ℐℐℱ𝒫 

To numerate isoprime isonumbers ℕ̂  = 𝓏1̂ ∗ 𝓏2̂ ∗
𝓏3̂ ⋯𝓏ℯ̂ , an decomposition for positive isointeger ℕ̂  is 
knowing ℐℐℱ𝒫. 

III. INTRODUCTION OF THE  ℐℐℬ𝒞 
Establishment for the isocenter and every customer: 

Step 1: Every customer creates a �̂� −dimensional isobinary 
isovector for his/her ℐ𝒟 and records with the isocenter. The 
isocenter stocks it in open/public folder. We indicate 
customer 𝒿̂′s   ℐ𝒟  by ℐ𝒟𝒿̂ =

(�̂�𝒿̂1, �̂�𝒿̂2, �̂�𝒿̂3, �̂�𝒿̂4, … …… , �̂�𝒿̂�̂�),  �̂�𝒿̂�̂� ∈ {0,1} , (1 ≤ �̂� ≤

�̂�).            (1) 
Step 2: The isocenter creates binary isoprime isonumbers �̂� 
and �̂�, numerate ℕ̂ = �̂� ∗ �̂�.    (2)  
Thus, the isocenter elect an irrational isonumber �̂�, 1 ≤ �̂� ≤

𝜑(ℕ̂)  satisfy gcd (�̂�, 𝜑(ℕ̂)) = 1  for iso-Euler function 
𝜑(ℕ̂) =  (�̂� − 1)(�̂� − 1)  of ℕ̂ . Then isocenter circulates 
(�̂�, ℕ̂) as the openkey.  
Every customer can numerate the customer 𝒿̂′𝑠 extended ℐ𝒟 
as ℰℐ𝒟𝒿̂; 

ℰℐ𝒟𝒿̂ = (ℐ𝒟𝒿̂)
�̂�
(modℕ̂) = (ξ̂𝒿̂1, ξ̂𝒿̂2, ξ̂𝒿̂3, ξ̂𝒿̂4, … …… , ξ̂𝒿̂�̂�),  

ξ̂𝒿̂�̂� ∈ {0,1}, (1 ≤ �̂� ≤ �̂�)       (3) 
Where �̂� = |ℕ̂| is a bits of ℕ̂ 
Step 3: isocenter's conceal data: The isocenter elects an 
irrationa huge isoprime �̂�  and �̂� , numerates ℕ̂ = �̂��̂�  and  
createss �̂� −dimensional isovector �̂⃗� over �̂�𝜑(ℕ̂)

∗  such that 
�̂⃗� = (�̂�1, �̂�2, �̂�3, … , �̂��̂�),     (4) 
1 ≤ �̂�𝒿̂ ≤ 𝜑(ℕ̂)(1 ≤ 𝒿̂ ≤ �̂�) , 
�̂��̂� ≠ �̂��̂�(mod𝜑(ℕ̂)), �̂� ≠ �̂�    (5) 
for �̂�-dimensional binary isovector �̂� and �̂� and stock it as 
the isocenter s conceal data. To prevent the inadvertent 
chance of certain customers, closedkeys take care by equation 
(5). The isocenter elects a super collective isosequences 
consistent to �̂�  as �̂�𝒿̂

′(1 ≤ 𝒿̂ ≤ �̂�)  that ∑  1≤𝒿̂≤�̂� �̂�𝒿̂
′ < 𝜑(ℕ̂) 

       (6) 
to creates the vector �̂⃗� is to utilize the Merkle and Hellmans 
crypto mechanisms [10]. 
Step 𝟒: Numerates �̂�-dimensional vector �̂⃗� as 
 �̂�𝒿̂ = �̂�𝒿̂

′�̂� (mod𝜑(ℕ̂)) (1 ≤ 𝒿̂ ≤ 𝑛)    (7) 
for an exclusive isointeger  �̂�  satisfy gcd (�̂�, 𝜑(ℕ̂)) = 1 , 
where �̂⃗� = (�̂�1, �̂�2, �̂�3, … , �̂�𝑛).    (8)
   
Step 5: Elect an exclusive isointeger 𝒸̂, (1 ≤ 𝒸̂ ≤ 𝜑(ℕ̂)) 
satisfy �̂�𝒸̂ ≡ 1(mod𝜑(ℕ̂))    (9) 
Step 6: Isocenter public data: Numerates �̂� -dimensional 
isovector ℏ̂ by elects a random isointeger �̂� of �̂�ℕ̂

∗  as 
ℏ̂ = (ℏ̂1, ℏ̂2, ℏ̂3, …… , ℏ̂𝑛),     (10) 
ℏ̂𝒿̂ = �̂� �̂�𝒿̂modℕ̂ (1 ≤ 𝒿̂ ≤ 𝑛),     (11) 

Proceedings of the International Conference on Automation, Computing and Renewable Systems (ICACRS 2022)
IEEE Xplore Part Number: CFP22CB5-ART: ISBN: 978-1-6654-6084-2

978-1-6654-6084-2/22/$31.00 ©2022 IEEE 460

Authorized licensed use limited to: NYSS'S Yeshwantrao Chavan College of Engineering. Downloaded on February 11,2023 at 05:25:35 UTC from IEEE Xplore.  Restrictions apply. 



The isocenter notifies all entity (ℕ̂, �̂�, ℏ̂) as open data. 
Step 7: Every customer closedkey: customers 𝒿̂′s  closedkey 
�̂�𝒿̂ is numerate by inner isoproduct of �̂� and ℰℐ𝒟𝒿̂ as 
�̂�𝒿̂ = �̂�ℰℐ𝒟𝒿̂ (mod𝜑(ℕ̂)) = ∑  1≤�̂�≤𝑛   �̂��̂� ξ̂𝒿̂�̂�mod(𝜑(ℕ̂)) (12) 

IV. SCHEME INITIALIZATION FACTORS 
A. Isocenter conceal data: 
For �̂� −dimensional isovector �̂� and isointeger 𝒸̂, the 
isocenter stock (�̂�, 𝒸̂) as secrete data. 
B. Isocenter Public data: 

For �̂� −dimensional isovector ℏ̂, huge isoprime isonumber 
ℕ̂ and arbitrary isointeger �̂�, the isocenter stock (ℏ̂, ℕ̂, �̂�) as 
a public data. 
C. Customer i's secretes keys: (�̂�𝒿̂) 
D.Customer i's public data: ℐ𝒟𝑖  is a �̂� -dimensional 

isovector 

V. PROCEDURE OF THE ISOBETA CRYPTOSYSTEM 

      To sends data 𝒟 to customer-1 then customer-2 follows 
following procedure; 

A. Encryption process:  

Customer-2, numerates 𝜁1 from corresponding public data ℏ̂ 
and by creates ℰℐ𝒟1 from ℐ𝒟1; 

𝜁1 = ∏  

1≤𝒿̂≤𝑛

  ℏ̂
𝒿̂

ξ̂1𝒿̂
(modℕ̂) 

= ∏  

1≤𝒿̂≤𝑛

  (�̂� �̂�𝒿̂)
ξ̂1𝒿̂(modℕ̂)

 

= �̂�Σ1≤𝒿̂≤𝑛�̂�𝒿̂ξ̂1𝒿̂mod(𝜑(ℕ̂))(modℕ̂) 
= �̂� �̂�1(modℕ̂)      
      (13) 
Suppose 𝒟(1 ≤ 𝒟 ≤ ℕ̂ − 1) be a data  
To communicated data 𝒟(1 ≤ 𝒟 ≤ ℕ̂ − 1) , Customer-2 
utilized 𝜁1  and elect an arbitrary isointeger �̂�  satisfy gcd 
(�̂�, 𝜑(ℕ̂)) = 1  to numerate ciphertext  

�̂� = (𝒟�̂� �̂�1)
�̂�
(modℕ̂).     

      (14) 

B. Decryption process: 

Customer-1 does the following procedure to retrieve the data 
𝒟 from the ciphertext �̂�; 
Customer-1 refers the ciphertext  �̂� to customer-2 through an 
unsecured channel. After receiving ciphertext from 
Customer-1,  He/She numerate  
ξ̂2 = �̂�φ(ℕ)−�̂�1(modℕ) = �̂�−�̂�1(modℕ)   (15) 

(ξ̂2)
�̂�
(modℕ) = (�̂�−�̂�1)

�̂�
modℕ    (16) 

Utilizing his/her closedkey �̂�1 retrieved customer-2's the data 
𝒟 by eqn.(15) and (16) to numerate 

((ξ̂2)
�̂�

∗ �̂�)
𝒸̂

(modℕ̂) = (�̂�−�̂�1�̂�𝒟�̂��̂� �̂�1�̂�)
𝒸̂
(modℕ̂) 

= 𝒟�̂�𝒸̂(modℕ̂) = 𝒟(modℕ̂) 

VI. SECURITY ANALYSIS 

The safety of suggested ℐℐℬ𝒞 design on the index problem in 
the isomultiplicative isocyclic isogroup �̂�ℕ̂

∗ , for isounber ℕ̂ =

�̂� ∗ �̂� and 𝜑(ℕ̂) isoEuler function of ℕ̂.  

Theorem-1: A �̂� − dimensional isovector �̂�′  over �̂�ℕ̂
∗  can 

determine by (�̂� + 1)  customers'  
𝒿̂, (1 ≤ 𝒿̂ ≤ �̂� + 1)  which is identical to the genuine 
isocenter's safe data. 
Proof: The under-mentioned system of isolinear 
congruence's for (�̂� + 1)  customers'  
𝒿̂, (1 ≤ 𝒿̂ ≤ �̂� + 1) conspire; 

[
 
 
 
 

ℰℐ𝒟1

ℰℐ𝒟2

ℰℐ𝒟3

⋮
ℰℐ𝒟�̂�+1]

 
 
 
 

[
 
 
 
 
�̂�1

�̂�2

�̂�3

⋮
�̂��̂�]

 
 
 
 

=

[
 
 
 
 
 

�̂�1

�̂�2

�̂�3

⋮
�̂��̂�+1]

 
 
 
 
 

(mod𝜑(ℕ̂))   (17) 

There exists an (�̂� + 1) -dimensional isovector �̂�  on the 
isointeger isoring for every ℰℐ𝒟𝒿̂ is an �̂�-dimensional binary 
isovector satisfy ∑1≤𝒿̂≤�̂�+1  �̂�𝒿̂ℰℐ𝒟𝒿̂ = 0 
We have, ∑  1≤𝒿̂≤�̂�+1   �̂�𝒿̂�̂�𝒿̂ = 0(mod𝜑(ℕ̂))  (18) 
∑  1≤𝒿̂≤�̂�+1   �̂�𝒿̂�̂�𝒿̂ = ℋ̂𝜑(ℕ̂)     (19) 
and consequently ∑  1≤𝒿̂≤�̂�+1 �̂�𝒿̂�̂�𝒿̂ = ℋ̂𝜑(ℕ̂)  (20) 
    Thus (�̂� + 1) customers ensure an isointeger isomultiple 
of 𝜑(ℕ̂), and compute the isofactorization of ℕ̂ is ℋ̂ ≠ 0. 
Therefore, the isocenter's safe data can be determine by (�̂� +
1) customers conspiracy. 
Theorem-2: the isocenter's secret data �̂� determine by (�̂� +
2) customers' 𝒿̂, (1 ≤ 𝒿̂ ≤ �̂� + 2) with exalted probability. 
Proof: The under-mentioned system of isolinear 
congruence's for (�̂� + 1)  customers 𝒿̂, (1 ≤ 𝒿̂ ≤ �̂� + 1) 
conspire; 

[
 
 
 
 

ℰℐ𝒟1

ℰℐ𝒟2

ℰℐ𝒟3

⋮
ℰℐ𝒟�̂�+1]

 
 
 
 

[
 
 
 
 
�̂�1

�̂�2

�̂�3

⋮
�̂��̂�]

 
 
 
 

=

[
 
 
 
 
 

�̂�1

�̂�2

�̂�3

⋮
�̂��̂�+1]

 
 
 
 
 

(mod𝜑(ℕ̂))   (21) 

= ℒ̂�̂�(mod𝜑(ℕ̂))     (22) 
There exist positive isointegers �̂�𝒿̂(1 ≤ 𝒿̂ ≤ �̂� + 1) satisfy  

[
 
 
 
 

ℰℐ𝒟1

ℰℐ𝒟2

ℰℐ𝒟3

⋮
ℰℐ𝒟�̂�+1]

 
 
 
 

[
 
 
 
 

�̂�1

�̂�2

�̂�3

⋮
�̂��̂�+1]

 
 
 
 

=

[
 
 
 
 
 

�̂�1

�̂�2

�̂�3

⋮
�̂��̂�+1]

 
 
 
 
 

−

[
 
 
 
 

�̂�1

�̂�2

�̂�3

⋮
�̂��̂�+1]

 
 
 
 

𝜑(ℕ̂)   (23) 

for the isomatrix ℒ̂ consist of �̂� linearly independent column 
isovectors over the isointeger isoring. 
Thus equation (23) implies:  

[
 
 
 
 

ℰℐ𝒟1

ℰℐ𝒟2

ℰℐ𝒟3

⋮
ℰℐ𝒟�̂�+1]

 
 
 
 

[
 
 
 
 
 
�̂�1

�̂�2

�̂�3

⋮
�̂��̂�

−1]
 
 
 
 
 

= −

[
 
 
 
 

�̂�1

�̂�2

�̂�3

⋮
�̂��̂�+1]

 
 
 
 

𝜑(ℕ̂)    (24) 

= ℒ̂′�̂� ′      (25) 
    We get �̂� ′ ≠ (mod𝜑(ℕ̂))  for nonsingular isomatrix ℒ̂′ 
over the isointeger isoring along with Indefeasible probability 
if the isomatrix ℒ̂  in eqn. (22) consist of �̂�  isolinearly 
independent isocolumn isovectors over the isointeger isoring. 
    On the contrary, we get under-mentioned eqn. of isoinear 
congruence's: 

ℒ̂′�̂�′ = 0(mod𝜑(ℕ̂))     (26) 
    Above outcome invalidate for nonsingular isomatrix ℒ̂′ 
(�̂� ′ = (mod𝜑(ℕ̂)))  over  �̂�ℕ̂

∗ . Det (ℒ̂′)  is isodivisible by 
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𝜑(ℕ̂)  for singular isomatrix ℒ̂′  (det ℒ̂′ =  0(mod𝜑(ℕ̂))) 
over �̂�ℕ̂

∗  with exalted probability. If  isomatrix ℒ̂′′ represent 
as above by the other (�̂� + 1)  customers among (�̂� + 2) 
conspire and det (ℒ̂′′) is isodivisible by 𝜑(ℕ̂) with exalted 
probability satisfy 𝐺𝐶𝐷(𝑑𝑒𝑡 ℒ̂′, 𝑑𝑒𝑡 ℒ̂′′) = �̂�𝜑(ℕ̂)  for a 
small positive isointeger �̂� . Thus we can numerate 𝜑(ℕ̂) 
capably and determine the isocenter's safe data is exactly the 
equal as Attack (Theorem1). 
    To improvement of security of the crypto mechanisms, the 
isocenter segmentation a 512-dimensional binary isovector 
�̂� into 256 segments, each two bits, satisfy 
�̂� = (�̂�1,  �̂�2,  �̂�3, … … �̂�511,  �̂�512)

= (seg1, seg2, seg3, … … seg511, seg512) 
Numerates  ℏ̂(𝒿̂; �̂��̂�) = �̂�a(𝒿̂;�̂��̂�)(modℕ̂)  
for every seg𝒿̂ (1 ≤ 𝒿̂ ≤ 256; �̂�, �̂� ∈ {0,1}) and circulates to 
all customers. Also, the isocenter numerates every customer's 
closed isokey as follows; 
�̂��̂� = ∑  1≤𝒿̂≤256 �̂�(𝒿̂; seg�̂�𝒿̂)(mod𝜑(ℕ̂)) and circulates to all  
customers over an extremely protected channel. This is 
precisely the identical as in the prime crypto mechanisms. In 
the prime crypto mechanisms, isocenter's safe data is compute  

by 512 customers conspiracy, whereas in our crypto 
mechanisms it is compute by 1024  customers conspiracy. 
Also, the running cost for encryption isokey creation in our 
crypto mechanisms is half of the prime crypto mechanisms. 
The isocenter's open data in the crypto mechanisms is about 
twice than the prime crypto mechanisms. Additionally 
generalizations, every ℰℐ𝒟𝒿  is segmentation into 128-
segments each four bits are feasible.  

Now, we explore the presentation of proposed mechanism 
insofar as isonumber of isokeys, computational complexity 
and communication costs. The interval run to execute 
isomodular computation require per bit size of �̂� = |�̂�|  as 
below; 

1. isoexponentiation= 𝒯_𝑒𝑥𝑝 
2. isomultiplication= 𝒯_𝑚𝑢𝑙 

3. isosquare computation= 𝒯_𝑠𝑞𝑢 

4. isoinverse computation= 𝒯_𝑖𝑛𝑣 

5. isohash function= 𝒯_ℎ𝑎𝑠ℎ

 
 
 

 

 

 

 

 

VII. CONCLUSION  
      In this study, the suggested crypto mechanism fulfills 
Shamir's prime theories in a rigorous sense. This variant of 
crypto mechanisms absolutely delivers novel crypto 
mechanisms with a more and advanced level of security 
created on formulation of ℐℱ𝒦   𝒢𝐼𝒟ℒ𝒫 , and ℐℐℱ𝒫 .The 
offered crypto mechanisms also involves minimal 
processes in encryption and decryption algorithms and 
consequently makes it is much effective. The present 
crypto mechanism delivers the extraordinary outcome from 
the safety point of view, as we aspect the issue of 
simplifying 𝒢𝐼𝒟ℒ𝒫  and ℐℐℱ𝒫  together in the 
isomultiplicative isogroup of finite isofields as matched to 
the other crypto mechanism. One should break  𝒢𝐼𝒟ℒ𝒫 
and ℐℐℱ𝒫 together to break our crypto mechanisms as we 
aspect the trouble of simplifying the classical 𝒢𝐼𝒟ℒ𝒫  in 
the shared isogroups. 
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Abstract—The suggested IsoQuadratic Exponentiation 

Randomized isocryptosystem design is the unique approach for 

public key encipher algorithm using IsoPartial Discrete 

Logarithm Problem and preservation of the recommended 

IsoQuadratic Exponentiation Randomized isocryptosystem be 

established against hardness of IsoPartial Discrete Logarithm 

Problem. Therewith, we demonstrated the possibility of an 

additional secured algorithm.  The offered unique IsoQuadratic 

Exponentiation Randomized isocryptosystem is suitable for low 

bandwidth transmission, low storage and low numeration in 

cyberspace. 

Keywords—Isomathematics, IsoQuadratic Exponentiation 

Randomized, IsoPartial Discrete Logarithm Problem, Security 

Analysis. 

I. INTRODUCTION 
The cyber mechanism acquire innovatory development in 

every single lifestyle. Thus, digital information storage, its 
transmission and the consequence are the most important 
phases in it. Instinctively, safety of the digital information is 
an entirely interest in this issue. Cryptosystem is a mechanism 
of secure digital information and transmission with codes in 
order that at most individuals for that the digital information 
is expected can interpret and transmit it. A Primary aim of 
public/open key cryptosystem (���)  is to permit two 
individual to interchange classified digital information, even 
if they have not ever connected and can interconnect only via 
open network that is being observed by an antagonist. 
Cryptosystem is specify during the time that procedure as far 
as protocols and techniques that be mandatory for protected 
transmission in the existence of interloper. The pair, Open 
key (��) and secrete/close key (��) is an important set in 
cryptosystem. In closed key cryptosystem, a closed key 
essential known by the sender and the receiver to have the 
enciphering and the deciphering digital information. Hence, 
the closed key encipher is essential to share the key. As it 
happens, it is hard to manage such secure cryptosystem. 

By resolving the hardness of open key cryptosystem 
follow in remarkable increase in the number of researcher 
engaged in the field of cryptosystem in renowned article “New 
Direction in Cryptography” suggested by Diffie and Hellman 

in 1976 [1]. Numerous �� encipher constructions particular 
numeral hypothetical cryptosystem acceptances are 
established on discrete logarithm (�ℒ)  or factoring an 
humongous composite integer recommended in [2-3]. 

The inestimable word difficulty for groups and 
semigroups based public-key cryptosystems recommended by 
Wagner et al. in 1984 [4]. Wagner’s design created neither on 
word problem, besides alternative, normally simple, 
assumption problem pointed out by Birget et al. in 2005 [5]. 
In addition, Birget et al. recommended a new ��� and that is 
established on finitely presented groups with hard word 
problem. The safety based on given mechanism depend on as 
long as most proportion over the cryptographic hypotheses. 
As a consequence of the particular presumptions as it may be 
break successfully, at that point the cryptosystem won't be safe 
any longer [6]. 

The framework for ID-based cryptographic structures (�	_�_�)  developed by Shamir in [7]. From that point 
forward, an opinion of exploration has been dedicated for 
creating different types of ID_b_CS. Okamoto et al. in [8] 
offered a thought for ID_b key delivery structures in 1988. 
These structures utilize the variation of RSA ���  for 
activities in to such an extent that � is a result of two huge 
primes, ideally, the safety of these structures depends on the 
calculation distress of determine the factoring of this huge 
composite digit �. 

By using the ElGamal ��  cryptographic structure with �ℒ developed ID_b_CS by Tsujii and Itoh in [9]. The primary 
key distribution mechanism generated on paired individual 
presumption, that one incompetent, as it was exceptionally 
hard to take module primes, � and  � recommended by K.S. 
McCurley in [10]. For maintain acceptable competence, a 
cryptosystem structures that depended on two distinct 
cryptographic presumptions: Factoring (FAC) and �ℒ 
suggested by Harn et al. in [11]. Subsequently, various ��� 
were recommended in [12-14], a substantial segment of which 
build upon on combining pair of problems such �ℒ, Elliptic 
Curve �ℒ , FAC. For cyberspace, the safety and safety 
development mentioned by Obaidat and Boudriga in [15]. 
Modified �� cryptosystem constructed on discrete logarithm 
problem suggested by Meshram [16-19]. Dihedral and 
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Suzuki-2 group based ��� presented by Meshram et al. [20-
23] in which the necessary to elect some arbitrary integer
either by the individual or by the reliable authority. 

Recently, in 2020, a new ��ℒ� based ��� mechanism 
offered in [24] and isomathematics based key interchange 
mechanism recommended in [25]. In 2021, key interchange 
mechanism construct on santilli’s isofields first and second 
kind suggested in [26-27], isobeta cryptosystem mechanism 
construct on santilli’s isofields first-kind presented in [28] and 
comprehensive chaotic-maps based off-line electronic cash 
mechanism offered in [29]. In 2022, isobeta cryptosystem 
mechanism construct on santilli’s isofields second-kind 
offered in [30] and isokey interchange framework based on 
Isonumber suggested in [31]. 

In this script, we design IsoQuadratic Exponentiation 
Randomized (ℐ�ℴ�ℰℛ)isocryptosystem mechanism build on 
IsoPartial Discrete Logarithm Problem (ℐ��ℒ�) that 
increases the comprehensive safety and requirements a small 
isonumber of in both of the encipher and deciphertion 
procedures. Thusly, the offered cryptosystem structure is 
increasingly pragmatic for practical utility. 

The design toward remainder of this script is organized as 
per the following: In Section II, we instantly present the 
required isomathematical hypothesis applied in the script. In 
the section III, the framework for ℐ�ℴ�ℰℛ cryptosystem is 
presented. In Sections IV, consistency of the suggested 
mechanism is analysed. In Sections V, we validated offered ℐ�ℴ�ℰℛ  isocryptosystem mechanism by established 
supporting example. In Sections VI, we investigate the 
efficiency of the recommended mechanism. In Sections VII, 
efficiency implementation of suggested ℐ�ℴ�ℰℛ 
isocryptosystem mechanism. Eventually, we wind up the 
script in Section VIII. 

II. BACKGROUND AND MATERIAL

The safety of the presented ℐ�ℴ�ℰℛ  isocryptosystem 
mechanism is the complexity of the ℐ��ℒ� in the isogroup 
where the signature is established. We quickly survey the 
definitions from [32-34].

A. Isomathematical Postulate 

A generalisation of computation in traditional 
mathematics is known as isomathematics. We can show that 
three multiplied by four is equal to sixty (for �� = 5) by taking 
advantage of isomathematics. 
Computation in traditional mathematics: 

In traditional mathematics, computation with 
respect to additive unity “0” and multiplicative unity “1” for 
real number � and � define as; � + 0 = �,    � − 0 = �, �# = 1, � × 1 = 1 × � = �, 

� ÷ 1 = �, 1 ÷ � = '
( , � × � = ��, � ÷ � = (

)  etc. 
Computation in isomathematics: 

In isomathematics, Isosum +* , isominus −* , 
isoproduct ×*  and isodivision ÷*   computations for isozero �+  
and ��  called inverse of isounit ,̂ ≠ 1   such that ��,̂ = 1 
define as; � +* � = � + �+ + �, � −* � = � − �+ − �,

� ×*  � = ����, and � ÷*  � = /(
)0 ,̂. 

B. ℐ��ℒ�
 For isoproduct �1 = �* ∗ �*  is a secure isoprime 
isomodulus of two enormous isoprime isonumbers �* =
2�*’ + 1  and �* = 2�* ’ + 1  where  �* ’  and  

�* ’  as well isoprime isonumbers. 5̂(ℓ7)  represent the 
arrangements of scure isoprime isonumbers for length ℓ7. 
Now define 97(�* ) = 2�* ′�* , ;<=>?7@ = A7 /�* B0

C =
�* �* D�* �* D = �* A7 (�* )

C  for isocyclic isogroup of quadratic 
residues modulo �* C by ?7 = ℚℝ�* B . Then maximal order of

an isofactor in this isogroup represent by �* A7 (�* )
C  and G1 =

(1 + H1�* ) is for each isofactor of order �1 . 
Definition ( ℐ��ℒ� ):  For feasibility, H1 = 1  such that 
ℊ*A7 (�* )J;=�* C = (1 + �* ) J;= �* C  with isofactor of 
maximal order  ℊ* in ?7. 

We modify ��ℒ�  [35] into ℐ��ℒ�  to compute 
K*  (J;= �* )  for given ℊ*  and L7 = ℊ*K* J;= �* C  (for few K* ∈ [1, ;<= >?7@]  

Postulate ( ℐ��ℒ�  over P��* B 
∗ ): To each and every

probabilistic polynomial time (PPT) algorithm Q�  effectively 
exists a negligible function RSTU() for sufficient enormous ℓ7 
such that

Pr XQ�>�* , ℊ*, L7@ = K*  (J;= �* )| �* , �* ← [\ ]ℓ7
2^ ; �*

= �* �* ; ℊ* ← ?7; K* ← [1, ;<= (?)]; L7
← ℊ*K* (J;= �* C)` = negl(ℓ7) 

III. SUGGESTED ℐ�ℴ�ℰℛ CRYPTOSYTEM USING ℐ��ℒ�
The ℐ�ℴ�ℰℛ  cryptosystem mechanism is represent as 

below: 

The safety of suggested ℐ�ℴ�ℰℛ  cryptosystem 
mechanism is based on the indelicacy of the ℐ��ℒ�. 

A. Key Creation Procedure: 

Every element ought to carry ℐ�ℴ�ℰℛ  ��  and a 
congruous ��.  

Following procedure follow by individual- ℳ:

a. Take arbitrarily pair of enormous different isoprimes �*
and �*  having identical size. 

b. Determine �1C = �*C ∗ �* C  and Isoeuler-phi 
function f(�1C) = (�*C − 1)(�* C − 1). 

c. Take a arbitrarily isointeger �̂, 1 < �̂ < f(�1C), such thatTh=(�̂, f(�1C)) = 1. 

d. Take a arbitrarily isointeger  K* , 2 ≤ K* < f(�1C) − 1.

e. For an isoelement in the isomultiplicative isogroup  ĵ ∈ P��1B ∗ , determine ĵ K*  J;=(�1C). 

f. Eventually, determine the distinctive isointeger  k�, 1 <k� < f(�1C) ;  such that  �̂k� = 1J;= (f(�1C)) 
applying  the extended Euclidean algorithm. 

 Individual- ℳ ’s ��  is (�1, �̂, ĵ, ĵ K* ) , and the 
conformable �� is (k�, K* ). 

B. Encipher Procedure: 

Following procedure follow by individual- l  to encrypts 
an information m+  for individual- ℳ:

a. The information m+ ∈ [1, n − 1].
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b. Take a arbitrarily isointeger H1
c. Determine n� = ĵ H1J;=(�1C) , and determine ℯ1 =

m+. >ĵ K* @H1J;=(�1C). 

d. Determine the concordant, p1 =  q� �̂J;=(�1C).
e. Eventually, determine �̂ = ℯ1 �̂J;=(�1C).

Thus, r̂ = (p1, �̂) is the resultant isocipher-text.

C. Decryption Procedure: 

Initially, individual-  ℳ  determine p1 s(�1)tK* J;=(�1C) 
that equal to p1 tK* J;=(�1C) for decrypt, and afterwards the 
plaintext is retrieve by determine >p1 tK* ∗ �̂@k�J;=(�1C) = m+
[7].

IV. CONSISTENCY OF THE PROPOSED MECHANISM:
During encipher procedure; 

p1 =  q� �̂J;=(�1C) =  >ĵ H1@�̂J;=(�1C)
�̂ = ℯ1 �̂J;=(�1C) = (J. >ĵ K* H1@)�̂J;=(�1C)

The decryption mechanism determine; 

p1 s(�1)tK* J;=(�1C) = p1 tK* J;=(�1C) 

>p1 tK* ∗ �̂@k�J;=(�1C) = >ĵtK* H1�̂ . m+ �̂ . ĵ K* H1@k�J;=(�1C)
= m+ �̂uJ;=(�1C) = m+ J;=(�1C).

V. EXAMPLE 

For simplicity, assume pair of isoprime  �*’ = 11  and  �*’ = 29 such that  �1 = �* ∗ �* = 23 ∗ 59  

A. Key Creation Procedure: 

Following procedure follow by individual- ℳ:

a. Take arbitrarily pair of enormous different isoprimes �*
and �*  having identical size. 

b. Determine �1C = �*C ∗ �* C = 23C ∗ 59C  = 529 ∗3481 = 1841449 and Isoeuler-phi function f(�1C) =(�*C − 1)(�* C − 1) = (529 − 1)(3481 − 1) = 528 ∗3480 = 1837440. 

c. Take a arbitrarily isointeger �̂ = 7, 1 < �̂ < f(�1C), such
that Th=>�̂, f(�1C)@ = Th=(7, 1837440) = 1 

d. Take a arbitrarily isointeger K* = 3, 2 ≤ K* < f(�1C) −1 = 2 ≤ (K* = 3) <  1837440 − 1. 

e. For an isoelement in the isomultiplicative isogroup ĵ ∈P��1B ∗ , determine ĵ K*  J;=(�1C) =1675| J;=(1841449) = 44027  for any element  ĵ = 1675, of the isomultiplicative isogroup P��1B ∗

f. Eventually, determine the particular isointeger k� =524983, 1 < k� < f(�1C) ;  such that  �̂k� =1J;= (1837440)  applying  the extended Euclidean 
algorithm. 

Individual-  ℳ 's ��  is >�1C, �̂, ĵ, ĵ K* @ =(1841449,7, 1675,4699421875), and the conformable �� 
is (k�, K* ) = (524983,3). 

B. Encipher Procedure: 

Following procedure follow by individual- l  to encrypts 
an information m+  for individual- ℳ:

a. The information  m+ = [1, �1C − 1] = [1,1841448].

b. Take a arbitrarily isointeger H1 = 5.

c. Determine

n� = ĵ H1J;=(�1C) = 1675}J;=(1841449) = 694404,

and determine 

ℯ1 = m+. >ĵ K* @H1J;=(�1C). >ĵ K* @H1J;=(�1C)= 63 ∗ (1675|)}J;=(1841449) 

= 63 ∗ 25125 J;=(1841449)= 1582875 J;=(1841449) = 1582875 

d. Determine the concordant, p1 =  q� �̂J;=(�1C) =
 >ĵ H1@�̂J;=(�1C) = (1675)�̂H1J;=(1841449) = 1769949. 

e. Eventually, determine  �̂ = ℯ1 �̂J;=(�1C) =(m+. >ĵ K* H1@)�̂J;=(�1C) =(1582875)~J;=(1841449) = 1417409. 
Thus,  r̂ = (p1, �̂) = (1769949, 1417409)  is the resultant 

isocipher-text.

C. Decryption Process: 

Initially, individual-  ℳ  determine p1 s(�1)tK* J;=(�1C) 
that equal to p1 tK* J;=(�1C) for decrypt, and afterwards the 
plaintext is retrieve by determine >p1 tK* ∗ �̂@k�J;=(�1C) =(1769949 t| ∗  1417409)}C���|J;=(1841449) = 63 =m+  . 

VI. SECURITY ANALYSIS

Randomization enhance the conservation of the 
mechanism. ℐ�ℴ�ℰℛ  isocryptosystem mechanism is a 
randomized encipher mechanism, in which, the arbitrarily 
isointeger H1  take by the individual-  l . Four isomodular 
exponentiations steps needs in encipher procedure. A benefit 
of the ℐ�ℴ�ℰℛ isocryptosystem mechanism which is based 
on the  ℐ��ℒ� , the isomultiplicative isogroup P��* B 

∗  in no
way on a mandatory basis to be a cyclic isogroup, and 
evenhandedness, it is not mandatory that the isofactor  ĵ, an generator of the group. The needlessness of determine 
a generator of the isogroup outstretches the technique to 
incorporate un-cyclic isogroups, moreover preventing the 
take a look at for the group being un-cyclic or cyclic.  
As of the antagonist approaching when the isofactor  ĵ  is not a generator of the isogroup, as determine to the 
power of the exponent K* ; the value is not distinctive, 
that creates the problem more durable to resolve than ℐ��ℒ�. Because ℐ��ℒ� involves that, the element utilized 
could be generator of a cyclic isogroup. Moreover, determine 
a generator would conditioned the length of the compound 
isointeger �1 that needed to be massive to extend the safety. 
Remember the exponentiations mandatory for the isocipher 
may be spiteful towards choosing H1  to possess small 
overacting weights. The isociphered is twofold as prolonged 
because the congruous plaintext. 
 Now, We will demonstration that suggested ℐ�ℴ�ℰℛ 
isocryptosystem mechanism is experientially secured by 
thinking about subsequent three standard attacks. 

A. Isodirect attack: 

  Antagonist aspirate to devise every �� make using of all 
information available from the mechanism.  

For this state, antagonist essentials to take care of 
isointeger factorization problem and ℐ��ℒ�. The extremely 
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perfect possibility to determine the isomodulus �* C = �* C ∗�* C, is by make using of the isonumber isofield sifter strategy 
[36]. However, this mechanism is at most dependent on the 
dimension of isomodulus �* C and that is computing insolvable 
to isofactor an isointeger of length bit-1024 and overhead. 
Ensuing, overcome the security of offered mechanism, we 
should take enormous isoprimes to preserve a tactical range 
among attacks make using of unprecedented reason 
isofactorization mechanism [37]. We are able to attain and 
match a identical safety level for ℐ��ℒ�  by taking the 
isomodulus �* C = �* C ∗ �* C  with �* t'

C and �* t'
C  in that order 

are isoproduct of paired bit -512 enormous isoprimes. 

B. Isofactoring attack: 

Let us assume that time antagonist constructively break the 
isointeger factorization, thus antagonist be recognizable with 
the  (k�, K* ) . By this data, antagonist determine  
r̂ = >j1H*�1J;=(�12) , ℯ1 �1J;=(�12)@ and retrieve the genuine
information m+ , one has to eliminate with the term ĵ H1of C and 
this probably should be possible on the off chance that one 
identifies the ��  (k�, K* ). But the ℐ��ℒ�  remains hard to 
simplify, therefore the  antagonist would unsuccessful.  

C. ℐ��ℒ�  attack:

 Let us assume that time  antagonist constructively break 
the ℐ��ℒ� and accordingly accomplish the close isointeger 
H1 . Antagonist then gets that p* s(�* )tK* J;= /�* C0 =
p* tK* J;=(�* C) and >p* tK* @�̂J;=(�* C) 

Hence, the antagonist tries to retrieve the genuine information  m+  from the equation; 

r̂ = >j1H*�1J;=(�12) , ℯ1 �1J;=(�12)@ = > ℯ1 �1j1H*�1J;=(�12)@
At the moment, the exponent �̂ is open, one has to eliminate 
with the term ĵ H1 of r̂  and determine ℯ*�̂ . Regrettably, to 
reaffirm of genuine information, antagonist necessity has the 
confidential H1 in hand, on the other hand this is impracticable 
in the meantime the isointeger factorization is hard to break. 

VII. EFFICIENCY PERFORMANCE

In this part, we investigate the exhibition of suggested 
mechanism as far as isonumber of isokeys, communication 
costs and computational complexity. 

The accompanying symbols are utilized to investigate the 
exhibition of the mechanism. 

The time run to perform isomodular performance require 
with bit size of ℓ7 = |ℓ7| as follows; 

1. isoexponentiation= S��_�
2. isomultiplication= J�U_�
3. isosquare computation= ���_�
4. isoinverse computation= �R�_�
5. isohash function=  ℎ��ℎ_�

Herewith, we neglect the period execution isomodular 
isosubtraction or isoaddition enumeration and we suppose that 
the possibility of the bit being take as 0 or 1 is 0.5 

The executions of suggested  ℐ�ℴ�ℰℛ  cryptosystem 
mechanism is brief as in Table. 

For encipher, the individual- l carry through 810J�U_� +ℎ��ℎ_� time complexity. For decipherment, the individual-

 ℳ carry through 572 J�U_� time complexity make using of 
the conversion S��_� = 240J�U_� [38]. 

Eventually, 4|R| is the size of components of the mechanism 
or communication costs. 

TABLE I. COMPARISON BETWEEN MESHRAM ET AL [24] MECHANISM  
AND OUR  SUGGESTED   MECHANISM 

VIII. CONCLUSION 

Established on the complexity of the ℐ��ℒ�  in the 
isogroup, we suggested a unique ℐ�ℴ�ℰℛ  isocryptosystem 
mechanism in this script. To grant the possibility of enormous 
block sizes which improve the safety level on the insolence of 
both the IF and ��ℒ�  improve the security. The encipher 
promoter is chosen to be co-isoprime to the expand isoeuler-
phi function that get additional safety as compare to the 
traditional case. The suggested procedure is indistinguishable 
to these used in � along the enlargement to include negative 
isointegers. Eventually, the suggested mechanism delivers the 
exceptional outcome from the safety frame of reference, 
define in consequence we face the difficult of simplifying ℐ��ℒ� over the isomultiplicative isogroup of finite isofields 
as related to the other crypto mechanism. 
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Abstract—With billions of life-improving applications 

proliferating the global space, the Human-Centered Internet of 

Things (HC-IoT) grips excellent promise. The Internet will 

comprise more than 50 billion linked things, comprising mobile 

devices, GPS devices, sensors, actuators, and all the smart things 

that can be imagined. The HC-IoT comprises many smart 

gadgets to distribute identified information via online platforms. 

The goal is to encrypt messages between the sender and receiver 

during data exchange with the right instruction to challenge any 

human malicious attack. Different signature-based schemes 

have been proposed to ensure secure communication of critical 

user information. Smart gadgets claim lightweight 

characteristics, posing remarkable strengths and safety. The 

core challenge with signature-based techniques is the incurred 

computational cost owing to the enormous resources required 

for signature and verification procedures. The current paper 

projects an efficient Digital Short Signature (DSS) Scheme that 

uses Conformal Chaotic Maps (CCM) for protected 

communication in HC-IoT-based smart devices. The security of 

the projected scheme is thoroughly connected to a CCM in the 

random oracle model (ROM). The proposed DSS- CCM scheme 

offers more security assurance than the existing signature 

systems. The presented scheme would find practical 

applications in smart cards and emerging wireless security 

systems.  

Keywords—Human-Centered Internet of Things (HC-IoT), 

Digital Short Signature (DSS), Conformable Chaotic Maps 

(CCM), Confidentiality, Provable security. 

I. INTRODUCTION  

This is the period of the Internet of Things (IoTs), wherein 
numerous categories of computers are linked to the Internet. 
Such systems include manufacturing devices, energy meters, 
household appliances, mining sensors, industry tools, 
agricultural equipment, environmental monitoring equipment, 
healthcare monitoring instruments, surveillance systems, 
smart cities, and grids. These systems comprise M2M 
(Machine-to-Machine) frameworks, and through the 
advantages of IoT enabling tools, the control or monitoring of 
numerous types of frameworks at the fingertips is very simple. 

IoT-enabled computers can share and exchange information 
for cloud loading over a public network. IoT is a powerful tool 
that applies to several domains, demonstrating its importance 
and significant benefits. The concept of the “Internet of 
Things (IoT)” was coined, and IoT apps came into being from 
the development of simple, intelligent gadgets to human-
oriented gadgets [1], where incredible development in IoTs 
has been recorded. 

    IoT systems were generally embraced for use in several 
fields, such as smart automation and human-centric 
architectural designs. Recently, researchers have adopted 
various methodologies and IoT experiments that enable 
systems in an extensive series of applications [2]. Several 
systems have been introduced using the notion of the Internet 
of Things to analyze real-world problems [3]. This 
development drives IoT-based research to find new ways to 
harness the immense strength of the Internet of Things. 
Integrating various medical systems with IoT has given a new 
direction to provide on-demand healthcare services to people, 
i.e., patients more specifically. IoT devices and different 
resources communicate in the healthcare information 
management system to provide better healthcare services [4]. 

IoT devices are not limited to edge computing but are 
connected to edge nodes. Edge nodes track and analyze data 
generated by IoT devices and subsequent responses to 
devices, users or data centers, respectively. Here, vast 
quantities of messages are exchanged so that a viable security 
scheme is protected for such messages, namely certificateless 
multi-message and multi-receiver signcryption (CLMMSC), 
and utilizing the ECC [5] becomes the best choice. In addition, 
a proxy signature [6] can be adopted using a certificate 
without pairing to secure data exchange in industrial IoT. 
Additionally, quality of service (QoS) optimization in vehicle 
communication is becoming a challenge because of vehicle 
mobility. Therefore, new security algorithms are required for 
the future generation of IoT systems and multimedia 
transmission in a vehicle-to-vehicle. So, new security 
algorithms are required [7].  
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In the existing literature, different protection schemes have 
been identified. The devices allow protection in IoT 
environments. Due to different standards and varying 
communication protocols, traditional security mechanisms 
cannot be applied directly to the IoT environment. The 
systematic analysis of IoT-related security issues is presented 
in early works [8-14]. The security challenges are choosing 
the right cryptographic algorithms, encryption techniques, 
secure communication and sensor data, etc.  

The capability of an IoT device is insufficient to be used 
at low ends with limited resources such as computing 
resources, power, etc. For IoT security, we need a roadmap to 
adapt cognitive and systemic methods toward addressing 
device heterogeneity and resolving escalating security issues 
such as identity, privacy, trust, and access control. The 
research on cryptographic technologies [15] addressed the 
pros and cons of encryption algorithms when sharing data for 
IoT applications such as smart homes, vehicles, and health, 
over untrusted networks. 

Currently, information is exchanged between devices in 
the human-centered IoT over public communication channels. 
As a result, malicious practices are aimed at stealing or 
altering user data. The key obstacle, as a result, is to preserve 
confidentiality and privacy during transmission. Therefore, 
we need a robust and efficient security apparatus for seamless 
information flow. IoT devices are resource-constrained, and 
substantial computation resources are required. Ibrahim et al. 
[16] demonstrated a new variant of symmetric conformable 
fractional derivatives and generalizations of complex 
variables. Similarly, Goufo [17] analyzed an autonomous 
multi-dimensional chaotic framework with multi-wing 
attractors based on fractal-fractional derivatives with the 
fractional order. The standard DSA, such as RSA [18], 
ElGamal [19], and ECDSA [20], are not suitable for use. We 
need an easy and lightweight signature protection structure for 
HC-IoT. A chaotic map-based digital signature scheme is 
more effective and computationally less expensive, which is 
proposed in the current study. 

Here, we use chaotic maps to propose a digital signature 
scheme for human-centered IoT security. Chaotic maps are 
utilized in [21] to propose the security technique for ID-based 
digital signatures. The security of the scheme pledge support 
is based on the expectations of the chaotic map's inflexibility 
(Diffie-Hellman) and complexity (DL). In [22], data integrity 
protection for Wireless Sensor Networks (WSN) utilizing 
bilinear pairing for the ID-based mutual signature approach 
was presented. A designated verifier verifies the mutual 
signature from the cluster, precisely WSN. The authors 
employ the popular aggregate signature and ID-based 
cryptography structures to maximize bandwidth usage by 
ensuring data integrity. The security analysis is presented on 
the CDH assumption in ROM.  

Pairing for the group signature method is likewise being 
implemented progressively in Industrial IoT [23] to protect 
incident statements (in the publish/contribute stage), i.e., the 
exchange of messages between IoT nodes. It can be avoided 
using a group signature mechanism, certificate management, 
node breach decoupling, and exciting resource application. To 
this end, it adopts the bilinear pairings and ID-based 
cryptosystem. The issue with this method is the key revoke, 
which is with the publisher exiting the group. The authors used 
the technique in [24] to address the key issue of revocation, 
but due to associated costs, there is no promise to achieve an 

optimal solution. Nonetheless, testing the bilinear maps used 
in pairing-based signature schemes takes time. Moreover, 
these signature techniques are not as effective as DSA-based 
signature techniques in terms of computational efficiency. As 
a result, the storage efficiency of signatures obtained by 
pairing comes at the expense of the alarming computational 
complexity. 

Our contribution: This paper describes a digital short 
signature technique for smart gadgets in HC-IoT contexts that 
is both efficient and secure. The key benefit of this approach 
over the DSA procedure is a one-fourth processing time 
savings in the verification process and the frequency of 
signatures. The method is demonstrated with clear step-by-
step, and exceptional principles for providing notional proof 
based on the probability theory. An efficient proof of security 
exists for unforgeability underneath adaptive chosen attacks 
in ROM, i.e., the projected scheme offers superior safety 
assurances than the other existing signature techniques. The 
presented technique does not use pairings, which makes 
implementation more flexible and improves efficiency. It is 
dependent on the relatively new and experimental hardness 
conventions accompanying cryptography using pairing.  

Road map of the article: This article is arranged as 
follows. The definitions and terminologies for the current 
scheme are described in Section II. The new DSS-CCM 
scheme, which is based on the conformable calculus to 
simplify the Chebyshev polynomial, is introduced in Section 
III. Section IV explains the security examination under 
provably security in the ROM and utilizes a reductionist 
security proof against forgery under the adaptive chosen 
message attacks (EUF-CMA) in the ROM. Lastly, Section V 
gives the conclusions. 

II. BACKGROUND AND MATERIAL 

This section focuses on Chebyshev polynomial and 

conformable Chebyshev chaotic maps, and their usage in the 

projected scheme.  

A. Chebyshev chaotic polynomials 

The operatory of Chebyshev sequential polynomials 
(CSP) is investigated (see [25]). In version x, CSP ϒᶇ�x� is a ᶇ -degree polynomial. Let x ∈ [−1, 1]  represent the 
arrangement and ᶇ be an integer. In general, CSP reported the 
following: 

ϒᶇ�x� =  ����ᶇ � ������x��, ϒ��x�  =  1, ϒ��x�  =  x, 

ϒᶇ�x�  =  2xϒᶇ���x� − ϒᶇ���x�;  ᶇ ≥ 2 

Under this circumstance, the functional ������τ� and  cos�τ�  are denoted as  �����: [−1, 1] →[0, �] and cos: R → [−1, 1].  
CSP [25-31] has two main characteristics: chaotic and 

semi-group. 

(1) The chaotic characteristics:  The CSP map is represented 
as ϒᶇ: [−1, 1] →  [−1, 1] with degree ᶇ � 1, is a chaotic 

map associated with the functional (invariant density) 

  ∗�x� = �
"#$��%&' . 

(2) The possessions of a "semi-group" meet the following 
criteria: 
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ϒ)  �ϒ*�x��  =  cos�) cos���cos�* cos���x����  = cos�)* cos���x��  =  ϒ*)�x�  =  ϒ*�ϒ)  �x�� , 
where x�[−1, 1] and  ) and * are positive integers.  

Two analyses of Chebyshev polynomials take into account 
handling in polynomial time: 

(1) The discrete log (DL) is tasked with creating an integer +  such that ϒ)�x� = ,  is true given two items x 
and , 

(2) Because of three elements  - , ϒ)�x� , and ϒ*�x�  the 
Diffie-Hellman problem (DHP) is to measure ϒ)*�x�. 

B. Conformable Chaotic Maps (CCM)  

The conformable calculus (CC) was earlier called 
conformable fractional calculus [32]. Generally, the concept 
of chaos theory has been widely applied in several works of 
literature [33]-[50]. Nonetheless, it is definitely of the 
recognized entities upon which the properties of fractional 
calculus (derivatives of non-integer power) are formulated. 
CC is fundamentally concerned with the steps that follow: 

 Suppose ν ϵ [0, 1] is an arbitrary fractional value. If and 
only if δ� is the self-operator and δ� is the typical difference 
operational, then an operator δ/ is conformably differential. 
Specifically, if and only if for differentiable utility ϑ = ϑ �x�, 
then δ/is conformable, 

δ� ϑ�x� = ϑ�x�,        δ�ϑ�x� = ϑ1 �x�. 
Anderson et al. [32] have proposed a unique formulation 

of CC derived from control theory to denote the performance 
of a proportional-differentiation controller that conforms to 
the error function. The instruction is organized as follows. 

Definition 2.1   Assume that ν ϵ [0, 1], then: 

    δ/ϑ�x� =  π��ν, x�ϑ�x� + π� �5, x�ϑ1�x�,                                                 
where the functions  π� and  π� attain the boundaries  

lim9 →� π� �5, x� = 1,  lim9 →� π� �5, x� = 0,       
        lim9→� π� �5, x� = 0,    lim9 →� π� �5, x� = 1.     
To attain the overhead description, we shall 

deliberate π��ν, x� = �1 − ν�x/   and  π��ν, x� = νx��/  , or 

 π��5, x� = ���/�
:��;/�   and  π��ν, x� = /

:��;/� where   δ/ϑ�x�  is 

named the conformable differential operator for the 
function ϑ�x�. As a result, the fractional tuning connections 
between the function ϑ and its derivative are π�, π�.  

Using the concept of CC to describe the polynomial ϒ?�x�, we arrive at the following: 

Since ϒᶇ1 �x� = 2ᶇ ϒᶇ���x�  , then (1): 

ϒᶇ@�x�: = δ/ϒᶇ�x� =  π��ν, x�ϒᶇ�x� + π� �ν, x�ϒᶇ1 �x�     (1) 

Equation (1) can be replaced by (2)  

ϒᶇ@�x� = π��ν, x�ϒᶇ�x� + 2ᶇ π� �ν, x� ∗ ω�x�ϒᶇ���x�    �2�             

where ω�x� =  1 + 2x + �4x� − 1� + ⋯ + �n − 1� -
times. Eq. (2) is called the Conformable Chebyshev 
polynomials (CCP). Formulary recurrent can be seen in the 
following result:  

Proposition 2.1. The CCP [48] satisfies the frequent relatives 
defined by (3) 

ϒᶇ@�x� = [2x π��α, x�+2ᶇ π� �ν, x� ∗  ω�x�]   ϒᶇ���x� − π� �ν, x�ϒᶇ���x�                  (3) 

Proposition 2.2. The semi-group characteristics clamps for 
CCP situated on the interval (-∞,∞) [48] i.e. 

ϒE@ "ϒᶇ@�x�' =  ϒᶇ@FϒE@�x�G = ϒEᶇ@ �x�                  (4) 

III. THE PROPOSED DSS SCHEME FOR HC-IOT 

ENVIRONMENTS  

This section demonstrates the new DSS scheme using CCM 

for the HC-IoT framework. The proposed scheme consists of 

the following phases:  

Setup: Let H and ƥ be big primes with ƥ|�H − 1�. Also, let Ԍɡ,H = { ɡ�, ɡ� , . . . ɡƥ��} ⊆  PH∗ with order H, where ɡ is an 

originator with ƥ  order. Let  Ң�  and Ң�  be one-way hash 

functions where: 

  Ң� ∶  {0,1}∗ → PH∗ and Ң� ∶ {0,1}∗ × PH∗  → {0,1}Tƥ/� 

The bit length of ƥ VW |ƥ| =  Tƥ  and that of H VW |H| =
 TH  is indicated here. The notation X Y←  [  means that X is 

chosen from a [  set at arbitrary uniformly. We shall now 

explain the DSS scheme in a complete sense. 

Key generation �\]^�:  

1. Select a random _ ∈Y Pƥ∗ as the secret key.  

2. The analogous public key is given by ` ←ϒa@ �ɡ��b�_ ƥ� , where ν ϵ [0, 1] is a fractional 

(arbitrary) number. 

Signing (Sign): The involvements are the ` public key and a 

message Ɱ d {0,1}∗ and the private key _.  
1. First, select a random efbVgh  h ∈Y Pƥ∗.  

2. Calculate Ɣ ← Ң��Ɱ�, ƪ ← Ɣ. ϒk@�ɡ��b�_ ƥ�, Ⱳ ←Ң��Ɱ, ƪ� and ℧ ← � h − Ⱳ_��b�_ ƥ�.  

3. The signature on the n message is б = �Ⱳ, ℧�. 
Verification (Ver): The involvements are the public key `, 

the message n, and the signature б ← �Ⱳ, ℧�.  

1. Calculate Ɣ ← Ң��Ɱ�, ƪ1 ← ƔϒⱲ@ �`�ϒ℧@ �ɡ��b�_ ƥ� and Ⱳ1 ←  Ң��n, ƪ1�.  
2. If Ⱳ = Ⱳ1, Ver returns true; otherwise, it returns false. 

Reliability of the projected DSS Algorithm:  Since ℧ ←� h −  Ⱳ_��b�_ ƥ�  and ƪ ← Ɣ. ϒk@�ɡ��b�_ ƥ� , h ← �℧ +Ⱳ_��b�_ ƥ� imply ϒⱲ@ �`�ϒ℧@ �ɡ��b�_ ƥ�  ←ϒk@�ɡ��b�_ ƥ� and ƪ1 ←  ƔϒⱲ@ �`�ϒ℧@ �ɡ��b�_ ƥ� ←Ɣ. ϒk@�ɡ��b�_ ƥ� =  ƪ. So Ⱳ1 ← Ң��Ɱ, ƪ1� = Ң��Ɱ, ƪ� = Ⱳ. 

Hence, the signature б ← �Ⱳ, ℧� created by the signing 

algorithm Sign is permanently valid. 

IV. SECURITY EXAMINATION 

Our security model works upon three consecutive levels 

to ensure the safety of the system. Analysis of the sample of 

the security for proposed digital signature techniques is done 

in the first phase. The random oracle and the “provable 

security” are monitored at the second level, with the 

presupposition about the complexity of CCM in the milieus 

of Human-centered Internet and Things. A near-reductionist 

technique is offered at the end to conclude that our DSS 

scheme is competent enough to safeguard and obstruct the 

forgery present in the setup of chosen attacks in ROM 

supposing CCM, which are hard under HC-IoT 

environments. 
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Theorem 4.1. Let Ԍɡ,H be a �t′, Ԑ′�- CCM group, then the DSS 

scheme is Ft, ζҢt , ζҢ& , ζuvw, ԐG −secure against EUF-CMA in 

the ROM, where  

x1 ≈ 3 {|
� + }ℯ "��Ң&;��℧�

� '�and 

Ԑ1 ≈  �Ԑ − 1
2�ƥ �⁄ − F�℧ + �ҢtG�℧2�H �

�
�F�Ңt + 2G

16�Ңt
�

+ �Ԑ
2 − 1

2F�ƥ �⁄ ;�G − F�℧ + �ҢtG�℧
2��H;�� � 

Here }ℯ denotes the expense of calculation of an extended 

exponentiation in Ԍɡ,H group.  

Proof: The security of the DSS scheme is verified by 
taking advantage of the ROM. Suppose we get a EUF-CMA 

invader � where Ft, �Ңt , �Ң& , ζuvw, ϵG −splits the DSS scheme. 

That is, A is a PPT program that is given an extended public 
sequence of random bits and can ask the random oracles  Ң�, Ң�, S a polynomial number of questions. 

As a “simulator”, we want to construct a process �, 
receipts �H, ƥ, ɡ, `� as input. � makes an effort to use � to 
figure out the CCM, i.e., ϒ��ɡ� as a computer programme. 
Process � simulates one or two DSS schemes and turns to 
invader A. Process � replies to hash inquiries Ң�and Ң�  by 
A, signature S inquiries, and strives to run A's probable fakes �Ɱ, σ�   into a CCM, i.e., ϒ�@�ɡ��b�_ ƥ� result. Process � 
launches the first simulation by furnishing �H, ƥ, ɡ, `� and an 
extended sequence of arbitrary bits for A. Then, � counters as 
surveys to A’s inquiries: 

Answering Ң� -oracle inquiries: If A subjects a random 

oracle inquiry �Ɱv, ƪv�  in which  1 ≤  i ≤  ζҢt , � searches 

the  Ң�Ɫ   (inquiry-reply list) in which entries comprise ��Ɱv, ƪv�Ⱳv�  tuples to gain the conforming answer. If 

tuple��Ɱv, ƪv�, Ⱳv� is in  Ң�Ɫ , � responses with Ⱳv . Then � 

uniformly and arbitrary creates Ⱳv from Pƥ∗, replies with it, 

and augments tuple��Ɱv, ƪv�, Ⱳv� to Ң�Ɫ.  
Answering Ң� -oracle inquiries: If � focuses on an 

arbitrary oracle inquiry ( Ɱv ) where 1 ≤  � ≤  ζҢ&  , � 

examining the  Ң�Ɫ  �Ң� -list) for items consisting of ��Ɱv�, Ɣv, tv� Tuples to obtain the appropriate response. If the  Ң�Ɫ  comprises a ��Ɱv�, Ɣv, tv� tuple then � retorts with Ɣv. 
If �Ɱv� is the latest query, � will search for the  Ң�Ɫ. If   Ң�Ɫ  

comprises some ��Ɱv, ƪv�Ⱳv�  tuples, � decides on one  ƪv , 

create tv  from Pƥ∗  uniformly arbitrary, works out Ɣv ←
ƪvϒ|�@ �ɡ��b�_ ƥ� and retorts with Ɣv . � joins  Ң�Ɫ  with ��Ɱv�, Ɣv, tv�.  

If no ��Ɱv, ƪv�Ⱳv� occurs in  Ң�Ɫ, then � uniformly creates tv  at random from Pƥ∗ , computes Ɣv = ϒ|�@ �ɡ��b�_ ƥ� and 

replies with Ɣv. � joins the  Ң�Ɫwith ��Ɱv�, Ɣv, 0�. 

Answering S-oracle inquiries: If � focuses on an enquiry 
for signature (Ɱv ) in which 1 ≤  i ≤  �℧ , � looks up for 

the  �Ɫ  (list of inquiries–answer) in which entries comprise �Ɱv, Ⱳv, ℧v�  to gain the exact answer. If there is �Ɱv, Ⱳv, ℧v� arises in �Ɫ then � replies with�Ⱳv, ℧v�. 

In the circumstance that �Ɱv� is the latest inquiry for 

signature, � searches for the  Ң�Ɫ  for the first time. If  Ң�Ɫ 
comprises a ��Ɱv�, Ɣv, tv� tuple, � decides on Ɣv. Otherwise, � 

uniformly constructs tv at random from Pƥ∗ , figures out Ɣv ←
ϒ|�@ �ɡ��b�_ ƥ�, and includes the tuple��Ɱv�, Ɣv, 0�to the  Ң�Ɫ . 

Then � unvaryingly opts for ℧v, Ⱳv1  from Pƥ∗  at random 

and computes ƪv ← ƔvϒⱲ��
@ �`�ϒ℧�

@ �ɡ��b�_ ƥ�. � retorts with 

�Ɱv, Ⱳv1, ℧v�, upgrades  �Ɱv, Ⱳv1, ℧v�,  to S-list, and upgrades 

the tuple�Ɱv, Ⱳv1, ƪv� to   Ң�Ɫ. In the case of F�Ɱv , ƪv�ⱲvG is in 

the Ң�-list with Ⱳv ≠  Ⱳv1, the simulation will be terminated 
and revived (this regrettable episode is at most ��Ңt;�Ң&�

��ƥ &⁄  probability�. So, it is observed here that the oracles-

based simulation produces atypical outputs compared to real 
attacks. 

We speculate invader � persists in a new permissible 
message and signature tuple �Ɱ, Ⱳ, ℧� with probability ϵ. If � has not looked for Ң� �Ɱ� or Ң��Ɱ, ƪ), the probability is 

�h�Ң�FⱮ, Ң��Ɱ�ϒ℧@ �ɡ�ϒⱲ@ �`�G ← Ⱳ� < @
��ƥ &⁄ ≤ �

��ƥ &⁄  

since both Ң� �Ɱ� and Ң��Ɱ, ƪ ) are chosen randomly. 

Therefore, with the probability"Ԑ − �
��ƥ &⁄ − �℧F�℧;�ҢtG

��H ' that 

the invader � ensues a fresh signature �Ɱ, Ⱳ, ℧� such that Ң��Ɱ, Ң� �Ɱ�ϒ℧@ �ɡ�ϒⱲ@ �`��b�_ ƥ�� ← Ⱳ and Ң� �n�  ∈ Ң�Ɫ ,  Ң��Ɱ, ƪ� ∈  Ң�Ɫ. 

The  Ң�Ɫ comprises two kinds of entries. If Ң� �n�  =ƪϒ|@�ɡ��b�_ ƥ� , then Ң� �Ɱ�ϒ℧@ �ɡ�ϒⱲ@ �`��b�_ ƥ� = ƪ 
denotes ϒ�@�ϒ℧@ �ɡ��ϒⱲ@ �`��b�_ ƥ� = 1, and _ ← �−t − ℧�/Ⱳ. With the belief that the numeral of Ң�-inquiry �n, ƪ� with Ң� �Ɱ�  = ƪϒ|@�ɡ�is ℽƥҢt . Hence the probability of resolving 

the CCM is ℽ in the first simulation. 

We suppose that � acquires the message and signature pair 

(Ɱ�, Ⱳ�,℧�� in the first simulation, with Ⱳ� ← Ң�FⱮ�, ƪ�G and 

Ң�FⱮ�G ≠ ƪ�ϒ| @ �ɡ�.  Process � will commence the second 

simulation with the  �1 − ℽ� probability  if the similar �H, ƥ, ɡ, `�is furnished. � grants the invader � the similar 
random bits arrangement, analogous random replies to 
signature and hash function inquiries identical to the first 

simulation before � requests for Ң�FⱮ�, ƪ�G. 
In this argument, various sequences of random bits, 

different estimates, and signatures for random functions are 
offered by �. The only variance is that if Ң�-inquiry �Ɱ�� is 

demanded after this argument, � retorts with the estimate 
similar to the first simulation. At this point, we make the most 
of the “Forking lemma” in [33]. Our anticipation that produces 

signature FⱮ�, Ⱳ�,℧�G  this time round such that Ң��Ɱv� ≠ƪvϒ|�@ �ɡ��b�_ ƥ� and Ң��Ɱv�ϒ℧�
@ �ɡ�ϒⱲ�

@ �`��b�_ ƥ�  or the 

signatureFⱮ�, Ⱳ′�, ℧′�G with Ⱳ′� ≠ Ⱳ�.   
Thus, now the “Splitting lemma” [34] is working to 

quantify the probability at which � would work as projected. 
Let ¡ represent a set of probable random functions estimates 
and random bits series that bring invader � up to the 

argumentation where � appeals for  Ң�FⱮ�, ƪ�G  and let ¢ 

represent a set of probable random functions estimates and 
random bits series after that. By extrapolation, the probability 
that � produces a forgery by providing a sequence of random 
bits and �_||`�  estimates are ϵ  for any omnipresence _ ∈ U, ` ∈  V. Using “Splitting lemma”, an "agreeable" subset 
happens Ω ∈  ¡ such that: 

(i) �h {_ ∈ Ω  } ≥ ϵ/2. 
(ii) The probability that A dispensed the random bits and 
random estimates arrangements �X||`�  in which  X ∈Ω;  ` ∈ ¢, create a forgery is at least ¦/2. 
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In the first simulation, the arrangements of random bit and 
function estimates given to the argumentation are expected to 
be X. As a result, in the case of any ` ∈ V, the probability that 
A, provided �X||v�, generates a fake in the second simulation 
is �Ԑ/2�� . Fake signature probability  �Ɱv, Ⱳv, ℧v�  with Ң��Ɱv� = ƪvϒ|�@ �ɡ��b�_ ƥ� and 

Ң��Ɱv�ϒ℧�
@ �ɡ�ϒⱲ�

@ �`��b�_ ƥ� = ƪv is δ . Forged signature 

probability FⱮ�, Ⱳ′�, ℧′�G with  Ⱳ′� ≠ Ⱳ� is �1 − ℽ�/��1 −ℽ�ζҢt = 1/�Ңt .  

As far as the second simulation is considered, the 
probability of � solving the CCM will be:  

�Ԑ
2 − 1

2��ƥ �;��⁄ − F�℧ + �ҢtG�℧
2��H;�� �

�
�ℽ�Ңt + 1

�Ңt
� �Ԑ − 1

2F�ƥ �⁄ G
− F�℧ + �ҢtG�℧

2��H� � 

≈ �Ԑ − 1
2�ƥ �⁄ − F�℧ + �ҢtG�℧2�H �

�
�ℽ�Ңt + 1

4�Ңt
� 

In a nutshell, we detect that process � at least solves the 
CCM with probability (nearly): 

�1 − ℽ� �Ԑ − 1
2�ƥ �⁄ − F�℧ + �ҢtG�℧2�H �

�
�ℽ�Ңt + 1

4�Ңt
�

+ ℽ �Ԑ − 1
2F�ƥ �⁄ G − F�℧ + �ҢtG�℧

2��H� � 

In one simulation, the calculation stage is �t + F2�℧ +
ζҢ&G}ℯ�. The concluding stage in the calculation is: 

�1 − ℽ�2Ft + F2�℧ + �Ң&G}ℯG + ℽFt + F2ζ℧ + �Ң&G}ℯG
= Ft + F2ζ℧ + �Ң&G}ℯG�2 − ¨�. 

The probability ℽ approximation is as follows: Only one Ң�-inquiry and one Ң�-inquiry is tolerable for each n appeal; 
similar to the slightly weaker SO-CMA security system, i.e., 
the invader A appeals �Ɱ, ƪ�for both Ң�-inquiry and one Ң�-
inquiry. Process � retorts concurrently with Ң��Ɱ, ƪ� = Ⱳ, 
and Ң��Ɱ� = ƪ ϒ|@�ɡ��b�_ ƥ�. In this case, ℽ =  1. We are 
assured of compelling reductionist proof for safety.  

Each Ң�-query �Ɱ, ƪ� is subsequently the Ң�-query �Ɱ� is 
in contradiction to this optimistic estimate. Consequently, we 
find suitable security reductionist proof identical to the 
Schnorr signature system when ℽ =  0. We are eclectically 
letting ℽ =  1/2 since the set of random bits and function 
estimates invader � offers are random. As a result: 

x1 ≈ 3 {|
� + }ℯ "��Ң&;��℧�

� '� and 

Ԑ1 ≈  �Ԑ − 1
2�ƥ �⁄ − F�℧ + �ҢtG�℧2�H �

�
�F�Ңt + 2G

16�Ңt
�

+ �Ԑ
2 − 1

2F�ƥ �⁄ ;�G − F�℧ + �ҢtG�℧
2��H;�� � 

It should be observed that the efficacy of the reductionist 
technique is subjected to Ң�-query command and  Ң�-inquiry 
for the indistinguishable message that invader A is asking for. 
Thus, we have a reason to presume that this reductionist proof 
is comprehensive, lying amidst loose and tight ([35]). 

The security of hash functions is as follows: To get a 
digital signature, we set ƥ to 160 bits. By birthday attacks, it 

is simple to reclaim Ɱ and Ɱ1messages such that Ң��Ɱ, ƪ� =Ң��Ɱ1, ƪ� and the hash estimate of Ң� is 80 bits. If the invader 
requisites a signature on Ɱ, the signature of the signer would 
be centered on a random number ƪ1rather than ƪ. Even though 
we are in doubt about the possibility of the outcome, other n′ 
message with Ң��Ɱ, ƪ� = Ң��Ɱ1, ƪ′�, we are in no doubt that 
finding n1  with Ң��Ɱ1� = Ң��Ɱ�  is unachievable for the 
reason that the hash estimate of Ң� is at least 1024 bits.  

Meanwhile, no mechanism will be able to recuperate ℧, Ⱳ 
from the multivariate congruence Ң��Ɱ, Ң��Ɱ�ϒ℧@ �ɡ�ϒⱲ@ �`��b�_ ƥ�  or find ƪ, ℧ from Ң��Ɱ�ϒ℧@ �ɡ�ϒҢt�Ɱ,ƪ�@ �`��b�_ ƥ� = ƪ. The probability is high 

because the ROM assumes that hash functions are perfect. Prƪ∈ªH�Ң��Ɱ, ƪ� = Ⱳ«∀Ɱ ∈ {0,1}∗, ∀ Ⱳ ∈ 2ƥ �⁄ � =
�

��ƥ &⁄ . 

V. CONCLUSION  

   The security of sensitive information/data is essential in HC-

IoT platforms to protect against forgery attacks. The digital 

short signature scheme is a tested option for confirming the 

proprietorship and legitimacy of interacting parties in 

asymmetric key cryptography. This article uses Conformal 

Chaotic Maps (CCM) for protected communication in the 

HC-IoT environment to demonstrate an efficient, provably 

secure method for digital signatures. Underneath the EUF-

CMA at ROM, the projected DSS-CCM scheme is 

existentially unforgeable. Overall, key findings revealed that 

it is more difficult to crack the projected DSS-CCM scheme 

than the conventional DSA, based on a discrete logarithm. 

Future work would investigate the implementation of the 

projected DSS-CCM scheme in a realistic HC-IoT 

environment. 

REFERENCES 

[1] J. Chin, V. Callaghan, and S. B. Allouch, “The Internet-of-Things: 

Reflections on the past, present and future from a user-centered and 
smart environment perspective”, Journal of Ambient Intelligence 

and Smart Environments, vol. 1, pp. 45–69, 2019. DOI. 

10.3233/AIS-180506. 
[2] M. Dachyar, T. Y. M. Zagloel, and L. R. Saragih, “Knowledge 

growth and development: internet of things (IoT) research, 2006–

2018”, Heliyon, vol. 5, no. 8, pp. e02264, 2019. 
[3] P. P. Ray, “A survey on Internet of Things architectures”, Journal 

of King Saud University – Computer and Information Sciences, vol. 

30, no. 3, pp. 291-319, 2018. 
[4] S. Zeadally, and O. Bello, “Harnessing the power of Internet of 

Things based connectivity to improve healthcare”, Internet of 

Things, vol. 100074, pp. 1-14, 2019. 
https://doi.org/10.1016/j.iot.2019.100074  

[5] C. Peng, J. Chen, M. S. Obaidat, P. Vijayakumar, and D. He, 

“Efficient and Provably Secure Multi-receiver Signcryption Scheme 
for Multicast Communication in Edge Computing”, IEEE Internet 

of Things Journal, 2019, DOI. 10.1109/JIOT.2019.2949708. 
[6] G. K. Verma, B. B. Singh, N. Kumar, M. S. Obaidat, D. He, and H. 

Singh, “An Efficient and provable certificate-based proxy signature 

scheme for IIoT environment”, Information Sciences, vol. 518, pp. 
142-156, 2020. 

[7] A. H. Sodhro, M. S. Obaidat, Q. H. Abbasi, P. Pace, S. Pirbhulal, G. 

Fortino, M. A. Imran, and M. Qaraqe, “Quality of Service 
Optimization in an IoT-Driven Intelligent Transportation System” 

IEEE Wireless Communications, vol. 26, pp. 10-17, 2020. 

[8] H. Suo, J. Wan, C. Zou and J. Liu, “Security in the Internet of 
Things: A Review”, In 2012 Int. Conf. on Computer Science and 

Electronics Engineering, Hangzhou, pp. 648-651, 2012. 

[9] M. A. Iqbal, O. G. Olaleye and M. A. Bayoumi, “A Review on 
Internet of Things (IoT): Security and Privacy Requirements and the 

Solution Approaches”, Global Journal of Computer Science and 

Authorized licensed use limited to: NYSS'S Yeshwantrao Chavan College of Engineering. Downloaded on November 07,2022 at 07:10:49 UTC from IEEE Xplore.  Restrictions apply. 



 

 

Technology: E Network, Web & Security, vol. 16, no. 7, ver. 1.0, 

2016. 
[10] X. Liu, M. Zhao, S. Li, F. Zhang and W. Trappe, “A Security 

Framework for the Internet of Things in the Future Internet 

Architecture”,  Future Internet, vol. 9, no. 3, pp. 27, 2017. 
[11] A. R. Sfar, E. Natalizio, Y. Challal and Z. Chtourou,  “A Roadmap 

for Security Challenges in Internet of Things”,  Digital 

Communications and Networks, vol. 4, no. 2, pp. 118-137, 2018. 
[12] C. Maple, “Security and privacy in the internet of things”, Journal 

of Cyber Policy, vol. 2, no. 2, pp. 155-184, 2017. 

[13] M. M. Noor and W. H. Hassan, “Current research on Internet of 
Things (IoT) security: A survey”, Computer Networks, vol. 148, pp. 

283-294, 2019. 

[14] J. Porras, J. Khakurel, A. Knutas and J. P¨ank¨al¨ainen, “Security 
Challenges and Solutions in the Internet of Things”, Journal of 

NBICT, vol. 1, pp. 177-206, 2018. 

[15] S. Zeadally, A. K. Das, N. Sklavos, “Cryptographic technologies 
and protocol standards for Internet of Things”, Internet of Things, 

100075, 2019. 

[16] R. W. Ibrahim, R. M. Elobaid, S. J. Obaiys, “Symmetric  
Conformable  Fractional  Derivative  of  Complex Variables”, 

Mathematics, vol. 8, no. 363, 2020, doi:10.3390/math8030363 

[17] E. F. Doungmo Goufo, “Fractal and fractional dynamics for a 3D 
autonomous and two-wing smooth chaotic system”, Alexandria 

Engineering Journal, pp. 1-8, 2020, 

https://doi.org/10.1016/j.aej.2020.03.011 
[18] R. Rivest, A. Shamir and L. Adleman, “A Method for Obtaining 

Digital Signatures and Public-Key Cryptosystems”, 
Communications of the ACM, vol. 21, no. 2, pp. 120–126, 1978. 

[19] T. ElGamal, “A Public-Key Cryptosystem and a Signature Scheme 

Based on Discrete Logarithms”, IEEE Transactions on Information 
Theory, vol. 31, no. 4, pp. 469–472, 1985. 

[20] D. Johnson, A. Menezes and S. Vanstone, “The elliptic curve digital 

signature algorithm (ECDSA)”, International journal of 
information security, vol. 1, no. 1, pp. 36-63, 2001. 

[21] S. K. Hafizul Islam, “Identity-based encryption and digital signature 

schemes using extended chaotic maps”, IACR Cryptology, ePrint 
Archive, vol. 275, 2014.  

[22] L. Shen, J. Ma, X. Liu, F. Wei and M. Miao, “A Secure and Efficient 

ID-Based Aggregate Signature Scheme for Wireless Sensor 
Networks”, IEEE Internet of Things Journal, vol. 4, no. 2, pp. 546-

554, 2017. 

[23] C. Esposito, A. Castiglione, F. Palmieri and A. D. Santis, “Integrity 
for an Event Notification Within the Industrial Internet of Things by 

Using Group Signatures”, IEEE Transactions on Industrial 

Informatics, vol. 14, no. 8, pp. 3669-3678, 2018. 
[24] G. Ateniese, D. Song and G. Tsudik, “Quasi-efficient revocation of 

group signatures”, Proc. of the 6th Financial Cryptography 

Conference, Lecture Notes on Computer Science, vol. 2357, pp. 88–
98, 2016. 

[25] J. C. Mason and D. C. Handscomb, “Chebyshev polynomials”, 

Chapman & Hall/CRC, Boca Raton, 2003. 
[26] P. Bergamo, P. D’Arco, A. Santis and L. Kocarev, “Security of 

public key cryptosystems based on  Chebyshev polynomials”,  IEEE 

Trans Circuits Syst I, vol. 52, no. 7, pp. 1382–1393, 2005. 
[27] S. Han and E. Chang, “Chaotic map based key agreement with/out 

clock synchronization”,  Choas  Soliton and Fractals, vol. 39, no. 3, 

pp. 1283–1289, 2009. 
[28] L. Zhang, “Cryptanalysis  of  the  public  key  encryption  based  on  

multiple  chaotic  systems”, Chaos Solitons and Fractals, vol. 37, 

no. 3, pp. 669–674, 2008. 
[29] F. Chen, X. Liao, K. W. Wong, Q. Han and Y. Li, “Period 

distribution analysis of some linear maps”, Commun Nonlinear Sci. 

Numer. Simul, vol. 17, pp. 3848–3856, 2012. 
[30] C. Meshram, C. C. Lee, S. G. Meshram and C. T. Li, C.T, “An 

efficient ID-based cryptographic transformation model for extended 

chaotic-map-based cryptosystem”, Soft Computing, vol. 23, no. 16, 
pp. 6937-6946, 2019. 

[31] C. Meshram, C. T. Li and S. G. Meshram, “An efficient 

online/offline ID-based short signature procedure using extended 
chaotic maps”, Soft Computing, vol. 23, no. 3, pp. 747-753, 2019.  

[32] D. R. Anderson, E. Camrud, D. J. Ulness, “On the nature of the 

conformable derivative and its applications to physics”, arXiv 
preprint arXiv:1810.02005, 2018. 

[33] Z. Shao, “A provably secure short signature scheme based on 

discrete logarithms”, Information Sciences, vol. 177, no. 23, pp. 
5432-5440, 2007. 

[34] M. Bellare and P. Rogaway, “Random oracles are practical: a 

paradigm for designing efficient protocol”, Proc. of the 1st ACM 
Conference on Computer and Communication Security, ACM Press, 

New York, pp. 62–73, 1993. 

[35] E. J. Goh and S. Jarecki, “A signature scheme as secure as the 
Diffie–Hellman problem”, Proc. of Eurocrypto’03, LNCS, Springer-

Verlag, Berlin, vol. 2656, pp. 401–415, 2003. 

[36] H. Cui, R. H. Deng, J. K. Liu, X. Yi and Y. Li, “Server-Aided 
Attribute-Based Signature With Revocation for Resource-

Constrained Industrial-Internet-of-Things Devices”, IEEE 

Transactions on Industrial Informatics, vol. 14, no. 8, pp. 3724-
3732, 2018. 

[37] G. Zhang, Y. Liao, Y. Fan, Y. Liang, “Security Analysis of an 

Identity-Based Signature from Factorization Problem”, IEEE 
Access, vol. 8, pp. 23277–23283, 2020. 

[38] C. Meshram and M. S. Obaidat, “An Efficient Provably Secure IBS 

Technique using Integer Factorization Problem”, Lecture Notes in 
Networks and Systems, Springer (IC4S 2019), vol. 121, pp. 427-439, 

2020. 

[39] M. A. Mughal, X. Luo, A. Ullah, S. Ullah and Z. Mahmood, “A 
Lightweight Digital Signature Based Security Scheme for Human-

Centered Internet of Things”, IEEE Access, vol. 6, pp. 31630-31643, 

2018. 
[40] A. M. Benasser and A. Samsudin, “A new Identity Based Encryption 

(IBE) scheme using extended Chebyshev polynomial over finite 

fields Zp”, Physics Letters A, vol. 374, no. 46, pp. 4670-4674, 2010. 
[41] M. H. Ibrahim, S. Kumari, A. K. Das, M. Wazid and V. Odelu, 

“Secure anonymous mutual authentication for star two-tier wireless 
body area networks”, Computer methods and programs in 

biomedicine, vol. 135, pp. 37-50, 2016. 

[42] O. Mir, T. van der Weide and C. C. Lee, “A Secure User Anonymity 
and Authentication Scheme Using AVISPA for Telecare Medical 

Information Systems”, J. Med. Syst., vol. 39, no. 89, pp. 1-16, 2015,  

DOI 10.1007/s10916-015-0265-8 
[43] C-C. Lee, C-T. Li, S-T. Chiu and Y-M. Lai, “A new three-party-

authenticated key agreement scheme based on chaotic maps without 

password table”, Nonlinear Dynamics, vol. 79, no. 4, pp. 2485-2495, 
2014a. 

[44] C-C. Lee, D-C. Lou, C-T. Li and C-W. Hsu, “An extended chaotic-

maps-based protocol with key agreement for multiserver 
environments”, Nonlinear Dynamics, vol. 76, no. 1, pp. 853-866, 

2014b. 

[45] C-C. Lee, C-T. Li, C-W. Hsu, “A three-party password-based 
authenticated key exchange protocol with client anonymity using 

extended chaotic maps”, Nonlinear Dynamics, vol. 73, no. 1-2, pp. 

125-132, 2013b. 
[46] C-C. Lee and C-W. Hsu, “A secure biometric-based remote client 

authentication with key agreement scheme using extended chaotic 

maps”, Nonlinear Dynamics, vol. 71. no. 1-2, pp. 201-211, 2013. 
[47] C-C. Lee, C-L. Chen, C-Y. Wu, S-Y. Huang, “An extended chaotic 

maps-based key agreement protocol with client anonymity”, 

Nonlinear Dynamics, vol. 69, no. 1-2, pp. 79-87, 2012. 
[48] C. Meshram, A. L. Imoize, A. Aljaedi, A. R. Alharbi, S. S. Jamal, 

S.K. Barve,  “A Provably Secure IBE Transformation Model for 

PKC Using Conformable Chebyshev Chaotic Maps Under Human-
Centered IoT Environments”, Sensors, vol. 21, no. 21, pp. 7227, 

2021. 

[49] C. Meshram, A. L. Imoize, S. S. Jamal, P. Tambare, A. R. Alharbi, 
and I. Hussain, “An Efficient Three-Factor Authenticated Key 

Agreement Technique Using FCM Under HC-IoT Architectures,” 

Computers, Materials & Continua, vol. 72, no. 1. pp. 1373–1389, 
2022, doi: 10.32604/cmc.2022.024996. 

[50] C. Meshram, A. L. Imoize, S. S. Jamal, A. Aljaedi, and A. R. 

Alharbi, “SBOOSP for Massive Devices in 5G WSNs Using 
Conformable Chaotic Maps,” Computers, Materials & Continua, 

vol. 71, no. 3. pp. 4591–4608, 2022, doi: 

10.32604/cmc.2022.022642. 

Authorized licensed use limited to: NYSS'S Yeshwantrao Chavan College of Engineering. Downloaded on November 07,2022 at 07:10:49 UTC from IEEE Xplore.  Restrictions apply. 



9/29/22, 12:07 PM Numerical Solution of Laplace and Poisson Equations for Regular and Irregular Domain Using Five-Point Formula | Springe…

https://link.springer.com/chapter/10.1007/978-981-19-1824-7_18 1/7

Numerical Solution of Laplace and
Poisson Equations for Regular and
Irregular Domain Using Five-Point
Formula

Malabika Adak  

Conference paper First Online: 30 June 2022
98 Accesses

Part of the Lecture Notes in Electrical Engineering book
series (LNEE,volume 897)

Abstract

In many areas of science and engineering, to

determine the steady-state temperature, potential

distribution, electricity, gravitation, Laplace and

Poisson elliptic partial differential equation is

required to solve. It is difficult to obtain an

analytical solution of most of the partial differential

equations that arise in mathematical models of

physical phenomena. So, five-point finite difference

method (FDM) is used to solve the two-dimensional

Laplace and Poisson equations on regular (square)

and irregular (triangular) region. To solve partial

differential equation, specific boundary conditions

Search Log in

Applied Analysis, Computation and Mathematical Modelling in
Engineering pp 271–281

https://link.springer.com/bookseries/7818
https://link.springer.com/
https://link.springer.com/signup-login?previousUrl=https%3A%2F%2Flink.springer.com%2Fchapter%2F10.1007%2F978-981-19-1824-7_18
https://link.springer.com/book/10.1007/978-981-19-1824-7
https://link.springer.com/chapter/10.1007/978-981-19-1824-7_18/cover


 



Developing a framework of beta cryptosystem 
based on Santilli’s isofields second-kind  

Akshaykumar Meshram*

Department of Applied Mathematics, 
Yeshwantrao Chavan College of 

Engineering, 
Nagpur, M.S., India 441110 

akshaykjmeshram@gmail.com  
*Corresponding Author 

Rupesh Pohane 
Department of Applied Mathematics, 

Suryodaya College of Engineering and 
Technology, 

Nagpur, M.S., India 440027 
rupeshpohane@gmail.com

Roshan Thakre 
Department of Mathematics,

Dharampeth M.P.Deo Memorial 
Science College,

Nagpur, M.S., India 440033 
rthakre57@gmail.com

  

Abstract— Society initiated use of several gadgets for 
various purposes with the expansion in high-tech mechanisms, 
smart devices etc. So, there is enormous interest of data safety 
in cyberspace. The present endeavor takes the unique 
framework to create beta cryptosystem built on santilli’s 
isofields second-kind , its safety is located in generalized 
isodiscrete-logarithm-problem , isointeger-
factorization-problem  and  in the isoproduct 
isogroup of isofinite . To break the proposed framework 
of  is to search isonumber from  and numerate both 
discrete  and  side by side in the isoproduct 
isogroup of isofinite  in order to fetch genuine plaintext 
against the available cipertext and therefore present 
framework is feasible to succeed a greater level of safety. 

Keywords— public key cryptosystem , ,
and . 

I. INTRODUCTION 

In 1976, Diffie-Hellman recommended framework of key 
establishment mechanism for safe transmission between two 
subscribers, each subscriber requires two keys, namely, 
public key for encrypt the data in the form of ciphertext and 
secret key for decrypt ciphertext to retrieve original data [1]. 
The Diffie-Hellman key establishment mechanism is an 
important aspect in securing cyberspace. Henceforth, various 

 mechanisms were recommended and built on hard 
mathematical constructions that safety is reliant on the 
unfeasible factoring of enormous digit [2], insolubility of 
computing the square root modulo of enormous composite 
digit [3]. An effective  framework built on  that is 
complexity of prime field or elliptic curve described over a 
finite field recommended by ElGamal [4]. If mathematical 
construction for  and  are determined then entire 

 built on  and  are not authentic. Thus, 
built on particular mathematical construction have safety 
concerns, consequently scholars have recommended 
framework built on multiple hard mathematical 
constructions. Numerous  framework built on jointly 

 and [5-12].  In 2017, Meshram et al. 
recommended few  frameworks built on mathematical 
construction based on  and  [13-
15]. A new perspective of  frameworks built on 

 recommended in [16].  In 2020, Meshram et al. 
recommended key exchange frameworks built on Santilli’s 
isomathematics [17]. Futhermore, in 2021, Dani et al. 
recommended key exchange frameworks built on  first-
kind and  [18-19], Thatere et al. recommended 
framework built on  first-kind [20] and Meshram et al. 

offered extended chaotic maps based off-line electronic cash 
protocol [21]. 

Unfortunately,  frameworks built on  and 
have safety concerns as per our observation. Thus, we have 
recommended a novel  built on ,  and 
along its guaranteed safety, furthermore, we validated that it 
is enormously effective to be implemented in the cyberspace. 

Accordingly, this article is separated into five parts. 
Mathematical background is explained in 
followed by  which describes the  framework. 
In , we have given subsidiary example for 
validation of recommended  followed by  which 
gives detailed safety analysis and efficiency performance. 
The last  delivers the Conclusion. 

II. RESPECTIVE MATHEMATICAL MATERIAL

In this part, we will shortly present the respective 
mathematical material used to create   built on ,
along with   and  over isofields. 

A. Mathematical construction of  
If the isounit belong to the original field  and inverted 

isounit  satisfy  such that   then the 
product describe as  for each 

 not raised to  satisfy every theorem of a 
field is known as isoproduct in  [22]. 

B. Mathematical construction of  
The problem is to search an isonumber 

satisfy   for cyclic isogroup  of order , a 
primitive isoroot  of the isogroup isonumber  is known 
as . 

C. Mathematical construction of  
The problem is to compute decomposition for positive 

isointeger  into isoprime isonumbers 
 is known as . 

III. PROPOSED THE RECOMMENDED FRAMEWORK

In this part, we have developed a framework of  by
utilizing  over isofield. The framework is inclusive of 
three procedures: 
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Procedure-A: Key Design Mechanism: 

Runs under below mentioned mechanism by subscriber-I for 
key design

i. Elect dual  and , an extensive isoprime 
isonumbers with identical size. 

ii. Compute isonumbers  satisfy the 
isoeulerphi operate . 

iii. Elect a random isonumbers  belong to 
satisfy greatest common divisor of  and  is 
unity. 

iv. Elect a random isonumbers 
and certain random isonumbers  of the 
isoproduct isogroup  for computing

.  
v. Utilizing extended Euclidean mechanism to 

compute  for unique isonumbers 
.    

Hence,  is an asymmetric isokey for 
corresponding isoprivate isokey 

Procedure-B: Encryption Mechanism 
Runs under below mentioned mechanism by subscriber-II 
for encrypt the data  to subscriber-I: 

i. By utilizing asymmetric isokey , an 
original data as  satisfy , hashed 
and assume that the resultant in the form of 

ii. The ciphertext represents as 

Procedure-C: Decryption Mechanism 
Runs under below mentioned mechanism by subscriber-I to 
recover the original data  against the ciphertext

i. Compute 
   

ii. Then compute 
iii. Compute  to recover the original 

data

IV. SUBSIDIARY EXAMPLE FOR VALIDATION OF 
RECOMMENDED FRAMEWORK:

In this part, we have tested a subsidiary example for 
validation of recommended  framework: 

Procedure-A: Key Design Mechanism: 
Runs under below mentioned mechanism by subscriber-I

for key design 

i. For given isonumbers  compute the isoeulerphi 
operate . 

ii. Elect a random isonumbers
satisfy 1.

iii. Elect a random isonumbers 
 and certain random isonumbers 

of the isoproduct isogroup  for 

computing
.   

iv. Utilizing extended Euclidean mechanism to 
compute  for unique 
isonumbers .  
  

Hence,  is an asymmetric isokey for 
corresponding isoprivate isokey 

Procedure-B: Encryption Mechanism 

Runs under below mentioned mechanism by subscriber-
II for encrypt the data  to subscriber-I: 

i. By utilizing asymmetric isokey , an 
original data as  satisfy , hashed 
and assume that the resultant in the form of 

ii. The ciphertext represents as 

  

Procedure-C: Decryption Mechanism 
Runs under below mentioned mechanism by subscriber-I

to recover the original data  against the ciphertext 

i. Compute 
. 

ii. Then compute 
iii. Compute  to 

recover the original data 

V. SAFETY ANALYSIS AND EFFICIENCY PERFORMANCE

     In this part, we have analyzed the safety and 
efficiency performance of recommended  framework 
in following sub-part;    

A. Consistency:
By showing below mentioned theorem to validate my 

recommended cryptosystem. 

Theorem: If isokey design mechanism and encryped
mechanism run efficiently then decrypted mechanism of 
encryption data in decrypted mechanism is appropriate. 

Proof: If all encrypted data is correct then ciphertext  
 in encryption mechanism and 

 in decryption 
mechanism, 

And ,

  

B. Safety Analysis: 
The recommended framework of  is safe against 
below mentioned offensives, if attacker is unable to 
search , an isounit of 
It show that the  framework is safe against under 
mentioned common offensives, if attacker is able to 

2
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search . 
- Isodirect offensive: By using the isonumber isofield sieve 
mechanism that is built on the size of isomodulus 
attacker has to compute  and  Elect dual  and 

with   and , an extensive isoprime isonumbers with 
identical size (of size 512-bit each) such that isomodulus 

 to increase the safety of recommended 
framework. 
- Isofactoring offensive: Assume that attacker have the 
confidential isonumbers  and recover the original data 
by exclude  from ciphertex . On the other hand 
still difficult to compute and therefore attacker would fail. 
-Isodiscrete logarithm offensive: Assume that attacker 
recover the original data from ciphertex  by computing 

 and able to search confidential isonumbers  as 
attacker will aware to  and 

. Regrettably, to recover the original data, 
attacker need have the confidential isonumbers  but this is 
infeasible as  is difficult to compute. 

C. Efficiency performance: 
For investigation and execution of the recommended 

framework in terms of transmission costs, isonumber of 
isokeys, and numerical intricacy. , ,
, ,  and  is the duration  taken for 
performing isomodular isoexponentiation, isoproduct, 
isosquare, isosquare-root, isoinverse  and isohash map 
computation respectively.  

TABLE I. JUXTAPOSITION BETWEEN RECOMMENDED 
FRAMEWORK AND SIMILAR SUGGESTED FRAMEWORK IN [30] 

VI. CONCLUSION 

In this article, we have recommended new  framework 
built on ,  and  in the isoproduct isogroup 
of isofinite isofields . If attacker is capable to compute 
mentioned offensive together then developed  framework 
is broken and this is enormously unfeasible to happen. The 
offered  framework remains safe as another problem is 
difficult to compute at the best in more timeframe. If the 
attacker anyhow achieves to search confidential isonumbers 
to one of the primary hard problem. Moreover, 
recommended  framework is safe against the isodirect 
offensive, the isofactoring offensive and the isodiscrete 
logarithm offensive. 
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I Introduction 
In recent years, among the various nanostructured carbon 
compounds, graphene and carbon nanofibers (CNFs) have 
attained an increasing amount of interest for their use in 
supercapacitors. Among the 2D materials, graphene is the 
most recent discovery and is composed of a single layer of 
carbon atoms [1-3], and is characterised by its unusual band 
structure with its quasi-particles similar to massless, chiral 
fermions.  
Graphene has outstanding mechanical capabilities and a 
massive specific surface area (up to 3100 m2/gm for a single 
graphene nanosheet), making it a promising material for a 

Effect of graphene on electrochemical performance 
of carbon nanofibers synthesized by electrospinning 
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Abstract-Carbon nanofibers (CNFs) of polyacrylonitrile 

(PAN)/N,N-dimethyl formamide (DMF) solution were 

synthesized by electrospinning method proceeded by 

stabilisation and carbonization in a  tubular furnace of quartz. 

The electrochemical behaviour of the prepared sample was 

improved by employing Graphene nanosheets and porous 

graphene/carbon nanofibers (G/CNFs) via electrospinning 

technique were prepared. Further prepared samples were 

examined by UV–VIS spectroscopy and scanning electron 

microscopy (SEM) . These studies reveal nanoscale fibres   of 

CNFs and G/CNFs with varying diameters from 300-600 nm 

with substantial porosity. The electrochemical performance of 

as prepared(pure) and Graphene embedded samples were 

studied at various scan rates using cyclic voltammetry. Pure 

CNFs exhibit a deformed rectangular CV curve with sharp 

redox peaks, whereas G/CNFs have a roughly rectangle- 

profile without redox peaks analogous to double-layer 

capacitor. Galvanostatic charge - discharged technique was 

employed for the measurement of specific capacitance. 

Samples CNFs and G/CNFs reflect improved electrochemical 

performance that may be corelated to the interlaying graphene 

nanosheets, which improves the internal electrical 

conductivity of G/CNFs. 

Keywords- PAN nanofibers, Carbon nanofibers, 

Electrospinning, Graphene/ carbon nanofibers Electrochemical 

performance. 

variety of applications with exceptional thermal and 
electrical conductivity and is simple to fabricate and 
functionalize [4-10]. 
Massive volumes of slough graphene nanosheets from 
natural graphite were created inexpensively and without 
chemical oxidation, till date. As a novel class of carbon 
nanomaterials. These graphene nanosheets having a 
thickness of 3-5 nm and  few monolayers exhibit amazing 
physical properties with good chemical properties[11]for 
Energy conversion and storage via electrochemistry. The 
porous electrodes of high-specific-capacitance 
supercapacitors, which are primarily based on the 
arrangement of graphene thin sheet into an aqueous 
electrolyte, have been infused with many graphene-based 
nanomaterials. [12] 

The distinctive surface carbon orbital stacking patterns, 
CNFs have more functionalized surface area than CNTs. 
Recent research indicates that CNFs can enhance the 
kinetics of electron transport, reduce electrode surface 
fouling, and increase electrocatalytic activity in 
electrochemical investigations.[13]

Electrospinning is a low-cost, scalable, nonmanufacturing 
technique for creating nanofibers of polymers, composite, 
polymer-derived carbon materials, metals, metal oxides, 
ceramics, and other materials. It also offers a variety of 
methods for producing low-cost, porous, nanofibrous 
electrodes that might be utilised in supercapacitors and 
rechargeable batteries. CNFs, which are produced by 
carbonising manufactured electro-spun polymer nanofibers, 
display exceptional electrical and thermal conductivities as 
well as excellent connectivity for electrical and thermal 
current transmission, attracting the attention of material 
scientists and engineers worldwide. [11] 
The chemical and physical characteristics of the electrode 
material employed in supercapacitors are crucial to the 
performance of many carbon-based storage devices. [13-

15]As the electrode materials have a significant impact on
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the electrochemical performance of energy storage devices, 
it is critical to develop materials with high capacitance and 
power density in order to satisfy the needs of industry. 
Electrode electrochemical performance is affected by 
characteristics such as surface area, pore diameter, surface 
functions that facilitate a fast oxidation-reduction process, 
and electrical conductivity. 
Electrodes made from carbonaceous materials are now 
under development because to their great chemical stability, 
low toxicity, low cost, and simplicity of manufacture. 
[16,17] Electrospun carbon nanofibers are an excellent 
option for electrode materials due to their high surface area 
and porosity. However, current applications of carbon 
nanofibers in supercapacitors have restricted their energy 
and power density. Aiming to improve the carbon 
nanofibers' electrochemical performance, modifications are 
made to the material. Nonwoven carbon webs were 
produced by Kim et al. by electrospinning[18]. 
Extended activation time during carbonization was 
demonstrated to be beneficial in the production of porous 
structural fibres. Fibre surface area increased, leading to 
improved capacitance. Similarly, carbon nanofibers with a 
porous structure may be generated by adding poly-methyl-
hydro siloxane (PMHS) to the PAN precursor chemical 
mixture[19]. We built supercapacitor electrodes using 
continuous graphene-embeaded CNFs (G/CNFs). 
The objective of this research was to emphasise electrospun 
CNFs' continuity and electrical conductivity and graphene's 
huge specific surface area along with strong electrical 
conductivity for storage  of electrical energy. 
Electrospinning a solution made of polyacrylonitrile (PAN) 
and N,N-dimethylformamide (DMF) containing oxidised 
graphene nanosheets, then stabilising and finally 
carbonising the resulting porousG-CNFs was used to make 
them. Characterization and comparison with pure 
electrospun CNFs were performed on the electrochemical 
characteristics and chemical geometryof the innovative 
G/CNFs based electrodes. 

II. Experimental Techniques

A. Synthesis Materials 

Poly-acrylonitrile (PAN, Mw = 150,000) powder and N,N-
dimethylformamide(DMF, 99%) were purchased from 
SigmaAldrichChemical Co. XG Sciences, Inc.(Lansing, 
MI,USA) provided highly graphitic graphene nanosheets 
that were as-grown.The average thickness of the oxidised 
graphene nanosheets was 6-8 nm, and they included oxygen 
at a weight percent of 1 wt%. No additional purification or 
alterations were made to any of the compounds before their 
use. 

B. Synthesis of G/CNF films 

Electrospinning yielded graphene-embeaded polyaniline 
(G/PAN) nanofibers, which were then employed as a 
starting material in the fabrication of graphene carbon 
nanotubes (G/CNFs). For the purpose of electrospinning 
G/PAN nanofibers, the following solution was prepared: 
grapheme nanosheets and PAN in DMF. PAN powder 

dissolved in DMF to form an 8wt% solution, and then 
oxidised graphene nanosheets (0.2 wt%) in DMF were 
added and stirred for 1hr at 60°C.For the electrospinning 
procedure the ready-to-use solution was poured into a 
syringe that had a stainless-steel spinneret attached to it, and 
it was then connected to a source of positive high-voltage 
DC power. The nanofibers were collected using a 
laboratory-made, 33-cm-diameter metal disc that was 
grounded electrically. 

By providing a positive dc voltage of 18 kV across a gap of 
22 cm across the spinneret and the grounded nanofiber 
collector, a strong DC electric field of 75-80 kV /m was 
produced. A digital flow controller, was employed to keep 
the electrospinning solution flowing at a steady 0.6 ml/hr.  

After going through electrospinning, the synthesized 
G/PAN fiber films that were generated were scraped off the 
aluminium foil that was on the rotating discand then dried 
at 80 °Cin an oven for 10hr before undergoing stabilisation. 
In a tubular furnace of quartz, the as-prepared G/PAN 
nanofiber films were stabilised and carbonised. 
For oxidative stabilisation of PAN, the G/PAN nanofiber 
films that had been electrospun were first heated at a rate of 
1 degree Celsius per minute and then maintained at a 
temperature of 250 degrees Celsius for one hour in air. The 
film was then carbonised while the temperature was raised 
from 200°C to 800 °C in a nitrogen environment at a rate of 
5 °C per minute and annealed at for 30 minutes at 800 °C. 
After that, the furnace was cooled by lowering the 
temperature 400 degrees Celsius in nitrogen, and the 
temperature kept constant at that level for one hour by 
injecting air. This step was essential for the activation of the 
carbonised G/PAN nanofibers.[20,21].

For the comparative study, pure CNF films were also 
synthesised utilising an 8 wt% PAN/DMF solution and the 
aforementioned processing conditions. 

C. Sample Characterization 

Both the CNF and G/CNF sample’s surface morphology 
were studied by means of a scanning electron microscope 
(Carl Zeiss EVO18). UV-Visible spectroscopy was used to 
investigate the chemical composition of porous G/CNFs. 

D. Electrochemical measurement 

The electrochemical efficiency of three-electrode cells was 
studied. The specimen was mounted on a support that also 
functioned as the instrument's working electrode. In the 
three-electrode testing, a platinum foil served as the counter 
electrode and  SCE electrode served as the reference 
electrode (0.242 V vs. SHE). Nitrogen was removed from a 
0.5 M Na2SO4 electrolyte. The electrolyte was 0.5 M 
Na2SO4, which is a very dilute solution. Each sample's mass 
was calculated before the electrochemical tests were 
performed. 
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III. Results and discussions
A. Morphology and structural characterization 

Typical scanning electron images of CNFs and G/CNFs are 
shown in Fig. 1. (a) and Fig. 1.(b) respectively. These CNFs 
had a diameter varying from 300 to 600 nm and a very 
smooth surface, and they were created by carbonising the 
precursor as-electrospun PAN nanofibers at 800oC. 

Fig. 1.  (a): SEM image of CNFs; and (b) SEM image of G/CNFs. 

Fig. 1. (b) illustrates how graphene inclusion causes some 
CNFs to have graphene sheets deposit on them. Due to their 
high electrical conductivity and large surface area, graphene 
nanosheets may allow for thinner electrodes and a reduction 
in the need for conductive fillers. [11]

UV-Visible spectra of CNFs and spectra of G/CNFs are 
shown in Fig 2.(a) and 2.(b)  respectively. 

Fig. 2.  (a): UV Spectra of CNFs; and (b) UV Spectra of G/CNFs. 

For CNFs peak is observed at 505 nm and for G/CNFs peak 
is observed at 445 nm. It shows that by the addition of 
graphene in CNFs peak is shifted toward blue shift. 

B. Electrochemical characterization: 

Cyclic Voltammetric measurements were conducted for 
pure CNFs and G/CNFs to examine their electrochemical 
performance as supercapacitor electrodes in a 6 M KOH 
aqueous solution. Common CV graphs for electrodes of the 
CNF and G/CNF examined at 5–100 mV/s scan rates are 
shown in Fig 3. The CV curves of G/CNF electrodes have a 
roughly rectangular profile, analogous to that of a perfect 
double-layer capacitor, and there are no obvious redox 
peaks. To evaluate the electrochemical behaviour, at 
varying current densities, the GCD performance of 
electrodes made of CNF and G/CNF were investigated. The 
mean specific capacitance (SpC) of all the porous electrodes 
was computed by using: 

C= �

�
×��

��

where I denotes steady charge/discharge current in amperes, 
t indicates discharge period in seconds, V signifies potential 
difference in volts, and M accounts for the combined mass 
of CNFs at the two electrodes during the discharge process 
(g). 
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When the SpC of CNFs and G/CNFs at various current 
densities is analysed in Table 1, it is discovered that G/
CNFs  

Fig. 3 shows the CV curves of carbon nanofibers and 
graphene carbon nanofibers samples at various scan speeds 
ranging from 5 to 100 mV/s. As can be seen in Fig. 3(a) and 
(b), the carbon nanofibers take on a rectangular shape when 
the scan rate is between 5 and 100 mV/s.The optimum 
electrode materials may rapidly and uniformly produce a 
double layer in the linked topography between the electrode 
and the electrolyte. If the voltage scanning direction is 
reversed, the current can quickly return to its steady state. 
For this reason, the cyclic voltammetry curve for the perfect 
electrode material is nearly rectangular. At a scan rate of 5–
100 mVs-1, the integral area of a graphene carbon cyclic 
voltammetry curve is observed. 

Pure CNFs and G/CNFs were evaluated using galvanostatic 
charge-discharge (GCD) measurement.For high-
performance and useful EDLCs, the ability to keep a high 
capacitance during fast the processes is charge/discharge  is 
a must. Using discharge curves, Equation (1) may be used 
to determine the electrode material's specific capacitance 
(Cs). 

�s = �∆�

	
�����
 (1) 

Where, indicates the discharge current,, m defines the active 
material’s mass in the electrode, Δt denotes the time 
required for a full discharge, Vf and Vi denotes respectively 
the potential limits of a full discharge. [22, 23] 

Fig. 4 shows GCD profiles of CNFs and G/CNFs at current 
densities between 0.6A/g and 1.4 A/g. According to the CV 
curves, the shape of the charge/discharge curves looks like 
a triangle. This shows that the electric double-layer 
capacitance is working. At different current densities, Table 
1 shows the specific capacitance CNFs and G/CNFs that 
have been calculated and found to be: 

Table 1: Specific Capacitance of CNFs and G/CNFs at 

different current densities

Current 

Density 

SpC (Fg-1) of CNFs SpC (Fg-1)) of 

G/CNFs

0.6 205.72 608.58 

0.8 182.86 360 

1.0 121.67 316.67 

1.2 116.10 250 

1.4 109.67 233.33 

have larger capacitance than CNFs. G/CNFs have a greater 
supercapacitance because of the additive impact that 
graphene and carbon nanofibers have on one another. 
Graphene may be linked together or shaped into beads in 
order to produce carbon nanofibers, resulting in a 3D porous 
network with a larger surface area of graphene. [21]. 

Fig. 3. (a) CV Curve of CNFs; and (b) CV Curve of G/CNFs. 

a 

b 
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Fig. 4. (a)  GCD of CNFs; and (b) GCD of G/CNFs. 

IV. Conclusion
In this study prepared and structural with electrochemical 
characterization of a porous G/CNFs-based electrode 
material for high-performance batteries and supercapacitor 
is presented. The porous G/CNFs were effectively 
generated throughout the procedure through the process of 
electrospinning a chemical mixture of PAN in DMF that has 
been dispersed with oxidised graphene nanosheets, and then 
carbonising the material in a furnace. The graphene 
nanosheets implanted in carbonised PAN nanofibers had 
good connectivity, which enhanced the specific surface area 
along with the electrical conductivity of the G/CNFs that 
were produced therefore. 
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a b s t r a c t

Chemical oxidative copolymerization has been employed for the synthesis of pyrrole and aniline copoly-
mer at room temperature, in equal proportion. The prepared copolymer was undoped and then further
doped with 10% NiCl2 using immersion method. Structural characterization of self-doped, undoped
and doped copolymer was performed using FTIR, WAXD and SEM techniques. Results reveal the modifi-
cations in the original copolymer structure accompanied by various shifts in the band positions and
appearance of the new bands in IR spectrum due to doping. The X-ray diffractograms reveals presence
of modified and shifted peaks indicating the changes due to doping. The scanning electron micrographs
of undoped and doped copolymers show globular structure due to doping when compared with that of
the parent copolymer. In addition, using two probe methods the dc electrical conductivity of these sam-
ples was recorded in the temperature range of 313 K to 673 K, at a field of 27 V/cm. The log r Versus 1/T
plots of the self-doped and doped samples display the transformation of the sample at a given temper-
ature from metallic to semi conducting and vice versa. The I-V plots for the self-doped and doped copoly-
mer has also been plotted at a fixed temperature of 323 K which shows linear behavior of the samples.
The conductivity measurements show reduction in conductivity of prepared samples thereby suggesting
the presence of bipolarons as charge carrier. The results confirm the effect of doping on the copolymer
properties.
� 2021 Elsevier Ltd. All rights reserved.
Selection and Peer-review under responsibility of the scientific committee of the Global Conference on
Recent Advances in Sustainable Materials 2021.

1. Introduction

The quest of novel materials with improved structural, optical,
electrical and thermal properties has resulted into a series of inves-
tigations. The traditional polymers can be designed and modified
with a view to maximize their processibility and enhancing the
conductivity. Thus various applications of these polymeric materi-
als like polymeric batteries, display properties, photovoltaic cell,
diodes, and electromagnetic shielding properties, dielectric, and
magnetic properties have stimulated the researchers to study the
properties of various polymers, composites and copolymers [1–
3]. In comparison to composites, copolymerization provides the
prospect of producing various functional polymers with unique
composition, characteristics, and structure. Copolymerization also

acts as a means of polymerizing/synthesizing certain monomers
that do not individually polymerize [4]. Therefore, two completely
separate monomers can be simultaneously polymerized in the
same reaction formulation and desired chemical heterogeneity
may be imparted. Thus copolymerization is considerably signifi-
cant to study the effect of complexation on copolymer chain for-
mation and its propagation.

Aniline and Pyrrole are the most exciting conducting polymers
as they have fast polymerization capacities, and are environmen-
tally safe and highly conductive. Amid these advantages, the two
monomers have been frequently polymerized electrochemically
(low yield) and to a little extent chemically as per literature. Hence
aniline and pyrrole have been chemically polymerized in the pre-
sent work so as to study the bulk properties. From literature survey
it has been observed that very little work is devoted to study of
doping of copolymers of pyrrole and aniline. Hence it was thought
very interesting to investigate the doping mechanism and effect of
NiCl2 on the structural and electrical properties of the copolymers.
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Thus in the present work, the copolymer was synthesized and was
doped using the NiCl2. Hence it was quite interesting to observe
the different changes in structural and electrical properties of
undoped and doped copolymers samples and are reported here.

2. Experimental procedure

2.1. Sample preparation

The raw materials Aniline and Pyrrole (SRL chemicals, Mumbai)
were distilled before use. Acidic medium was developed using
H2SO4 (Qualigen, Mumbai) and anhydrous ferric chloride was
employed for initiation of copolymerization. The copolymerization
was conducted chemically in the present work by bringing the
monomers into equimolar proportions. Aniline and Pyrrole were
rigorously mixed for fifteen minutes and 30 ml of sulphuric acid
(0.5 M) was poured. The reaction mix was continuously stirred till
it became apparent and then estimated volume of anhydrous FeCl3
(0.25 M) was added. The entire reaction mixture was stirred con-
tinuously at room temperature for around 1 h. Then the resulting
mixture was permitted to polymerize for 24 h. The solution was
then filtered, and the precipitate was washed with water and ace-
tone alternatively in order to eliminate impurities. The sample was
further dried and weighed to establish a constant weight.

To ensure copolymer formation during above mentioned pro-
cess, a solubility test was conducted.

Polypyrrole (PPy) and polyaniline (PANI) are fully insoluble in
DMF and DMSO; while the synthesized substance is soluble to a
good degree in all these solvents [5]. Further the FTIR spectrum
of physical mixture of aniline and pyrrole (1:1 proportion by
weight) was compared with that of the copolymer. The bands pro-
duced in the two situations reside at different sides of the spectral
range. Thus it can be claimed that copolymer has been produced.

Further insertion method was employed for doping of the pre-
pared copolymer. For this purpose the sample was immersed in
50% ammonia solution for a period of 4.5 h. After that the sample
was thoroughly cleaned with distilled water and acetone alterna-
tively in order to eliminate excess ammonia. Further the sample
was dried at 333 K till it was completely dried. Afterwards the
sample was immersed in 10% NiCl2 again for a period of 4.5 hrs.
The doped copolymer was then washed repeatedly with acetone
and distilled water to reduce the surplus of NiCl2. The washed
black powder was then dried at 333 K till it was completely dried
and was studied further. The designations of the prepared copoly-
mer, undoped copolymer and doped copolymer are tabulated in
Table 1.

2.2. Infrared spectroscopy

The self doped, undoped and doped copolymers were then sub-
jected to FTIR analysis. The transmission spectrums were recorded
using a Schimadzu IR spectrometer in the wave number range
400–4000 cm�1 (FTIR-8101A).

2.3. Wide angle X-ray diffraction

Further the X-ray diffractograms of the self doped, undoped and
doped samples were recorded with the help of XRD system PANa-
lytical Xpert Pro. The source of radiation was the copper k alpha1-
line from a sealed tube with a copper anode. The specimen sample
was fixed on an aluminum holder in the form of a powder. On the
revolving diffractometer stage, the holder was set. The sample was
then scanned from 5o to 40o over a spectrum of 2h in the reflection
mode.

2.4. Scanning electron microscopy

To examine the morphology of the self-doped, undoped and
doped copolymer samples, scanning electron microscopy was
used. The amorphous powder was covered with platinum metal
using a sputtering technique for this purpose. The scanning was
done with the assistance of the JEOL 6380 A scanning electron
microscope with different magnifications.

2.5. Measurement of DC electrical conductivity

The two probe method was used to determine the dc electrical
conductivity of the prepared samples. Conductivity was evaluated
at 323 K with differing voltage. Secondly, the conductivity at a field
of 27 V/cmwas measured within the temperature range of 313 K to
673 K. With the aid of the KEITHLY 6514 ELECTROMETER & Testro-
nix digital operated dc power supply (0–300 V & 0–500 mA) mea-
suring device, all measurements were carried out. Throughout the
measurement, the heating rate was kept steady, i.e. 5oC per
minute.

3. Results and discussion

In this work chemical copolymerization has been carried out by
using FeCl3 as a catalyst. Further the self doped sample was
undoped and then redoped using NiCl2. Hence self doped sample
has been considered for comparative study of various physical
properties.

For identifying the structure of prepared copolymers FTIR spec-
troscopy was employed. The respective IR band position of the self
doped, undoped and doped samples along with PANI and PPy sam-
ples are being tabulated in Table 2. From the table, it is noticed that
the charge delocalization peak appearing at 618 cm�1 in PANI is
retained at 620 cm�1 in A sample only and C–H in plane vibration
peak appearing in PPy at 610 cm�1 is vanished in all the three
samples.

However the peak appearing at 780 cm�1 due to C–H out of
plane bending in pyrrole is retained in A and A2 copolymer sam-
ples but vanished in the undoped sample. Moreover the out of
plane C–H bending mode peak appearing at 816 cm�1 in PANI
and at 830 cm�1 in PPy is not observed in all the three samples.
The C–H out of plane deformation peak of PPy appearing at
910 cm�1 is shifted to 930 cm�1 in undoped copolymer only. Also
the Charge delocalization peak appearing at 1048 cm�1 in PPy is
retained in undoped sample and is modified in self doped and
doped sample. Likewise the peak appearing at 1114 cm�1 owing
to charge delocalization in PANI is retained only in self doped sam-
ple. Also the C-N stretching peaks appearing at 1250 cm�1&
1290 cm�1 in PPy and 1302 cm�1 & 1385 cm�1 in PANI have totally
disappeared from the IR spectrum of all the three copolymers. Sim-
ilarly the ring stretching vibrational peak observed at 1451 cm�1

and C–C stretching vibrational peak occurring at 1510 cm�1 of
PPy and benzenoid peak of PANI occurring at 1493 cm�1 have also
disappeared from the copolymer spectrum [6–9]. In addition to

Table 1
Designation of synthesized copolymer
samples.

Designation Sample

A Self-doped Copolymer
A1 Undoped Copolymer
A2 10% NiCl2 doped
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this several new peaks have been observed in the spectrum of self-
doped, undoped and doped copolymers.

Thus from the analysis of IR bands of undoped copolymer sam-
ple, it appears that the IR spectrum of the copolymers is different
from that of the homopolymers namely PANI and PPy. Further
the IR spectrum of doped copolymers also shows different band
positions from that of the parent copolymer as well as from that
of the homopolymers. Now the shifting of the peaks to low
wavenumber side may be due to transformation of chains from
curly to outstretched; via the action of electrostatic interactions
and hydrogen bonds, promoting thereby the degree of conjugation
of the copolymer chains [10].

Further the interaction between temporary and permanent
charges developed during the doping process leads to polar effects
[11–13] due to which shifting or disappearance of peaks occur. A
close observation of undoped and doped samples reveals that var-
ious new bonds are established between the basic copolymer back-
bone and the dopant groups thereby offering various new IR bands.

All the samples were subjected to X-ray diffraction analysis in
order to determine the structure of the material produced. The
individual diffraction peaks of these copolymers have been tabu-
lated in Table 3. Figs. 1 and 2 display the X-ray diffractograms of
undoped and doped copolymers respectively.

From table it is clear that PANI exhibits diffraction peaks at 9.5o,
14.7o, 20.4o, and 25.1o [6–9,14–15]. Similarly, PPy exhibits the
diffraction peaks at only two positions i.e. at 23.6o & 25.8o [9].
From the close observation of 2h values for all the copolymers, it

is clear that samples A & A1shows common peak at 24o. However
a common peak around 35o is observed in all the copolymer sam-
ples. Also the peak occurring at 25.1o in PANI and typical amor-
phous peak of polypyrrole observed at 25.8o, as well as the
scattering of PPy chains at the interplanar spacing [9] has disap-
peared in all the samples.

This implies that these peaks must correspond to some com-
mon hetero linkage present in all the copolymers. This common
linkage may be viewed as attachment of pyrrole and aniline unit
with each other at some characteristic position of the monomers
(i.e. C–N or C–H or N–H). From the table it can be seen that, in
the as prepared copolymer there are more number of peaks as
compared to the homopolymers. Most of these peaks correspond
to higher values of 2h. It can be further added that during copoly-
merization more pyrrole units have been oxidized as FeCl3 is a
good initiator for pyrrole [5]. The undoping process removes the
dopant ions but still primary chain remain unaffected hence
changes in the diffractograms are seen.

Thus, owing to the copolymerization process structural changes
occur and are again further modified/altered due to doping. This is
revealed from the peak positions of A, A1 and A2. Hence it is inter-
esting to note that FeCl3 has been used to synthesize the copoly-
mer and NiCl2 is used as dopant. Thus the band positions of
sample A are different than sample A2 indicating different associ-
ation between the hetero units and dopant groups.

Also closer observation of d-values indicates that with increase
in the diffraction angle there is a decrease in the d-values. This

Table 2
IR band positions of PANI, Ppy, self-doped, undoped and doped copolymer samples.

PANI (cm�1) Ppy (cm�1) A (cm�1) A1 (cm�1) A2 (cm�1)

—— —— 415 —— 414
—— —— – —— 585
618 610 620 ——— ——
—— 780 700, 790 700, 750 770
816 830 —— ———
—— 910 955 930 942
—— 1048 1040 1049 1056
1114 —— 1120 ——— ———
1160 1185 – ——— ———
—— 1250 1210 —— ———
—— 1290 —— —— ———
1302 —— —— ———
1385 —— —— ———
—— 1451 1400 1400
1493 —— —— —— ———
—— 1510 —— —— ———
1599 —— 1565 ——— ———
—— —— —— —— ———
1706 —— —— 1830 1724
—— —— —— —— ———
—— —— 2340 2360 2350
—— 2843 – ——— ———
—— 2906 – —— 2855
—— 2963 2920 2930
—— 3441 3410 —— ——

Table 3
2h peak positions and d-values for PANI, Ppy, A, A1 and A2 samples.

PANI d-values (Ȧ) Ppy d-values (Ȧ) A d-values (Ȧ) A1 d–values (Ȧ) A2 d–values (Ȧ)

9.5 4.6653 23.6 1.9233 9.5 4.6653 6 7.3664 12.3 3.6145
14.7 3.034 25.8 1.7691 14 3.1828 11 4.0354 26 1.7565
20.4 2.2090 —— —— 14.8 3.0143 24 1.8931 30.2 1.5307
25.1 1.8151 —— —— 18 2.4917 25.7 1.7755 35.4 1.3292

21.5 2.1009 32.8 1.4214 39 1.2235
24 1.8931 35 1.3424
29.4 1.5685 39.5 1.2105
33 1.4137
35.7 1.3195
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decrease in the d-values indicates that all these polymeric chains
are parallel to each other for homo polymer and constitute a par-
ticular plane. It can also be stated that due to hetero association
small units may get created due to which the unit cell dimensions
of the homopolymers are hindered. Further due to hetero linkages
these crystal planes get closer and closer, implying that the copoly-
mer chains are getting closer. The hetero attachment disturbs this
parallel pattern and ultimately the geometry of the copolymer
thereby making the samples amorphous.

The scanning electron micrographs for the self doped, undoped
and doped copolymer samples are shown in Figs. 3, 4 and 5 respec-
tively. From the comparative study of these electron micrographs
the morphological changes can be prominently observed. From
the SEM images it is clear that the self doped copolymer samples
exhibit diffused cauliflower like structure in which small agglom-
erated spheres are observed throughout [16]. In this sample FeCl3
is getting self doped to small extent and thus small globular struc-
ture scattered in the amorphous region is observed. But when the
sample is undoped, the globular structures are reduced and mate-
rial appears to be amorphous matrix [5]. This can be attributed to
hindrance in the particular chain alignment due to undoping.
Moreover when the same sample is doped by using NiCl2 flake like
structure clustered together with some agglomerated spheres were
obtained.

The general observation of scanning electron micrograms indi-
cates that the aniline and pyrrole units are getting copolymerized
in such a way that uniform spherical structures are produced hav-
ing size 10–20 mm. It can be further added that the morphology of

the copolymer is affected by the feed ratio, synthesis temperature,
initiator concentration and dopant concentration. This result is in
good agreement with the x-ray diffractograms of the samples
[17–21].

Further all the samples were subjected to dc electrical conduc-
tivity measurements. For this log I Versus log V plots for self doped
and doped samples have been plotted at constant temperature and
shown in Fig. 6. Both the curves are almost linear following the
Ohm’s law. Thus from these graphs it can be observed that as volt-

Fig. 3. SEM images sample A.

Fig. 1. X-ray diffractograms of undoped copolymer.

Fig. 2. X-ray diffractograms of NiCl2 doped copolymer.
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age increases the current increases due to the alignment of the
charge carriers in the direction of applied field. Polyaniline and
polypyrrole exhibits non linear (non– Ohmic) behavior as the
charge conduction is only due to free electrons in such type of
intrinsic semiconductors.

However in case of copolymers polarons and bipolarons also
participate in conduction process along with electrons [22]. Fur-
ther the development of polarons and bipolars often rises as volt-
age increases thereby resulting in higher sample currents. The
undoped samples purely represent the hetero association of pyr-
role and aniline units. The dopant units attached to the primary
polymer chain are removed due to undoping and very few charge
carriers are left for conduction purpose. Hence the conductivity
of undoped copolymers is very less and is recorded only at room
temperature.

The electrical conductivity was also measured in the tempera-
ture range of 318–673 K at a fixed field of 27 V/cm using two probe
method. The log r Versus 1/T plot for the self doped and doped
copolymer are shown in Fig. 7 and in Table 4, the conductivity of
all the samples at 318 K is tabulated. From the table it is noticed
that all the samples show reduced values of electrical conductivity.
The reduction in the conductivity of copolymer can be attributed to
steric impact of bulky substituent groups which offer torsional
turns to the copolymer backbone. Hence the average delocalization
interval of electron and co-planarity of the structure is reduced.
Similar observations have been reported by Chen et al. [23], Huang
et al. [24] and Wasnik et al. [25] in case of substituted polyanilines
and aniline-substituted aniline copolymers. It is thus evident from
the conductivity plots that the sample exhibit a transition at a cer-
tain temperature from metallic to semi conducting and vice versa
above this transition temperature.

From Table 4. It is observed that doping does not increases the
conductivity of the sample. In case of sample A, the FeCl3 is incor-
porated in such a manner that charge carriers are transported
along and across the chain. But when same sample is undoped
and then redoped the charge carriers are trapped at certain hetero
linkages thereby reducing the conductivity. 1/T (K-1).

4. Conclusion

Pyrrole and aniline have been copolymerized chemically using
FeCl3 as an initiator at room temperature successfully (self doped
sample). The synthesized copolymer was then doped with 10%
NiCl2. Further the samples were subjected to FTIR and X-ray
diffraction studies which show various shifts in the IR as well as
2h peak positions of undoped and doped samples thereby confirm-
ing the impact of doping on the primary copolymer chain. The
Scanning electron micrographs confirms the structural changes in
self doped and doped samples. Further conductivity measurement
data shows that self doped sample is more conducting than the
doped sample.

Fig. 4. SEM images sample A1.

Fig. 6. Log I Versus log V plots for sample A & A2.

Fig. 5. SEM images sample A2.
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a b s t r a c t

In this research, Nd2O3 doped sodium borosilicate glasses were produced using a standard melt quench
technique. Various characterization techniques, such as XRD analysis, FTIR spectroscopy, density analysis,
absorption and photoluminescence spectroscopy measurements, were used to investigate the synthe-
sized glassy samples. XRD spectra demonstrated the amorphous existence in the studied glasses. FTIR
analysis was used to determine the stretching and bending vibrations of various borate groups. The high
molecular weight of Nd2O3 and the broader ionic radius of Nd3+ ions resulted the rise in molar volume
(Vm) and density (q) with inclusion of Nd2O3. The optical band gap was observed to shrink with increas-
ing Nd3+ ion concentrations. The intensity of Nd3+ emission spectra improved from 0.5 mol per cent to
1.0 mol per cent with Nd2O3 material and the concentration quenching was reported at concentrations
higher than 1.0 mol percent. The emission spectra of the synthesised glass shows three notable peaks
found at 902 nm (4F3/2?4I9/2), 1063 nm (4F3/2?4I11/2) and 1334 nm 4F3/2?4I13/2 of Nd3+ ions transitions.
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1. Introduction

Recent studies have centered on REO doped glasses owing to
their versatile applications like laser, optical amplifiers, sensors,
display devices, light emitting diodes etc. [1,2]. In addition, the
optical characteristics of REO doped glass materials play a crucial
role in the progress of glass lasers and in the fabrication of various
types of optical fibers and filter glass elements [3].

A comprehensive investigation on REO-doped glasses is neces-
sary due to their variety of applications in optical storage devices,
immobilization of radioactive waste materials, laser technology
and optical communications [4,5]. Among different RE, neody-
mium oxide is mostly investigated and discovered to have a wide
range of uses in photonic devices [1,3,4,6,7]. Nd2O3 doped glassy
materials are continuously fascinating to scientist and researchers
due to their extensive applications as laser materials and lumines-
cent solar concentrators [8]. Furthermore, sodium borosilicate
glasses are an outstanding host material for high-performance
optics because of strong UV transmission and low exposure to
defect [9,10].

Neodymium is indeed most finest rare earth elements used in
solid-state lasers, with an emission wavelength of 1060 nm and
the ability to lase at additional wavelengths such as 1800, 1350,
and 880 nm, which is advantageous for broadband laser amplifiers
and other photonic applications [9,10].

Due to wide applications and advantages of neodymium doped
glasses, it is quite exciting to investigate the influence of Nd2O3

doping on sodium borosilicate glasses to examine their potential
use as a laser medium. So in present work, we discuss in-depth
analysis of various physical and optical characteristics of Nd2O3

doped sodium borosilicate glasses.

2. Experimental

The glass formulations employed in the current study ‘30Na2O:
(70 - x Nd2O3) {1/7 SiO2:6/7 B2O3}’ was prepared with normal melt
quenching process where ’X’ ranged from 0 to 2 in the stage of
0.5 mol percentage. High purity preliminary raw materials such
as SiO2, Na2CO3, B2O3 and Nd2O3 (Purity Quality greater than
99.9 per cent of make E-MERCK) were used for sample prepara-
tions. These additives were thoroughly blended in acetone for
around 1 h in adequate amounts and then this mixture was kept
for 3 h in a crucible made of platinum in an electric furnace at
1223–1273 K. Then this hot melt was poured into an aluminium
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moulding at normal temperature to obtain the desired form of the
bulk glass samples. Then immediately, these quenched bulk glasses
were shifted to furnace at 590 K for three hours. This facilitates in
the dissipation of thermal stress caused by quenching and then
holding it for cooling till room temperature. The designation of
samples along with their composition variation is listed in Table 1.

X-ray diffractograms of the synthesised glasses were recorded
using ‘X’pert pro-PANalytical’. FTIR spectrum was reported by a
‘Perkin Elmer spectrometer’ in the region 450–2000 cm�1. SHI-
MADZU SMK-401 density measuring instruments (Archimedes
principle based) was employed to estimate the density of prepared
glasses where toluene is used as dipping solvent.

These prepared glasses were then converted in powder form by
crushing which was used for photoluminescence research. The
luminescence and excitation spectra of the synthesized glass spec-
imens were performed using a fluorescence spectrometer model
‘JASCO-FP-8200’. The optical absorption spectrum was obtained
using the JASCO V-670 Spectrometer at room temperature.

3. Results and discussion

Fig. 1 presents the XRD pattern of all synthesized glasses having
different concentration of Nd2O3. This X-ray spectrum is charac-
terised by broad humps and a lack of prominent peaks associated
with any of the sample components. This demonstrates the amor-
phous nature of the material.

The FTIR spectra of samples of sodium borosilicate glass doped
with Nd2O3 is shown in Fig. 2. The 460 cm�1 band refers to B-O-Si
stretching and Si–O–Si and O–Si–O bending. The Si-O-Si stretching
vibration is assigned to the 701 cm�1 band. [4,11]. The band pre-
sent about 819 cm�1 is associated with the vibration of the B-O
bond in the BO4 unit. The band at 943 cm�1 is related to the B-O
bond stretching in the di borate functional unit [4,11]. The stretch-

ing modes of BO�
4 tetrahedral boron are responsible for the weak

band that emerged at 1121 cm�1.
The band at 819 cm�1 shifts little bit towards the lower wave

number side, while the band at 1121 cm-1 switches slightly to
the higher wave number side. This change in the band’s location
demonstrates the structural changes and formation of BO4 units
[4,11]. Thus from this spectra, the presence of BO�

4 tetrahedra is
confirmed by observed bands for Nd2O3 doped sodium borosilicate
glasses [4,11].

Fig. 3 depicts the variation molar volume (Vm) and density (q)
for Nd2O3 comprising studied glasses. The molar volume (Vm)
and density increases with increasing Nd2O3 material, as seen in
this graph. The relatively high molecular weight of neodymium
oxide than other additives (Molecular weight of Nd2O3 is 336.48
gm/mol, Na2CO3 = 105.9888 g/mol , SiO2 = 60.08 g/mol, B2-
O3 = 69.63 g/mol) and a larger Nd3+ ion radius are accountable for
the rise in molar volume and density This large radius of Nd3+

ion causes expansion of glassy structures thereby increasing the
molar volume. Also Nd3+ ions are fitted to the voids connected with
the BO�

4 units that open the glassy structure. These findings are

Table 1
Compositions of prepared glass samples.

Sample code Na2CO3 B2O3 SiO2 Nd2O3

0 BSNA 30 60 10 0
0.5 BSNAND 30 59.57 9.93 0.5
1.0 BSNAND 30 59.14 9.86 1
1.5 BSNAND 30 58.71 9.79 1.5
2.0 BSNAND 30 58.29 9.71 2

Fig. 1. XRD diffraction spectra of sodium borosilicate glasses doped with Nd2O3.

Fig. 2. FTIR spectra of Nd2O3 containing sodium borosilicate glasses.

Fig. 3. Density and molar volume as a function of Nd2O3 concentration.
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reasonably compatible with the published results, where molar
volume and glass density increase with REOs [11,12]. In addition
to this, different physical parameters like neodymium ions concen-
tration (N), molar volume (Vm), polaron radius (rp), field strength
(F) and inter nuclear distance (ri) were determined using the den-
sity values. These physical parameters were estimated using stan-
dard formulae [12-14]. The physical parameters perform a trivial
role in clarifying atomic arrangements in the glass network and
provide useful knowledge regarding glass structure [11-15].

Tables 2 represent the physical properties acquired for the stud-
ied glass system. It is found that with rise in Nd3+ ions, polaron
radius (rp) and inter-nuclear distance (ri) values declines. Reduc-
tion in ri and rp values indicates an improvement in Nd-O bond
power, which increases overall field strength (F) around Nd3+ ions.
These physical parameter values reinforce the density findings and
the compactness of glass construction with the rise of Nd3+ ions.

Fig. 4 illustrates the optical absorption spectra of studied glass
system carried at room temperature and its assignment of different
absorption bands. This spectra indicates that Nd3+-containing
glasses display a variety of absorption bands in contrast to base
glass. It is also noticed that the absorbance intensity enhances with
the addition of Nd2O3. The various bands found in the absorption
spectra are 1) 350 nm (2I11/2), 2) 356 nm (4D3/2), 3) 430 nm
(2P1/2), 4) 474 nm (2G9/2), 5) 511 nm (4G9/2), 6) 524 nm (4G7/2), 7)
583 nm (4G5/2), 8) 625 nm (2H11/2), 9) 680 nm (4F9/2), 10) 746 nm
(4S3/2 + 4F5/2), 11) 803 nm (4F5/2) and 12) 873 nm (4F3/2) . These
bands were identified by contrasting their energy to that of Carnall
et al. [16] and those reported in the literature [17-19].

It is obvious from this figure that the absorption edge is not pre-
cisely and sharply established for all glasses due to its amorphous
existence. The optical edges offers valuable knowledge pertaining
to optical band gap and optically induced transitions in glassy
materials. The linear part of the plot is extended to in order to eval-
uate the energy band gap values of all synthesized glasses, as given
in table 3 which illustrates that optical energy band gap (EOpt

g )
declines as the content of Nd2O3 increases. This reduction in the
energy band gap (EOpt

g ) with the inclusion of Nd2O3 could be attrib-
uted to structural modifications [20-22] which are apparent from
the FTIR findings. Theses structural modifications increases the
degree of localizations, resulting in the amount of the donor cen-
tres in the glass network [20-22]. The formation of donor centres
as a consequence of the inclusion of Nd2O3 reduces the optical
band gap.

Fig. 5 displays the 0.5 mol% excitation spectra of Nd2O3 doped
sodium borosilicate glass sample monitoring emission at
1063 nm. The excitation spectra reveals seven prominent peaks
owing to quantum transition from lower energy state to excited
state. These peaks corresponds to 432 nm (4I9/2?2P1/2), 474 nm
(4I9/2?2G9/2), 513 nm (4I9/2?4G9/2), 527 nm (4I9/2?4G7/2), 588 nm
(4I9/2?4G5/2), 682 nm (4I9/2?4F9/2) and 744 nm (4I9/2?4F7/2). It is
found that the peak at 588 nm is more prominent among all which
is chosen as an excitation wavelength for measurement of emis-
sion spectra.

Fig. 6 illustrates the emission spectra (excited at 588 nm) of
Nd3+ containing sodium borosilicate glass samples. This spectrum
has three prominent bands at 902 nm (4F3/2?4I9/2), 1063 nm
(4F3/2?4I11/2) and 1334 nm (4F3/2?4I13/2) attributable to Nd3+ ions
transitions. The emission spectrum demonstrates that the emission
intensity rises till 1 mol% Nd2O3 and emission intensity declines
with the further increase in Nd2O3. This phenomenon is known
as luminescence quenching. The intensity of emission spectra
depends on number of active centers. The active centers are Nd3+

ions in the present glassy matrix. The density of Nd3+ ions rises
with the doping of Nd2O3 at the expense of B2O3 and SiO2. As a
result of which, emission rate rises up to 1 mol% Nd2O3. With a rise
in the concentration of Nd3+ ions, the intermolecular gap decreases
and above 1 mol percent of Nd2O3, the Nd3+ ions are very closed
resulting significant interaction between Nd3+ ions. Thus, there is
an effective transfer of energy among Nd3+ ions leads to lumines-
cence quenching as displayed in Fig. 6. These findings are reason-
ably consistent with previously published results [18-22].

Table 2
Physical properties of the glasses.

Parameters Unit 0 0.5 1.0 1.5 2.0

Ρ (g/cm3) 2.4086 2.4215 2.5131 2.5233 2.5394
Vm (cm3) 27.5569 27.7193 27.8989 28.2501 28.5001
(N) (�1022) (ions/cm3) – 1.0769 2.1919 3.2383 4.2641
ri (Å) – 4.5283 3.5732 3.1373 2.8624
rp (Å) – 1.8246 1.4398 1.2641 1.1533
(F) (�1017) (cm�2) – 1.8023 2.8945 3.7547 4.5107

Fig. 4. Absorption spectra of studied glass samples (carried at Room temperature).

Table 3
Optical energy band gap for Nd2O3 doped sodium borosilicate glasses.

Mol % Nd2O3 Band gap EOptg (eV)

0 3.4734
0.5 3.3333
1 3.2208
1.5 3.1714
2 3.1313
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4. Conclusion:

The current study used the melt-quench process to prepare var-
ious concentrations of Nd3+ doped LBS glasses. XRD, FTIR, absorp-
tion and photoluminescence were used to assess their structural
and spectroscopic characteristics. All synthesized glasses revealed
to be amorphous by XRD study. The FTIR analysis verified the dif-
ferent functional groups. The addition of neodymium oxide
increased the density of produced glass samples, which is ascribed
to the molecular weight of Nd2O3. The estimated values for differ-
ent physical properties such as neodymium ion concentrations (N),
polaron radius (rp), mean spacing between RE ions (ri), and field
intensity (F) of Nd-O bonds appear to support change in glass den-
sity and molar volume. Optical absorption study shows increase in
absorbance with the additions of neodymium oxide. The optical
energy band gap (EOpt

g ) of prepared glass samples found to decrease
with the inclusion of neodymium oxide due to structural changes.
The emission spectra of Nd2O3 comprising sodium borosilicate

glasses emits infrared emissions at 902 nm, 1062 nm and
1334 nm attributable to ‘4F3/2!4I9/2, 11/2, 13/20 Nd3+ ions transitions.
The luminescence quenching anomaly is observed above 1 mol
percent. This is effectively interpreted by means of neodymium
ions content and ‘Nd3+ - Nd3+’ interaction in the glassy matrix. A
significantly greater 4F3/2!4I11/2 transitions intensity indicates
the glass can be suitable for 1.06 mm IR laser applications. The
excellent correlation between physical and optical properties is
observed in studied glass system.
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Clinical thermometers are considered to bethe most important 

diagnostic devices in diagnosis of any febrile disorders. The last two 

decades, have witnessed major changes in the clinical 

thermometrytechnology after the introduction of various types of 

modified thermometer for convenient diagnosis. Mercury 

thermometer stands up as the gold standard method for assessment 

of body temperature, but they are gradually getting replaced with 

newer devices that not only offer faster readings but inconvenience 

to the patients is also minimalized. This review focuses on accuracy, 

pros and cons of gold standard mercury-in-glass thermometer and 

also various technologically advanced thermometers like 

electronicdigitalthermometer, tympanic thermometer, non-contact 

infrared thermometer, liquid crystal skin thermometer, pacifier 

thermometer and smart thermometer. Various studies suggest that 

differentfactors can cause variation in the accuracy provided by such 

devices, like physical barriers, and calibration including the manner 

in which they are used.The review does not conclude that a particular 

clinical thermometer has better accuracy and reliabilitythanthe other. 

Rather, there were contradictory findings for all of the clinical 

thermometers evaluated. 

 

Keywords: Diagnostic devices, mercury thermometer, 

electronicdigitalthermometer, tympanic thermometer, contactless 

infrared thermometer, liquid crystal skin thermometer, pacifier 

thermometer, smart thermometer. 
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Introduction 

Body temperature is the vital parameter and is an indication to express the health condition 

or pathological state. Normal body temperature is around 37°C.There may be minor 

fluctuations during the day and nighttime. A fever or pyrexia is a temporary increase in 

body temperature, often occurs in response to infection, inflammation and trauma. Fever 

is the most common medical sign. Many diseases start manifesting with raised body 

temperature, thus determining a febrile state. Although, no single threshold for diagnosing 

fever is accepted, a value above the interval between 37.7°C and 38.3°C is generally said 

to be a febrile response.  

 

Fever may be caused by infectious conditions that may be viral or bacterial.Fever 

can also be due to non-infectious reasons like inflammatory conditions, malignancies, 

autoimmune disorders and adverse drug events.Sometimes, it may have idiopathic origin, 

too. Body temperature is an important clinical parameter for diagnosis, monitoring and 

management, hence clinical thermometers are important screening tools in assessment of 

body temperature. If the thermometerfailsto measure accurate body temperature, abnormal 

body temperature may get missed. Therefore, the accurate assessment of temperature is the 

necessity for the early identification and management of febrile disorders.  

 

Aims 

Todl gaindl andl understandingdl ofdl variousdl typesdl ofdl thermometersdl  

 

Objective 

1. Todl developdl understandingdl regardingdl thedl accuracyofvariousdl thermometers, 

2. Todl knowdl aboutdl technologicaldl advancementdl ofdl thermometersdl dl asdl diagnosticdl devices 

3. Todl reviewdl prosdl &consdl anddl reliabilitydl ofdl variousdl typesdl ofdl thermometers 

 

 

Materialdl anddl methods 

Referencesdl ofdl mercurydl thermometer,dl digitaldl electronicdl thermometer,dl tympanicdl 

thermometer,dl contactlessdl infrareddl thermometer,dl liquiddl crystaldl skindl thermometer,dl pacifierdl 

thermometerdl anddl smartdl thermometerdl weredl collected,dl compiled,dl analyzeddl anddl discusseddl indl 

depthdl fromdl authenticdl sourcesdl anddl researchdl articles. 

 

Discussion 

 

Duringdl initialdl yearsdl ofdl 1800s,dl thedl thermometerdl useddl todl bedl foot-longdl sizedl whichdl 

poseddl adl significantdl difficultydl indl itsdl usedl (Pearce,dl 2002).dl Bydl 1852,dl adl bulbdl asdl adl reservoirdl fordl 

thedl mercurydl wasdl addeddl anddl thedl columndl wasdl narroweddl downdl whichdl madedl thedl thermometerdl 

moredl advanceddl (Pearce,dl 2002).dl  

Allbuttdl (1836–1925)dl broughtdl downdl thedl sizedl ofdl thedl mercurydl thermometerdl todl aboutdl sixdl 

inches,dl andinitiateddl thedl clinicaldl practicedl ofdl routinedl temperaturedl assessmentdl withdl thedl helpdl 

ofdl thermometer.1 

 

Thedl selectiondl ofdl anatomicaldl locationdl fordl measuringdl bodydl temperaturedl mattersdl adl lotdl 

asdl theredl aredl significantdl variationsdl betweendl coredl temperaturedl ofdl thedl bodydl anddl thedl surfacedl 

temperature.Also,dl adl person'sdl bodydl temperaturedl variesdl duringdl thedl daydl anddl dependsdl ondl 

activitydl beingdl performeddl bydl himdl ordl herdl .2 
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Usedl ofinfraredthermometerdl overdl skindl ofdl superficialdl temporaldl arterydl isdl notdl thatdl 

reliabledl fordl measuringdl coredl bodydl temperature,dl especiallydl indl febriledl conditionsdl anddl 

patientsdl indl operationdl theatre.3 

 

Thedl mostdl accuratedl waydl isdl todl takedl temperaturedl readingsdl fromdl thedl coredl ofdl thedl body,dl 

suchdl asdl thedl temperaturedl ofdl thedl coronarydl arteries.Thisdl is,dl however,dl impossibledl todl achievedl 

withoutdl resortingdl todl intrusivedl surgicaldl operations.4 

 

Consideringdl thedl abovedl facts,dl adl reviewdl ofdl variousdl clinicaldl thermometersdl 

includingmercuryglassdl thermometer,digitalelectronicdl thermometer,dl tympanicdl 

thermometer,dl contactlessdl infrareddl thermometer,dl liquiddl crystaldl skindl thermometer,dl pacifierdl 

thermometerdl anddl smartdl thermometerdl isdl discusseddl asdl follows. 

 

Mercury-in-glassdl Thermometer 

 

Frenchdl astronomerdl anddl priest,dl Ismaeldl Boulliauwasdl isdl thedl firstdl todl inventdl mercurydl indl 

glassdl thermometerdl indl 1659.dl Itdl wasdl twodl centuriesdl laterdl indl 1866dl thatdl Sirdl Thomasdl Allbutdl 

madedl thedl shortdl clinicaldl thermometer,dl thedl earlierdl versiondl ofdl thedl thermometerdl thatdl wedl usedl 

today.5 

 

Mercuryglassdl thermometersdl havedl beendl useddl extensivelydl indl thedl pastdl bothdl 

institutionallydl asdl welldl asdl indl research.dl Mercuryglassdl thermometersdl consistsdl ofdl sealeddl glassdl 

tubedl calibrateddl indl degreesdl Centigradedl and/ordl degreesdl Fahrenheit,dl withdl adl mercury-filleddl 

reservoirdl atdl onedl end.dl dl Mercuryhasdl adl duedl todl itsdl highdl coefficientdl ofdl expansiondl mercurydl 

movedl indl thedl thermometersdl easily.dl Also,dl boilingdl pointdl ofdl mercurydl dl makedl itdl suitabledl fordl 

measuringdl higherdl temperatures.dl Hencedl mercurydl isdl useddl indl dl thermometersdl .Thedl mercurydl indl 

thedl reservoirdl expandsdl withdl increasedl indl temperature,dl climbingdl higherdl updl thedl glassdl tubedl anddl 

contractsdl anddl recedesdl asdl thedl temperaturedl falls.6dl Mercury-in-glassdl thermometersdl generallydl 

havedl onedl ofdl threedl differentdl tips:dl Slimdl (oraldl ordl axillary)dl tip,dl thedl short-roundeddl tipdl (alsodl 

knowndl asdl stubby),dl anddl thedl pear-shapeddl (rectal)dl tip.dl Mercury-in-glassdl thermometersdl aredl 

availabledl fordl oraldl (sublingual),dl axillarydl asdl welldl asdl forrectaldl routedl use. 

 

Mercury-in-glassdl thermometerdl isdl considereddl asdl thedl golddl standarddl methoddl fordl 

temperaturedl measurementdl especiallydl fordl rectaldl temperaturedl measurement.7Variousdl studiesdl 

suggestsdl thatdl mercurydl thermometersdl shoulddl bedl banned,dl asdl theredl isdl significantdl publicdl 

healthdl riskdl duedl todl breakagedl ofdl thedl thermometerdl whichdl causesdl spillagedl ofdl thedl mercurydl 

disperseddl intodl tinydl droplets.dl Thesedl dropletsdl aredl difficultdl todl seedl anddl maydl getdl easilydl trappeddl 

emittingdl adl toxicdl vapordl whichdl isdl inhaleddl ordl absorbeddl throughdl thedl skin.8 

 

Electronicdl Digitaldl Thermometer 

 

Thisdl isdl thedl mostdl commonlydl useddl itemdl amongstdl thedl equipmentsdl thatdl measuredl 

temperatureanddl sidelinedl thedl traditionaldl liquid-baseddl thermometers.Thermistordl atdl itsdl tipdl 

measuresdl thedl peakdl temperaturedl ofdl thedl nearbytissuedl anddl transformdl itdl intodl adl digitallydl 

displayedreadingdl .9Electronicdl digitaldl thermometrydl candl bedl donedl bydl oraldl (sublingual),dl 

axillarydl anddl rectaldl routes. 

 

The conveniencedl ofdl gettingdl andl instantdl readingdl indl anydl temperaturedl scaledl Celsiusdl 

orFahrenheitdl makedl itdl moredl advantageousdl overdl thedl restdl ofdl thedl thermometers.Furtherdl 
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advantagedl claimsdl indl digitaldl thermometersdl aredl easydl reading,dl lessdl timedl fordl measuringdl 

temperature,dl usedl ofdl changeabledl anddl disposaldl probesdl todl preventdl crossdl infectiondl anddl 

durability.8Butdl onedl ofdl theirdl disadvantagesdl isdl thedl measurementdl ofdl thedl temperaturedl verydl 

closelydl anddl momentarily,dl thatdl maydl showdl quitedl dramaticdl fluctuations.dl So,dl sometimesdl 

takingdl andl accuratedl readingisdl difficult.dl Alsodl mostdl ofdl thedl electronicdl digitaldl thermometersdl 

necessitatedl thedl sensordl todl readdl thedl temperaturedl atdl thedl equilibrium,dl sodl thatdl accuratedl 

temperaturedl readingdl candl bedl achieveddl indl adl shorterdl durationdl ofdl timedl indl comparisondl todl thedl 

conventionaldl glassdl thermometer.dl  

 

Thoughdl itdl isdl thoughtdl todl bedl adl lessdl time-consumingdl device,dl thedl digitaldl thermometerdl 

isdl useddl indl generaldl moredl fordl adl diagnosticdl purpose.Butdl datadl suggestsdl thatdl itdl maydl playdl adl 

possibledl roledl asdl adl vectordl todl transmitdl nosocomialdl infections.Outbreakdl ofdl Enterobactordl 

cloacaedl indl thedl NICUduedl todl disinfecteddl thermometersdl madedl anewsdl indl thedl past.dl Hencedl itdl 

wasdl suggesteddl thatdl replacementdl withdl disposabledl probedl coulddl preventdl thisdl problem,dl butdl itdl 

isdl notdl costdl effectivedl anddl expensive.9 

 

Newdl technologiesdl aredl beingdl useddl nowadaysdl fordl improvingdl thedl diagnosisdl throughdl 

diagnosticdl devices.dl Adl digitaldl thermometerdl havedl beendl developeddl indl thedl formdl ofdl adl wearabledl 

patchdl whichdl detectsincreasedl indl bodydl temperaturedl asdl muchdl asdl 180dl minutesdl priordl thandl thedl 

standarddl monitoring.dl Thisdl Bluetoothdl enableddl patchdl isdl capabledl ofdl measuringdl temperaturedl 

everydl 10dl minutesdl ratherdl thandl fourdl hoursdl whichdl isdl thedl usualdl caredl practice.dl Itdl sendsdl readingsdl 

todl compatibledl mobiledl devices.10 

 

Thedl accuracydl ofdl digitaldl thermometerdl coulddl bedl moredl acceptabledl asdl compareddl todl thedl 

mercury-in-glassdl thermometer.Studiesdl suggestdl thatdl rectaldl digitaldl thermometerdl aredl moredl 

accuratedl thandl axillarydl digitaldl thermomter.9 

 

Evidencedl suggestsdl thatdl thedl sizedl ofdl thedl temperaturedl sensordl anddl thedl speeddl ofdl thedl 

sensordl responsedl leadingdl todl greaterdl sensitivitydl ofdl local,dl acutedl vasomotordl activitydl aredl majordl 

problemsdl withdl newdl oraldl thermometers.dl Potentialdl solutionsdl aredl todl increasethedl sensordl sizedl 

anddl reducedl thedl responsedl speed.11 

 

Tympanicdl Thermometer 

 

Thedl initialdl referencedl ofdl theusedl ofdl tympanicthermometerwasdocumenteddl indl thedl 

yeardl 1986,dl butdl theydl weredl notdl popularlydl useddl tilldl early1990sdl (Bettadl etdl al,dl 1997).dl Thedl 

functiondl ofdl tympanicdl thermometersdl isdl baseddl ondl acknowledgingdl thedl tympanicdl membranedl 

temperaturedl indl thedl eardl anddl convertingdl itdl intodl reading.12 

 

Structuallydl tympanicdl thermometersdl aredl smalldl devicesdl anddl candl bedl holddl indl hand.dl dl Itdl 

containsdl onedl dl probedl thatdl isdl todl bedl entereddl intodl thedl patient’sauditorydl canaldl todl reachdl 

thetympanicmembrane.Tympanicdl membranedl isthinbutdl hasdl gooddl blooddl perfusion.dl Theredl isdl 

adl sensordl atdl thedl tipdl ofdl thedl probedl thatdl isdl enableddl todl recorddl thedl infrareddl radiationdl (IRR)dl 

emitteddl bydl thedl thindl tympanicdl dl membranedl duedl todl itsdl warmthdl anddl changedl thisdl intodl adl digitaldl 

temperaturedl reading.Thedl probedl candl bedl covereddl bydl adl disposabledl cover,dl whichdl candl 

bereplacedbeforedl usedl indl everydl patientdl anddl provesdl todl bedl helpfuldl cross-infectiondl indl patientsdl . 

Somedl researchersdl havedl suggesteddl thatdl tympanicdl thermometersdl representdl realdl bodydl 

temperaturedl moredl accuratelydl asdl thedl positiondl ofdl tympanicdl membranedl isdl indl thedl closedl 
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vicinitydl ofdl thedl temperaturedl regulatingdl centresituatedindl thedl hypothalamusdl anddl bothhavedl 

commondl arterialdl supply.12
 

 

Thedl speeddl anddl thedl conveniencedl aredl thedl benefitsdl ofdl usingdl tympanicdl thermometerdl 

fordl temperaturedl readings.dl Todl obtaindl accuratedl readingdl mercurydl thermometerdl needsdl todl bedl indl 

patientcontactfordl 6-11dl minutes,dl whereasdl tympanicdl thermometersdl requiredl onlydl fewdl 

secondsdl todl getdl adl reading.12 

 

Differentdl studiesdl conducteddl fordl checkingdl thedl accuracydl ofdl tympanicdl thermometersdl 

suggestdl thatdl tympanicdl thermometersingeneral,candisplaydl temperaturesdl indl thedl rangedl ofdl 

1.02°Cdl belowdl anddl 0.91°Cdl abovedl thedl temperaturesdl noteddl bydl otherdl devicesdl likedl mercurydl 

thermometersdl placeddl indl oraldl cavitydl anddl armdl pitdl ordl invasivedl thermometrydl suchdl 

asesophagealanddl indl thedl pulmonarydl arteryordigitaldl probedl thermometersdl placeddl indl oral,dl 

axillarydl anddl rectaldl sites.dl Hencedl somedl authorsdl disapprovedl thedl usedl ofdl tympanicdl 

thermometersdl fordl recordingdl bodydl temperature.Butdl theredl aredl contradictorydl findingsdl aboutdl 

accuracydl ofdl tympanicdl thermometerdl asdl manydl researchersdl havedl concludeddl thatdl thoughdl 

tympanicdl thermometersdl candl recorddl bodydl temperatureaccuratelytheredl isdl dl nodl statisticallydl 

significantdl differencedl amongdl thedl variousdl temperaturedl recordingdl devices.12 

 

Though,dl tympanicdl membranedl thermometersdl showdl enoughdl sensitivitydl anddl 

specificity,dl thedl studydl concludeddl thatdl recordingdl ‘core’dl bodydl temperaturedl usingdl themdl indl 

childrendl isdl notdl reliable.13Angledl betweendl thedl tympanicdl membranedl anddl externaldl auditorydl 

canaldl isdl importantdl fordl assessmentdl ofdl temperaturedl bydl tympanicdl thermometers.dl Ifdl thedl 

membranedl isdl perpendiculardl todl thedl detector,dl moredl IRdl radiationdl (moredl heat)dl willdl typicallydl 

bedl detecteddl thandl ifdl thedl membranedl isdl atdl andl acutedl angledl todl thedl detector.dl Agedl alsodl affectsdl thedl 

angledl betweendl thedl membranedl anddl thedl externaldl auditorydl canal.dl Usually,dl thisdl opendl angledl isdl 

notdl attaineddl untildl aboutdl 7–9dl yearsdl ofdl age.dl Thereforedl thedl datadl suggestsdl thatdl usingdl tympanicdl 

thermometerdl isdl difficultdl indl childen.11 

 

Evidencedl suggestsdl thatdl problemsdl withdl thedl tympanicdl thermometersdl aredl becausedl ofdl 

thedl rangedl ofdl normaldl anatomicaldl variability.dl Thedl combinationdl ofdl andl Ottodl scopedl withdl thedl 

tympanicdl thermometersdl isdl adviseddl anddl discusseddl asdl adl potentialdl solutiondl todl viewdl thedl 

externaldl auditorydl canaldl sodl thatdl theredl isdl nodl obstructiondl dl anddl inspectiondl ofdl dl thedl tympanicdl 

membranedl todl ensuredl thatdl itdl isdl healthy.11 

 

Non-dl contactdl infrareddl thermometer 

 

Thedl NCITdl isdl adl contactlessdl devicedl operateddl bydl batterydl anddl recordsdl bodydl 

temperaturedl ordl ambientdl temperature.dl Theredl isdl andl inbuiltdl infrareddl laserdl pointerdl whichdl 

recordtemperaturebothdl indl Celsiusdl asdl welldl asdl Fahrenheit.dl NCITdl comesdl asdl andl instrumentdl 

thatdl calibratesdl verydl fastin15dl secondsautomaticallywhendl itdl isdl switcheddl on.dl Thedl NCITdl 

capturedl thedl thermaldl radiationdl thatdl comefromdl adl point,dl concentratedl itdl ondl adl sensordl anddl 

convertdl itdl todl andl electronicdl signal.dl Afterdl digitallydl processingdl thisdl signal,dl temperaturedl valuedl 

isdl presenteddl todl thedl reader.14 

 

Thedl NCITdl isdl adl contactless,fastdl anddl portabledl temperaturedl measuringdl instrument;dl itdl 

measuresdl temperaturedl fromdl frontaldl bonedl anddl temporaldl arterydl fromdl adl distancedl ofdl lessdl thandl 

5dl cm.Duringdl COVID-19dl pandemicdl itdl hasdl proveddl todl bedl ofdl adl greatdl helpdl fordl massdl screeningdl 

withoutdl thedl needdl ofdl sterilization,dl thusdl avoidingdl crossdl infection.dl  
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Indl febriledl patients,dl non-contactdl infrareddl thermometerdl hasdl lessdl Clinicaldl efficiencydl 

thandl axillarydl digitaldl thermometerdl asdl welldl asdl mercurydl glassdl thermometer.15Though,dl thisdl 

maydl bedl untruedl indl manydl clinicaldl settings.Feverisdl defineddl asdl adl rectaldl temperaturedl ofdl 38Cdl ordl 

higher.dl Onedl studydl thatdl measuredfeverusingdl adl mercury-in-glassdl thermometerdl founddl thatdl 

NCITsdl haddl highdl sensitivitydl anddl specificitydl fordl detectingdl fever.15 

 

Liquiddl crystaldl thermometer 

 

Respondingdl todl thedl changesdl indl temperaturedl cholestericdl liquiddl crystalsdl changedl theirdl 

moleculardl structure.Temperaturedl measurementdl usingdl liquiddl crystalsdl utilizesdl thedl samedl 

property.dl Liquiddl crystalsdl indl adl plasticdl stripdl changedl theirdl colordl ondl differentdl temperatures.dl 

Withdl thedl helpdl ofdl thisdl changedl Thedl temperaturedl candl bedl measureddl withindl 15dl secondsdl ofdl 

placingdl ondl thedl forehead.16Thedl LCTdl comesdl indl twodl variants:dl firstdl onedl measuresdl directdl skindl 

temperaturedl (range26—38dl °C);dl thedl otherdl isdl designeddl todl displaydl adl temperaturedl 1.9dl °dl Cdl 

moredl thandl thedl temperaturedl ofdl skindl anddl isdl assumeddl todl estimatedl thedl dl coredl temperature(rangedl 

29-41dl °C)dl ofdl bodydl .Adl hypo-allergenicdl adhesivedl backingdl allowsdl thedl attachmentdl ofdl thedl 

thermometerdl todl adl smoothdl skindl surface.17 

 

LCT coulddl bedl adl safedl anddl easydl waydl todl monitordl temperature,dl irrespectivedl ofdl thedl 

needdl fordl sterilizationdl anddl hencedl havedl lowdl riskdl ofdl crossdl infection.18Thismonitoringdl methoddl 

maydl bedl usefuldl fordl detectingdl earlydl temperaturedl risedl indl malignantdl hyperthermiadl cases.18 

Severaldl in-vitrodl investigationsdl demonstratedl that,dl underdl laboratorydl settings,dl LCTdl 

temperaturedl displaysdl aredl likedl somedl well-knowndl commercialdl thermocoupledl 

system.Becausedl ofdl thedl phenomenadl ofdl hysteresis,dl whichdl maydl getdl affecteddl duedl todl multipledl 

conditions,dl evaluatingdl thedl accuracydl ofdl thedl LCTdl ondl patientsdl isdl moredl challenging.LCTsdl aredl 

sensibledl dl todl detectdl temperaturedl thatdl candl bedl comparedtodl thatdl ofdl adl mercurydl indl glassdl 

thermometer,dl hencedl theydl aredl potentiallydl usefuldl indl thedl identificationdl ofdl hyperthermiadl anddl 

candl becomedl gooddl indicatorsdl ofdl coredl temperaturedl duringdl surgicaldl procedures.18Accordingdl 

todl onedl study,dl liquiddl crystaldl thermometersdl aredl ineffectivedl fordl determiningdl coredl temperaturedl 

duringdl surgicaldl proceduresdl because,dl indl mostdl preoperativedl situations,dl foreheaddl temperaturedl 

isdl 1-4°Cdl lowerdl thandl coredl temperature,dl butdl indl thisdl study,dl thedl patient'sdl skin-surfacedl 

temperaturedl exceededdl coredl temperature.19 

 

Pacifierdl Thermometer 

 

Thedl Pacifierdl Thermometerdl isdl adl sootherdl withdl andl early-warningdl systemdl thatdl isdl 

primarilydl useddl todl checkdl thedl temperaturedl ofdl children.dl Adl temperaturedl detectingdl mechanismdl 

isdl includeddl withdl adl pacifierdl thatdl maydl bedl inserteddl intodl thedl mouth.dl Thedl sensorsdl aredl capabledl ofdl 

processingdl anddl transmittingdl inputdl temperaturedl informationdl anddl displayingdl itdl ondl adl screen.20 

Pacifierdl thermometerdl fastdl measuresdl temperaturedl anddl causesdl nodl discomfortdl indl pediatricdl 

patients,dl anddl isdl easydl todl use.dl Butdl thedl maindl disadvantagesdl aredl expensivenessdl anddl alldl modelsdl 

ofdl thermometerdl nipplesdl aredl notdl alloweddl todl disinfect. 

 

Datadl fromdl variousdl studiesdl comparingdl rectaldl thermometerdl anddl pacifierdl 

thermometerdl showsdl thatdl thatdl pacifierdl thermometrydl isdl adl welcomedl methoddl ofdl temperaturedl 

readingdl indl youngdl children.21 
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Smartdl thermometer 

 

Adl medicaldl devicedl calleddl smartdl thermometerdl candl conveydl itsdl readings,collection,dl 

storagedl anddl analysis.dl Thesedl thermometersdl senddl readingsdl todl thedl applicationdl ondl thedl users’dl 

phonedl anddl usersdl candl dl seethehistorydl ofdl previousdl temperaturesdl thusdl enablingdl themdl todl recorddl 

symptoms.22
dl Informationdl candl alsodl showdl adl consolidateddl temperaturedl chart.dl Thisdl showsdl hotdl 

spotsdl withdl exceptionaldl leveldl ofdl highdl temperaturesdl anddl candl bedl useddl todl identifydl outbreaksdl ofdl 

disease.23Thedl massdl usagedl ofdl thesedl smartdl thermometersdl candl helpdl inrapiddl anddl efficientdl 

surveillancedl atdl thedl everyhousehold. 

 

Feverdl measuresdl takendl withdl smartdl thermometersdl anddl mobiledl devicesdl aredl 

geolocateddl anddl measuredl adl clinicaldl indicationdl indl realdl time.dl Furthermore,dl thermometerdl 

findingsdl alongdl withdl demographicdl infodl anddl symptomaticdatadl provideddl bydl individualdl usersdl 

candl helpdl indl understandingdl specificdl characteristicsdl ofdl anydl connecteddl pandemicdl ordl enhancedl 

traditionaldl epidemiologicaldl fielddl work. 

 

Indl adl studydl lookingdl atdl geo-locateddl measuresdl fromdl smartdl thermometersdl fordl 

monitoringdl Influenza-likedl disease,dl itdl wasdl observeddl thatdl thermometerdl readingsdl weredl 

closelydl associateddl withdl nationaldl ILIdl activitydl anddl activitydl patternsdl acrossdl regionsdl anddl agedl 

groups.dl {ILIdl }.24 

 

Clinicaldl signsdl anddl symptomsdl ofdl febriledl episodes,dl thedl timedl durationdl ofdl fevers,dl 

incidencedl ratedl ofdl biphasicdl fevers,dl anddl thedl frequencydl ofdl potentialdl transmissiondl ofdl influenzadl 

ordl COVID-19dl likedl febriledl epidemicdl ordl pandemicdl situationsdl candl bedl monitoreddl indl realdl timedl 

anywheredl anddl fordl alldl agedl groupsdl withdl thedl helpdl ofdl smartdl thermometers.dl Thedl thermometer'sdl 

mobiledl app'sdl capacitydl todl trackdl usersdl throughdl numerousdl profilesdl aidsdl indl thedl acquisitiondl ofdl 

datadl thatdl woulddl otherwisedl bedl difficultdl ordl impossibledl todl getdl usingdl traditionaldl 

means.Thermometer-baseddl datadl candl bedl helpfuldl indl providingdl manydl opportunitiesdl fordl 

future.dl Adl personalizeddl publicdl healthdl interventiondl (viz.dl vaccinationdl reminders)dl candl bedl builtdl 

updl usingdl broadcastingdl timedl anddl location-specificdl alerts.dl Currentlydl thedl thermometer’sdl appdl 

candl givedl inputsdl regardingdl clinicaldl symptomsdl (e.g.,dl cough,dl diarrhea),dl diagnosisdl anddl 

medicationdl timingdl reminders.24Thesedl featuresdl makedl thesedl devicesdl specialdl anddl provedl theirdl 

utility. 

 

 

Conclusion 

Clinicaldl thermometersdl aredl importantdl screeningdl anddl diagnosticdl toolsdl fordl assessmentdl ofdl 

bodydl temperaturedl indl healthydl asdl welldl asdl illdl people.dl Thedl inaccuratedl temperaturedl 

measurementsdl maydl causedl seriousdl consequencesdl likedl improperdl diagnosis,dl wastagedl ofdl 

resources,dl anddl nodl optimaldl patientdl anddl populationdl healthdl results.dl Fordl thisdl reasondl 

technologicaldl improvementsdl indl lesserdl timedl duration,dl easedl ofdl usedl anddl safetydl shoulddl bedl 

achieveddl withdl nodl lossdl ofdl accuracydl anddl reliability.dl Factorsdl likedl cost-effectivenessdl anddl 

infectiondl controldl havedl aredl thedl needsdl whiledl usingdl suchdl medicaldl diagnosticdl devices. 
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Abstract:In the modern era, high percentage of people remains in a 

state of stress and frustration due to changing lifestyle, which 

predisposes the individual towards psychological and psychosomatic 

disorders.Insomnia is spreading silently all over the world. Each and 

every one is running endlessly after success and money. People today 

sleep 20% less than the required sleep.In India, more than 5% of the 

population and 30% of professionals are suffering from primary 

insomnia. Symptoms of primary insomnia and “Nidranash” are almost 
same hence we correlate it. 

Keywords: Nidra, Nidranash, Sleep,Insomnia 

 

Introduction: 

Ayurveda is an ancient science of life which deals with both preventive and curative measures. 

 Aim of ayurveda is – 

P`ayaaojanaMcaasyasvasqasyasvaasqarxaNamaatursyaivakarp`SamanaMca||ca. sau 30À26 
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Ayurveda has defined concept of „swastha‟ in a nice way. 

samadaoYa:samaaignaScasamaQaatumalaikyaa: 

p`sannaa%maoMid`yamanaasvasqaM[%yaiBaQayatoca. sau 15À4 

It means the equilibrium state of the doshas , the unaltered state of agni the active principle of 

metabolism as well as the saptadhatus including the regular and natural excretory functions 

and in addition a pleasant feeling by the soul ( Atma) , senses  

of mind. That is balance state of body, sense organ and mind is defined as swastha meaning 

healthy. 

Every one who wants to live long and healthy life is expected to follow the rules of conducts 

which are given as Dincharyaupakrama in Ayurved. 

According to Ayurveda, Nidranasha is caused by aggravation of Vata and Pitta, exhaustion of 

mind, loss of tissues and injury to the body. Lakshanas of Nidranasha are Shirogaurav 

(Heaviness of Head), Angamarda (Bodyache), Jrumbha (yawning) and Alasya (Lazziness).  

Primary Insomnia is described as the difficulty getting to sleep or staying a sleep over a time 

period of at least 1 month or experience of non-refreshing sleep (U.S. Nation Institutes of 

Health)  

 

 

Review 

Review of Nidra 

Derivation of the word NIDRA:- 

The term Nidra feminine gender. It is derived from the root „DRA‟ with suffix „NI‟and the 

root „DRA‟ means undesired „GATU‟to lead, it is a state which is hated, therefore, it is 

termed as „NIDRA‟.  

The word Nidranash is composed of two words, Nidra and Nash. The definition nidra is as 

follows,   

Nidra is state of life where, gnanedriyas and karmendriyas are not doing their functions. 

Nidra is the stage of mind and intellects are at rest. 

Nidra can be defined as the state where predominance of kapha and tamas is seen. 

ShabdastomaMahanidhi explains Nasha as palayan (escaping), adarshana (invisible), 

anupalabde (unavailable). 

Nasha in other words being lost, elimination, disappearance, destruction. 
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Based on the above description, the term Nidranash can be brodly defined as the loss of sleep 

or the derangement in the quantity and quality of sleep. 

 

HISTORICAL REVIEW OF NIDRANASH 

 

PRE VEDIC PERIOD 

 

          In pre Vedic period (2500 BC) no literature is available. 

 

VEDIC PERIOD 

          In Vedic period (2500 BC -500 BC) in Atharvaveda Shounakeeyashakha, the reference 

is available as Nidrajanan as Karma, while explaining the Moulvikasidhanta in Dravyaguna. 

 

SAMHITA KALA (1000BC-100BC) 

 

The books written were Charaksamhita, Sushrutasamhita, Bhelasamhita, and Haritasamhita. 

All of these are having the descriptions of nidranashaCharak&Sushruta have not explained 

this separately. But Bhela&Harita have mentioned special chapters on NIDRA. 

 

SANGRAHA KALA (500 BC – 800 BC) 

 

In Bhavaprakashanidranash has been explained in some contest. In Yogratnakar the reference 

available Nidranash as lakshana in some diease and chikitsa of Nidranash. 

In sangrahakalaAshtangSangraha, AshtangHridaya and Madhavnidana were written, nidana 

and chikitsa of Nidranash in AshtangHridaya and Ashtangsangraha are available. In 

Madhavnidana the Nidranash is mentioned as lakshana in some disease. 

 In Ayurvedic formulary of India the reference available is indication of 

Swarnamakshikbhasma and til tail in treating Nidranash. 

 

AYURVEDIC REVIEW OF NIDRANASHA 

 

The ancient acharyas of Ayurveda considered Nidra – among the three upastambhas for the 

maintenance of the living organism. While discussing about Nidra and Nidranash in the 

context of Astauninditiyaadhyaya, Acharya Charaka has stated that happiness and sorrow, 
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growth and wasting, strength and weakness, virility and importance, the knowledge and 

ignorance as well as existence of life and its cessation depend on the sleep. Nidra is 

pushtida&nidranash is karshana of the body. Untimely and excessive sleep and vigil take 

away both happiness and longevity, like night of destruction. 

Charaka has included the Aswapna in 80 nanatmajvatavikaras. Acharya Sushruta included 

this under Garbha Vyakarana Shariram, might be because of Nidra plays a role of nuitrition 

and development of the body. He also explained the VaikarikiNidra in the same chapter, 

which can be correlated to sleep disorders. 

Acharya sharangdhara, concerted the Nidranash in vatajnanatmajvikara, ALPA nidra in 

pittajnanatmajvikara and atinidra under kaphajnanatmajvikara. 

 

Conclusion 

By observing regarding Nidra and Nidranasha, it can be concluded that all acharyas considerd 

the importance of Nidra, hence Nidranasha are explained along with the physiology of nidra 

only. Nidranasha or salpanidra is seen in many diseases as lakshana and it may be upadrava 

or arista lakshana also. 
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Contamination or pollution is one of the biggest challenges when environmental issues
are considered. However, air pollution is one among all the key issues of our times and
has become a primary issue, acknowledged by the international community. Owing to air
pollution, medical problems have been emerging at a quicker rate, particularly in urban
areas of the rising nations where industrial development and increasing vehicles lead to
advent of a ton of gaseous contaminations. Therefore, pollution monitoring becomes a
very important area of research to analyze the polluted and non-polluted area of a region
based on which further decision can be taken by the authorities. In this context, we
propose an analysis of particular areas that are more contaminated or polluted in
Nagpur City, Maharashtra, India by calibrating the air quality index as an IOT-based air
contamination monitoring framework and plotting the data using Geographical
Information System. Additionally, the data analysis is done with the help of Tableau, and
di�erent parameters like air quality index, and temperature are provided to the end user
through the Android application.
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AIP Conf. Proc. 2424, 050001 (2022)

https://doi.org/10.1063/5.0077923

Natural disasters can adversely influence the life of living beings. Flood has global evidence that causes massive

destruction of land use areas. This literature review has all the related papers which use various algorithms such as

GIS-based frameworks, multi-criteria, Analytical Hierarchical Process, Hydraulic methods, Synthetic Aperture Radar

data with GIS data, logistic regression, cellular automata, Markov Chain models, 1D and 2D models of flood

hydraulics, Naïve Bayes and so on to get the blend for examine the land use and evaluate the damages and

destructions after flood hazard. Different authors have implemented different techniques in their specific areas. We

also proposed our algorithm to calculate the flood hazard losses, the Governments, Disaster Management,

Insurance companies can take benefits out of it
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health and safety, Review, Markov processes

This content is only available via PDF.

© 2022 Author(s).

You do not currently have access to this content.

Sign in

Don't already have an account? Register

Reset password
Register

Sign In
Username

Password

Sign in via your Institution
Sign in via your Institution

Pay-Per-View Access $40.00

 BUY THIS ARTICLE

Sabiha M.Zamir ; Roshni S. Khedgaonkar; Mr. Ajit Dharmik

×

javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://doi.org/10.1063/5.0077923
https://pubs.aip.org/acp/search-results?page=1&tax=P2736C2548
https://pubs.aip.org/acp/search-results?page=1&tax=P2736P3860
https://pubs.aip.org/acp/search-results?page=1&tax=P4532P26651
https://pubs.aip.org/acp/search-results?page=1&tax=P5209P2514
https://pubs.aip.org/acp/search-results?page=1&tax=P5510P4879
https://pubs.aip.org/acp/search-results?page=1&tax=P5510P4879
https://pubs.aip.org/acp/search-results?page=1&tax=P5510P81890
https://pubs.aip.org/acp/search-results?page=1&tax=P5789P3398
https://pubs.aip.org/my-account/register?siteId=1000005&returnUrl=https%3a%2f%2fpubs.aip.org%2faip%2facp%2farticle-abstract%2f2424%2f1%2f050001%2f2822168%2fOverview-on-spatial-analysis-framework-to-examine%3fredirectedFrom%3dfulltext
https://pubs.aip.org/my-account/reset-password
https://pubs.aip.org/my-account/register?siteId=1000005&returnUrl=https%3a%2f%2fpubs.aip.org%2faip%2facp%2farticle-abstract%2f2424%2f1%2f050001%2f2822168%2fOverview-on-spatial-analysis-framework-to-examine%3fredirectedFrom%3dfulltext
https://pubs.aip.org/institutional-login?returnUrl=https%3a%2f%2fpubs.aip.org%2faip%2facp%2farticle-abstract%2f2424%2f1%2f050001%2f2822168%2fOverview-on-spatial-analysis-framework-to-examine%3fredirectedFrom%3dfulltext
https://pubs.aip.org/store/add/2822168/3
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;


10/21/23, 9:59 AM Malnutrition detection in infants using machine learning approach | AIP Conference Proceedings | AIP Publishing

https://pubs.aip.org/aip/acp/article-abstract/2424/1/040006/2822344/Malnutrition-detection-in-infants-using-machine?redirectedFrom=PDF 1/2

RESEARCH ARTICLE |  MARCH 21 2022

Malnutrition detection in infants using machine learning approach 

 Author & Article Information
AIP Conf. Proc. 2424, 040006 (2022)

https://doi.org/10.1063/5.0076876

Balanced nutrition is the main source of energy. It is necessary for healthy life of people. Healthy nutrients enable

cells to perform their regular activities at pace. Deficiency of proper nutrition while birth causes various

complications in further life. These complications include wasting, stunting, edema, mental illness, low immune

system, ridged or spoon-shaped nails, brittle, dry hair, and underweight etc. Malnutrition is a condition that occurs

when a person consumes a diet that is deficient in one or more major nutrients, or has too many of them.

Marasmus, kwashiorkor and intermediate states of marasmus-kwashiorkor are included in the term Protein-Energy

Malnutrition (PEM) disorders. PEM is the cause of underweight (low weight for age), stunting (low height for age),

and wasting (low weight for height). In India, stunting affects 48% of infants under five years age, wasting affects

20%, and underweight affects 43%. Most children suffering from undernutrition in mild to moderate forms are

unnoticed in India, which affects their growth at early ages. Detecting malnutrition at early stage reduces further

healthcare cost and improve health outcome. To alleviate the problem of malnutrition, this paper describes a

decision tree model for classification of infants being between the ages of 0 and 59 months as normal, acute

malnourished or severely malnourished for three categories: Stunting, Wasting and Underweight. In decision tree

model, Gini index is adopted as an impurity measure. The accuracy obtained using decision tree for stunting is

82.22%, for wasting 72.23 % and underweight 78.35% using Gini index.
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https://doi.org/10.1063/5.0076793

Manual code assessment in this modern age is not a feasible way of evaluating student competencies. Relying of

random and limited test cases can result in inconsistent conclusions. Neither is it viable nor possible to judge

rationally using naive procedures. The online coding platforms existing today are too general for this purpose, so

this system is developed distinctively for this purpose. In this system, all the evaluation processes are automated.

Thus, creating a trouble- free platform for teachers and a judicious assessment for students.
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Abstract:
In this age of global e-market, most of our transaction, buying or selling or both have become online through various
ecommerce websites and mobile application. The most important phase during these transactions is proper and effective
communication between the parties involved in these transactions. To bridge the gap between the parties involved in these
transactions comes ‘‘Sales force Service Cloud.’’ The service cloud makes things easier and manageable for the customer
and the service provider. In this project, we have used various features of the Salesforce cloud to effectively provide
customer service. These features include Omni-Channel, Case Management, Knowledge Base, Process and Routine
Automation, Service Analytics, Self-Service Communities, Einstein Bots, etc. Agents no longer need to use multiple
resources to manage a case. All the information for case management is available on one platform. Similarly, for
customers, knowledge articles, public communities, and platform independent complaint registration and case generation
make it easier for them to solve their problems.

Published in: 2022 International Conference on Emerging Trends in Engineering and Medical Sciences (ICETEMS)

Date of Conference: 18-19 November 2022
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I. Introduction
Someone nowadays offered a client several options to give feedback concerning their experience
using products or services. In any organization, customer gain is easy, but customer retention is also a
major factor on organization’s goal. If they didn’t take the right decisions at the right time, there is anSign in to Continue Reading
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Metadata
Abstract:
In today’s world, eye damage has become common among people with issues like glaucoma, CNV, and other retinal
diseases. The retinal image is the basic factor for ophthalmologists to diagnose the different damages in the eye.
Traditional eye check-ups are done using an ophthalmoscope or retinoscope. These are the traditional methods wherein
the diagnosis is based on the observation of the doctor. To capture a high-resolution cross-section of the retina of patients,
the Retinal optical coherence Tomography (OCT) imaging technique was used. OCT images are effective in the display
and diagnosis of many retinal conditions. Artificial intelligence (AI) has made a major impact in the domain of medical
surgery. In this paper, we have used data consisting of OCT images to identify abnormalities occurring in them compared
to a healthy normal eye. We have used Deep learning methods to make effective use of OCT images in processing data
and training the model to interpret the type of damage illustrated in it and make decisions based on it. We have proposed
to implement a Sequential Model in Keras to detect which retinal damage is present in the OCT image and classify them
into four classes- CNV, DME, DRUSEN & NORMAL based on its validation accuracy. To improve the accuracy, we have
modified the sets of convolutions with a varied number of layers. We have further tried to increase the validation accuracy
by the use of the Sequential model, ResNet50 model, and ResNet50V2 model. Out of all the models that have been used,
the Resnet50 model proved to give the highest validation accuracy of97%. The given project would be helpful to
Ophthalmologists to give fast, reliable, and efficient diagnoses of the eye with would aid them to begin the treatment of that
damage at an early stage.
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Metadata
Abstract:
In a traditional examination management system, a request for setting question papers and the actual question papers
from the Controller of Examination (COE) to various teachers and vice-versa, is done physically. Further, the work of
sending the finalized paper from the COE to various superintendents of examination is also done physically. In this system,
the need for a safe and secure method of setting up and circulating the examination paper is high. The work of sending the
finalized paper from COE to various superintendents of examination is done physically, which raises a lot of security
concerns. The Blockchain-based system will eliminate the need for physical circulation of the paper, which in turn will
reduce extra costs and time required for the paper. The proposed system fulfills all the above criteria with many different

 The proposed system uses atechnologies working together as one system to provide the desired functionality.
combination of Blockchain and Interplanetary File System (IPFS) to achieve decentralization and secure peer-to-peer
communication between teacher and superintendent.
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I. Introduction
In today’s era, every individual’s data is available on the internet, which can be retrieved from
anywhere in the world, which increases various challenges in the aspects of data security, trust, and
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Abstract: Algorithms are finite pieces of statements or instructions that are used together to solve a
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and data structures along with methods to store and process that data are an integral part of computer
science. It is necessary today that students and instructors have a clearer and better understanding of
how the common algorithms function and how data behaves. We have created an application that
allows its users to perform both of these crucial tasks in a platform-independent fashion. Data
visualization means presenting data in a graphical or pictorial form clearly and effectively. There are
few standalone-agnostic data visualization and algorithm simulation applications. However, they
implement very few Data Structures and Algorithms, not covering different types of algorithms. We
have implemented algorithms from different areas in computer science such as Machine Learning,
Data Structures, and Algorithms, Data Visualizations, etc. There are various platforms for each domain
however very few platforms provide the facility to implement on a single platform. Our web or desktop
application would possibly include algorithms of major domains for Educational purposes.
Copyright of Grenze International Journal of Engineering & Technology (GIJET) is the property of
GRENZE Scientific Society and its content may not be copied or emailed to multiple sites or posted to
a listserv without the copyright holder's express written permission. However, users may print,
download, or email articles for individual use. This abstract may be abridged. No warranty is given
about the accuracy of the copy. Users should refer to the original published version of the material for
the full abstract.

For access to this entire article and additional high quality information, please check with your
college/university library, local public library, or affiliated institution.

Important User Information: Remote access to EBSCO's databases is permitted to patrons of subscribing
institutions accessing from remote locations for personal, non-commercial use. However, remote access to
EBSCO's databases from non-subscribing institutions is not allowed if the purpose of the use is for
commercial gain through cost reduction or avoidance for a non-subscribing institution.

Privacy Policy A/B Testing Terms of Use Copyright Cookie Policy

© 2023 EBSCO Industries, Inc. All rights reserved.

This website utilizes technologies such as cookies to enable essential site functionality, as well
as for analytics, personalization, and targeted advertising purposes. To learn more, view the
following link: Data Storage Policy

https://www.ebsco.com/company/privacy-policy
https://www.ebsco.com/conversion-testing-statement
https://www.ebsco.com/terms-of-use
https://www.ebsco.com/terms-of-use
https://www.ebsco.com/cookie-policy
https://www.ebsco.com/company/privacy-policy


 
 

 

 
Creating a Voice based Email for Blind 

 
Roshni Khedgaokar1, Anushree Bhure2 , Janhavi Nagmote3 ,Sakshi Thakre4 and Bhushan Surjuse5 

1-5Computer Technology Department, Yeshwantrao Chavan College of Engineering, Nagpur, India 
Email: { rskhedgaonkar@ycce.edu, anushreebhure23@gmail.com , janhavinagmote36@gmail.com, 

thakresakshi26@gmail.com , bhushansurjuse04@gmail.com } 
  
 

Abstract—Many visually impaired people face problems in their life while using apps of the 
phone for contacting people through calls or emails due to which it is very difficult for them to 
survive at any workplace and become jobless. So, we are building a voice-based email 
application for visually challenged people to complete their day-to-day activities quickly and 
efficiently. It will be fully based on voice command; it will just prompt the blind people for 
doing different activities then the blind user just has to say a command prompted by the 
application. Here we are using Google Text to Speech for converting text written in an email to 
voice and Speech to text library for analyzing and converting it into a body of the email. The 
use of the keyboard is removed, and the user just must interact with it through voice for doing 
their work. All the actions will solely depend on voice input given by the user. The main 
objective of building these applications is to make visually impaired people independent and 
work efficiently at their work to send, read emails without taking the help of a second person. 
There will be 4 features in this application: Send Email, Check Inbox, Download an Attachment 
of a mail, search a mail for which the user gets prompted and he must choose one option at a 
time. We are adding 2 more features of downloading an attachment from a specified sender and 
searching mail related to a specified user.  
 
Index Terms— Speech to Text(STT), Text to Speech(TTS),Interactive Voice Response(IVR). 

I. INTRODUCTION 

Globally, at least 2.2 billion people have vision impairment near or distance. Vision impairment poses an 
enormous global financial burden with the annual global costs of productivity losses associated with vision 
impairment from uncorrected myopia and Presbyopia alone is estimated to be US$ 244 billion and US$ 25.4 
billion.[1] This is a major problem nowadays and we must look for it and use an alternative to tackle this 
problem to avoid unwanted loss. To solve this problem, we came up with a solution to create a voicebased email 
system. A voice-based email application is a way of sending and receiving emails through voice commands. It is 
specially designed for blind people so that they can contact other people through emails. Here the blind user just 
must choose an option by giving voice input to the application and depending on the input by the blind user the 
application will perform its work. By this, some things of blind people will get easy like it will be easy for them 
to interact with other people through emails. Also contacting people through the mail over voice input will save a 
lot of time and energy.  

II. LITERATURE SURVEY 

On studying various similar research papers and models regarding the voice-based email application, the 
commonly used technologies which are used in those systems are:  
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Screen Readers: Screen readers[2] are the software programs that act as the interface between the computer and 
operating system and then with application and user. It allows the user to read the data from the screen using a 
speech synthesizer. The thing is one needs to point the pointer and the application will read.  
Braille Keyboards : These are braille typewriters which are like a normal keyboard that is the standard 
keyboard that is connected to the computer, and accepts its input. 
IVR: An Interactive Voice response [3]is a business phone system that interacts which the user. It listens to the 
user analyses the user’s voice and then replies in the form of voice.  
Speech to text conversion: The voice of the user is taken as input by the server and then get converted to the 
text.  
Text to speech conversion: The text is taken as input by the server and then get converted into speech.  
A survey conducted showed that there were more than 250 million visually challenged people around the globe 
who were unaware about of how to use Internet or E-mail. 
The only way by which a visually impaired person can send an E-mail was, they must dictate the entire content 
of the mail to a third person (not visually challenged) and then the third person will compose the mail and send 
on the behalf of the visually impaired person. But this was not a correct way to deal with this problem. It was 
very less likely that every time a visually challenged person can find someone for help.  So, for the betterment of 
society and giving an equal status to such especially abled people many of them came up with this idea which 
provided the user with ability to send mails using voice commands. 
Internet has become one of the basic amenities for day-to-day living. Every human being is widely accessing the 
knowledge and information through internet. However, blind people face difficulties in accessing these text 
materials, also in using any service provided through internet. The advancement in computer based accessible 
systems has opened many avenues for the visually impaired across the globe in a wide way[1] 
In 2014, a web-based application was developed stands as the inclusive practice that can be used by all kind of 
people afterwards it was used for visually challenged people. The proposed system allows blind people to use 
Email system easily. As the input to the system does not use keyboard or mouse, users can easily give input by 
speaking the message.[2] 
The advancement in computer based accessible systems has opened many avenues for the visually impaired 
across a wide majority of the globe. Audio feedback based virtual environment like, the screen readers have 
helped Blind people to access internet applications immensely. However, a large section of visually impaired 
people in different countries, the Indian sub-continent could not benefit much from such systems.[3] 
A similar idea was proposed in 2016 In this system mainly three types of technologies were used namely: STT 
(Speech-to-text), TTS (text-to-speech), IVR (Interactive voice response). [4] 
An adaptive email access for blind was developed in 2017 which was based on IVR-Interactive Voice Response 
While using this system the computer will be prompting the user to perform specific operations. [5] 
In 2019, an idea was proposed that focused on providing the basic functionalities like composing, reading, 
sending, and receiving emails  along with voice-based interaction. [5] 
IVR describes the interaction between the user and the system in the way of responding using keyboard for the 
respective voice message [6] 
Interactive voice response (IVR) is an advanced technology which allows a computer to interact with humans 
using keyboard. IVR allows user to interact with an email host system via a system keyboard, after that user can 
easily service their own enquiries by listening to the IVR dialogue. [7]. IVR systems generally respond with pre-
recorded or dynamically generated audio voice to further assist users on how to proceed [8]. The main goal of 
this architecture is to provide visually challenged people got know more about the type of conditions they must 
survive. The prevailing email systems don’t give any means of feedback or Talkback service[9] 
The most common mail services that we tend to use in our day-to-day life cannot be used by visually challenged 
people. This is because of they do not offer any facility in order that the person in front will listen the content of 
the screen. As they cannot visualize what is already present on screen they cannot build out where to click to 
perform the required operations[10] 
Limitations of the existing system are as followed:  
1. Screen readers always require someone to point the cursor and then only the visually impaired person could 
listen to the text, and it cannot spell various technical and biological words.  
2. Every person could not know the braille language and here again, one could be required to connect the 
keyboard to the computer.  
3. If the system requires a fingerprint one can easily acquire that through various malpractices. These 
disadvantages are tried to remove in this application. 
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III. METHODOLOGY  

Block diagram: 

 
Fig 1.1: Block diagram of Voice-Based Email 

In the block diagram of the proposed approach as shown in fig 1.1, we can see that users can check their inboxes, 
read emails, send emails, and receive alert messages from the proposed approach. Voice recognition (SR) is a 
multidisciplinary subject of linguistics[7] that develops approaches and technology that allow computers to 
recognize and translate speech into text. "Automated Voice Recognition" (ASR), "computer speech recognition," 
or simply "Speech to Text" are all terms used to describe it (STT). It brings together knowledge and research 
from the domains of linguistics, computing, and electrical engineering. Some SR systems employ[6] "Training" 
(also known as "Enrollment"), in which a single speaker reads text or isolated vocabulary into the proposed 
method. The proposed method examines a person's unique voice and uses it to fine-tune the popularity of that 
person's speech, resulting in improved accuracy. Users can utilize the suggested approach to give voice 
commands, and the Voice to Text Converter will translate those commands into text, i.e., the mail will be 
delivered to the chosen recipient after the user provides voice inputs. The proposed approach will teach the user 
in the form of voice commands to ask for completing various operations. For example, the user can check their 
mailbox, read their emails, send emails, and receive alert messages. Voice recognition (SR) is a multidisciplinary 
subject of linguistics that develops approaches and technology that allow computers to recognize and translate 
speech into text. "Automated Voice Recognition" (ASR)[4], "computer speech recognition," or simply "Speech 
to Text" are all terms used to describe it (STT). It brings together knowledge and research from the domains of 
linguistics, computing, and electrical engineering. Some SR systems employ "Training" (also known as 
"Enrollment"), in which a single speaker reads text or isolated vocabulary into the proposed method. The 
proposed method examines a person's unique voice and uses it to fine-tune the popularity of that person's speech, 
resulting in improved accuracy. Users can send voice commands through the proposed approach and then Voice 
to text converter will convert those commands into text i.e., the mail will be sent to the specified recipient after 
taking voice inputs from a user. Text to voice converter will instruct the user in the form of voice commands to 
ask for performing different actions. 
The proposed technique gets started after encountering Start, and it examines whether the user is a new or 
existing one, as shown in fig 1.2. If the user is new, he must register for the proposed approach; otherwise, if the 
user is already registered, he must log in with credentials to the proposed approach. If a user enters the wrong 
login credentials, then he is prompted by the message Invalid login/ Password else Login is successful. After the 
user is logged in, the proposed approach gives a count of seen and unseen emails in the inbox. Also, it reads out 
the message of recent emails. (here Text-to-Speech is used). Users can also compose an email to send it to a 
valid recipient. The user must select the compose mail option to do so. If the user selects the compose a mail 
option, the proposed technique listens to the user's voice commands. Speech to Text is the technology used in 
this case. Other features added are Download an attachment and Search mail. As a result, the proposed method 
generates output based on the user's input. Finally, the user has the option to Logout from the voice-based email 
system. 
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 Fig 1.2: Flowchart for Voice-Based Email for blind 

The proposed approach developed by us includes the following modules as follows: 
Self-sign-up/sign-in: As shown in fig 1.3, This e-mail system has a feature of speech to text(STT)as well as text 
to speech(TTS) which makes the proposed approach easy to handle. Users can log in without taking the help of 
any other person. Users can give voice input of their email address and password as well for signing up into the 
proposed approach. The user’s credentials will already be kept at the backend by the developer.  
Compose a mail: Following the selection of the required category, the user can create an email by giving voice 
input for the recipient's email address and the email's subject text. As a result of which email can be composed. 
Send a message: The constructed email can be sent to the appropriate recipient, and the user will be notified once 
the message has been sent. For sending the email, the user must give voice input of the receiver’s email address.  
Read inbox: The proposed approach, on the other hand, will read emails received in the inbox section after 
asking the user whether they should be read or not. In addition, the proposed approach displays the total number 
of viewed and unseen emails in the user's mailbox. The voice engine(proposed approach) will continue to ask the 
user what action they want to take to support the activity. When the user has finished with the module, he can 
return to the main page by following the commands/instructions. 
Download Attachment: In this feature an attachment is downloaded which is sent by the sender to the 
respective recipient. The attachment can be of any type of pdf, image, word file, etc. It will be saved in a 
particular path that we have specified in our code. So, the attachment will be saved in a particular folder. This 
helps us to download files present in the mail number provided. It also reads out the mail content.  
Search Email: In this feature, we get to know how many emails for the mail number associated with a username 
are present. Mail related to username will be given in the form of ids. 

 
Fig 1.3: Flow diagram for modules 
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ALGORITHM: The proposed approach uses an algorithm that converts passwords or other credentials into hash 
functions and stores them in the database using various Hashing Algorithms (MD5, SHA)[5], resulting in 
stronger security than traditional systems. MD5 stands for the message-digest algorithm. SHA stands for secure 
hashing algorithm. Figure 1.3 depicts the procedure of utilizing the hashing algorithm: 

 
Fig 1.3: Hashing Algorithm 

The user will give voice input which will be in the form of a wave and that voice input will be converted into 
text by the system. The waveform is shown in fig 1.4 as below. 

 

Fig 1.4: Waveform of a human voice 

IV. EXPERIMENTAL RESULTS  

The proposed system will make it easier for visually impaired people to use various email services. Here one 
doesn’t need to learn the keyboard key’s location and various shortcuts to run the email application as keyboard 
need is eliminated. As here everything must be performed only just by using voice commands the application 
will do the required action internally on its own. Aside from that user may be able to feed information as of 
messages, email through voice inputs itself. 

V. CONCLUSION AND FUTURE SCOPE 

Speech recognition (Speech to Text) is used in this proposed approach, and anything we say is transformed into 
text. Similarly, when the user receives a message, the suggested method converts the text to a voice, allowing the 
user to comprehend the message. One of the primary advantages is that users do not need to utilize a keyboard. 
All actions will be based on click events. This proposed strategy will assist blind persons in overcoming the 
challenges they previously had in accessing emails. We've stopped using keyboard shortcuts in conjunction with 
screen readers, which can help with the cognitive strain of knowing shortcuts. This study presents the structural 
architecture of a Voicemail system that a blind person may use to access emails more easily. The study uses a 
computer to assist blind people in sending and receiving voice-based email messages in their native language. As 
a result, visually challenged people will find the proposed method simple to utilize. Future Scope includes: 
1. Users will receive voice-based notifications.  
2. Users can search any email by saying it.  
3. Users can delete unwanted emails. 
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Abstract:
AR furniture aims at providing a platform to visualize a furniture model using augmented reality (AR) so that it will be easy
to choose the furniture according to color combinations and combinations of furniture. This application provides a real
representation of furniture as a 3D model interpreting in a real world. This Application let user choose the choice of
furniture from a range of furniture and let them place 3D object of the same furniture on empty area so that they can look
at the way it will feel at that area. You can view multiple objects at the same time. It will help in decorating empty room. By
looking at multiple object user will be able to choose object that he/she desires. The project is developed on Unity
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I. Introduction
Visualization would be done in AR Technology, that will create the furniture model in real world using
AR. AR Tool will have option to select type of the furniture (e.g., Chair, Table, etc.) The application will
have option through which the user can view the furniture model in a virtual room. So, user can inspect
that Model accordingly.Features
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Abstract

Deep learning is a boon for the industry in today’s era. Deep learning comes up

with powerful algorithms like generative adversarial network (GAN) and

convolutional neural network (CNN) for synthetic image generation and to

detect different objects from an image. In this paper, both GAN and CNN were

demonstrated in a consecutive manner so the objective of generation and

detection will be figured out in a single implementation. In essence, the GAN

will induce synthetic images from the real image dataset, and the output of

GAN will dispense as an input to CNN for detection purposes. The

experimentation has performed on celebrity face dataset. This model will be

implemented for security, health diagnosis, E-commerce, etc.
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Abstract

The on-road traffic increases due to the exponential growth of the number of

vehicles on the road. That leads to undesirable road conditions and makes

urban population life uncomfortable. It includes traffic congestion, traffic jams,

and long queues at traffic signals and toll booths. Many people violate road

traffic rules and regulations rules every day. Manual human effort and

supervision are not enough to resolve these issues. Still, many road traffic

managements follow the traditional approach, which results increase in road

accidents that makes humans seriously injured and even loss of life. To address

these issues, we have proposed four strategies as (1) congestion status on

square, (2) efficient toll tax collection, (3) fine collection on road for the people

who violate road traffic rules and (4) shortest pathfinder for drivers. This

research work mainly focuses on the various strategies and their

implementation with the help of the MapReduce framework. We have

combined video surveillance, big data analytics algorithm and implemented

efficient road traffic management system.
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ABSTRACT
One of the worst calamities the world is facing since early 2020 is corona virus or Covid-19 disease which has turned into a
pandemic claiming millions of lives across the globe. Twitter sources huge number of tweets related to this disease from users
globally. This research focuses on mining Covid-19 tweets using machine learning techniques. The tweets are first pre-processed
and converted to a form suitable for applying clustering algorithms. Principal Components Analysis is used to separate most
significant components. Similar tweets are categorized using Hierarchical agglomerative clustering. The segregated tweets are
visualized on novel and interactive cluster plots, members of which can be identified on user interface interactively by user for
easy interpretation. The implementation is done using R programming. Clusters of similar tweets can be used to analyze the
response of people to the pandemic across countries, compare and adopt best practices across countries to address the pandemic
based on people views, combat spread of rumors and other such applications. © 2022, The Author(s), under exclusive license to
Springer Nature Switzerland AG.
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Abstract. In recent years, various advanced control methods have been successfully proposed as an alternative to traditional 

cascade linear controllers for power converters in distributed electrical systems and microgrids. The main transport of this 

research is to discuss advanced controllers to improve the dynamic performance and visibility of dynamic electronic power 

converters in these applications. This article introduces the main roles and functions of voltage source converters in 

distributed generation systems and microgrids. Although such power electronics systems are non-linear in nature but the 

design of the controller can be done in a linearized way. Next, the most popular advanced control methods will be reviewed. 

In this context, key principles and implementation principles, benefits and advantages of data-based advanced control 

methods are present. This article concludes with a discussion of good research directions in the field of advanced controls for 

power electronic converters. 

 

Keywords.  Advanced Control, Distributed Generation (DG), Voltage Source Converters (VSC), Microgrids 
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Abstract. Water pollution has been a topic of concern in recent years both in India and worldwide. The floating objects on 

the water surface many times get clogged in the drainage system and cause choking of the system which results in other 

harmful effects. Also, such floating objects are consumed by the animals residing in the waters as food items and become the 

cause of their death. Another concern is the security of the water bodies. To deal with this problem we are proposing this 

Garbage Cleaning System (Ship). This system works on solar energy so it is non-polluting. The ship is so constructed that it 

has two metal frames with a mechanical arm on one of the frames and the solar panel on the other. Two dc motors are used 

for navigation of the ship and two motors are for the movement of the arm and the bucket. As the ship is designed for the 

operations in water wireless communication system ZigBee is used to communicate with the ship for reliable operation. 

When the operator identifies any garbage in the water, then according to his/her commands from the laptop, the ship goes to 

the desired place, picks up the garbage and comes back. For security and surveillance purpose it has a camera mounted on it 

which records audio-video footage which can be seen when the ship docks back home. This device is a prototype that can 

prove to be useful in cleaning lakes, rivers, ponds, etc. and if implemented wisely can prove to be a great aid for security and 

surveillance. 

Keywords. Design of ship, Construction of ship, Control Circuit, Navigation. 
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Abstract. The energy generated from Renewable Energy Sources (RES) are eco-friendly, sustainable, reduces global 

warming and greenhouse effect. Reduction in the capital cost of solar photovoltaic panels and wind generator helps to 

enhance the utilization of Renewable energy sources. Indian government has an ambitious plan to install 100 GW of solar 

PV system out of which 40 GW is through roof top solar system. The Roof Top Solar Photovoltaic (RTSPV) policy declared 

by Maharashtra State Government in 2015, major industry sector preferred to install RTSPV. Indian homes are also now 

preferring to shift from conventional power from the grid to RTSPV connected to the grid. Along with the usage of 

renewable energy the smart grid technology is preferred by these homes over traditional grid. Smart grid uses Advanced 

metering infrastructure and Demand side management techniques to balance the load and generation. The objective of this 

paper is to utilize maximum amount of renewable energy from the RTSPV and minimize the electricity bill. To reduce the 

dependency on grid further, Energy Storage System (ESS) is used. The strategy used in this paper is maximize the usage of 

Renewable energy sources with a proper usage of Home Energy Management System architecture. This renewable or green 

energy is used to fulfill the demand of Home load and also it reduced (nearly negligible) the cost of the electricity bill of 

prosumer (producer +customer). When the energy generation is more than the demand of the home load, the storage is 

checked. If there is a scope for storage then it is stored first and then remaining will be penetrate into the grid. If the load 

demand is not fulfilled through RTSPV and ESS then the electricity is imported from the grid. The amount of selling energy 

to main grid and energy consumed from main grid is calculated by Net metering and gives electricity bill. The Real time 

pricing (day-ahead price signal) tariff is used for this system in which cost of energy changes hourly basis. A proper strategy 

for Power Scheduling at low price time slot and high price time slot reduced the energy cost according to day-ahead price 

signal is also mentioned. Further the roof top space is better utilized by using double sided solar panels. Here the analysis of 

the same is provided. If there is increase in energy generation, the cost of energy will decrease, hence doubled area of solar 

panel gives more benefits from the system with less investment. By increasing the capacity of the Energy storage system, the 

losses of energy reduced. The High Peak-to-Average ratio lowered the cost of energy, therefore energy cost as well as Peak-

to-Average ratio have maintained accordingly.  

 
Keywords. Energy management and distribution, Smart grid, Main controller, Smart meter, Electric storage system, Power 

scheduling. 
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Abstract. Energy is very important constraints in all sectors for any country’s economy. The economic development of any 

country is closely linked with consumption of energy. The availability of conventional sources of energy are in limited 

forms. These sources are important for electricity generation. Energy demand has increased as its consumption increased so 

proper energy conservation methodology to be adopted. Energy Conservation avoids wasteful use of energy. A study of 

energy audit and conservation is carried out in many sectors like industrial, Academic and commercial. Commercial sector is 

one of the major energy consuming sectors. The main focus is on identification of energy conservation in commercial sector. 

In this paper, Nagpur five star hotel energy audit was done. Estimation of monthly energy consumption is studied through 

analysis of electric bills. Energy conservation areas are identified. It will help to implement the energy efficient project for 

improving energy efficiency of hotel. Also, the electrical energy audit and safety audit was carried out to find the harmonics 

in voltage and current. Readings were taken under the power quality analyzer condition. 

 
Keywords. Energy Audit, Energy Conservation, Electrical safety audit, power quality analyzer. 
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Abstract. This work deals with design and analysis of Z source based multilevel inverter for Induction motor application. Z 

source inverter have unique feature to boost the output voltage and also conventional two level voltage source inverter have 

certain drawback which is overcome by multilevel inverter therefore utilizing all these advantages of Z source and 

Multilevel Inverter technology this paper introduces a new electrical drive system for speed control of Induction motor. This 

Z source topology reduces two conversion stages to single stage having low complexity thereby reducing the overall cost 

and size of an electrical drive. Z source multilevel Inverter is controlled by pulse width modulation technique. Simulation is 

carried out using MATLAB/SIMULINK software. It was found that the designed electrical drive circuit have offer less total 

harmonic distortion with Phase disposition pulse width modulation (PDPWM) after compared to other Pulse width 

modulation techniques. 

 

Keywords. Z source, Multilevel Inverter, Pulse width modulation. 
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Abstract. A Photo Voltaic (PV) based generation system is nowadays widely used and requires most reliable and cost 

effective inverter configuration. In case of PV based systems, a buck boost converter which is commonly used is essential 

for maximum power point tracking (MPPT) and load matching. This paper investigates the reliability of conventional boost 

converter and impedance source based inverters for PV based systems. Also, more reliable inverter configuration with a 

Quadratic impedance source based converter topology is evaluated for improved reliability. The overall reliability of a PV 

based generation system is presented with buck – boost converter and quadratic impedance source inverter. The simulations 

are carried out in MATLAB and the results show that the proposed Quadratic converter based inverter is emerging out to 

have more reliable configurations. Further, experimental results of quadratic converter based inverter are also presented. 

 
Keywords. Grid connected inverter, Quadratic converter, Reliability, Solar PV. 
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Abstract. As one of the foremost important power sources in modern society, electricity takes up a large proportion of 

modern energy consumption. Among all those methods of power generation, fossil-fuel thermal power generation is one 

among the earliest ways of large¬scale electricity production. Its popularity within the modern society comes from its 

stability and controllability. Given the wide applications of electricity round the world, improving the efficiency of thermal 

power plants would be an efficient thanks to reduce the entire energy consumption and protect the environment. The paper 

discusses the efficiency of energy transition and its determinant during each stage of power generations along side proposals 

to improve the efficiency of thermal power generation. 
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Abstract. Efficient control, monitoring and energy conservation plays important role in the assessment of annual investment 

on electricity consumption in every industry. In central India there are few industries who invest approx. one third from their 

profit on electricity bills on every month. Out of several loads the one which is considered as most energy intensive load is 

process where to reduce the thickness of the cold rolling coils as per requirement. Here the power requirement is fulfilled by 

a distribution transformer which is used to drive the mill motors, entry tension reel, dispatch tension reel and auxiliaries. The 

data available in an industry can be used to reduce the power consumption and ultimately which may lead to lessen the 

electricity bill of an industry. To reduce the thickness of the sheet is limited and in order to reduce the power consumption, 

the constraints such as grade of coil, number of passes and mill reduction capacity has to be taken into consideration. The 

data such as weight of the coil, number of existing passes, the starting thickness and ending thickness is available in industry 

and can be used to calculate length of coil and further using the length average speed and total time can be calculated using 

simple mathematics. In order to monitor and control the several physical quantities such as flow, pressures, temperatures, 

liquid levels and their detection, several transducers are used in an industry. Proper selection of these devices and the 

knowledge associated with them are necessary for their implementation and figure out the faults associated with it. Thus, the 

overall measuring processes are improved and cost of future expansion is reduced by proper knowledge and ratings of the 

transducers. 

 

Keywords. Consumption Pattern, calculation, exiting energy consumption pattern, scope and opportunity for energy saving, 
process flow. 
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Abstract. Electrical power plays a vital role in our lives. We need electricity for industry, agriculture, transport, 

communication etc. The fundamental relationship between energy and economics is more people with more income, means a 

rise in production and hence more consumption of energy. Electric power demand is increasing day by day in all sectors 

along with population. Population and income growth are the most powerful driving forces behind electrical power demand 

globally. To deal with the situation power engineers continuously focuses on the increase in the utilization of the new and 

renewable energy. Till date only wind generator and the solar PV are the two energy sources which gives promising results 

and the mobility to utilize the energy generated through them. Due to technical limitations, the size of the wind generator or 

solar PV is more than that of the generating electric power. After so many years of research researchers said that the power 

utilization which generated through solar PV and wind turbine can be easily possible for less load rating.  

 

Keywords. Wind generator, Solar PV, Charge Controller, Boost Converter, Battery, Protection Circuitary. 
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Abstract. Today, we live in 21st century where automation is playing a major role in human race. Automation ensures 

higher production rates, improved safety and shorter workweeks for labours. Many farmers today can’t afford to use 

automation and control machines owing to their high cost. Many villages in India have to use fuel based irrigation system 

due to a shortage of electricity. Fuels cause global warming and pollution in environment. In this paper our aim is to propose 

an automatic irrigation system which is cost effective and farmers can use it in an agricultural field. As the system is 

automated, the pump turns ON/OFF only when the moisture content of soil is below critical level which is regulated by a 

soil moisture sensor. The objectives of this paper are to control the automatic irrigation system with the help of a GSM 

module. The farmer at his own discretion can send a message to ON/OFF the pump without going to the field. PIC 

microcontroller, LCD display, sensors have been used as prime components. Farmer can control the system in automatic or 

manual mode also substantially reduce the electricity and water cost. We would discuss the design and implementation of the 

automated irrigation system. Finally, a prototype is designed and implemented and the experimental results are presented. 

Keywords. Solar Energy based Automated Water Pumping System, GSM module based Automated Water Pumping 

System, Intelligent Microcontroller based Circuit Board, Design and Implementation of the Automated Solar Water 

Pumping System. 
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Abstract. Energy is the fundamental need of every living organism to carry out various processes internally (metabolic 

process) and externally. For years together sources like Coal, Diesel, Petrol have been used to generate electrical energy. 

But, in the perspective of power generation need, focus on renewable energy sources have to be enhanced so as to suffice the 

future generation energy demand. During recent years, Microbial Fuel Cell technology seems to be the most emerging 

technology in the renewable field. It includes biological production of electricity in the presence of bacteria, substrates and 

some chemical solution. This paper fully focuses on different designs of fuel chamber and use of different combinations of 

materials such as Bacteria, substrate material, Microbes to enhance the generation of electricity by using this technology. 

 
Keywords. Energy, Bacteria, Substrate, Microbes. 
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Solar power generation is most clean form of generation among all type of generation. Hence is gaining the first

choice of the electricity generating authority all over the world. Still, it is under research and development stage.

Solar cell has very low efficiency and due to above facts, these efficiency decreases which ultimately effects the

power generation. Mono crystalline solar panels are made up of pure crystal silicon in which there are more mobility

for electrons to move hence the efficiency of such panels are more as compared to poly crystalline panels.

Moreover, the dimensions area for these panels is near about same. In this paper effect of pollution and incidence

angle of solar panels along with temperature and fill factor on roof top systems by using mono crystalline panels are

discussed. The panel has significantly reduction in cost since the year 2021. While calculating the power generation

of solar roof top power plant, there are some points are to be considered. a) Total energy required or utilizes by

load, b) Power Backup required for how many numbers of hours, c) Future expansion of load in coming few years.

According to that technical analysis are done. While installing solar roof top system these points are also consider,

p) Incident Angle, q) Pollution level of the area in last 5 to 10 year and other point like future expansion of load in

coming next 20-year, Available space for roof top, Total shadow free area, Type of roof available at premise,

longitude and latitude location of premises, Total sunny days available in that location, Air density and air pollution,

Optimum temperature of location.

Topics

Power plants, Solar energy, Solar panels, Atmospheric thermodynamics, Atmospheric dynamics, Air
pollution
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https://doi.org/10.1063/5.0111160

This paper presents power flow control in electric power systems with the use of a unified power flow controller

(UPFC). Voltage regulation, series compensation and phase shifting can be control independently with UPFC which

is the most adaptable FACTS controller. It offers both the advantages of STATCOM and SSSC by connecting two

VSC's with common dc link. In this paper, the active and reactive power controlled simultaneously without and with

UPFC model. This paper also demonstrates control scheme based on p-q transformation. The active and reactive

power flow control in the line with the help of network studies are presented in MATLAB Simulink.
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MATLAB, Electric power, Flow control
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 Author & Article Information
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The solar PV based water pumping system is increasing its popularity day by day. Conventional energy sources

such as coal, gas, oil is limited reserve. Solar energy is the best substitute to it. Solar water pumping system can be

easily installed at the places where electricity is not reached. It can be used for water pumping in dense forest areas

where electricity is not present. The advanced solar water pumping system is proposed in this paper. It will realize

maximum utilization of solar energy with the help of Buck Boost Converter. A DC-DC converter is positioned

between solar PV system and inverter circuit. BLDC motor is operated with the help of hall sensors and rotor

position. System study simulation is performed in MALAB Simulink software. Simulation is demonstrated with

different value of solar irradiation. A closed loop system is also demonstrated such that inverter fed BLDC motor

input voltage remains unchanged. GSM operated water pump system hardware prototype is also developed in this

work. Water pump operator can easily control motor turn On/OFF by sending message through GSM.

Topics

Electronic circuits, DC/DC converter, Buck-boost converter, Photovoltaics, Solar energy, Sensors, DC
motors
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https://doi.org/10.1063/5.0076827

Power generation from renewable energy sources is key to a clean energy future and solar energy is world's fastest

growing energy sector. Solar energy is renewable, CO2-free and with low operational cost. There are several

advantages of using solar energy; however, it does have a few drawbacks such as hefty initial cost, high-priced

storage, weather dependency, sizable space requirement, etc. As such, it is critical to predict solar radiation (SR) in

an accurate and efficient way to install solar plants in optimal locations. Factors like global horizontal irradiance

(GHI), temperature, humidity, cloud cover, wind speed, etc. make SR highly intermittent and variable. Accurate

forecasting of SR is vital to finalize installed capacity of the proposed power plant but is extremely challenging due

to unpredictability of sunlight. Even the world's best organizations such as the International Energy Agency (IEA)

finds it difficult to accurately predict SR. In this work, we analyze global and diffuse SR data gathered from India

Meteorological Department (IMD) Pune. This data is first analyzed for features, dominant features are identified, and

several machine learning algorithms are employed. Random forest method provides the best results on this data

based on several quantitative measures.

Topics

Power plants, Renewable energy, Solar energy, Atmospheric radiation, Machine learning
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Abstract:
The Data Logger (DL) is a unique tool created to carry out the typical duty of gathering data in a specific area. This
common task can include measuring humidity, temperature, pressure or any other physical quantities. Due to the current
pandemic situation, its use in temperature monitoring of Covid vaccine will be crucial. According to World Health
Organization (WHO) guidelines, COVID vaccine can be stored and transported at -80 °C, -20°C and +2-8°C and shelf life
is reduced as vaccine is transferred from one storage temperature to another. So cost effective, efficient and standalone
Data Logger (DL) is the need of the hour. The Data logger is proposed to be developed with the use of ESP8266 Node
MCU microcontroller. It takes power from a 5V Battery. DS18B20 sensor will be used for temperature sensing. Here we will
use Wi-Fi module of ESP8266 Node MCU to send the temperature data from sensor to the Google Sheet over the internet.
This real time data will be stored in the format of time and month/date/year. Data logged in Google Sheet will be displayed
to the user with the help of graphical user interface (GUI) which is developed using PYTHON scripting language. GUI will
allow user to interact with Data Logger through visual graphs. The Data Logger components are mounted on a double
layered PCB.

Published in: 2022 IEEE Conference on Interdisciplinary Approaches in Technology and Management for Social
Innovation (IATMSI)

Date of Conference: 21-23 December 2022

Date Added to IEEE Xplore: 15 May 2023

 ISBN Information:

INSPEC Accession Number: 23159800

DOI: 10.1109/IATMSI56455.2022.10119279

Publisher: IEEE

Conference Location: Gwalior, India



ADVANCED SEARCH

All 

 Browse  My Settings  Help 
Access provided by:
NYSS'S Yeshwantrao
Chavan College of
Engineering

Sign Out

Access provided by:
NYSS'S Yeshwantrao
Chavan College of
Engineering

Sign Out



Personal
Sign In

http://www.ieee.org/
https://ieeexplore.ieee.org/Xplore/home.jsp
https://ieeexplore.ieee.org/Xplore/home.jsp
http://standards.ieee.org/
http://spectrum.ieee.org/
http://www.ieee.org/sitemap.html
https://ieeexplore.ieee.org/browse/conferences/title/
https://ieeexplore.ieee.org/xpl/conhome/10117603/proceeding
https://ieeexplore.ieee.org/Xplorehelp/ieee-xplore-training/working-with-documents#interactive-html
javascript:void()
https://ieeexplore.ieee.org/author/37089837657
https://ieeexplore.ieee.org/author/37992198700
https://ieeexplore.ieee.org/author/37669888200
javascript:void()
https://www.ieee.org/cart/public/myCart/page.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore.ieee.org%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore.ieee.org/document/10119279
https://www.ieee.org/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore.ieee.org%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore.ieee.org/document/10119279
https://www.ieee.org/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore.ieee.org%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore.ieee.org/document/10119279
https://www.ieee.org/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore.ieee.org%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore.ieee.org/document/10119279
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
https://ieeexplore.ieee.org/alerts/citation
https://ieeexplore.ieee.org/alerts/citation
javascript:void()
javascript:void()
javascript:void()
javascript:void()
https://ieeexplore.ieee.org/document/10119279
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
https://ieeexplore.ieee.org/document/10119279/authors
https://ieeexplore.ieee.org/document/10119279/figures
https://ieeexplore.ieee.org/document/10119279/references
https://ieeexplore.ieee.org/document/10119279/keywords
https://ieeexplore.ieee.org/document/10119279/metrics
https://ieeexplore.ieee.org/document/10119279/similar
https://ieeexplore.ieee.org/xpl/conhome/10117603/proceeding
https://ieeexplore.ieee.org/xpl/conhome/10117603/proceeding
https://doi.org/10.1109/IATMSI56455.2022.10119279
https://ieeexplore.ieee.org/search/advanced
https://ieeexplore.ieee.org/Xplore/home.jsp
https://ieeexplore.ieee.org/servlet/Login?logout=/document/10119279/
https://ieeexplore.ieee.org/servlet/Login?logout=/Xplore/guesthome.jsp
javascript:void()


10/21/23, 11:46 AM Development of Data Logger for COVID Vaccine Temperature Monitoring System | IEEE Conference Publication | IEEE Xpl…

https://ieeexplore.ieee.org/document/10119279 2/4

More
Like
This

A Strategic Agricultural Field Monitoring using Internet of Things enabled Wireless Sensor Network

2021 International Conference on Advancements in Electrical, Electronics, Communication, Computing and Automation (ICAECA)

Published: 2021

A Low Cost Home Automation System Using Wi-Fi Based Wireless Sensor Network Incorporating Internet of Things (IoT)

2017 IEEE 7th International Advance Computing Conference (IACC)

Published: 2017

Show
More

Authors 

Figures 

References 

Keywords 

Metrics 

Introduction
Under controlled environmental conditions, including temperature, humidity, pressure, speed, and
others, various product categories must be managed. Due to its enormous and unpredictable impacts,
temperature is one of these characteristics that is most crucial. Accurate temperature monitoring is
becoming crucial in many modern sectors or organizations that concentrate their work primarily on
medicines. In these kinds of enterprises, keeping the temperature within the prescribed ranges
prevents product loss. Accurate temperature monitoring is necessary for pharmaceutical product
processing and storage, including COVID vaccines. COVID vaccine can be stored and transported at
-80 °C, -20°C and +2-8°C. There will be a drop in quality if the temperature of these vaccines goes
above the limitations that have been set. Reduced vaccine effectiveness in these applications due to
inadequate storage temperature settings and temperature changes has a negative impact on safety
and cost. Vaccines that are improperly stored lose their effectiveness, endangering patients.
Pharmaceutical products are especially susceptible to this typeof scenario since even a slight
fluctuation in temperature over brief periods of time can have an adverse effect on the product or
render it hazardous. To preserve patient health and life, pharmaceutical items [1] must be kept at the
proper temperature. Accurate temperature monitoring is necessary for the processing and storage of
medicinal goods, such as vaccines [1]–[3]. Continuous data for a fairly long period oftime is not easy to
obtain and it requires development of techniques and technologies for logging the data. The rapid
developments in the field of electronics have brought advances in the field of sensors, microcontrollers
and data storages. At present there are different types of temperature sensors, both analog and digital.
In addition, improvement of the ability of microcontrollers,large capacities of flash memory IC
components and on board Wi-Fi based modules give the possibility of merging these basic
components into a portable efficient data logger.
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Abstract:
Geographical Information System (GIS) is the system through which all the information can be gathered about the
distribution system. Reformation information can be gathered from remote place about distribution network using geo
coordinates. Asset management and consumer indexing are the main functionality of the distribution utilities. Currently
distribution system faced challenges about the revenue collection, monitoring and controlling the distribution due to limited
access during CORONA-19 pandemic. IT based infrastructure of all electrical equipment’s and other assets through GIS
helps to organize the workflow with less human resource requirement. This paper represents the effective implementation
of GIS in the distribution utility for developing the strategical road map for fixing the accountability and achieve the
analytical targets. It can be inferred that implementation of GIS in distribution system plays a vital role in planning,
improvement in billing, revenue collection, proper asset management. GIS also helps in curtailing power loss by
restructuring the distribution network in optimal manner.
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I. Introduction
Now a days, after Electricity Act 2003 implementation from 2003 onwards, electric power is provided to
the consumers mainly by the utilities known as Distribution company (DISCOM). DISCOM is
responsible to supply the power to the consumers within their predefined territory in a safe and efficient
manner. In most of the DISCOMs, proper mechanism is not available to locate all the assets and
consumers under the Supply Division in the proper manner. For proper asset management it is
necessary to define and tagged all the assets. Adopting the technique of Geographical Information
System (GIS) in the respective Supply Division is the easier methodology to access and analyze the
total asset and consumer database to supply the power to the particular distributor division.
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I. Introduction
India is amongst the highest energy consuming countries and nearabout electricity demand is doubled
since 2000. To fulfil electricity demand, power generation is increased in a large extent. The major
generated power is from thermal power plants and hydro power plants. Now a day a keen attention is
paid on the power generation from renewable sources. All these generated power adds more and
more power into existing grid. As a result existing transmission systems are working overloaded or
some of the cases; it is near to its thermal limit. This problem can be solved by erecting new
transmission lines. Land acquisition problem, environmental issues and high initial investment are the
problems in commissioning of new lines. One solution to avoid overloading is to alter line reactance so
that power flow can be diverted from overloaded line to underloaded line. Hence it is an urgent need to
make transmission system intelligent and controllable. Flexible AC Transmission system (FACTS) finds
a solution to control power flow through line by altering line reactance, bus voltage and power angle.
Conventionally thyristor controlled inductor and capacitor can be used for power flow control. TCSC,
TSSC, SVC are some of the examples. Power Electronics technology enables to use high rating power
electronics switches for high rating voltage source inverter. New generation FACTS devices use high
power inverters to control power flow. STATCOM, SSSC, UPFC and IPFC are VSC based FACTS
devices [1] [2]. But lumped FACTS devices makes system costly and any problem in devices will
collapse the whole system. Deepak Divan gives an idea of distributed FACTS. He proposed distributed
static series compensator (DSSC). Number of DSSC’s are deployed to alter line reactance to control
power flow. Deepak Divan and Harjeet Johal proposed distributed series impedances and distributed
series reactors as distributed FACTS devices [3] [4]. It provides change in impedance or voltage. It can
be implemented with the help of single turn transformer (STT). Number of small rated DSI devices
(-10kVA) are connected along the transmission line and provides significant power flow control. In
distributed static reactor (DSR), magnetizing reactance of STT tuned to the desired value by air gap
setting can be inserted in series with the line [3]. Its power rating is low and it can be provided on the
existing line. It does not require any communication links. If current through line exceeds a
predetermined value (it can be line thermal rating), DSR devices switched in and injects inductive
reactance. As a result effective reactance increases and line current of overloaded line is diverted to
other path of less reactance which is underloaded.
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Abstract:Water pumping system plays an very important role in irrigation sector However its mostly depend on
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Abstract:
Water pumping system plays an very important role in irrigation sector However its mostly depend on conventional
electricity supply or diesel generator. Dependency on such supply create a burden on non renewable sources. Hence in
order to reduce its burden on such energy an effort has been taken in this article. This article consist of solar water pump,
which is not only fed by grid but also its supported by non renewable energy i.e. solar photovoltaic. Results in reduction of
burden on conventional energy. Proposed system consist of single phase induction motor, DC Boost converter, Inverter
and PV array. The system is simulated with MATLAB/SIMULINK software and its results show good response.

Published in: 2022 International Conference on Emerging Trends in Engineering and Medical Sciences (ICETEMS)

Date of Conference: 18-19 November 2022

Date Added to IEEE Xplore: 11 April 2023

 ISBN Information:

INSPEC Accession Number: 22932621

DOI: 10.1109/ICETEMS56252.2022.10093631

Publisher: IEEE

Conference Location: Nagpur, India

I. Introduction
Solar energy may be a viable alternative to conventional electricity and diesel grounded pumping
systems for pumping water for agriculture and community water stocks due to a lack of electricity and
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high diesel costs. Photovoltaic (PV) technology, which converts solar energy into electrical energy to
power a DC or AC motor grounded water pump, is the foundation of solar water pumping. Solar water
pumping is intended to be more cost-effective than electricity or diesel-powered systems for irrigation
and water inventory in pastoral, urban, and rural areas [1].One similar, trustworthy option that is utilised
in a variety of ways by the world’s ever-evolving technologies is solar power. By compelling a grid-tied
system rather than a standalone system to provide just to the load, the power can be exercised and
used directly to the load, pushed to the grid if it is available in fat. In terms of stability difficulties, the
independent system has an edge over the grid-tied method, making irrigation more practical. As a
result, steps are done to provide an achievable result for irrigation at remote locations [2].
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Abstract— Solar Photovoltaic (SPV) power penetration in the 

distribution grid is considered as a viable alternative for fossil fuel 

power plants in the current deregulated power system. SPV power 

penetration helps to reduce the distribution losses, improves 

voltage profile of distributor, reduces load on the substation etc. 

However, increased SPV penetration has concerns about 

protection, reverse power flow, voltage rise etc.  In this paper load 

flow analysis is done with and without SPV for voltage variation 

and power loss calculations with forward/backward sweep method 

for radial distribution network. Various case studies are 

considered for the comparative analysis. The results revealed that 

radial distributor performance is better with distributed SPV over 

concentrated SPV penetration for voltage profile and low power 

loss parameters. 

Keywords— Backward and Forward Sweep (BFS), 

Centralized SPV, Distributed SPV, Radial Distribution Network 

(RDN), Renewable Energy System (RES). 

I. INTRODUCTION

Renewable Energy System (RES) integration in the low 
voltage distribution network has the ability to feed peak energy 
demands, reduce energy losses in distribution feeders, and offer 
voltage support. The exponential development of RES 
installations, on the other hand, may have adverse implications 
for the existing distribution network, posing various power 
quality, stability, and protection difficulties. Considering the 
adverse implications of RES installations, it is of vital 
importance to understand the technical impacts of high 
penetration levels of SPV systems on the operating 
performance of these networks [1]. The potential power quality 
impacts on LV distribution networks with high penetration 
levels of solar PV are analyzed by considering IEEE test feeder 
systems [2]. 
    The spectacular expansion in integrated SPV capacity has 
resulted in recent developments in distribution networks, where 
the SPV power from most distributed SPVs is first expended by 
local loads, with the spare power supplied to the grid [3]-[4]. 
This integration of SPV leads to massive changes in distribution 
networks, such as changes in power flow characteristics, 
increases in load forecast uncertainty, effects on supply of 
voltage and power loss [5], and even changes in network 
structure and control mechanism. As a result, power flow 
analysis is essential for voltage profile assessment of LV 
distribution networks [6] with significant PV penetration. 

According to a thorough literature evaluation, the Backward-
Forward Sweep (BFS) load flow algorithm is the appropriate 
control for the Radial Distribution Network (RDN) load flow 
analysis [7]. However, a large number of research publications 
[8] – [12] have reported on the application of the BFS method
to several RDN. SPV expansion on the LV grid has alarmed
distribution network operators, who are concerned about the
negative impact of high PV penetration levels. The behavior of
the standard LV grid is being influenced by issues such as
abrupt voltage rise and reverse power flow [13] – [16].

This paper discusses the impact analysis of SPV penetration 
on the voltage profile of the single phase 6 Bus RDN by 
applying the BFS load flow algorithm. The voltage profile has 
been analyzed by considering the system with and without PV 
penetration. The system performance has been investigated in 
terms of voltage variation and power loss with distributed and 
centralized PV installations cases. A comparative analysis has 
been done to identify the appropriate PV installation location 
for RDN. 

In this paper, section II describes the BFS algorithm applied 
to 6 Bus RDN with and without PV integration. The voltage 
dynamics at different PV capacities with distributed and 
centralized installation cases have been illustrated in section III. 
Conclusions have been drawn in section IV. 

II. LOAD FLOW ANALYSIS OF DISTRIBUTION SYSTEM

One of the most significant tools for analyzing power 
systems at both the design and operation stages is load flow. 
Although many academicians have developed load flow 
algorithms for transmission systems, such as the Newton 
Raphson technique, the rapid decoupling approach, and the 
Gauss Seidel method etc. When analyzing the load flow in 
distribution systems, different approaches or algorithms have 
been preferred. This is due to the distribution system's 
characteristics of being poorly conditioned, having a high R/X 
ratio, and having a higher penetration of unpredictably 
distributed energy resources (DER). 

A load flow analysis is required for various planning and 
operational issues. Before tackling issues like network 
reconfiguration, loss reduction, load balancing, or service 
restoration, load flow studies are required. The load flow 
studies play a significant part in achieving correct voltage 
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management in a distribution system. This is basically 
necessary as distribution companies commit to provide the 
power with a narrow voltage margin of ± 10 % or less in the 
competitive market. To maintain this voltage range customer as 
well as Distribution Company takes efforts by managing volt 
var optimization. Programs created especially for distribution 
systems are more effective and straightforward than those 
created for high voltage systems. Load flow studies in 
distribution networks are required for studying balanced as well 
as unbalanced systems. The algorithm suggested for the radial 
distribution systems has been presented in the following 
subsection.  
      A single phase 6 bus radial distribution network has been 
examined to investigate and analyze the consequences of 
renewable energy penetration, particularly significant PV 
integration in the distribution network. The load flow study of 
a 6-bus radial distribution network without PV penetration and 
with PV penetration was carried out using a distribution 
system-specific methodology. In radial networks, the forward 
and backward substitution method is extensively utilized 
because it provides good convergence while eliminating 
tedious matrix calculations. 

Majority of radial distribution load flow methods are based 
on the BFS methodology of network tree representation. 
 

A. 6-Bus Radial Distribution without PV Penetration 

Fig. 1.: 6-Bus Single Phase Radial Distribution Network without PV 
Penetration. 

Fig. 1 depicts the 6 bus single phase radial distribution 
network used by the course teacher for teaching learning process 
[17].  System consists of 5 electrical consumers supplied by an 
11 kV feeder line. Table I represents the line data and Table II 
shows the bus data of 6 Bus system.  

TABLE I. LINE DATA 

 
TABLE II. BUS DATA 

Bus No. Active Power (KW) Reactive Power (kVAr) 

1 0 0 

2 0 0 

3 1572 174 

4 1936 312 

5 189 63 

6 1336 112 

 
 

The steps involved in Forward/Backward Sweep load flow is as 
given below: 
Step 1. Set up node voltage and import network parameters.  
Step 2. For each node, compute the injected load current. 
Step 3. In the backward sweep, determine the current for every 
branch from end to root node. 
Step 4. In the forward sweep, determine the voltage for every 
node using the voltage source. 
Step 5. Check the voltage difference's convergence condition in 
two subsequent iterations; if the condition is satisfied, go to step 
6; otherwise, go to step 2. 
Step 6. Output results. 

B. 6 Bus Radial Distribution system with PV Penetration 

Fig. 2: 6-Bus Single Phase Radial Distribution Network with PV 
penetration. 

TABLE III. BUS DATA 

Bus No. Active Power (kW) Reactive Power (kVAr) 

1 0 0 

2 0 0 

3 1572 174 

4 -1064 312 

5 189 63 

6 1336 112 

 
Fig. 2 represents the 6-bus system with an SPV source 

connected to the system.  Distribution line data remains the same 
as represented in Table 1, nevertheless the bus data gets 
modified as represented in Table III. Table III is similar to Table 
II with only difference in active power at the bus where SPV is 
connected to the system. Fig. 3 depicts the flow chart for 
calculations of voltage using BFS load flow for an 11 kV feeder 
with six electrical users. The feeder's overall load is 5 MW. 
When PV output power is more than the load requirement, the 
excess power might be sent back to the substation through 
reverse power flow, causing problems with protection 
coordination and voltage rise. Considering this aspect, the SPV 
penetration is not allowed to exceed the total load demand of the 
distributor. 

According to Table IV, a 3 MW PV system with a 60% 
penetration is installed at a single location to investigate the 
impact of centralized SPV system installation.  

The root node voltage is set at 11 kV in this analysis. Fig. 4 
(a) and (b) shows the feeder voltage profiles and power loss 
respectively for without PV and when the centralized SPV 
system is connected at Bus 2, Bus 3, Bus 4, and Bus 5, 
respectively.  

TABLE IV.   LOCATION OF THE 3 MW PV SYSTEM 

Location of the 3 MW PV system 

Connecting Bus 2 3 4 5 

Branch Input Bus Output Bus R (Ohm) X (Ohm) 

1 1 2 0.279 0.015 

2 2 3 0.444 0.439 

3 3 4 0.864 0.751 

4 4 5 0.864 0.751 

5 3 6 1.374 0.774 
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Flow Chart: 

Fig. 3. Flow chart of Backward Forward Sweep Algorithm with PV system 
 

After connecting the SPV system, the feeder voltage 
increases throughout, as seen in Fig. 4 (a). When the SPV system 
is connected at bus 2 and bus 3, the voltage of the connected bus 
continues to drop throughout the feeder, but when it is connected 
at bus 4 and bus 5, the voltage of the associated bus rises, with 
the maximum value at bus 5. The power flow direction is 
reversed because the available PV power exceeds the local load 
requirement. The local load on bus 5 is just 189 KW, and the PV 
integration on bus 5 is 3000 KW. 

However, when the SPV system is connected at bus 4, the 
power losses (49.76 KW and 36.13 kVAr) are lower than when 
the SPV system is connected at the other PV locations, as shown 
in Fig. 4. (b). 
 
 

 

Fig.4 (a) Feeder Voltage profiles at different PV locations (3 MW) 
 

 
Fig.4 (b) Power losses under different PV locations 
 

III. RESULT AND DISCUSSION 

A. Voltage profile at different capacities of the distributed PV 

system 

 
TABLE V.  DIFFERENT PV CAPACITIES 

Different capacities of the distributed PV system 

PV capacity (MW) 1 2 3 4 5 

 
Fig. 5 illustrates the feeder voltage profiles for centralized 

SPV installed with capacities mentioned in Table V at various 
buses of distributed feeder. The results show that when the size 
of the SPV capacity rises, compared to SPV systems installed at 
the feeder's beginning, those attached at the feeder's end improve 
voltage and increase line voltage more effectively, as 
demonstrated in Fig. 5 (a), (b), (c), and (d), respectively, at a 
given capacity. When the PV system's capacity surpasses 4 MW, 
the voltage peak arises at bus 2, 3, 4, and 5, as shown in Fig. 5. 
The voltage is higher than at the feeder's root bus when the PV 
capacity at buses 4 and 5 reaches 5 MW. If the voltage rise 
exceeds the permitted range, that is 11 kV ± 10%, it can have 
serious repercussions. The moment a 5 MW PV installation is 
integrated to bus 5, the voltage rise is the biggest related to when 
the PV is installed at bus 2 or bus 3. 
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Fig. 5 (a) Feeder Voltage profiles at different PV capacities at Bus 2. (b) Feeder Voltage profiles at different PV capacities at Bus 3. (c) Feeder Voltage profiles at 
different PV capacities at Bus 4. (d) Feeder Voltage profiles at different PV capacities at Bus 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6. Power Loss at different buses for - (a) Centralized PV connected at Bus 2. (b) Centralized PV connected at Bus 3. (c) Centralized PV connected 
at Bus 4. (d)  Centralized PV connected at Bus 5.

 Fig. 6 depicts power loss of various PV capacities on various 
buses. When different PV capacities are connected at the feeder's 
beginning, such as bus 2, active and reactive power losses are 
larger, as shown in Fig. 6. (a). However, when 3 MW PV is put 
at bus 4 as illustrated in Fig. 6, the lowest power loss (49.78 KW 

and 36.13 kVAr) is seen (c). Because of the reverse power flow 
at bus 5, power losses increase as PV capacities increase. As a 
result, a 3 MW PV system will be best installed at bus 4, which 
has a superior feeder voltage profile and the lowest power loss. 
As bus 6 is connected to bus 3, the effect of different PV 
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capacities at bus 6 will be similar to that of bus 3. Hence only bus 
3 is considered along with bus 2, bus 4 and bus 5 for various PV 
installations. 

Now, the analysis has been carried out by integrating SPVs 
to multiple buses rather than a single bus that is distributed SPV 
in place of centralized SPV as shown in Table VII. The overall 
PV capacity is 3 MW (3 * 1 MW), there are three PV systems 
on the feeder, each with a 1 MW capacity. As shown in Table 
VII, three PV systems are connected to various buses. Similarly, 
5 MW overall PV capacity is also considered for the impact 
analysis.  The capacity of one PV system is 1 MW, the capacity 
of the other two PV systems is 2 MW, and there are three PV 
systems on the feeder. As shown in Table VII, three PV systems 
are connected to various buses.  
 Under 3 MW, in case 1, the PV systems are connected from 
Bus 1 to Bus 3 at the start of the feeder. The feeder has a uniform 
distribution of PV systems in case 2 and is positioned 
downstream of the feeder from bus 4, 5 and 6 in case 3. The PV 
capabilities in all three situations are 3 MW, with a slight voltage 
rise in case 1 and a substantially better voltage profile in case 3 
than in cases 2 and 1. It can be observed that case 3 provides a 
superior voltage profile and lower power losses when a 3 MW 
PV system is deployed on multiple feeder buses, namely Buses 
4, 5, and 6.  
 In case 4, the PV systems are connected from Bus 1 to Bus 3 
at the starting of the feeder. In case 5, PV systems are evenly 
dispersed along the feeder, whereas in case 6, PV systems are 
positioned downstream of the feeder on buses 4, 5, and 6. In all 
three situations, the PV capacities are 5 MW; the voltage rise is 
minor in case 4, but in case 6, the voltages of several buses are 
much greater than the root bus, as seen in Table VII. This could 
result in an overvoltage problem. As a result of the PV systems 
being scattered along the feeder, case 5 does not experience a 
voltage rise. 

Looking into centralized installation cases, case 8 has a better 
voltage profile than case 7 and has lower losses than case 7 and 
case 9. Case 11 is better in terms of enhanced voltage profile than 
case 10 and has lower losses than case 10 and case 12, as shown 
in Table VII. As the voltage surpasses the permitted voltage 
variation limit in case 12, a voltage rise issue occurs. 

If a 3 MW centralized PV system is examined from Table 
VII, the voltage profile for the centralized installation scheme 
has a wider variation range between 10. 39 kV and 11.7 kV than 
the voltage profile for the distributed installation scheme, which 
has a range between 10.49 kV and 10.94 kV. Hence, it can be 
inferred that the distributed installation is preferable over the 
centralized installation of a single big system for optimizing the 
voltage profile without exceeding the permitted voltage variation 
limit.  

It is also inferred from Table VII that case 13 and case 14 
provides the best feeder voltage profile than all the other cases, 
when 5 MW is distributed at the buses 4, 5, 6 and 3, 4, 5 
respectively. However, the voltage at bus 6 in case 13 is 11.10 
kV which is on borderline as per recommended voltage variation 
limit. Hence, case 14 will be more preferable than case 13, 
despite the fact that power loss is slightly greater than case 13.  

 

To avoid the negative impacts of high PV penetration, the PV 
power at the connected bus should not be exceeded than the 
local load demand on that connected bus in case of distributed 

PV installation cases. Therefore, depending upon the local load 
on the respective buses, it is essential to know about how much 
PV capacity is needed to improve the voltage profile of the RDN 
without causing the negative consequences. Hence, the new 
term is proposed here, which will reveal the required PV 
capacity to be connected at the respective buses according to 
their local load. The term “Required PV Capacity” is expressed 
below, 

Re 100
Local load onthebus

quired PV Capacity
Total load onthe feeder

= ×              (1) 

 
TABLE VI.  PREDICTED PV CAPACITY 

Buses 
Total Load on 

the Feeder 

Local Load on 

the Bus (KW) 

Required PV capacity 

at the Bus (%) 

2 

5000 KW 

0 0 

3 1572 31.44 

4 1936 38.72 

5 189 3.78 

6 1336 26.72 

 
At Bus 4,   

4

1936
Re 100

5000
at bus

KW
quired PV Capacity

KW
= × = 38.72 %       (2) 

As per eq. (1), the predictable PV penetration at bus 5 is 
around 4 % and presently 60 % is penetrated at bus 5 in case of 
centralized installation. Therefore, SPV penetration exceeds the 
load demand at bus 5. As a result, this may cause reverse power 
flow and voltage rise. Highest PV integration is required (38.72 
%) at bus 4 because of the higher load demand which is 1936 
KW. 

Hence, for this 6-bus single phase RDN considered here, the 
recommended % PV penetration, depending upon the local load 
connected, should vary from 20 % to 60 %. The PV penetration 
level exceeding 60 % under distributed as well as centralized 
PV installation may cause negative impacts on the system 
performance.  

CONCLUSION 
In this paper centralized SPV and distributed SPV systems 

are analyzed with BFS load flow. Various cases have been 
considered to observe the impacts of SPV at various locations 
with varying SPV capacities. The voltage rise on the feeder is 
caused by the reverse power flow instigated by the surplus SPV 
power. Without SPVs, the voltage drops from the start to the end 
of the feeder. When connecting SPV systems, the node voltages 
at the SPV node increase and sometimes even surpass the voltage 
of the substation with the peak value. It can also be inferred that 
the multiple SPV systems under distributed installation cases 
connected at the downstream nodes (3, 4 and 5) or (4, 5 and 6) 
of the feeder provide a better voltage profile and less power loss 
than the centralized SPV systems. Among distributed PV 
installation cases, case 14 is providing the best result in terms of 
power loss and voltage profile. Hence, decentralized SPV 
systems are recommended. Further, the voltage profile can be 
studied by considering an unbalanced radial distribution network 
with a higher number of buses to analyze the actual system 
performance. Also, by applying modern optimization techniques 
the optimal location of the DG’s can be investigated. 

 

Authorized licensed use limited to: VISVESVARAYA NATIONAL INSTITUTE OF TECHNOLOGY. Downloaded on March 08,2023 at 06:36:25 UTC from IEEE Xplore.  Restrictions apply. 



REFERENCES 
 

[1] D. Chathurangi, U. Jayatunga, M. Rathnayake, S. Perera, “Potential power 
quality impacts on LV distribution networks with high penetration levels 
of solar PV”, IEEE Int. Conf. on Harmonics and Quality of Power 

(ICHQP), Ljubljana, Slovenia, pp. 1-6, May 2018. 
[2] M. Emmanuel, R. Rayudu and D. Burmester, "Impact of large-scale 

integration of distributed photovoltaic with the distribution network," 2016 

IEEE International Conference on Power System Technology 

(POWERCON), pp. 1-6, 2016. doi: 10.1109/POWERCON.2016.7753858. 

[3] Nivedita Padole, Ravindra Moharil, and Anuradha Munshi, "Performance 
Investigation Based on Vital Factors of Agricultural Feeder Supported by 
Solar Photovoltaic Power Plant", Energies, 15, no. 1: 75, pp.1-18, 2021. 

[4] Bishwajit Dey, Saurav Raj, Sheila Mahapatra, Fausto Pedro García 
Márquez, “Optimal scheduling of distributed energy resources in 
microgrid systems based on electricity market pricing strategies by a novel 
hybrid optimization technique”, International Journal of Electrical Power 
& Energy Systems, Vol. 134, Iss. 1, pp. 1-17 , 2022.   
  https://doi.org/10.1016/j.ijepes.2021.107419. 

[5] M. C. Vargas, M. A. Mendes and O. E. Batista, "Impacts of High PV 
Penetration on Voltage Profile of Distribution Feeders Under Brazilian 
Electricity Regulation", 13th IEEE International Conference on Industry 

Applications (INDUSCON), pp. 38-44, 2018. doi: 
10.1109/INDUSCON.2018.8627070. 

[6] K. Balamurugan, Dipti Srinivasan, “Review of Power Flow Studies on 
Distribution Network with Distributed Generation“, IEEE Power 
Electronics Drives and Energy Systems (PEDS), Singapore, pp. 411-417, 
2011. 

[7] U. Eminoglu And M. H. Hocaoglu, “Distribution Systems 
Forward/Backward Sweep-based Power Flow Algorithms: A Review and 
Comparison Study”, Electric Power Components and Systems, Taylor and 

Francis, Vol.37, Iss.1, pp. 91-110, Dec 2008. 

[8] Mamdouh Abdel-Akher, “Voltage stability analysis of unbalanced 
distribution systems using backward/forward sweep load-flow analysis 
method with secant predictor”, IET Generation, Transmission & 

Distribution, Vol. 7, Iss. 3, pp. 309–317, 2013. 

 

[9] S.Sunisith1, K.Meena,” Backward/Forward Sweep Based Distribution 
Load Flow Method”, International Electrical Engineering Journal (IEEJ), 
Vol. 5, Iss. 9, pp. 1539-1544, 2014. 

[10] Saad Ouali and Abdeljabbar Cherkaoui,” An Improved 
Backward/Forward Sweep Power Flow Method Based on a New Network 
Information Organization for Radial Distribution Systems”, Hindawi 
Journal of Electrical and Computer Engineering, Vol. 2020, pp. 1-11, 
2020. 

[11] Bryan B. Navarro, Datu Amil Hussien O. Asakil , Maricar M. Navarro, 
“Medium Voltage to Low Voltage Power Flow Solution Using Modified 
Backward/Forward Sweep Algorithm”, 41st Annual Conference of the 
IEEE Industrial Electronics Society (IECON),Yokohama, pp. 1115-1120, 
2015. 

[12] Guzmán Díaz, Javier Gómez-Aleixandre, “Direct Backward/Forward 
Sweep Algorithm for Solving Load Power Flows in AC Droop-Regulated 
Microgrids”, IEEE Transactions On Smart Grid, Vol. 7, Iss. 5, pp.1-10, 
Sept. 2015.  

[13] P. Chen et al., "Analysis of Voltage Profile Problems Due to the 
Penetration of Distributed Generation in Low-Voltage Secondary 
Distribution Networks," in IEEE Transactions on Power Delivery, vol. 27, 
no. 4, pp. 2020-2028, Oct. 2012, doi: 10.1109/TPWRD.2012.2209684. 

[14] A. K. Saonerkar and B. Y. Bagde, "Optimized DG placement in radial 
distribution system with reconfiguration and capacitor placement using 
genetic algorithm," IEEE International Conference on Advanced 
Communications, Control and Computing Technologies, pp. 1077-1083, 
2014. doi: 10.1109/ICACCCT.2014.7019263. 

[15] A. P. Kenneth, K. Folly, “Voltage Rise Issue with High Penetration of 
Grid Connected PV”, IFAC Proceedings Volumes, 47(3), 4959–4966, 
2014. https://doi.org/10.3182/20140824-6-za-1003.01989  

[16] B. B. Pokhrel, A. Shrestha, S. Phuyal, S. K. Jha, “Voltage profile 
improvement of distribution system via integration of Distributed 
Generation Resources”, Journal of Renewable Energy, Electrical, and 
Computer Engineering, Vol. 1, Iss. 1, pp. 33-41 2021. 
https://doi.org/10.29103/jreece.v1i1.3519. 

[17] https://drive.google.com/file/d/1tZXJ1VseiY29BF9UVSeffOItS7aaZSV
k/view 
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I. INTRODUCTION
Cars were typically thought of as solitary, static, and closed systems, but increasingly a paradigm shift
toward connected and autonomous vehicles to started & cars are becoming more individualized and
connected to the Internet of Things (IoT).By 2022, 85 percent of all vehicles would be connected to the
Internet, according to a market survey [1]–[3]. Future cars would present new security and protection
hazards as the use of technologies and the complexity of electrical and electrical components both
continue to grow. In the automotive sector, safety is considered a non-negotiable critical component
[4]. An operational safety requirement for road cars, ISO 26262, which would be based on the more
general safety requirements [5], would be an example of a methodology and process that has been
created and regulated to attain an acceptable level of protection during the implementation of safety-
critical components. However, although security issues against a transport can endanger the security
of drivers, passengers, and other road users [6], safety has lately received attention in the automotive
sector, and security issues have scarcely been properly handled. Researchers have already shown
that it is possible to commit acts of violence that greatly jeopardize security. Therefore, to increase the
caliber and protection of cars, safety concerns and dangers should be carefully handled.

Sign in to Continue Reading

 Contents

https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsu5xUV9vHYhbTgRtL_Wao4myNfHZAFpGjElEkwcrybtMe4oCyzSLGeh9yHRMbJ7S5v_wUhxXi3uazbdDBkDycq_1F7qi4hXopr7pkoK9OPwlQv8RDkA-1UPVarsrSB4nV5iVfe1w4iisEwuIM0zlVde_wCKXFPZv2bYNSMlBr52lWwiNSh2OsqmI4_tfS7hMCNrPL5sbEkPaCfWjCETgiiA2hss1NrANTBjXS6MRNgtS_fXc9lm-YKrqTI7wvPb88vygXxBUV0AY9fB3h5Z8zr-TzPn6ITfGUWYRoStMKFy4MO9aoi1EWXBSsd27KmOHXlyqM28fDSuTu1oljBDTbJs4Jv5UBlCcRFL&sai=AMfl-YTvYMWKn0e2lD58rM8X8SpgZBJq2b6495Vu60lS48uTC2x2T9q8x7HI0rA-8ZhVAz6O-Kac2uhLF6XOhPnz6biISIT00Zf_gFs30-NQrAhQ&sig=Cg0ArKJSzC-wzajTCXk5&fbs_aeid=[gw_fbsaeid]&adurl=https://forms1.ieee.org/PAO-eBook-Collections.html%3FLT%3DXPLLG_XPL_2023_LM_eBooks_Acad_Cust_300x250
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsu5xUV9vHYhbTgRtL_Wao4myNfHZAFpGjElEkwcrybtMe4oCyzSLGeh9yHRMbJ7S5v_wUhxXi3uazbdDBkDycq_1F7qi4hXopr7pkoK9OPwlQv8RDkA-1UPVarsrSB4nV5iVfe1w4iisEwuIM0zlVde_wCKXFPZv2bYNSMlBr52lWwiNSh2OsqmI4_tfS7hMCNrPL5sbEkPaCfWjCETgiiA2hss1NrANTBjXS6MRNgtS_fXc9lm-YKrqTI7wvPb88vygXxBUV0AY9fB3h5Z8zr-TzPn6ITfGUWYRoStMKFy4MO9aoi1EWXBSsd27KmOHXlyqM28fDSuTu1oljBDTbJs4Jv5UBlCcRFL&sai=AMfl-YTvYMWKn0e2lD58rM8X8SpgZBJq2b6495Vu60lS48uTC2x2T9q8x7HI0rA-8ZhVAz6O-Kac2uhLF6XOhPnz6biISIT00Zf_gFs30-NQrAhQ&sig=Cg0ArKJSzC-wzajTCXk5&fbs_aeid=[gw_fbsaeid]&adurl=https://forms1.ieee.org/PAO-eBook-Collections.html%3FLT%3DXPLLG_XPL_2023_LM_eBooks_Acad_Cust_300x250
https://ieeexplore.ieee.org/document/5567620/
https://ieeexplore.ieee.org/document/9045070/
javascript:void()
javascript:void()


10/21/23, 12:10 PM A Safety Assessment Model for Automotive Embedded Systems Networks | IEEE Conference Publication | IEEE Xplore

https://ieeexplore.ieee.org/document/9972628 3/4

IEEE Personal Account

CHANGE
USERNAME/PASSWORD

Purchase Details

PAYMENT OPTIONS

VIEW PURCHASED
DOCUMENTS

Profile Information

COMMUNICATIONS
PREFERENCES

PROFESSION AND
EDUCATION

TECHNICAL INTERESTS

Need Help?

US & CANADA: +1 800
678 4333

WORLDWIDE: +1 732
981 0060

CONTACT & SUPPORT

Follow

    

About IEEE Xplore | Contact Us | Help | Accessibility | Terms of Use | Nondiscrimination Policy | IEEE Ethics Reporting | Sitemap |
IEEE Privacy Policy
A not-for-profit organization, IEEE is the world's largest technical professional organization dedicated to advancing technology for the benefit of
humanity.

© Copyright 2023 IEEE - All rights reserved.

IEEE Account

» Change Username/Password

» Update Address

Purchase Details

» Payment Options

» Order History

» View Purchased Documents

Profile Information

» Communications Preferences

» Profession and Education

» Technical Interests

Need Help?

» US & Canada: +1 800 678 4333

» Worldwide: +1 732 981 0060

» Contact & Support

https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjstDOzSozUpym22Z0z4P-9YL9JBk6r6YXyLpctWYL-Ms3VCzAMUSY27eKEUA3TS3kHzHLYbs0xmUXsJXoW1YdEvNx5vQ5H5Oja1qMu00TLCwUX4Y-GcgMRcYMbl2ZYkmnW0Jlx5u3Yp4M5Q83OGDgxm9l1NgrcXGz_aFGs6GxewbAbeOnNAMO2dsC7D7tFMBY4XPfdIMCE3BNMguQew5jLm9spkxQCgXRSp2vkrSwTHTvmPT__HCY9ZijLOM7o68mdLfL8Fj1q1834BxkQFuHv22jl0e4rFbjUwY63DyB17FHj3y-FC8tuTOix_k0Lap_d5sbKU-KWDqSWK6bHVA_kGPuoMeDOHeLDOG02R9&sai=AMfl-YQViqHFAvi-vub4v2DADuTqT04Lkwi4mLJh2pp_Qq3mJySNQL4SjeW7FkawLXtyRHwdjy6JVIiFmavp8-jq7WniqdXrj94aK_ISTzmfUoXW&sig=Cg0ArKJSzM2xcjGtmkWT&fbs_aeid=[gw_fbsaeid]&adurl=https://codeocean.com/signup/ieee
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjstDOzSozUpym22Z0z4P-9YL9JBk6r6YXyLpctWYL-Ms3VCzAMUSY27eKEUA3TS3kHzHLYbs0xmUXsJXoW1YdEvNx5vQ5H5Oja1qMu00TLCwUX4Y-GcgMRcYMbl2ZYkmnW0Jlx5u3Yp4M5Q83OGDgxm9l1NgrcXGz_aFGs6GxewbAbeOnNAMO2dsC7D7tFMBY4XPfdIMCE3BNMguQew5jLm9spkxQCgXRSp2vkrSwTHTvmPT__HCY9ZijLOM7o68mdLfL8Fj1q1834BxkQFuHv22jl0e4rFbjUwY63DyB17FHj3y-FC8tuTOix_k0Lap_d5sbKU-KWDqSWK6bHVA_kGPuoMeDOHeLDOG02R9&sai=AMfl-YQViqHFAvi-vub4v2DADuTqT04Lkwi4mLJh2pp_Qq3mJySNQL4SjeW7FkawLXtyRHwdjy6JVIiFmavp8-jq7WniqdXrj94aK_ISTzmfUoXW&sig=Cg0ArKJSzM2xcjGtmkWT&fbs_aeid=[gw_fbsaeid]&adurl=https://codeocean.com/signup/ieee
https://www.ieee.org/profile/changeusrpwd/showChangeUsrPwdPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/changeusrpwd/showChangeUsrPwdPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/payment/showPaymentHome.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://ieeexplore.ieee.org/articleSale/purchaseHistory.jsp
https://ieeexplore.ieee.org/articleSale/purchaseHistory.jsp
https://www.ieee.org/ieee-privacyportal/app/ibp?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/ieee-privacyportal/app/ibp?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/profedu/getProfEduInformation.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/profedu/getProfEduInformation.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/tips/getTipsInfo.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
tel:+1-800-678-4333
tel:+1-800-678-4333
tel:+1-732-981-0060
tel:+1-732-981-0060
https://ieeexplore.ieee.org/xpl/contact
https://www.facebook.com/IEEEXploreDigitalLibrary/
https://www.facebook.com/IEEEXploreDigitalLibrary/
https://www.linkedin.com/showcase/ieee-xplore
https://www.linkedin.com/showcase/ieee-xplore
https://twitter.com/IEEEXplore?ref_src=twsrc%5Egoogle%7Ctwcamp%5Eserp%7Ctwgr%5Eauthor
https://twitter.com/IEEEXplore?ref_src=twsrc%5Egoogle%7Ctwcamp%5Eserp%7Ctwgr%5Eauthor
https://www.youtube.com/ieeexplore
https://www.youtube.com/ieeexplore
https://www.instagram.com/ieeexplore_org
https://www.instagram.com/ieeexplore_org
https://ieeexplore.ieee.org/Xplorehelp/about-ieee-xplore.html
https://ieeexplore.ieee.org/Xplorehelp/about-ieee-xplore.html
https://ieeexplore.ieee.org/xpl/contact
https://ieeexplore.ieee.org/Xplorehelp/Help_start.html
https://ieeexplore.ieee.org/Xplorehelp/accessibility-statement.html
https://ieeexplore.ieee.org/Xplorehelp/Help_Terms_of_Use.html
http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html
http://www.ieee-ethics-reporting.org/
http://www.ieee-ethics-reporting.org/
https://ieeexplore.ieee.org/Xplorehelp/overview-of-ieee-xplore/ieee-xplore-sitemap
http://www.ieee.org/about/help/security_privacy.html
https://www.ieee.org/profile/changeusrpwd/showChangeUsrPwdPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/address/getAddrInfoPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/payment/showPaymentHome.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/vieworder/showOrderHistory.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://ieeexplore.ieee.org/articleSale/purchaseHistory.jsp
https://www.ieee.org/ieee-privacyportal/app/ibp?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/profedu/getProfEduInformation.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/tips/getTipsInfo.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://ieeexplore.ieee.org/xpl/contact


10/21/23, 12:10 PM A Safety Assessment Model for Automotive Embedded Systems Networks | IEEE Conference Publication | IEEE Xplore

https://ieeexplore.ieee.org/document/9972628 4/4

       

A not-for-profit organization, IEEE is the world's largest technical professional organization dedicated to advancing technology for the benefit of humanity.
© Copyright 2023 IEEE - All rights reserved. Use of this web site signifies your agreement to the terms and conditions.

About IEEE Xplore Contact Us| Help| Accessibility| Terms of Use| Nondiscrimination Policy| Sitemap| Privacy & Opting Out of Cookies|

https://ieeexplore.ieee.org/Xplorehelp/about-ieee-xplore.html
https://ieeexplore.ieee.org/Xplorehelp/about-ieee-xplore.html
https://ieeexplore.ieee.org/xpl/contact
https://ieeexplore.ieee.org/Xplorehelp/Help_start.html
https://ieeexplore.ieee.org/Xplorehelp/accessibility-statement.html
https://ieeexplore.ieee.org/Xplorehelp/Help_Terms_of_Use.html
http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html
https://ieeexplore.ieee.org/xpl/sitemap.jsp
http://www.ieee.org/about/help/security_privacy.html


10/21/23, 12:11 PM Agricultural Information System Model to Improve Crop Yield Through IoT | IEEE Conference Publication | IEEE Xplore

https://ieeexplore.ieee.org/document/9972553 1/4

IEEE.org IEEE Xplore IEEE SA IEEE Spectrum More Sites

Conferences  > 2022 IEEE 2nd Mysore Sub Sect... 

Agricultural Information System Model to Improve Crop Yield Through IoT
Publisher: IEEE Cite This  PDF

Vaibhaw Rameshrao Doifode ; Subhashree Darshana ; Selina Mishra ; Sheik Faritha Begum ; Y Md.Riyazuddin ; G. Naga Rama Devi All Authors 

27
Full
Text Views

Cart 


Create
Account

   

Alerts
Manage Content Alerts 

Add to Citation Alerts 



Abstract

Document Sections

I. Introduction

II. Related Works

III. Proposed Method

IV. Results And Discussion

V. Conclusions

Authors

Figures

References

Keywords

Metrics

More Like This


Downl

PDF

Abstract:The application of Agricultural Information Technology (AIT) in all facets of agriculture has made it the most
efficient method and set of instruments for increasing agri... View more

Metadata
Abstract:
The application of Agricultural Information Technology (AIT) in all facets of agriculture has made it the most efficient
method and set of instruments for increasing agricultural production and fully using farming methods. The use of
Agriculture Information Management technology, a crucial sub-technology of AIT, has a direct impact on the level of
agricultural informationalization and the effectiveness of agricultural production decisions. The requirements specification
and architectural style of the Intelligent Agriculture MIS were thoroughly addressed in this section based on promoting the
idea of agricultural information management and analyzing the characteristics of Agricultural data. Eventually, this paper
provides an integration illustration of the framework in agricultural output.

Published in: 2022 IEEE 2nd Mysore Sub Section International Conference (MysuruCon)

Date of Conference: 16-17 October 2022

Date Added to IEEE Xplore: 13 December 2022

 ISBN Information:

INSPEC Accession Number: 22443716

DOI: 10.1109/MysuruCon55714.2022.9972553

Publisher: IEEE

Conference Location: Mysuru, India

I. Introduction



ADVANCED SEARCH

All 

 Contents

 Browse  My Settings  Help 
Access provided by:
NYSS'S Yeshwantrao
Chavan College of
Engineering

Sign Out

Access provided by:
NYSS'S Yeshwantrao
Chavan College of
Engineering

Sign Out



Personal
Sign In

http://www.ieee.org/
https://ieeexplore.ieee.org/Xplore/home.jsp
https://ieeexplore.ieee.org/Xplore/home.jsp
http://standards.ieee.org/
http://spectrum.ieee.org/
http://www.ieee.org/sitemap.html
https://ieeexplore.ieee.org/browse/conferences/title/
https://ieeexplore.ieee.org/xpl/conhome/9972337/proceeding
https://ieeexplore.ieee.org/Xplorehelp/ieee-xplore-training/working-with-documents#interactive-html
javascript:void()
https://ieeexplore.ieee.org/author/37085543397
https://ieeexplore.ieee.org/author/37089635548
https://ieeexplore.ieee.org/author/37089635765
https://ieeexplore.ieee.org/author/37089637017
https://ieeexplore.ieee.org/author/37089638064
https://ieeexplore.ieee.org/author/37089636199
javascript:void()
https://www.ieee.org/cart/public/myCart/page.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore.ieee.org%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore.ieee.org/document/9972553
https://www.ieee.org/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore.ieee.org%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore.ieee.org/document/9972553
https://www.ieee.org/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore.ieee.org%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore.ieee.org/document/9972553
https://www.ieee.org/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore.ieee.org%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore.ieee.org/document/9972553
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
https://ieeexplore.ieee.org/alerts/citation
https://ieeexplore.ieee.org/alerts/citation
javascript:void()
javascript:void()
javascript:void()
javascript:void()
https://ieeexplore.ieee.org/document/9972553
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
https://ieeexplore.ieee.org/document/9972553/authors
https://ieeexplore.ieee.org/document/9972553/figures
https://ieeexplore.ieee.org/document/9972553/references
https://ieeexplore.ieee.org/document/9972553/keywords
https://ieeexplore.ieee.org/document/9972553/metrics
https://ieeexplore.ieee.org/document/9972553/similar
https://ieeexplore.ieee.org/xpl/conhome/9972337/proceeding
https://doi.org/10.1109/MysuruCon55714.2022.9972553
https://ieeexplore.ieee.org/search/advanced
https://ieeexplore.ieee.org/Xplore/home.jsp
https://ieeexplore.ieee.org/servlet/Login?logout=/document/9972553/
https://ieeexplore.ieee.org/servlet/Login?logout=/Xplore/guesthome.jsp
javascript:void()


10/21/23, 12:11 PM Agricultural Information System Model to Improve Crop Yield Through IoT | IEEE Conference Publication | IEEE Xplore

https://ieeexplore.ieee.org/document/9972553 2/4

More
Like
This

Application of Internet of Things (IoT) in Agriculture: A Review

2023 8th International Conference on Communication and Electronics Systems (ICCES)

Published: 2023

Artificial Intelligence and Internet of Things for Sustainable Farming and Smart Agriculture

IEEE Access

Published: 2023

Show
More

Authors 

Figures 

References 

Keywords 

Metrics 

Since that time, the idea of "Digital Earth" has caused considerable worry and has emerged as one of
the newest research hotspots in the area of international science and technology. It has significantly
sped up the process of digitization in several sectors [1]. One of the most significant components of the
"Digital Earth" is "Digital Agriculture," which is the extension of the "Information Superhighway," "Digital
Earth," and "Knowledge Economy" into the agricultural sector. Changes in cultivation practices,
production, and administration as well as changes in agricultural research, innovation, and training
have been brought about by it [2]–[4]. Electronic agricultural production, also known as information
processing agriculture or intelligent agriculture, is the use of many high-new-tech types of crops,
including the quick acquirement of farmland knowledge, the cultivation and managerial staff of
grassland, the use of agro-chemicals, the prevention of contamination, and the modernization of
transportation engineering hardware [5]. Information systems, a key component of the software-
specific application and the foundation for wise agricultural production decisions are a key component
of digital agribusiness.

Sign in to Continue Reading

https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjssCqNwG-Y26pa6Aru7cCseFsZaXNTUBWT9XdhdS7M9ZC2GlwDgRKMuFfQDDAwgFaAqWkD6UkPx3JD9SADl1P74WBGxgdOCw-ky3h9L3Nz4fTxSZbDeE5Jdowf4x7Wki2HO9J7PUrHl_2DwAtfX9kBhYZVYvC6Sp2kaenrt0VxlERhWfx8HEBJZHFcciNcg4ErEgtt4MKoP_ggvncodLA7jGdIrfo9cfS-FQYzlOPtNndilvVhi2fR9eCpGyenf9myMVN18yWRpKLNm1at2Skvty0KHP9S5AIj83S_W-SfMPTdZLzgVirkkoglhXHNHuPhf_jzNMPeXyU7WbS_IYvjc10xLNciV31JLo&sai=AMfl-YQYyQSxWJYy5-vpX7UHNbs4nhNTkuZwpyfF3gqFApgYkS1LPHoBh3w9r4bks2pJZUdkl6nJTaISR9GVoRR-qM_SQK9r_8g18RRJ-gtAIsoE&sig=Cg0ArKJSzFpbZY1hJuvO&fbs_aeid=[gw_fbsaeid]&adurl=https://forms1.ieee.org/PAO-eBook-Collections.html%3FLT%3DXPLLG_XPL_2023_LM_eBooks_Acad_Cust_300x250
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjssCqNwG-Y26pa6Aru7cCseFsZaXNTUBWT9XdhdS7M9ZC2GlwDgRKMuFfQDDAwgFaAqWkD6UkPx3JD9SADl1P74WBGxgdOCw-ky3h9L3Nz4fTxSZbDeE5Jdowf4x7Wki2HO9J7PUrHl_2DwAtfX9kBhYZVYvC6Sp2kaenrt0VxlERhWfx8HEBJZHFcciNcg4ErEgtt4MKoP_ggvncodLA7jGdIrfo9cfS-FQYzlOPtNndilvVhi2fR9eCpGyenf9myMVN18yWRpKLNm1at2Skvty0KHP9S5AIj83S_W-SfMPTdZLzgVirkkoglhXHNHuPhf_jzNMPeXyU7WbS_IYvjc10xLNciV31JLo&sai=AMfl-YQYyQSxWJYy5-vpX7UHNbs4nhNTkuZwpyfF3gqFApgYkS1LPHoBh3w9r4bks2pJZUdkl6nJTaISR9GVoRR-qM_SQK9r_8g18RRJ-gtAIsoE&sig=Cg0ArKJSzFpbZY1hJuvO&fbs_aeid=[gw_fbsaeid]&adurl=https://forms1.ieee.org/PAO-eBook-Collections.html%3FLT%3DXPLLG_XPL_2023_LM_eBooks_Acad_Cust_300x250
https://ieeexplore.ieee.org/document/10192761/
https://ieeexplore.ieee.org/document/10190626/
javascript:void()
javascript:void()


10/21/23, 12:11 PM Agricultural Information System Model to Improve Crop Yield Through IoT | IEEE Conference Publication | IEEE Xplore

https://ieeexplore.ieee.org/document/9972553 3/4

IEEE Personal Account

CHANGE
USERNAME/PASSWORD

Purchase Details

PAYMENT OPTIONS

VIEW PURCHASED
DOCUMENTS

Profile Information

COMMUNICATIONS
PREFERENCES

PROFESSION AND
EDUCATION

TECHNICAL INTERESTS

Need Help?

US & CANADA: +1 800
678 4333

WORLDWIDE: +1 732
981 0060

CONTACT & SUPPORT

Follow

    

About IEEE Xplore | Contact Us | Help | Accessibility | Terms of Use | Nondiscrimination Policy | IEEE Ethics Reporting | Sitemap |
IEEE Privacy Policy
A not-for-profit organization, IEEE is the world's largest technical professional organization dedicated to advancing technology for the benefit of
humanity.

© Copyright 2023 IEEE - All rights reserved.

IEEE Account

» Change Username/Password

» Update Address

Purchase Details

» Payment Options

» Order History

» View Purchased Documents

Profile Information

» Communications Preferences

» Profession and Education

» Technical Interests

Need Help?

» US & Canada: +1 800 678 4333

» Worldwide: +1 732 981 0060

» Contact & Support

https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjstQ_Eoy66iuMDCQ7vtPcJ337iFgKxHAe6-kd-5A5M7q3rN7ISv3ws3pMq6lx3LvLgjpYNo0n-_Ig4a81e6_ETZzOvhNqY5Tx9ZGC01mubveyqcZ0LmZFbKFtm6ZaYgRYAkhO7unkEUfQYuUQG2VpNXpRAhHOzX0-BwJSz50fXFnWsbw4KkpYThFNFUEQPX_YOMr4DjV1WL18mXzJig7XWPQmnMWV0QfbjvpDrwLP3F3-m5ZeBpKvF2qpL2YOKgznD3g0reU9jjROZYr5MJmbd3hJbmwk-2GxObGCDja7oi4H7eX-OQRG2GsSpS3sKg97pcXjz25wyANsNTOQyAoc8p4XqzA07uasJNBFKWF&sai=AMfl-YQrLP0HTGoND34YZMOvljdBBYm-HS3Yj4hqWLLw8g1NBuZLNmneipqzzOE13waHkGnic2NFwbJUX9XU28EBlsMMspLsKAF5nGOqAO-nnd5F&sig=Cg0ArKJSzDBCF0LvznX0&fbs_aeid=[gw_fbsaeid]&adurl=https://ieeexplore.ieee.org/xpl/RecentIssue.jsp%3Fpunumber%3D8782707
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjstQ_Eoy66iuMDCQ7vtPcJ337iFgKxHAe6-kd-5A5M7q3rN7ISv3ws3pMq6lx3LvLgjpYNo0n-_Ig4a81e6_ETZzOvhNqY5Tx9ZGC01mubveyqcZ0LmZFbKFtm6ZaYgRYAkhO7unkEUfQYuUQG2VpNXpRAhHOzX0-BwJSz50fXFnWsbw4KkpYThFNFUEQPX_YOMr4DjV1WL18mXzJig7XWPQmnMWV0QfbjvpDrwLP3F3-m5ZeBpKvF2qpL2YOKgznD3g0reU9jjROZYr5MJmbd3hJbmwk-2GxObGCDja7oi4H7eX-OQRG2GsSpS3sKg97pcXjz25wyANsNTOQyAoc8p4XqzA07uasJNBFKWF&sai=AMfl-YQrLP0HTGoND34YZMOvljdBBYm-HS3Yj4hqWLLw8g1NBuZLNmneipqzzOE13waHkGnic2NFwbJUX9XU28EBlsMMspLsKAF5nGOqAO-nnd5F&sig=Cg0ArKJSzDBCF0LvznX0&fbs_aeid=[gw_fbsaeid]&adurl=https://ieeexplore.ieee.org/xpl/RecentIssue.jsp%3Fpunumber%3D8782707
https://www.ieee.org/profile/changeusrpwd/showChangeUsrPwdPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/changeusrpwd/showChangeUsrPwdPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/payment/showPaymentHome.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://ieeexplore.ieee.org/articleSale/purchaseHistory.jsp
https://ieeexplore.ieee.org/articleSale/purchaseHistory.jsp
https://www.ieee.org/ieee-privacyportal/app/ibp?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/ieee-privacyportal/app/ibp?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/profedu/getProfEduInformation.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/profedu/getProfEduInformation.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/tips/getTipsInfo.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
tel:+1-800-678-4333
tel:+1-800-678-4333
tel:+1-732-981-0060
tel:+1-732-981-0060
https://ieeexplore.ieee.org/xpl/contact
https://www.facebook.com/IEEEXploreDigitalLibrary/
https://www.facebook.com/IEEEXploreDigitalLibrary/
https://www.linkedin.com/showcase/ieee-xplore
https://www.linkedin.com/showcase/ieee-xplore
https://twitter.com/IEEEXplore?ref_src=twsrc%5Egoogle%7Ctwcamp%5Eserp%7Ctwgr%5Eauthor
https://twitter.com/IEEEXplore?ref_src=twsrc%5Egoogle%7Ctwcamp%5Eserp%7Ctwgr%5Eauthor
https://www.youtube.com/ieeexplore
https://www.youtube.com/ieeexplore
https://www.instagram.com/ieeexplore_org
https://www.instagram.com/ieeexplore_org
https://ieeexplore.ieee.org/Xplorehelp/about-ieee-xplore.html
https://ieeexplore.ieee.org/Xplorehelp/about-ieee-xplore.html
https://ieeexplore.ieee.org/xpl/contact
https://ieeexplore.ieee.org/Xplorehelp/Help_start.html
https://ieeexplore.ieee.org/Xplorehelp/accessibility-statement.html
https://ieeexplore.ieee.org/Xplorehelp/Help_Terms_of_Use.html
http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html
http://www.ieee-ethics-reporting.org/
http://www.ieee-ethics-reporting.org/
https://ieeexplore.ieee.org/Xplorehelp/overview-of-ieee-xplore/ieee-xplore-sitemap
http://www.ieee.org/about/help/security_privacy.html
https://www.ieee.org/profile/changeusrpwd/showChangeUsrPwdPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/address/getAddrInfoPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/payment/showPaymentHome.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/vieworder/showOrderHistory.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://ieeexplore.ieee.org/articleSale/purchaseHistory.jsp
https://www.ieee.org/ieee-privacyportal/app/ibp?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/profedu/getProfEduInformation.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/tips/getTipsInfo.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://ieeexplore.ieee.org/xpl/contact


10/21/23, 12:11 PM Agricultural Information System Model to Improve Crop Yield Through IoT | IEEE Conference Publication | IEEE Xplore

https://ieeexplore.ieee.org/document/9972553 4/4

       

A not-for-profit organization, IEEE is the world's largest technical professional organization dedicated to advancing technology for the benefit of humanity.
© Copyright 2023 IEEE - All rights reserved. Use of this web site signifies your agreement to the terms and conditions.

About IEEE Xplore Contact Us| Help| Accessibility| Terms of Use| Nondiscrimination Policy| Sitemap| Privacy & Opting Out of Cookies|

https://ieeexplore.ieee.org/Xplorehelp/about-ieee-xplore.html
https://ieeexplore.ieee.org/Xplorehelp/about-ieee-xplore.html
https://ieeexplore.ieee.org/xpl/contact
https://ieeexplore.ieee.org/Xplorehelp/Help_start.html
https://ieeexplore.ieee.org/Xplorehelp/accessibility-statement.html
https://ieeexplore.ieee.org/Xplorehelp/Help_Terms_of_Use.html
http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html
https://ieeexplore.ieee.org/xpl/sitemap.jsp
http://www.ieee.org/about/help/security_privacy.html


 
 

 

 
IoT based Monitoring of Lathe Machine Motor in Metal 

Industry 
 

Akshay D Kadu 1, Punit Fulzele2, Vaibhav V Jiraphe 3, Harshwardhan Mandhare 4 and Kaustubh Dani 5 
1, 3-5 Yeshwantrao Chavan College of Engineering Nagpur, Dept. of Electrical Engineering, Nagpur, India 
Email: akshaykadu001@gmail.com, vaibhav190620@gmail.com, harshwardhanmandhare04@gmail.com, 

kaustubhdani95@gmail.com 
2Jawaharlal Nehru Medical College, Datta Meghe Institute of Medical Sciences, Wardha, India 

Email: punit001@gmail.com 
  
 

Abstract—Optimized use of electrical energy is prime objective of various metalworking 
Industry. The problem definition for this work is considered from the industry located in 
Hingna MIDC, Nagpur, Maharashtra, India. It is conveyed that during operational hours most 
of the operator working on lathe machine keeps the motor of lathe machine in running 
condition even when they are not performing any metal job on the machine. Leads to wastage of 
electrical energy and increased electricity bill. As per the guidelines issued by bureau of energy 
efficiency industry should conserve the electrical energy in every energy conversion process. 
This research work deals with IoT based monitoring of lathe machine operator so as to cut 
down the idle running of the lathe machine which benefits in conservation of electrical energy 
and reduced electricity bill.   This work is also extended to monitor the various parameters of 
electric motor. System design consists of low budget sensors and microcontroller. A open source 
Thing Speak IoT based cloud service is used for data analytics and data storage purpose. 
Experimental results reveal the effectiveness of implemented prototype.  
 
Index Terms— Internet of Things, Energy Conservation, Induction Motor. 

I. INTRODUCTION 

Induction motors is commonly used in various Industries to achieve certain objective. This motor has several 
advantages such as robust, low cost, easy to operate and highly reliable. [1- 3] generally rotating machine 
required more attention and maintenance as compared to static electrical machine. Regular maintenance is 
carried out in industries of various auxiliaries installed. Predictive maintenance and preventive maintenance is 
regularly carried out in industries so as to reduce the down time of manufacturing process. Predictive 
maintenance is carried out by analysing the performance of machine. To judge the performance of machine data 
of certain set of motor parameter is required e.g. motor voltage, current, motor speed in rpm, temperature of 
winding, rotor eccentricity and motor assembly vibration. These values then compared with standard values if 
there is any deviation found in value accordingly maintenance of that machine is initiated. [4-5] conventionally 
predictive maintenance data is monitored by on site methods using analog or digital measuring instruments [6] 
now a days with the evolution of technology any data can be monitor remotely with the help of Internet of things 
[7]. 
Work  is  carried  out in  different dimensions regarding induction motor maintenance [8] discuss wireless sensor  
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network used in industries its design, working, architecture, development and hardware implementation. 
To monitor and control the induction motor connected in agricultural system is presented in [9] In this work 
implementation of IOT technology to monitor, to control and diagnose the condition of Induction motors by 
recording key operation indicators is carried out. Now day’s smart meters are also installed to observe various 
electrical and mechanical parameters of the induction motor [10] deals with smart way of monitoring induction 
machine data by LoRa technique. But this technology suffers from disadvantage of very high installation cost. 
IoT based Health examination of Induction motor is proposed in [11] using GSM based technology, which is 
used to monitor health of electrical motor by measuring the parameters such as winding temperature, assembly 
vibration and current. It can be measured through the sensors, like accelerometer, current sensor and 
thermocouple. Submersible motor temperature and vibration data monitoring techniques detailed literature 
survey is carried out in [12] and various algorithms for problem diagnosis is presented. A low-cost design for 
real time monitoring of induction motor for predictive maintenance is presented in [13] it is based on Industrial 
IoT [IIOT] In this module only motor vibrations and temperature is monitored. After this comprehensive 
literature survey carried out work presented in this paper is unique and innovative. This works also tell us about 
the operator efficiency which can be utilized for analysis purpose. 
Objective of this work is to find out idle time, no load time and load time of motor. Acquire motors current, 
speed and temperature information for the motor condition monitoring. Detect any faulty condition or 
abnormality of motor. Design and testing of prototype using an ATMEGA 328 PU microcontroller module. To 
apply Internet of Things (IoT) system for condition monitoring in electric motor. 
This paper presents wireless monitoring of data using sensors and IoT technology. It is used to find out the 
working abnormality and maintenance of the machine. This paper is planned in following manner section I 
discuss the introduction and prior art related to methods of data acquisition of motor parameters. Section II deals 
with proposed technique of motor parameter acquisition and monitoring of workers efficiency Section III 
presents prototype design and experimental results. Section IV discussed conclusion and future scope of the 
work.  

II. WIRELESS MOTOR PARAMETER ESTIMATION 

The most used machine in any section of the society including industries   is   Induction   machine, so   IM   are 
“Workhorse of Industries”. Induction motor is used to perform various tasks in industries such as lathes, mills, 
routers and grinders. Machine operator handles these machines to perform above mention task. Due to 
carelessness of machine operator Industry have to bear losses. Any small fault occurred in a motor will led to 
complete motor failure if not addressed in time so condition monitoring of IM is desirable to avoid downtime of 
any industry. This project deals with improvement in production efficiency and condition monitoring of 
Industrial motors 

A. System Design  
System as shown in the fig.1 which consists of motor assembly which is fed by three phase power supply using 
starter and contactor. 

 
Fig.1 Block diagram of IoT based monitoring of motor 

Basically, to fetch various parameters of motor in this work various sensor are used such as to get the value of 
current a series connected current sensor is used to obtain the data of temperature of winding temperature sensor 
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and to get the rotation –per minute data speed sensor is used. This data is fed to microcontroller circuit analog 
pins. Microcontroller process that data to digital output pins. Communication device is connected to the digital 
pins of microcontroller which is used to transfer this data to cloud. After that this data is used by Industrial 
managerial desk or maintenance engineer. 

B. Methodology 
To achieve the above-mentioned objective following methodology is discussed in which first step is inspect the 
site and type of motor is used in this work induction motor is used but this method can be implemented for any 
other electric motor. Selection of parameters to be required from motor end and accordingly selection of sensors 
is carried out there are various sensor available in market sensor should be selected on the basis of cost, accuracy 
and its compatibility with the microcontroller generally sensor is fed by DC power supply for that DC supply 
source is required. After this step location identification on motor assembly placement of sensor generally, 
voltage sensors are placed inside motor assembly near to the winding which must temperature resistant. 

 
Fig.2 Flow chart of methodology 

Microcontroller selection depends on number of input output pins required then interfacing of microcontroller 
with sensor and programming of microcontroller finally data get transfer to the cloud with the help of Internet of 
thing technology. 

III. HARDWARE IMPLEMENTATION 

The proposed monitoring system discusses various scope and application at industrial level. It also describes the 
future possibilities along with the use of various technologies. 



 
867 

 
 

  Fig.3 Flow chart of methodology 

Fig 3 shows the pin diagram for the connection of Current sensor is connected to the pin no 38, temperature 
sensor is connected to pin no 37 and speed sensor connected to pin no 36 of the microcontroller. which are the 
analog input pins of the microcontroller. 

 

Current Sensor: ACS712 20A 
 

Temperature Sensor LM35 

 
Speed Sensor LM393 

 
Wifi Module ESP8266 

While that of wifi module ESP8266 is connected to the digital output pins of the microcontroller. 

 
Fig no.4 shows the hardware implementation circuit 
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Fig no.4 shows the hardware implementation circuit in lab where all the sensors are assembled near the motor to 
measure the voltage, current, speed and temperature of the motor. 

Fig.5 IDE software temperature sensor output display 

Fig.6 IDE software current sensor output display 

 
Fig.7 IDE software speed sensor output display 

Fig. no. 5 to Fig. No. 7 shows the output results of temperature, current and speed sensor on IDE platform. Then 
this data is fed to wifi module which is send to thins speak cloud. 
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Fig.8 Thing Speak platform temperature sensor output display 

 

Fig.9 Thing Speak platform JOB timing (Load) output display 

 

Fig.10 Thing Speak platform speed in RPM display 
 

 
Fig.11 Thing Speak platform current in RPM display 

 
Fig 8 to 11 shows the result of thing speak platform which shows the output in graph forms which is easy for data 
analysis purpose. 

 
Fig.12 Thing Speak platform load is placed on motor Indication 

An additional feature is also provided with this is if a load is placed on motor, then it will show green indication 
to the user as shown in fig. 10. 

IV. CONCLUSIONS 

The authors can conclude on the topic discussed and proposed. Future enhancement can also be briefed here. 
This work presents the concept of condition monitoring of motor using sensor technology. Current sensor, 
temperature sensor and speed sensor successfully interface with ATMEGA 328 PU module. The monitoring of 
the motor system presents the measurement of different parameters namely temperature, speed and current 
consumption stored in controller memory. The various accuracies presented in this thesis are subject to the 
number and type of input parameters selected. The presented results can be further verified by taking different 
set of parameters of motor 
A real-time system can be developed based on this study wherein the motor data can be acquired and fed into 
intelligent system simultaneously. The intelligent system would evaluate the condition of the motor and issue 
appropriate command accordingly. The proposed approach has been verified only with the single motor set the 
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approach may be applied to motors of other design parameters and the result can be analysed . The proposed 
work can be extended for considering the presence of a combination of two faults occurring simultaneously. 
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Abstract—This paper presents effects of charging electric 
vehicles (EV) on distribution system. Precisely, effects on bus 
voltage profile and power losses, due to charging on radial 
distribution system (RDS) to ring main distribution system 
(RMDS) and advance RMDS networks with the assistance of 
Distributed Generation (DG) as well as capacitor banks. 
Framework assimilate DG which replicates current inceptions 
due to solar photo voltaic (PV), wind, biogas and other 
upcoming renewable power sources along with traditional 
power factor correction measures like capacitor banks in the 
first place, so that system is pragmatic in design to replicate the 
real distribution system. The work will be conducted on steady 
state system and implemented on IEEE 33-Bus test system using 
the MATLAB programming environment on manifold case 
studies. 

Keywords—Voltage profile, Power loss, radial distribution 
system (RDS), ring main distribution system (RMDS), plug-in 
hybrid electric vehicles (PHEV), electric vehicle (EV), Battery 
Electric Vehicle (BEV), Distributed Generation (DG). 

I. INTRODUCTION 
With the rise of acceptance to electric vehicles, due to their 

performance benefits, higher motor efficiency at low speed, 
ability to get charged from renewable or conventional sources, 
recently developed fast chargers, conductive and inductive 
chargers, copious production of electricity at keenly priced 
tariffs, pruning in development cost of renewable energy 
installations, pioneering of Giga factories for battery 
manufacturing, minuscule count of spare parts, higher 
redundancy due to multiple motors, lower center of gravity, 
preponderance robust components, nominal maintenance, 
soaring fuel prices of petroleum, climate change 
environmental concerns and different nations pledge to 
become carbon neutral by 2050 or 2070, it is obvious to see 
surge in popularity of electric vehicles. Electric Vehicles (EV) 
load patterns are given in [1]. 

Even today many of the power distribution systems (DS) 
globally operate under radial mode configuration [2] due to 
their simplicity and uniform power flow direction, although 
inceptions from DG’s, capacitor banks have even affected it. 
[3] delineate the superiority of switching from radial to ring 
main distribution system for the case studies in [2] 
commencing with just reconfiguration with available 
resources effects in loss reduction, voltage profile 
improvement, redundancy in supply. For a distribution 
system, the prima facie is to dispatch uninterrupted consumer 
power under permissible individual parameter limits for 
intangible nature of load.  

Aware governmental bodies along with enterprises, and 
investors are persuading modern power networks, to acclimate 
to the change. Especially when new blend of loads, such as 
charging of electric vehicles, IPM-SynRM, PMDC, BLDC 
motors, robotic stepper motors, for modern industries have 
come to the fore. Few new innovations make living more 
valuable and elegant. They do, however, prove detrimental to 
the conventional structure of power systems. [4] 

The size of distributed generation (DG) facilities can vary 
between just few kilowatts up to megawatts technology could 
be renewable or non-renewable. DG units are stimulated by 
the availability of renewable energy resources such as micro 
wind, mini and micro hydro, solar photovoltaic (SPV), micro 
turbine, fuel cell. Because most of the units are modular, 
they are governed by the topographical conditions that 
prevail, DG has a competitive improvement in terms of 
versatility. Its construction time is trivial. [5] Performance 
analysis of SPV system in distribution network for PV 
contribution and grid dependency is propound in [6]. 

One of the most unrivalled parameter for adoption and 
acceptance of Electric era is charger. About 6000 EV chargers 
are installed in Shenzhen, China while total EV in the city has 
exceeded 80,000 in 2017 [7]. Charging time is now competing 
with time required to get the vehicle filled with petroleum 
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products, although there is no direct competition still if we 
manage the charging time during our daily schedules, things 
could become practical, yet no one can deny the luxury to get 
the car charged in a while at least for daily commute. EV and 
PHEV conductive and inductive chargers range vary from few 
kW up to 200 kW [8]-[10]. Automated charger for scaling 
adoption of electric vehicles is proposed in [11] near future 
technology is still unpredictable and behold.  

Using a small-scale laboratory distribution system, 
researchers discovered the repercussions of electric vehicle 
charging [12], however these does not quantify the impact on 
real scale transmission or practical distribution system 
dispatching few MWs and MVAr’s. Q-learning technique 
based on the Artificial Neural Network (ANN) and recurrent 
neural networks (RNN) was proposed for the PHEV load 
forecasting in [13], visible scope for the newer study is in pure 
EV charging loads for practical distribution system, since 
these are intended for quick charging, which 
will garner significant market share as current budget 
consumers are mostly complaining about charging range 
anxiety and looking forward as a primary vehicle to a cleaner 
future. This study will be conducted on considering 96 kW 
charger to be used for charging on the case studies in [2]-[3]. 

II. PROBLEM FORMULATION

A. Power Flow Solution 
 A power flow study, also known as a load flow study, is a 

steady-state solution in a power system. They are utilised for 
the planning, control of an existing system with future 
extension and economic scheduling. It guesstimates active 
and reactive power flow at each line, phase angle and 
magnitude of voltages at each bus and. It computes for a 
specific set of power system condition non dynamic. The 
system buses are classified into three types, namely first slack 
bus for which magnitude and phase angle of voltage is 
specified. This bus compensates between scheduled loads and 
generated power that is caused by network losses. Second load 
buses having only load, it may or may not contain capacitor 
banks. Final is regulated buses which have generator or DG 
buses. Iterative techniques such as Gauss-Seidel, Newton-
Raphson (NR), and Fast Decoupled is often used to quantify 
power flow. In this paper, Newton-Rapson is preferred for 
quantization. 

The flow path of active and reactive power to be 
distributed to customers is enhanced via network 
reconfiguration. It is crucial to evaluate the optimal ring main 
network framework that addresses the minimal power loss 
whilst striving to meet all of the system's restrictions. 

B. Network Reconfiguration 
The flow path of active and reactive power to be 

distributed to customers is enhanced via network 
reconfiguration. It is crucial to evaluate the optimal ring main 
network framework that addresses the minimal power loss 
whilst striving to meet all of the system's restrictions. 

 The disparities in power loss after reconfiguring from 
RDS to RMDS are evaluated in this work by total power loss 
reduction, ∆𝑃!"##$  in the system. 

∆𝑃!"##$ =$𝑃%,!"##(𝑖, 𝑖 + 1) −$𝑃%,!"##' (𝑖, 𝑖 + 1)
(

)*+

(

)*+

 

Before reconfiguration, power loss in any of the 
transmission line sections linked to buses i & i+1 can be 
quantified by 

𝑃!"##(𝑖, 𝑖 + 1) = 𝑅(),)-+)
((𝑃))/ + (𝑄))/)

|𝑉)|/

Likewise, after reconfiguration, the power loss of 
individual transmission line linked between buses i & i+1 can 
be assessed by 

𝑃!"##' (𝑖, 𝑖 + 1) = 𝑅(),)-+)
((𝑃)')/ + (𝑄)')/)

0𝑉)'0
/  

Where, ∑ 𝑃%,!"##(𝑖, 𝑖 + 1)(
)*+  is before reconfiguration 

total power loss, ∑ 𝑃%,!"##' (𝑖, 𝑖 + 1)(
)*+  is after reconfiguration 

total power loss, 𝑃) 	, 𝑃)'	, 𝑄) 	, 𝑄)'	, 𝑉) 	, 𝑉)'	,	 are bus i active 
reactive powers, prior to and following reconfiguration and 
voltages at bus i before and after reconfiguration respectively. 

C. Distributed Generation 
When a Distributed Generation/s is/are deployed at a 

haphazard point in the network, the power loss is assessed by 

𝑃01,!"## = 𝑅(),)-+)
((𝑃))/ + (𝑄))/)

𝑉)/

+
𝑅),)-+
𝑉)/

(𝑃1/ + 𝑄1/ − 2𝑃)𝑃1 − 2𝑄)𝑄1) 4
𝐺
𝐿7 

∆𝑃!"##01 =
𝑅),)-+
𝑉)/

(𝑃1/ + 𝑄1/ − 2𝑃)𝑃1 − 2𝑄)𝑄1) 4
𝐺
𝐿7 

Where, 𝑃1 , 𝑄1 	are active reactive power injected by DG’s, 
G is the length in kilometers betwixt the source and the DG 
site and L is the length of transmission line, betwixt source and 
bus i in kilometers. 

D. PHEV and EV Chargers 
Many countries have their own charging standards. The 

conductive and inductive chargers ratings vary from 
manufacturer to manufacturer also. Conductive charging can 
be AC or DC. Inductive is always AC. In AC Electric Vehicle 
Supply Equipment (EVSE), the alternating current power is 
transferred to the EV's onboard charger, which converts it to 
direct current (DC). A DC EVSE extrinsically converts 
electricity and supplies direct current to the battery, bypassing 
the onboard charger. In TABLE I., P is Power. 

TABLE I. THE INDIAN STANDARD EVSE POWER RATINGS [11] 

Type Power level 
(kW) Current type Compatible EV 

segments 
Nominal 
power 
charger 

P ≤ 7 AC & DC E-2Ws, e-3Ws, e-
cars, other LCVs 

(up to 1 ton) 7 < P ≤ 22 AC & DC 

High power 
charger 

22 < P ≤ 50 DC E-cars, LCVs and 
MCVs (1-6 tons) 50 < P ≤ 200 DC 

TABLE II. THE INDIAN STANDARD BATTERY SPECIFICATIONS FOR 
DIFFERENET EV SEGMENTS [11] 

Vehicle Segment Battery Capacity 
(kWh) Battery Voltage (V) 

E-2W (Scooter) 1.2 - 3.3 48 - 72 
E-3W 

(passenger/ goods) 3.6 - 8 48 - 60 

(1) 

(2) 

(3) 

(4) 
(5) 

(4) 
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Vehicle Segment Battery Capacity 
(kWh) Battery Voltage (V) 

E-cars 
(1st Generation) 21 72 

E-cars 
(2nd Generation) 30 - 80 350 - 500 

TABLE III. THE PHEV CHARGERS IN [9] 

Power type Charger type Input voltage 
(V) 

Maximum 
Power (kW) 

AC Level 1 120 1.44 

AC Level 2 208-240 11.5 

AC Level 3 208-240 96 

DC Level 3 208-600 240 

For AC level 3 EV charger, from [9] the active power is 
96 kW i.e., 0.096 MW. Power factor of chargers vary from 
0.97-0.95. Assuming power factor to be 0.95 as industry 
standard. Apparent power is given as, 

𝐴𝑝𝑝𝑎𝑟𝑒𝑛𝑡	𝑝𝑜𝑤𝑒𝑟	(𝑘𝑉𝐴) = 	
𝐴𝑐𝑡𝑖𝑣𝑒	𝑝𝑜𝑤𝑒𝑟	(𝑘𝑊)
𝑝𝑜𝑤𝑒𝑟	𝑓𝑎𝑐𝑡𝑜𝑟

EV charger Reactive power can be evaluated as, 

𝑅𝑒𝑎𝑐𝑡𝑖𝑣𝑒	𝑃𝑜𝑤𝑒𝑟
= 	F𝐴𝑝𝑝𝑎𝑟𝑒𝑛𝑡	𝑝𝑜𝑤𝑒𝑟/ − 𝐴𝑐𝑡𝑖𝑣𝑒	𝑝𝑜𝑤𝑒𝑟/ 

III. NEWTON-RAPSON POWER FLOW SOLUTION

Newton-Rapson has quadratic convergence and thus 
outperforms the Gauss-Seidel method mathematically. It is 
less likely to succumb to deviations when confronted with ill-
conditioned problems. The iterations required to find a 
solution is impartial of network size, yet every iteration 
necessitates more functional evaluations. The power flow 
equation is formulated in polar form. 

The complex power at bus i is, 

𝑃) =$|𝑉)|0𝑉200𝑌)20𝑐𝑜𝑠I𝜃)2 − 𝛿) + 𝛿2L
(

2*+

 

𝑄) = −$|𝑉)|0𝑉200𝑌)20𝑠𝑖𝑛I𝜃)2 − 𝛿) + 𝛿2L
(

2*+

 

The Jacobian matrix asserts the linearized association 
between perturbation in voltage angle Δ𝛿  and voltage 
magnitude Δ|𝑉| with perturbation in real and reactive power 
Δ𝑃) and Δ𝑄). 

N∆𝑃∆𝑄O = N𝐽+ 𝐽/
𝐽3 𝐽4

O N ∆𝛿∆|𝑉|O

The diagonal and off-diagonal elements of J1 are 
𝜕𝑃)
𝜕𝛿)

=$|𝑉)|0𝑉200𝑌)20𝑠𝑖𝑛I𝜃)2 − 𝛿) + 𝛿2L
25)

 

𝜕𝑃)
𝜕𝛿2

= −|𝑉)|0𝑉200𝑌)20𝑠𝑖𝑛I𝜃)2 − 𝛿) + 𝛿2L					𝑗 ≠ 𝑖 

The diagonal and off-diagonal elements of J2 are 
𝜕𝑃)
𝜕|𝑉)|

= 2|𝑉)||𝑌))|𝑐𝑜𝑠𝜃)) +$0𝑉200𝑌)20𝑐𝑜𝑠
25)

I𝜃)2 − 𝛿) + 𝛿2L 

𝜕𝑃)
𝜕0𝑉20

= |𝑉)|0𝑌)20𝑐𝑜𝑠I𝜃)2 − 𝛿) + 𝛿2L					𝑗 ≠ 𝑖 

The diagonal and off-diagonal elements of J3 are 
𝜕𝑄)
𝜕|𝛿)|

=$|𝑉)|0𝑉200𝑌)20𝑐𝑜𝑠
25)

I𝜃)2 − 𝛿) + 𝛿2L

𝜕𝑄)
𝜕0𝛿20

= −|𝑉)|0𝑉200𝑌)20𝑐𝑜𝑠I𝜃)2 − 𝛿) + 𝛿2L				𝑗 ≠ 𝑖 

The diagonal and off-diagonal elements of J4 are 
𝜕𝑄)
𝜕|𝑉)|

= −2|𝑉)||𝑌))|𝑠𝑖𝑛𝜃)) −$0𝑉200𝑌)20𝑠𝑖𝑛
25)

I𝜃)2 − 𝛿) + 𝛿2L	 

𝜕𝑄)
𝜕0𝑉20

= −|𝑉)|0𝑌)20𝑠𝑖𝑛I𝜃)2 − 𝛿) + 𝛿2L					𝑗 ≠ 𝑖 

The terms ∆𝑃)
(6) and ∆𝑄)

(6) are the power residuals, which
are the deviation between both the scheduled and predicted 
values, given by 

∆𝑃)
(6) = 𝑃)#78 − 𝑃)

(6)

∆𝑄)
(6) = 𝑄)#78 − 𝑄)

(6)

The new estimates for bus voltages are 

𝛿)
(6-+) = 𝛿)

(6) + ∆𝛿)
(6)

0𝑉)
(6-+)0 = 0𝑉)

(6)0 + ∆0𝑉)
(6)0

IV. COMPUTATION PROCEDURE

Newton-Rapson has quadratic convergence and thus 
outperforms the Gauss-Seidel method mathematically. It is 
less likely to succumb to deviations when confronted with ill-
conditioned problems. Although the number of iterations 
expected to reach a solution is impartial of network 
dimension, each iteration necessitates more workable 
assessments. The Newton-Raphson method is used to solve 
power flow problems as follows: 

1) Voltage magnitudes and phase angles are taken equal
to the slack bus values, or 1.0 and 0.0, for load buses where 
𝑃)#78 and 𝑄)#78are given, voltage magnitudes and phase angles 
are set equal to the slack bus values, or 1.0 and 0.0. When |𝑉)| 
and 𝑃)#78	 are stipulated for voltage-regulated buses, phase 
angles are arranged to a slack bus angle, or 0. 

2) 𝑃)
(6) and 𝑄)

(6)are calculated from (8) and (9) for load
buses and ∆𝑃)

(6) and ∆𝑄)
(6)are calculated from (19) and (20)

3) 𝑃)
(6)  and ∆𝑃)

(6) are calculated from (8) and (19) for
voltage-controlled buses 

4) The Jacobian matrix is calculated from (11)-(18)
5) The linear simulatineous equation (10) can be solved

directly using optimally organised Gaussian elimination and 
triangular factorisation 

6) The updated voltage magnitudes and phase angles are
computed from (21) and (22) 

7) The procedure is iterated til the ∆𝑃)
(6)𝑎𝑛𝑑	∆𝑄)

(6) are
less than the accuracy specified, 

0∆𝑃)
(6)0 ≤∈

0∆𝑄)
(6)0 ≤∈

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(17) 

(19) 

(20) 

(21) 

(22) 

(13) 

(14) 

(15) 

(16) 

(18) 

(12) 

(18) 

(23) 
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V. CASE STUDY

The framework for entire case studies is an IEEE 33 bus 
radial distribution system, as brandished in Fig. 1. [1] provides 
the line data and load data. In the view of advantage described 
in [2] Radial Distribution System (RDS) is modified into Ring 
Main Distribution System (RMDS). 

The total real and reactive load for the original RDS 
system is 3.715 MW and 2.300 MVAr, respectively. Lines are 
normally closed which range from 1 to 32, while tie-switch 
lines are normally open range from 33 to 37. Sectionalizing 
switches or transmission line 1-9 have current carrying 
capacities of 400 A, whilst rest of the lines, including tie-
switches, have current carrying capacities of 200 A. Permitted 
voltage constraints for voltage levels of 12.66 kV at each bus 
are 1.05 and 0.95 per unit, respectively. Case A is original 
RDS, IEEE-33 bus distribution system. Case studies I from [2] 
along with 96 kW EV chargers case studies J and K are ring 
main networks. The following four cases are assessed as 
shown in table IV and V. In a perspicuous way both tables 
describe individual case study of network structure 
(RDS/RMDS), values and locations for DG, capacitors. EV 
chargers units, bus location with size is add-ons in table V. In 
table IV all case studies are either reconfigured to reduce the 
power loss and improve bus voltage profile without installing 
any new equipment as in Case A. 

Fig. 1. Test system for Case A, RDS 

In Case A, the system performance exceeds the lower 
voltage limit of 0.95 per unit by 0.037 per unit. The total 
power loss is 203 KW. Lower voltages contribute in additional 
current to be drawn from the substation, resulting in an 
increase in power loss. Outcomes of which are procreated and 
assimilated in table VI. In Case I, all 37 lines are reconfigured 
to deliver power in RMDS mode, such that exorbitant loss-
making lines are eliminated and could be used only during 
contingencies. To take into account modern era renewable 
sources, DGs and capacitor banks are installed at few buses as 
shown in Fig. 2, table IV. 

Case J, K are tantamount as Case I, with the revamp with 
genesis of “EV chargers” (AC level 3 from table III). Buses 

with EV charger will take on additional individual charging 
load of 0.096 MW and 0.031551 MVAr respectively. 

TABLE IV.  THE NON CHARGER LOAD CASE STUDIES OF 
DISTRIBUTION SYSTEM  

Case Parameters Unit 
Bus/Line 

No. 
Individual 

Rating 
(MW/MVAr) 

A

Lines open, no 
Reconfigure 5 All tie lines - 

DG units 0 - 0 

Capacitor 0 - 0 

I 

Lines open, 
Reconfigure 5 7, 9, 15, 27, 

34 
- 

DG units 5 14, 16, 22, 
30, 33 

0.2, 0.25, 0.25, 
0.5, 0.2 

Capacitor 5 15, 18, 24, 
29, 30 

0.3, 0.3, 0.2, 
0.3, 0.5 

TABLE V. THE CHARGER LOAD CASE STUDIES OF DISTRIBUTION 
SYSTEM  

Case Parameters Unit 
Bus/Line No. Individual 

Rating 
(MW/MVAr) 

J 

Lines open, 
Reconfigure 5 7, 9, 15, 27, 34 - 

DG units 5 14, 16, 22, 30, 
33 

0.2, 0.25, 
0.25, 0.5, 0.2 

Capacitor 5 15, 18, 24, 29, 
30 

0.3, 0.3, 0.2, 
0.3, 0.5 

Chargers 3 
18, 22, 33 0.096 MW, 

0.031551 
MVAr (each) 

K 

Lines open, 
Reconfigure 5 7, 9, 15, 27, 34 - 

DG units 5 14, 16, 22, 30, 
33 

0.2, 0.25, 
0.25, 0.5, 0.2 

Capacitor 5 15, 18, 24, 29, 
30 

0.3, 0.3, 0.2, 
0.3, 0.5 

Chargers 10 
4, 5, 7, 9, 10, 

11, 13, 17, 26, 
27 

0.096 MW, 
0.031551 

MVAr (each) 

Fig. 2. Test system for Case I, RMDS proposed system of [2] 

Case J, and K inspects on effects of 3 and 10 chargers 
respectively as per the details shown in Fig. 3, 4 and table V. 
EV Charger locations for Case J, is selected such that, they are 
installed at (bus located at extreme end) worst part of the 
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network. This is due to the consideration that, bus voltage 
profile is generally lowest at these buses.  

Fig. 3. Test system for Case J, RMDS with three units of AC level 3 
charger load 

Fig. 4. Test system for Case K, RMDS with ten units of level 3 charger 
load 

EV Charger locations for Case K are purely kept at random 
locations due to their sheer amount 10 chargers at peak load 
on power system. 

Outcomes by NR are shown in table VI, which delineate 
the case study comparison with the outputs of [2] and [3]. 
Main system parameters are evaluated such as total system 
power loss in (kW), minimum bus voltage in per unit and 
identification of that bus and percentage loss reduction 
compared to the base case A. 

For RMDS case study I, power loss has improved from 
203 kW (case A) to 28 kW (Case I), which is 86.206% 
improvement, NR's method demonstrates its efficacy 

compared to paper [3], which has nearly identical replications 
in overall power loss. i.e., 202.612 to 31 kW and percentage 
loss reduction of 84.699% from Case A. The voltage profile 
in [3] and NR are indistinguishable. 

The active load on the Case A system is 3.715 MW, while 
the reactive load is 2.3 MVAr. In EV charging case studies, 
real and reactive load increased to 4.003 MW, 2.396 MVAr 
for Case J. In Case K, the real and reactive loads rise to 4.675 
MW and 2.620 MVAr, respectively. Loading effects on 
different bus can be visualized by Fig. 5, 6. 

Fig. 5. Active Power Load increase from base to peak load case 

Fig. 6. Reactive Power Load increase from base to peak load case 

TABLE VI.  THE OUTCOMES OF THE 33 BUS-RADIAL AND RING MAIN 
DISTRIBUTION SYSTEM  

Case 
Assessment of Diverse Case Studies 

Methodology By GA [2] By GA [3] By N-R 

A 

Power Loss (kW) 202.612 202.612 203 

Min. Voltage (p.u.) 0.913 0.913 0.913 

Min. Voltage bus - - 18 

I 

Power Loss (kW) - 31 28 

Min. Voltage (p.u.) - 0.980 0.980 

Min. Voltage buses - - 31, 32 

% Loss reduction - 84.699 86.206 

J 

Power Loss (kW) - - 42 

Min. Voltage (p.u.) - - 0.972 

Min. Voltage bus - - 32 

% Loss reduction - - 79.310 
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Case 
Assessment of Diverse Case Studies 

Methodology By GA [2] By GA [3] By N-R 

K 

Power Loss (kW) - - 63 

Min. Voltage (p.u.) - - 0.974 

Min. Voltage bus - - 10, 11, 13, 
31, 32 

% Loss reduction - - 68.965 

 
Fig. 7. Outcomes of Active power supplied by Substation and DGs at 

individual bus. 

 

Fig. 8. Outcomes of Bus voltage profiles 

For case studies J, K, comprehensive RMDS system 
designed in [3] is put to test with the EV charger load. Power 
loss compared from, K to A is still 68.965% better. Voltage 
profile falls from 0.98 to 0.974 which is superior to acceptable 
limit of 0.95 per unit, although the system is under test to 
almost the worst-case scenario in Case K. For 3 EV charger 

cases in J power loss reduction is 79.31% respectively and 
lowest bus voltage profile for both at 0.972 per unit, which is 
outstanding as system is ready to take on EV chargers up to 
10 even during peak load hours. Outcomes of bus voltage 
profile in A, I, J, K are depicted in Fig. 8 which clearly portray 
the best among all is I at 0.98 per unit and weakest is A at 
0.931 per unit. It’s clearly visible that, I profile is definitely 
improved from A due to presence of local reactive power 
supply through capacitor banks, and it has its effects on EV 
charger case studies too. 

Outcomes of active power supplied by substation and DG 
for cases K, J, I, A as shown in Fig. 7. Results portray that 
substation load (at bus 1) is higher in A and it drops down in 
I, J, K albeit J, K has higher active loads by 7.75% and 
25.84%. Similar is the effect with reactive power demands. 

Case K imply system can handle even higher load, so no 
need for additional transformer capacity and new lines along 
with new protection equipment’s, which could have been a 
case if DG’s and capacitor banks would have been absent.  

VI. CONCLUSION 
The hard-headed studies on framework divulges that, even 

with “ten number of AC level 3 chargers”, system 
performance for Case K is paramount in terms of all 
parameters to that of original IEEE 33-bus power system. 
Research purveys strong corroboration that, DGs and 
capacitor banks have indispensable advantage to system 
performance and designers should contribute towards find 
buses on practical distribution system and bolster more 
consumers to install their own renewable system and 
invigorate to a greener tomorrow. It’s essential that governing 
agencies must provide the data for such studies. Some may 
argue that adding renewables have adverse effect but, we must 
not forget, “nothing is perfect”, its essential to keep bold steps 
to become “carbon neutral” within stipulated time, and 
renewable DGs are our best hope. Previous grid failures may 
be tacked with more advance machine learning and deep 
learning algorithms. As the studies suggest, more and more 
renewable energy used to make power, the narrower the CO2 
emissions of BEVs [14]. Charging with renewables is the 
current way forward. 

Outcomes covers basic RDS to RMDS and advance 
RMDS networks with DGs and capacitor banks. Also EV 
Chargers of 96 KW capacity are generally suitable to be 
installed at voltage levels of 11 KV or higher, which makes 
this study more relevant to practicality of the system 
conditions. Loading effects are generally absurd on different 
buses due to EV charging meaning that random few will be 
loaded to limits and few buses may remain unloaded. Hence, 
this study implicates more practical purport rather than just 
assuming power system load uniformly increased on each bus 
by 20-40%. Albeit, we assumed all EV chargers are fully 
loaded with peak load of power system, which is extreme 
scenario. Selecting EV chargers of different sizes making 
them active, inactive as per real time and its effect is future 
scope. Smart grids with such predicting and controlling 
capabilities can be envisage. 
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proposed scheme and the model reference adaptive control (MRAC) based scheme is made. Results show the
performance of a dual-loop PID controller is more promising as compared to the model reference-based approach.
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I. Introduction
Microgrids (MGs) are crucial establishments that allow the penetration of renewable energy into the
system for supplying the connected loads reliably. These grids also have their own control capabilities.
Broadly MGs can be operated in two modes; the grid-connected mode and the islanded mode. Out of
the two types of grids, the isolated MG is more sensitive towards the voltage and frequency variations
and requires a more precise operation all the time. Hence, from the viewpoint of voltage and frequency
control, the isolated MGs require more robust techniques, as the system itself is of highly dynamic
nature with generation arbitrage and load variation models. For this purpose, the model reference
adaptive control (MRAC) based approach in conjunction with a few heuristic technique has to be
realized. However, these methodologies requires a more complicated centralized control mechanism
for optimizing the plant model [1], [2]. A modified MRAC control approach is presented in [3], [4] for the
voltage control in an isolated MG. Here, the tracking performance of the proposed control scheme has
been observed under different load scenarios. In [5], a modified MIT rule-based MRAC approach is
proposed for the converter voltage control of an SPV-storage-based isolated MG under the intermittent
energy infeed from the renewables. However, the proposed approach lacks to find a robust control
under higher system dynamics. [6] proposed a d-q control strategy for an ac microgrid using two loops
for active and reactive power control in the MG system. [7] provided an elaborated architecture with
design and analysis of an islanded MG system having the penetration of solar photo-voltaic using a
local decentralized controller that is applied across the developing nations. [8] proposed an improved
an improved strategy to control the power for a hybrid MG bidirectional voltage source converter
without using PLL. This approach reduces the delay and improves the transient behaviour of the
system. A fuzzy logic-based power control approach for solar PV inverter without PLL is proposed in
[9]. In [10], aggregating a robust control technique, viz., sliding mode control (SMC) in the outer loop
resulting in SMC-PID based controller, is proposed. Implementing fractional order PID method in [11],
[12], etc., can also improve the overall performance of conventional dual-loop PID at the expense of
increased computational burden. However, the implementation of these control strategies needs a
wide scope of implementation in an isolated MG system. Stringent control requirements calls for
accurate MG modeling and robust controller design especially during the islanded operating mode
[13], [14].
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Abstract:
With rapidly rising urban population, the concepts of smart cities are evolving to accommodate its dwellers. As a person
most of the time remains within a building (residential or work), it becomes utmost important to convert these into energy
efficient smart buildings. It uses renewable energy resources (RESs), viz., solar PV and wind turbines, diesel generator,
electric vehicles (EVs), and connected to low voltage distribution grid. It has lighting, heating and cooling, as well as
motoring loads. This combination of multiple sources and loads results into building integrated microgrids (BIMG) having a
system of systems (SoSs) architecture. This article presents a model predictive control (MPC) based energy management
of BIMG under grid-connected operation. It involve forecasting information of both generation and load profiles, power
tariffs throughout the day, storage unit capacity and EVs coordination. Various test case scenarios and actual operating
conditions of RESs were considered to determine the effectiveness of the proposed MPC method.
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I. Introduction
Smart cities are being realized to bridge the gap between the current amenities in a conventional city
to the ones required to sustainably accommodate increasing urbanization. Various features like smart
transportation, smart living, smart grid, smart waste management, etc. To improve the living standards
of its population, the vision of smart cities calls for improving in these areas using latest technology [1].
Now, peoples spend most of their time indoor be it in a residential building, offices, commercial
buildings, etc. A city has all these buildings as the most essential component. Hence, smart buildings
plays a very crucial role to realize a smart city [2].
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I. Introduction
The use of nonpolluting renewable energy resources to regulate greenhouse gases is getting
motivation from the government of India. The National solar mission, which is part of the National
Action Plan on Climate Change has been set up to indorse the progress and utilization of solar energy
for power production and other purposes with the eventual thinking of making solar energy inexpensive
with fossil-based energy choices. The Solar Photo-Voltaic (SPV) schemes for power production had
been arranged in the many parts in the nation for electrification where the grid connection is either not
possible or not price effective as also some times in combination with gasoline based generating
plants in remote areas and communication transmitters at far places. With descending tendency in the
price of solar energy and indebtedness for the necessity for growth of solar power, solar power plants
have now been installed. A substantial share of the bulky potential of solar energy in the nation could
be established by encouraging grid associated SPV power systems of changing magnitudes as per the
requirement and affordability together with confirming acceptable return on asset. Solar simulators are
used in study of solar PV characteristics under changing environmental conditions. The key benefit of
the simulator/emulator is its capability to simulate various kinds and dimensions of solar arrays
beneath changing irradiance and temperature via actual loadings [1]. Modelling, recreation and
investigation of SPV system is an important stage former to implement SPV system at any site, which
benefits to comprehend the performance and features in real climatic situations of the site [2]

Sign in to Continue Reading

 Contents

https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjss5q3J1evzbSup4cD0irL3uTAb6sQ75M7MQEsverW-8nKj5DXRO02V_Yln1Trbz9KeQ-DUJV55VW5qlcGX10tXYLztSUgQAC0Jwn3HzwcY8aU1_oJcAWwEaP-itFehUv65yV_cVrl6K3VrlZcYAsJiiCsvR0PIdebvtZgLuU7Ctnws5NtAbVDFaqf6BiZmmyG-9R3-NJEaS02-U9wqByncEj2EeFZHdIVuocJP9J2SrVq9VE5fdufnSoDWWnCbUsS-YlsBpBjWYU-_3vtgXXEdhJn6RZky5-A49Hm-XQ7ig_ZZDdtPVHND88GgANB7C0mSbLpiDFoUgSmvySVvuhv9WYcLCRDOKjW9s&sai=AMfl-YS4TBe87hbxM-7tBz42AzXVEpyOdFXNVKKjckAFnW0fhjLeju4evQmUp3_FoowkRX5aXJJmZJybg4FCVSfSOgckh25HKc0jYrgihBXeGtD_&sig=Cg0ArKJSzEqfs3FDFqEJ&fbs_aeid=[gw_fbsaeid]&adurl=https://forms1.ieee.org/PAO-eBook-Collections.html%3FLT%3DXPLLG_XPL_2023_LM_eBooks_Acad_Cust_300x250
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjss5q3J1evzbSup4cD0irL3uTAb6sQ75M7MQEsverW-8nKj5DXRO02V_Yln1Trbz9KeQ-DUJV55VW5qlcGX10tXYLztSUgQAC0Jwn3HzwcY8aU1_oJcAWwEaP-itFehUv65yV_cVrl6K3VrlZcYAsJiiCsvR0PIdebvtZgLuU7Ctnws5NtAbVDFaqf6BiZmmyG-9R3-NJEaS02-U9wqByncEj2EeFZHdIVuocJP9J2SrVq9VE5fdufnSoDWWnCbUsS-YlsBpBjWYU-_3vtgXXEdhJn6RZky5-A49Hm-XQ7ig_ZZDdtPVHND88GgANB7C0mSbLpiDFoUgSmvySVvuhv9WYcLCRDOKjW9s&sai=AMfl-YS4TBe87hbxM-7tBz42AzXVEpyOdFXNVKKjckAFnW0fhjLeju4evQmUp3_FoowkRX5aXJJmZJybg4FCVSfSOgckh25HKc0jYrgihBXeGtD_&sig=Cg0ArKJSzEqfs3FDFqEJ&fbs_aeid=[gw_fbsaeid]&adurl=https://forms1.ieee.org/PAO-eBook-Collections.html%3FLT%3DXPLLG_XPL_2023_LM_eBooks_Acad_Cust_300x250
https://ieeexplore.ieee.org/document/8631008/
https://ieeexplore.ieee.org/document/553352/
javascript:void()
javascript:void()


10/21/23, 12:08 PM Study and Analysis of Solar Photo Voltaic Modules with Real Time Experimentation on Solar Simulator/Solar Emulator | IE…

https://ieeexplore.ieee.org/document/9872753 3/4

IEEE Personal Account

CHANGE
USERNAME/PASSWORD

Purchase Details

PAYMENT OPTIONS

VIEW PURCHASED
DOCUMENTS

Profile Information

COMMUNICATIONS
PREFERENCES

PROFESSION AND
EDUCATION

TECHNICAL INTERESTS

Need Help?

US & CANADA: +1 800
678 4333

WORLDWIDE: +1 732
981 0060

CONTACT & SUPPORT

Follow

    

About IEEE Xplore | Contact Us | Help | Accessibility | Terms of Use | Nondiscrimination Policy | IEEE Ethics Reporting | Sitemap |
IEEE Privacy Policy
A not-for-profit organization, IEEE is the world's largest technical professional organization dedicated to advancing technology for the benefit of
humanity.

© Copyright 2023 IEEE - All rights reserved.

IEEE Account

» Change Username/Password

» Update Address

Purchase Details

» Payment Options

» Order History

» View Purchased Documents

Profile Information

» Communications Preferences

» Profession and Education

» Technical Interests

Need Help?

» US & Canada: +1 800 678 4333

» Worldwide: +1 732 981 0060

» Contact & Support

https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsvgG1KpHZye_2AQezeL0PC2WrdWm-5JtrauwhdtMvF4cFXxCrS3rIx1xlgpPmvkfY9e8HW19j9IZJBBRP_XYGnm6Q9w3_9RIWzlWUiLcDMQ6B9THlzJ3Y9D22aUnojdL08lZCQ4RHypms64w5iFHLvqccAB-7MvoYgj3RPUCyvVdnymRVqlhRaU_g0YWVR6YFToMBsrNMXHITg3vPEbagURqeCXzkNrkC3YnO8Z59_TV2r31uN4-y0QfmKdFCq7AwuU5sHm0LrZgHThDMbrzA7C70DlDN_3i0AKIMW_aXHxPnPUxNb6-7Yn5Ly_6TeiKfcwnA3KvSNHNadm35kW-gXTmlSx3umELQIerTqS&sai=AMfl-YTHHcRj9GMkL6GLKQnp3JRosL9TWWwpJVWNcAC_yrjUVrpDc2oegddf8mpkge8VjHAtjh0L1CbcApD4xze_sS9yV0ETXlK7Ia8DfRRPPXD-&sig=Cg0ArKJSzNtgXlHysdBN&fbs_aeid=[gw_fbsaeid]&adurl=https://ieeexplore.ieee.org/xpl/RecentIssue.jsp%3Fpunumber%3D8784029
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsvgG1KpHZye_2AQezeL0PC2WrdWm-5JtrauwhdtMvF4cFXxCrS3rIx1xlgpPmvkfY9e8HW19j9IZJBBRP_XYGnm6Q9w3_9RIWzlWUiLcDMQ6B9THlzJ3Y9D22aUnojdL08lZCQ4RHypms64w5iFHLvqccAB-7MvoYgj3RPUCyvVdnymRVqlhRaU_g0YWVR6YFToMBsrNMXHITg3vPEbagURqeCXzkNrkC3YnO8Z59_TV2r31uN4-y0QfmKdFCq7AwuU5sHm0LrZgHThDMbrzA7C70DlDN_3i0AKIMW_aXHxPnPUxNb6-7Yn5Ly_6TeiKfcwnA3KvSNHNadm35kW-gXTmlSx3umELQIerTqS&sai=AMfl-YTHHcRj9GMkL6GLKQnp3JRosL9TWWwpJVWNcAC_yrjUVrpDc2oegddf8mpkge8VjHAtjh0L1CbcApD4xze_sS9yV0ETXlK7Ia8DfRRPPXD-&sig=Cg0ArKJSzNtgXlHysdBN&fbs_aeid=[gw_fbsaeid]&adurl=https://ieeexplore.ieee.org/xpl/RecentIssue.jsp%3Fpunumber%3D8784029
https://www.ieee.org/profile/changeusrpwd/showChangeUsrPwdPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/changeusrpwd/showChangeUsrPwdPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/payment/showPaymentHome.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://ieeexplore.ieee.org/articleSale/purchaseHistory.jsp
https://ieeexplore.ieee.org/articleSale/purchaseHistory.jsp
https://www.ieee.org/ieee-privacyportal/app/ibp?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/ieee-privacyportal/app/ibp?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/profedu/getProfEduInformation.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/profedu/getProfEduInformation.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/tips/getTipsInfo.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
tel:+1-800-678-4333
tel:+1-800-678-4333
tel:+1-732-981-0060
tel:+1-732-981-0060
https://ieeexplore.ieee.org/xpl/contact
https://www.facebook.com/IEEEXploreDigitalLibrary/
https://www.facebook.com/IEEEXploreDigitalLibrary/
https://www.linkedin.com/showcase/ieee-xplore
https://www.linkedin.com/showcase/ieee-xplore
https://twitter.com/IEEEXplore?ref_src=twsrc%5Egoogle%7Ctwcamp%5Eserp%7Ctwgr%5Eauthor
https://twitter.com/IEEEXplore?ref_src=twsrc%5Egoogle%7Ctwcamp%5Eserp%7Ctwgr%5Eauthor
https://www.youtube.com/ieeexplore
https://www.youtube.com/ieeexplore
https://www.instagram.com/ieeexplore_org
https://www.instagram.com/ieeexplore_org
https://ieeexplore.ieee.org/Xplorehelp/about-ieee-xplore.html
https://ieeexplore.ieee.org/Xplorehelp/about-ieee-xplore.html
https://ieeexplore.ieee.org/xpl/contact
https://ieeexplore.ieee.org/Xplorehelp/Help_start.html
https://ieeexplore.ieee.org/Xplorehelp/accessibility-statement.html
https://ieeexplore.ieee.org/Xplorehelp/Help_Terms_of_Use.html
http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html
http://www.ieee-ethics-reporting.org/
http://www.ieee-ethics-reporting.org/
https://ieeexplore.ieee.org/Xplorehelp/overview-of-ieee-xplore/ieee-xplore-sitemap
http://www.ieee.org/about/help/security_privacy.html
https://www.ieee.org/profile/changeusrpwd/showChangeUsrPwdPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/address/getAddrInfoPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/payment/showPaymentHome.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/vieworder/showOrderHistory.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://ieeexplore.ieee.org/articleSale/purchaseHistory.jsp
https://www.ieee.org/ieee-privacyportal/app/ibp?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/profedu/getProfEduInformation.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/tips/getTipsInfo.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://ieeexplore.ieee.org/xpl/contact


10/21/23, 12:08 PM Study and Analysis of Solar Photo Voltaic Modules with Real Time Experimentation on Solar Simulator/Solar Emulator | IE…

https://ieeexplore.ieee.org/document/9872753 4/4

       

A not-for-profit organization, IEEE is the world's largest technical professional organization dedicated to advancing technology for the benefit of humanity.
© Copyright 2023 IEEE - All rights reserved. Use of this web site signifies your agreement to the terms and conditions.

About IEEE Xplore Contact Us| Help| Accessibility| Terms of Use| Nondiscrimination Policy| Sitemap| Privacy & Opting Out of Cookies|

https://ieeexplore.ieee.org/Xplorehelp/about-ieee-xplore.html
https://ieeexplore.ieee.org/Xplorehelp/about-ieee-xplore.html
https://ieeexplore.ieee.org/xpl/contact
https://ieeexplore.ieee.org/Xplorehelp/Help_start.html
https://ieeexplore.ieee.org/Xplorehelp/accessibility-statement.html
https://ieeexplore.ieee.org/Xplorehelp/Help_Terms_of_Use.html
http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html
https://ieeexplore.ieee.org/xpl/sitemap.jsp
http://www.ieee.org/about/help/security_privacy.html


DSTATCOM under Unbalanced and Distorted Load 
Conditions: A Comparison of Different Formulations 

Nivedita Padole  
Department of Eectrical 

Engineering
Yeshwantrao Chavan College of 

Engineering 
Nagpur, India 

niveditapande1@gmail.com 

Vivek Jawade 
Department of Eectrical 

Engineering
Yeshwantrao Chavan College of 

Engineering 
Nagpur, India 

jawade.vivek@gmail.com                                                      

Nilesh Kuike 
Department of Eectrical 

Engineering
Yeshwantrao Chavan College of 

Engineering 
Nagpur, India 

kuikenilesh@gmail.com                                    

Punit Fulzele 
Research and Development,

Jawaharlal Nehru Medical College, 
Datta Meghe Institute of Medical 

Sciences 
Wardha, India 

punitr007@gmail.com 

Abstract— The behavior of several control algorithms used to 
create reference currents for the Distribution Static 
Compensator (DSTATCOM) in a 3-ph, 4-wire system is 
investigated in this work. A three level Neutral Point Clamped 
(NPC) inverter topology is considered for DSTATCOM 
operation in order to attain load compensation. For unbalanced 
and non-linear load conditions, the Instantaneous active and 
reactive power (PQ) theory, Synchronous Reference Frame 
(SRF) theory, Averaged Global Control (AGC) theory, and 
Instantaneous Symmetrical Component (ISC) theory are 
graphically and analytically studied. The major goal of these 
control schemes under balanced source and various load 
situations is to create completely balanced and ripple-free source 
currents. On the basis of compensation parameters and 
performance metrics, a comparative assessment of the 
aforementioned algorithms is carried out. Under unbalanced and 
distorted load conditions, a comprehensive simulation was done 
utilizing the MATLAB environment to validate the proficiency of 
the ISC theory in comparison to the other schemes. 

Keywords— DSTATCOM, balanced source, NPC, Unbalanced 
& distorted load. 

I. INTRODUCTION 

DSTATCOM, a shunt connected special power device, can 
boost the effectiveness of a distribution network [1]. It is the 
best suitable solution for the mitigation of power quality issues 
now a day. The key component of DSTATCOM is the Voltage 
Source Inverter (VSI) [2]-[3]. Multilevel converter topologies 
[4], [5] have recently demonstrated the capacity to tackle the 
issues associated with two-level topologies. Multilevel inverter 
topology are gaining significant importance in shunt 
applications because to their efficient characteristics. The 
three-level NPC inverter [6] is gaining popularity among the 
many multilevel topologies because to its resilience. 

The shunt compensator's performance is influenced not 
only by the dc link or interface inductor, but also by the control 
approach employed. A variety of control algorithms are 
proposed in the literature [7]. Some of these algorithms are 
named as - Instantaneous PQ theory, SRF theory, AGC theory 
and ISC theory. All of the preceding algorithms have well-
established basic approaches for operating under unbalanced 

and distorted load situations. Unbalanced and distorted sources 
are not considered in this paper, for which the above-
mentioned algorithms are unable to work; as a consequence, a 
synchronous detection method (SDM) [8]-[9] has been 
established to work under such circumstances. According to 
the simulation results, AGCT and ISC theory are able to 
operate effectively to increase system performance over the 
other algorithms while dealing with load unbalance and 
distortions. 

This paper examines the four algorithms stated above in 
depth, taking into account several key considerations discussed 
in the following sections. The theoretical benefits as well as a 
comparison of various methods under unbalanced and distorted 
load conditions are presented. A comprehensive simulation is
also performed to showcase the effectiveness of the various 
methods. 

II. SYSTEM CONFIGURATION

Figure 1 depicts a three-phase, four-wire system with a 
three-level NPC-based DSTATCOM structure [10]-[11]. The 
interface reactor, Rf + jXf, connects the compensator in shunt at 
the Point of Common Coupling (PCC). The source and loads 
are connected at PCC, along with the compensator. The load 
causes unbalance in the stiff system under consideration, as 
well as non-linearity, due to the three-phase unregulated 
rectifier drawing 1.83 A. The hysteresis current regulated Pulse 
Width Modulation (PWM) approach is employed to generate 
the switching pulses required for the 3-level NPC inverter [12].

By introducing a dead band (δ) between the hysteresis 
bands, this control aids in achieving the desired three levels 
(Vdc, 0,-Vdc) (h). Table 1 lists the parameters [13] that are 
required to mimic the system. 

III. REFERENCE CURRENT CONTROL ALGORITHMS

To increase system performance, a control technique was 
used to extract reference compensator currents and is solely 
accountable for DSTATCOM's control. Various control 
strategies, such as PQ, SRF, AGC, and ISC theories, are briefly 
reviewed in the following section. 
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Abstract—As the world is becoming technosavy, heading 

towards invention of advance electronic devices so is the safety 

factor of technicians becoming an important trouble of worry. The 

life of operators is in danger as they work on these electrical 

appliances. They work by changing off the circuit breakers but 

sometimes someone can unknowingly on the circuit breaker while 

they are working and this could result in massive accidents 

sometimes it can even result in fatal accidents. To avoid such 

accidents there must be system for ensuring security of technicians. 

Also, if sometimes the current of a particular electronic device 

exceeds its rated current, the device may get damaged. To resolve 

all these difficulties, we derived up with a solution of Circuit 

Breaker that is authenticated i.e., password based and a current 

sensor which produces an alarming sound as the current of 

particular device exceeds its rated value. When the Circuit Breaker 

is authenticated, it also has high security that no one can operate it 

without knowing the password. 

Index Terms- Arduino UNO, 4x4 Matrix Keypad, Relay, LCD 

Display, Battery. 

I. INTRODUCTION 

 Along with the continuous upgrading of altered 
electronic devices, Operators, Workers, Engineers, Contractors, 
etc which work in the industry needs to encouraged that they are 
working in a Safe Environment. Their Safety is a major area of 
importance since technicians are always at risk during their work 
around circuits even if the circuit is switched off. That is because 
many a times technicians can be still on job on circuit breakers 
while someone has accidentally switched on the circuit [1]. 

 Due to above reason Communication and co-ordination 
between the staff around circuit is very important since majority 
of the accidents happen due to miscommunications between the 
maintenance staff and electric substation staff. Such faults not 
only kill one but can also kill many and can affect the working 

environment of Industry. It is difficult for people to work in such 
High-Risk areas.  The main aim of our project is to reduce the 
chances of such fatal accidents that happened due to human 
error. These kinds of accidents take place due to large distance 
between main supply station and maintenance area [2]. To 
prevent this password control system will be used to stop sudden 
power supply that will ensure that until the password from both 
end (main supply station and maintenance area) is same till then 
power supply will not start. This will prevent death of technician 
due to electric shock. Thus, the entire charge of the maintenance 
line is on a single person or say Group of Authority who is 
leading that particular job. He takes the charge of operating the 
Circuit Breaker, As a result the chances of Faulty Operation, 
Imposters or Human error in operation are eliminated and thus 
the maintenance of the line can be done in safer way [3]. 

 

II. EXISTING SYSTEM 

  The existing technology for power regulation and 
protection contain various features. The current tech used 
electronic circuit is connected to circuit breaker along with an 
electrical power circuit, communication device and monitoring 
devices. The electronic circuit is used to determine electric 
supply to send to electric circuit with feedback provided by 
circuit breaker and other connected devices. If power is supplied 
to circuit then circuit can be operated by other connected devices, 
charge the account and activates circuit if monitoring devices 
detects any fault. 

 
 

  To make better communication in commercial and 
residential areas, a system associated with intelligent circuit 
breaker is now used to communicate, monitor and control 
devices. It also uses information relating to current state and 
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Abstract

Roads are the major means of transportation and it supports the nation’s

economy only if they are well maintained. It is necessary to identify holes and

potholes so the accidents can be avoided and the damage caused to the

vehicle is less. It also contributes in saving fuel. Here is a simple and effective

solution regarding the problem of accidents by detection of potholes and

humps and help drivers. Detection of potholes will be done by image

processing technique and humps would be detected by ultrasonic sensor.

Raspberry Pi is the controlling device. Wi-Fi will be used to acquire

geographical position of potholes and will be send to the authority to take

appropriate measures.

Keywords

Raspberry Pi Wi-Fi Ultrasonic sensor GPS receiver

GSM SIM900 Camera
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Abstract— This paper describes the challenges and 

solutions for low cost control of DC-DC converter with robust 

fuzzy logic based controller for robotic/servo applications. 

Robotic applications need design of compact and versatile 

controllers for its manipulator. Control of the DC servomotors 

as actuators for robotic arm is done recently by DC-DC 

converters with PWM control methods as a single processor 

multi-motor system. Design approaches for PWM controller is 

often investigated because of its nonlinear nature due to 

inherent switching in DC-DC converters. Robust controller for 

this system can be designed using fuzzy logic which is difficult 

to implement on low cost digital processors. The proposed 

approach makes it possible to design the fuzzy controller with 

low cost microcontroller for PWM based control of DC 

servomotor. 

Keywords—fuzzy logic, robotic, switch mode dc servo motor, 

microcontroller, speed control. 

I. INTRODUCTION  

PD controller is often used for the control of DC 
servomotors in most of the commercial applications like 
robotic arm manipulator. Many control strategies like 
variable structure control and sliding mode control for DC 
motor have already been suggested in literature [1]. because 
of the convenience of production of PWM and benefits of 
digital processors over analog counterparts, servomotors can 
be controlled via DC-DC converters as single processor 
multi-motor system that is often needed in robotic 
applications. However, DC-DC converters are nonlinear 
system due to nonlinear components and inherent switching 
[2] [25]. for that reason, traditional design strategies 
frequently fail to give satisfactory results in these instances 
in which intrinsic nonlinear time changing characteristics of 
continuous conduction mode power converters impose 
problems in obtaining correct mathematical model required 
for design. 

Fuzzy logic has immerged as a powerful approach to 
cope up the nonlinearity and uncertainty over past decade 
[3]. Fuzzy based controller for DC-DC converters have 
proved to be superior over conventional PD control 
techniques [4-6], [8]. The implementation of fuzzy controller 
through digital signal processors (DSP) is provided through 
application notes by way of some leading manufactures [7]. 
With the use of nonlinear state-space model, power 
electronic converters analysis, modelling and simulation is 
described in [10-11], [13] have made significant 
enhancements in traditional design strategies and 

simulations. Implementation of PI like fuzzy controller for 
DC-DC converter is provided these days in [14-16], [20-21] 
using digital signal processor. The foremost obstacle about 
this work is the increased cost of the overall system due to 
the use of DSP processors. stability analysis [22] is another 
matter of challenge for implementing fuzzy controller. 
Researchers have been investigating the application of fuzzy 
logic principles to control the switching-mode power 
converters, however, the logic and arithmetic calculations of 
the fuzzy logic algorithm can be tough to apply on several 
microcontrollers [9], [22-23]. Alternatively, higher cost of 
DSPs and associated hardware limit their utility. Low cost 
microcontrollers frequently include a means of control and 
communication functions in hardware, but computational 
power and resolution of processor are limited in general. 
thus, in this paper, a few demanding situations of imposing 
fairly complex fuzzy logic based algorithm on 
microcontroller were addressed. A small experimental 
prototype for real time DC servomotor speed control with the 
aid of fuzzy sliding mode controller using low cost 
89C51RD2 microcontroller is investigated for improving the 
dynamic response. This control scheme ensures accurate 
response in terms of rejection of load variations, input 
voltage changes and even parameter uncertainties having low 
cost implementation as its constraint. The paper is prepared 
as follows. section II confers the system overview wherein 
the overall proposed scheme is discussed. section III covers 
the implementation of PID controller with microcontroller. 
section IV covers the implementation of PD like fuzzy 
controller with it challenges and solutions with five 
membership functions and nine membership functions. 
section V covers the hardware configuration and test setup 
specifications. subsequent section discusses the experimental 
responses and analysis with the proposed scheme. 
Conclusions are summarized in section VII. 

II. SYSTEM OVERVIEW  

The speed control scheme is shown in Fig. 1. Here we 
have eliminated the capacitor across the load of buck 
converter. The reason is for eliminating this capacitor in 
parallel with load is that DC servomotor itself is an inductive 
load that has a characteristic of low-pass filtering the 
armature voltage. Additionally, this extra capacitor which is 
in parallel with load will increase the system order by means 
of, which in addition complicates the plant's dynamics and 
the following controller layout and system analysis. an 
additional inductor in series with the armature coil could 
similarly assist to alleviate speed variations because of 
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Abstract: Forest cover is generally defined as the relative in 
percent or square kilometers/square miles of land area which is 
occupied by forests. And the coverage of global forest cover is 
most essential for soil health, climate, water cycle and air 
quality. The condition can be improved by reforestation and 
afforestation to some extent but cannot be restored to full 
range. Once the natural forests are converted to various lands 
uses it’s impossible to restore these ecological services. The 
terms “deforestation” and “forest area net change” are 
different as deforestation is defined as the forest losses while 
forest net change may possess some expansion and degradation 
of forests in a given period. The rate of deforestation has 
increased the loss of forests and due to this environmental 
misbalance is occurring. So if this continued then various 
parameters of environment like climate, quality of soil etc. can 
be degraded and may not be cured. Therefore, the following 
research is geared towards analyzing the parts of deforestation 
using remote sensing technology of a particular Yavatmal 
district of Maharashtra state, India. The satellite images used 
for this analysis of forest change detection are of planet scope 
having 3 m resolution. The target of this research is to detect 
the forest cover change using remote sensing and GIS. For the 
identification of forest covers various techniques like 
segmentation and classification are used. The best classification 
is by Normalized Difference Vegetation Index (NDVI) which 
identifies the health of vegetation along with the changes in the 
different parameters. After using NDVI some values generated 
will detect the areas of forest changes with the amount of 
change. And with the help of this research it is observed that 
out of total forest area i.e. 76740.32 hectares, the negative forest 
change is reduced to 29.44% due to degradation of forests 
maybe due to fires, deforestation, leaf shedding etc. 

Keywords: Remote sensing, forest change, image 
enhancement, image segmentation, image classification, K 
means, Normalized difference vegetation 

I. INTRODUCTION

Remote sensing is a method which acquires information 
of an object on land without having physical contact with 
that object. It is mainly used to acquire the information about 
Earth and its various parameters [1] Remote sensing plays a 
vital role for forest ecology. The most important part for this 
study is monitoring the land parameters, vegetation, and land 
cover changes with various properties of forests [2]. The 
multispectral remote sensing is used to obtain the 
information of these parameters of environment. Here, the 
information is acquired and features are extracted depending 
on certain things, areas of vegetation, agriculture and water 
bodies’ [3]. Remote sensing along with GIS will manage the 

information and provide various tools for forest analysis and 
statistics [4]. 

Deforestation is the loss of forests.The reason for this 
degradation may be due to loss in mining, road construction 
etc. If we consider deforestation rate in India, it stands at the 
10th position worldwide as per 2009 survey [5]. Likewise, the 
world estimates 13.7 million hectares (i.e. 34x106 acres) of
deforestation per year. From this we get to know how 
deforestation has become a serious topic of discussion 
throughout the world. Depending on the statistics of forest 
report 2019 the cover of forest is 712,249 sq.km.  

Digital satellite image processing of satellite images 
provides a numerous operations for doing the image analysis 
efficiently with the help of different algorithms and different 
math’s index [6].Generally, features of these are based on 
reflectance parameters while the indices help in highlighting 
the areas of interest. But for this study we have considered 
vegetation indices in which NDVI is the most common 
index [7]. Thus, remote sensing with satellite image 
processing has numerous applications in fields like 
astronomy; cloud computing and various research and 
development. And python along with various packages will 
play an essential role in this processing. 

II. LITERATURE REVIEW

Remote sensing is a great technique having number of 
applications in forest ecology. It monitors and manages 
many parameters of species and habitat, different 
characteristics of land and forest with changes and 
mitigation of people. It is the most important and essential 
technique which helps in forest ecology with several other 
applications like monitoring land cover changes, their 
species, fragmentation of habitat and numerous other 
properties of forest[6].

Remote sensing uses multispectral images which are 
most efficient in obtaining the information of an 
environment. It will acquire the images in the form of 
information and extract essential features based on various 
aspects like vegetation objects, land covers, water, 
agriculture etc. it has numerous applications in forest 
classification, snow mapping, land cover classification, 
water classification etc. [7]

The excessive use of forest in the form of technological 
and industrial growth leads to major factors responsible in 
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I. Introduction
In today's era the non-conventional energy sources becomes more popular due to limited availability of
fossil fuel and pollution free environment. The difference between PV and fuel cell is that PV is
uncontrollable source where its output power is controlled by solar irradiance and not by the plant
operation. The fuel cell is controllable source that can produce power when needed as long as the fuel
is supplied. Similarly the comparison between the battery and fuel cell shows that comparative to
battery, fuel cell supply uninterrupted energy as long as hydrogen fuel and oxidants are provided. Due
to this property and its broad size range, fuel cell is popular to use for many application such as
transportation/automation [1], motor drive application[2], grid connected residential application[3]–[4],
standalone power system[5],and micro grid [6] in spite of its expensiveness[7]. The PEMFC is popular
in small scale power generation due to its minimum operating temperature and minimum discharge of
greenhouse gases. The power is generated at low voltage (230V RMS, 50Hz) which can be mostly
used for single phase grid application [8]. Most of the fuel cell interfaced to grid application through two
stage inverter topology. In this topology separate dc to dc booster are required which not only
increases the size of the system but also increases its cost. Hence to overcome this issue the focus is
given on single stage inverter topology [9].
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Currently due to limited sources of fuel the world is moving to Electric Vehicle (EV) technology, as we can see that the
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power there is no fuel emission which is ecofriendly to nature.
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I. Introduction
Have you ever questioned how we can comprehend what we see? Whether we are aware of it or not
our brain uses the necessary knowledge to understand what is happening and saves it as information
when we see some activity going around. Imagine our complete lack of response when we gaze at
anything into obscurity. We have always been curious about the mechanism through which our brain
decodes the visuals we view. It appears relatively simple to give machines a human brain and
impulses. We frequently have a tendency to ignore the limitations of computers in comparison to our
biological capacities. Even with just human intelligence, the complexity of visual perception is eternally
variable and constantly changing. Our brain has the capacity to recognize the item, process the
information, and make a decision, accomplishing a difficult task in a fraction of a second. The goal is to
make it possible for computers to perform similar tasks. As a result, it is a research area that combines
machine learning with artificial intelligence, involving the learning of algorithms and specific techniques
to interpret what the computer perceives.
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As enterprise access networks evolve with more mobile users, diverse devices and
cloud-based applications, managing user performance on an end-to-end basis has
become next to impossible. Recent advances in big data network analytics, combined
with AI and cloud computing are being leveraged to tackle this growing problem. The
book focuses on how new network analytics platforms are being used to ingest,
analyze and correlate a myriad of infrastructure data across the entire network stack
with the goal of finding and fixing the quality of service network performance problems.

This book presents new upcoming technologies in the field of networking and
telecommunication. It addresses major new technological developments and reflects
on industry needs, current research trends and future directions. The authors focus on
the development of AI-powered mechanisms for future wireless networking
applications and architectures which will lead to more performant, resilient and
valuable ecosystems and automated services. The book is a primary readership and is
a "must-read" for researchers, academicians, engineers and scientists involved in the
design and development of protocols and AI applications for wireless communication
devices and wireless networking technologies.

All chapters presented here are the product of extensive field research involving
applications and techniques related to data analysis in general, and to big data, AI, IoT
and network technologies in particular.

p. 13 –33 (21)

There are more smart devices in our world today than individuals. A growing number of
people are linked to the Internet 24 hours a day, in some form or another. A growing
number of people own three, four, or more smart devices and rely on them.
Smartphones, fitness and health trackers, e-readers, and tablets are just a few
examples. It is forecast that on average there will be 3.4 smart devices or connections
for every person on earth. The Internet of Things (IoT) is relevant to many industries.
IoT systems contribute to the environmental controls, retail, transportation, healthcare,
and agriculture industries among many others. According to Statista, the number of IoT
devices that are in use across all relevant industries is forecast to grow to more than 8
billion by 2030. As for consumers, important growth areas are the Internet and digital
media devices, which include smartphones. This area is also predicted to grow to
more than 8 billion by 2030. Other applications with more than 1 million connected
devices are connected and autonomous vehicles, IT infrastructure, asset
management, and electric utility smart grid.

All of this is made possible through intelligent networks. The planet is rapidly becoming
covered in networks that allow digital devices to communicate and interconnect.
Consider the network mesh as a digital skin that surrounds the earth. Mobile devices,
electronic sensors, electronic measuring equipment, medical gadgets, and gauges can
all link with this digital skin. They keep track of, communicate with, analyze, and, in
some situations, automatically adjust to the data collected and transmitted.

2 Role of automation, Big Data, AI, ML IBN, and cloud computing in intelligent networks

p. 35 –60 (26)

Any masterpiece is conjoined with all works of engineering, which includes the field of
computer science or an electrical and electronics or mixture of both computer and
electronics. Today, this gives the industry to understand research, evolve and develop
into newer technology unfolding many scriptures behind the engineering works. In the
similar manner, this chapter unfolds the prominent works involved in the verification of
the designs involved in VLSI domain. Considering machine learning (ML), neural
networks and artificial intelligence (AI) concepts and applying these to a wide range of
verification approaches are quite interesting. The specific kinds of Register Transfer

3 An intelligent verification management approach for efficient VLSI computing system
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Level (RTL) design require rigorous verification which is targeted over any type of Field
Programmable Gate Array (FPGA) or application-specific integrated circuits (ASICs).
The verification process should be closed with testing all possible scenarios that too
with intelligent verification methods. This chapter in the following pages brings the
unique way of verification procedure involved in the RTL development methodologies
using hardware description languages. With the help of system Verilog language, the
developed reusable testbench is used for verification. The injected inputs to the
testbench are randomized with constraints, such that the design should produce
accurate output. To unify the verification language, there is a dedicated methodology
commonly known as Universal Verification Methodology (UVM); by this, the chapter is
extended to experience the readers also through the coverage-based formal
verification. For continuous functional verification, an intelligent regression model is
also developed with the help of ML and scripting. With this repeated injection of
various test cases is possible in order to verify the functionality. Thus, with the adoption
of the presented verification environment and distinctive approach, one can affirm that
the design is ready to be deployed over the targeted semiconductor chips. As the
verification is an unignorable procedure, this can be used to classify the algorithms
developed in ML for data clustering, data encoding and its accurate analysis. More
importantly, this chapter allows us to understand an intelligent verification model for
testing the design with regression run with the corresponding set-up and the
pass/failure analysis steps. This structure may result in a significant reduction of the
simulation time for a VLSI verification engineer.

p. 61 –91 (31)

Identifying the most accurate methods for forecasting students' academic achievement
is the focus of this research. Globally, all educational institutions are concerned about
student attrition. The goal of all educational institutions is to increase the student's
retention and graduation rates and this is only possible if at-risk students are identified
early. Due to inherent classifier constraints and the incorporation of fewer student
features, most commonly used prediction models are inefficient and incur. Different
data mining algorithms like classification, clustering, regression, and association rule
mining are used to uncover hidden patterns and relevant information in student
performance big datasets in academics. Naïve Bayes, random forest, decision tree,
multilayer perceptron (MLP), decision table (DT), JRip, and logistic regression (LR) are
some of the data mining techniques that can be applied. A student's academic
performance big dataset comprises many features, none of which are relevant or play
a significant role in the mining process. So, features with a variance close to 0 are
removed from the student's academic performance big dataset because they have no
impact on the mining process. To determine the influence of various attributes on the
class level, various feature selection (FS) techniques such as the correlation attribute
evaluator (CAE), information gain attribute evaluator (IGAE), and gain ratio attribute
evaluator (GRAE) are utilized. In this study, authors have investigated the performance
of various data mining algorithms on the big dataset, as well as the effectiveness of
various FS techniques. In conclusion, each classification algorithm that is built with
some FS methods improves the performance of the classification algorithms in their
overall predictive performance.

4 Evaluation of machine learning algorithms on academic big dataset by using feature selection techniques

p. 93 –114 (22)

Statistical investigations are concerned with circumstances including arranging,
information assortment, association of data, and scrutiny of compiled data, conversion,
and exposure in a clear and chosen procedure. To do so, research techniques can be
distinguished in two different ways: conclusion overviews and statistical surveying. In

5 Accurate management and progression of Big Data Analysis

https://digital-library.theiet.org/content/books/10.1049/pbpc054e_ch4
https://digital-library.theiet.org/content/books/10.1049/pbpc054e_ch4
https://digital-library.theiet.org/content/books/10.1049/pbpc054e_ch5
https://digital-library.theiet.org/content/books/10.1049/pbpc054e_ch5


10/7/23, 2:41 PM IET Digital Library: Intelligent Network Design Driven by Big Data Analytics, IoT, AI and Cloud Computing

https://digital-library.theiet.org/content/books/pc/pbpc054e 4/9

assessments of public sentiment, the primary objective is to assemble data about
deciding subjects dependent on close-to-home meetings. Statistical surveying is
directed through the market investigation of a specific item. Descriptive statistics are
responsible for collection, association, depiction of information, estimation, and
translation of coefficients, whereas inductive or inferential statistics, also known as the
proportion of vulnerability or techniques that rely on likelihood hypothesis, are
responsible for investigation and understanding of information related to an edge of
vulnerability. In statistics, we look at how to use tables and charts. The tables organise
and classify the data, while the graphics convey the information in a clear and easy
manner, aiding in goal attainment.

p. 115 –134 (20)

The present digital world technology is evolving at a rapid pace. To store, manage and
protect the digital information, it is necessary to back up and recover the data with
utmost efficiency. As a solution, cloud computing that offers customers a wide range of
services can be used. Storage-as-a-Service (SaaS) is one of the cloud platform's
services, in which a large volume of digital data is maintained in the cloud database.
Enterprise's most sensitive data are stored in the cloud, ensuring that it is secure and
accessible at all times and from all locations. At times, information may become
unavailable due to natural disasters such as windstorms, rainfall, earthquakes, or any
technical fault and accidental deletion. To ensure data security and availability under
such circumstances, it is vital to have a good understanding of the data backup and
recovery strategies. This chapter examines a variety of cloud computing backup and
recovery techniques.

6 Cram on data recovery and backup cloud computing techniques

p. 135 –157 (23)

The Internet of Things can be perceived as a collection of millions of devices that are
connected among each other and with the internet as a connectivity backbone to
acquire and share real-time data for providing intelligent services. The tremendous rise
in the number of devices requires an adequate network infrastructure to remotely deal
with data orchestration. To overcome this issue, a new approach of infrastructure
sharing over the cloud among service providers has transpired, with the goal of
lowering excessive infrastructure deployment costs. The software-defined networking
(SDN) is a networking architecture that enables network operators and users to
monitor and manage the network devices remotely and more flexibly by using software
that runs on external servers. As SDN and cloud integration improves reliability,
scalability, and manageability, this chapter combines cloud infrastructure with SDN.
Although SDN-based cloud networks have numerous advantages as mentioned
above, there still exist certain challenges that draw the attention of researchers like
energy efficiency, security, load balancing, and so on. The work carried out in this
chapter is an attempt to address one of the challenging tasks, namely the load
balancing, by developing a new multiple-controller load-balancing strategy. The
proposed strategy effectively balances the load even if one or more super controllers
fail. Furthermore, results are simulated and compared under different operational
environments, both with and without the Modified Bully algorithm. The comparison
results ensure that the introduced technique exhibits better performance with metrics
such as packet loss, packet transmission ratio, and throughput.

7 An adaptive software-defined networking (SDN) for load balancing in cloud computing

p. 159 –183 (25)

8 Emerging security challenges in cloud computing: an insight
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Cloud computing has been evolved as a new computing prototype with the aim of
providing reliability, quality of service and cost-effective with no location barrier. More
massive databases and applications are relocated to an immense centralized data
center known as the cloud. Cloud computing has enormous benefits of no need to
purchase physical space from a separate vendor instead of using the cloud, but these
benefits have security threats. The resource virtualization, the data and the machine
are physically absent in the cloud; the storage of data in the cloud causes security
issues. An unauthorized person can penetrate through the cloud security and can
cause data manipulation, data loss or theft might take place. This chapter has
described cloud computing and various security issues and challenges that are
present in different cloud models and cloud environment. It also gives an idea of
different threat management techniques available to encounter security issues and
challenges. The RSA algorithm implementation has been described in detail, and the
Advance Encryption Standard policy, along with its implementation, has also been
discussed. For better clarification, several reviews are conducted on the existing
models.

p. 185 –211 (27)

The method of identifying a speaker based on his or her speech is known as automatic
speaker recognition. Speaker/voice recognition is a biometric sensory device that
recognizes people by their voices. Most speaker recognition systems nowadays are
focused on spectral information, which means they use spectral information derived
from speech signal segments of 10-30 ms in length. However, if the received speech
signal contains some noise, the cepstral-based system's output suffers. The primary
goal of the study is to see the various factors responsible for improved performance of
the speaker recognition systems by modeling prosodic features, and phases of
speaker recognition system. Furthermore, in the presence of background noise, the
analysis focused on a text-independent speaker recognition system.

9 Factors responsible and phases of speaker recognition system

p. 213 –233 (21)

Water is an essential resource that we use in our daily life. The standard of the water
quality must be observed in real time to make sure that we obtain a secured and clean
supply of water to our residential areas. A water quality-monitoring and decision-
making system (WQMDMS) is implemented for this purpose based on Internet of
Things (IoT) and fuzzy logic to decide the usage of water (drinking or tap water) in a
common water tank system. The physical and chemical properties of data are obtained
through continuous monitoring of sensors. The work describes in detail the design of a
fuzzy logic controller (FLC) for a water quality measurement system, to determine the
quality of water by decision-making, and accordingly, the usage of water is decided.
The WQMDM system measures the physico-chemical characteristics of water like pH,
turbidity, and temperature by the use of corresponding analog and digital sensors. The
values of the parameters obtained are used to detect the presence of water
contaminants and accordingly, the quality of water is determined. The measurements
from the sensor are handled and processed by ESP32, and these refined values follow
the rules determined by the fuzzy inference system (FIS). The output highlights the
water quality that is categorized as very poor, poor, average, and good. The usage of
the water will be determined by the results obtained using the FLC and as per the
percentage of water quality, the water is decided as drinking water or tap water.

10 IoT-based water quality assessment using fuzzy logic controller

11 Design and analysis of wireless sensor network for intelligent transportation and industry automation
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p. 235 –255 (21)

This work is based on the wireless sensor networks (WSN), which contain an
insufficient number of device nodes, regularly similarly stated nodes or sensors, and
sensor knots that are associated with all other wireless communications. There are
numerous assumptions or overall possessions of WSNs, and a lot more applications of
WSNs around the creation are presented, making it unbearable to protect all their
application areas. Applications of WSNs span ecological and animal monitoring,
factory and manufacturing monitoring, farming monitoring and mechanization,
healthiness monitoring, and many other areas. One of the most characteristics of
WSNs is that they are strongly coupled with their application. In this chapter, WI-MAX
without wormhole attack is explained, and the related results are explained with their
outputs The NS2 evaluation system is applied to production out of all imitations.

p. 257 –278 (22)

The pandemic has forced industries to move immediately their critical workload to the
cloud in order to ensure continuous functioning. As cloud computing expansions pace
and organisations strive for methods to increase their network, agility and storage,
edge computing has shown to be the best alternative. The healthcare business has a
long history of collaborating with cutting-edge information technology, and the Internet
of Things (IoT) is no exception. Researchers are still looking for substantial methods to
collect, view, process, and analyse data that can signify a quantitative revolution in
healthcare as devices become more convenient, and smaller data becomes larger. To
provide real-time analytics, healthcare organisations frequently deploy cloud
technology as the storage layer between system and insight. Edge computing, also
known as fog computing, allows computers to perform important analyses without
having to go through the time-consuming cloud storage process. For this form of
processing, speed is key, and it may be crucial in constructing a healthcare IoT that is
useful for patient interaction, inpatient treatment, population health management and
remote monitoring. We present a thorough overview to highlight the most recent trends
in fog computing activities related to the IoT in healthcare. Other perspectives on the
edge computing domain are also offered, such as styles of application support,
techniques and resources. Finally, necessity of edge computing in the era of Covid-19
pandemic is addressed.

12 A review of edge computing in healthcare Internet of things: theories, practices and challenges

p. 279 –302 (24)

Intelligence in medical imaging explores how intelligent computing can create a large
amount of changes to existing technology in the field of medical image processing.
The book presents various algorithms, techniques, and models for integrating medical
image processing with artificial intelligence (AI) and biocomputing. Bioinformatics
solutions lead to an effective method for processing the image data for the purpose of
retrieving the information of interest and collecting various data sources for extracting
the knowledge. Moreover, image processing methods and techniques help scientists
and physicians in the medical field with diagnosis and therapies. It describes
evolutionary optimization techniques, support vector machines (SVMs), fuzzy logic, a
Bayesian probabilistic framework, a reinforcement learning-based multistage image
segmentation algorithm, and a machine learning (ML) approach. It discusses how
these techniques are used for image classification, image formation, image
visualization, image analysis, image management, and image enhancement. The term
"medical image processing" illustrates the provision of digital image processing,
particularly for medicine. Medical imaging intends to identify internal structures hidden
in the human body. It helps to find abnormalities in the body. Digital images can be

13 Image Processing for medical images on the basis of intelligence and biocomputing
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processed effectively, also evaluated, and utilized in many circumstances concurrently
with help of suitable communication protocols.

p. 303 –327 (25)

Internet of Things (IoT) provides a pathway for connecting physical entities with digital
entities using devices and communication technologies. The rapid growth of IoT in
recent days has made a significant influence in many fields. Healthcare is one of those
fields which will be hugely benefited by IoT. IoT can resolve many challenges faced by
patients and doctors in healthcare. Smart health-care applications allow the doctor to
monitor the patient’s health state without human intervention. Sensors collect and send
the data from the patient. Recorded data are stored in a database that enables
medical experts to analyze those data. Any abnormal change in the status of the
patient can be notified to the doctor. This chapter aims to study different research
works made on IoT-based health-care systems that are implemented using basic
development boards. Various hardware parameters of health-care systems and
sensors used for those parameters are explored. A basic Arduino-based health-care
application is proposed using sensors and global system for mobile communication
(GSM) module.

14 IoT-based architecture for smart health-care systems

p. 329 –355 (27)

In India, almost 80% of patients who die from heart disease do not receive adequate
care. This is a challenging task for doctors because they often seem unable to make
an accurate diagnosis. This condition is extremely expensive to treat. The proposed
solution uses data mining technologies to simplify the decision support system in order
to increase the cost-effectiveness of therapy. To oversee their patients' care, most
hospitals use a hospital management system. Unfortunately, many of these tools do
not employ large amounts of clinical data to derive useful information. Because these
systems generate a considerable amount of data in many embodiments, the data is
rarely accessed and remains unusable. As a result, making sensible selections
requires a lot of effort during this procedure. The process of diagnosing a disease
currently entails identifying the disease's numerous symptoms and characteristics.
This research employs a number of data mining approaches to assist with medical
diagnostics.

15 IoT-based heart disease prediction system

p. 357 –370 (14)

In today's world, information-centric networking (ICN) is a brand-new next-generation
network for distributing multimedia content. ICN focuses on sharing content across the
network rather than obtaining content from a single fixed server [1]. In-network caching
aids in the dissemination of content from the network, and the ICN also includes a
number of intrusive security mechanisms. Despite the ICN network's many security
measures, several attacks, especially interest flooding attacks (IFA), continue to wreak
havoc on the network's distribution capability. In order to address security threats, the
literature includes a number of mitigating procedures. However, legitimate users'
requests are misclassified as an attack in an emergency circumstance, affecting the
network's QoS [2]. In this chapter, Detection of Interest Flooding Attack using Artificial
Intelligence Framework (DIAIF) is proposed in ICN. DIAIF seeks to lighten the load on
ICN routers by removing the source of the attack without interfering with legitimate
user requests. DIAIF depends on router feedback to assign a beneficial value (BV) to
each piece of content and to block dangerous users based on the BV. The ICN testbed

16 DIAIF: Detection of Interest Flooding using Artificial Intelligence-based Framework in NDN android
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was designed to assess the proposed DIAIF's performance in terms of QoS during
severe flood scenarios, responding with malicious content without interfering with
genuine user requests, and identifying the source of attack in a communication
scenario.

p. 371 –396 (26)

Nowadays, one of the most significant components of road infrastructure is monitoring
road surface conditions, which leads to better driving conditions and reduces the
chance of a road accident. Traditional road condition monitoring systems are incapable
of gathering real-time information concerning road conditions. In previous generations,
road surface condition monitoring was done for fixed roadways and vehicles travelling
at a constant pace. Several systems have presented a method for exploiting the
sensors installed in automobiles. However, this method will not assist in forecasting the
precise placement of potholes, speed bumps, or staggered roads.

As a result, smartphone-based road condition evaluation and navigation are becoming
increasingly popular. We propose exploring several machine learning techniques to
accurately assess road conditions using accelerometer, gyroscope, and Global
Positioning System (GPS) data collected from cellphones. We also recorded footage
of the roadways in order to reduce noise in the data. This two-pronged approach to
data collection will aid in the exact positioning of potholes, speed bumps, and
staggered roads. This method of data collection will aid in the classification of road
conditions into numerous features such as roads with smooth surfaces, potholes,
speed bumps and staggered highways using machine learning algorithms. machine
learning algorithms are used to create characteristics such as smooth roads, potholes,
speed breakers, and staggered highways. The user will receive this information via the
map, which will classify the various road conditions. Accelerometers and gyroscope
sensors will analyze multiple features from all three axes of the sensors in order to
produce a more precise location of designated routes. To classify the road conditions,
we investigate the performance utilizing support vector machine (SVM), random forest,
neural network and deep neural network. As a result, our findings demonstrate that
models trained using a dual data gathering strategy will produce more accurate
outcomes. Data classification will be substantially more accurate when neural
networks, are used. The methods described here can be used on a broader scale to
monitor roads for problems that pose a safety concern to commuters and to give
maintenance data to appropriate authorities.

17 Intelligent and cost-effective mechanism for monitoring road quality using machine learning

p. 397 –399 (3)

This book presented applications, technologies, challenges, and implementation
design models of intelligent networks design by Big Data, Internet of Things, artificial
intelligence (AI), and cloud computing approaches in different sectors. Research into
real-time fault tolerance, security, and data analytics by addressing significant data
volume and velocity measurement are essential in intelligent networks, for example,
where different analytical models and AI and machine learning algorithms improve
end-to-end performance, efficiency, and quality of service (QoS) [1-10].

The availability of Big Data, AI, cloud computing, low-cost commodity hardware, and
new information management and analytic software has produced a unique moment in
the history of intelligent networks [11-21]. The convergence of these trends means that
we have the capabilities required to analyze unique data sets quickly and cost-
effectively. They represent a genuine leap forward and a clear opportunity to realize
enormous efficiency, productivity, revenue, and profitability.

18 Conclusion
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This book also discussed issues and challenges that can be addressed and overcome
in the future using the new upcoming technologies. The age of intelligent networks is
here, and these are truly revolutionary times if business and technology professionals
continue to work together and deliver on the promise.

Thank you for taking the time to read this book, and we hope you enjoyed reading it as
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I. Introduction
In commercial washrooms the water and electricity consumption is far worse it’s around 10-
151trs/person. It’s a study by the WHO regional office of south-East Asia. Our society pebbledash
outrageous water usage for both purposes local as well as commercial and it is a major concern, which
also distresses the sustainability of nature. Water used by people for toilet flushing is 30 ltrs, for other
work nearly 100ltrs [1]. It is useful but the wastage is more than usage. Low maintenance of
commercial toilets is also one of the problems of wastage. A leaking toilet for example can waste nearly
400 liters of water per day. Dripping taps are even worse and one of the least resolved causes of water
wastage in both commercial and domestic locations with as per the use of water, toilet flush uses more
in commercial washrooms, they are ON for 24×7, which causes electricity wastage. Water is very
important and there is amajor need to save water wastage. For water and electricity waste reduction,
we must use technology and intelligence, i.e., IoT-based washrooms. In IoT-based washrooms, water
supply and unnecessary use of electricity are controlled [2]. It is done with the WPS (water power
saver) and sensors. Applying a 12 V power supply as the user enters the washroom, a microwave
sensor for human detection will activate and it will ON the electromagnetic valve, exhaust fan& Lights
[3].
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Abstract:
Image analysis has been said to be an efficient approach for research in a broad variety of subjects as well as application
agriculture. Its importance will be that it serves as a crucial venture across many countries economies. The age of remote
sensing has arrived as a critical function in research of the earth for the detection of vegetation. Plant life estimation is vital
for everyone and all farmers and agricultural organizations strive to classify plant life profitably because faroff sensing
images are used as input for agricultural applications. Identifying vegetative places using remotely sensed images is critical
and monetary making plans via means of authorities and non-public agencies. The technique for these paintings is the
choice of satellite TV for photographs, the detection of plant life, and the usage of a suitable category method. Although it
can capture the land surface features in a vast territory quickly and simultaneously, surveying is indeed the key source for
information extraction. It identifies the changes from images taken at different times in the same area using ERDAS
software. This work consists of supervised category strategies like the minimal distance category and most probability
category. This work affords a precise example of how those category strategies may be used to pick out plant life through
the usage of photograph processing.
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I. Introduction
In recent decades, many developing regions have seen a growth in urbanization. Where agriculture on
the globe meets limitations and obstacles in agricultural production via the building of guidelines which
involve technology, regulations, and institutions, a crucial consideration is given to obstructions to
productive production. In most regions, vegetation output is seen as one of the most essential aspects
of environmental protection and increasing requirements through sustainable agriculture, forestry, and
land use to start producing more food and resources to meet growth demands. Additionally, agriculture
is regarded as among the most important natural resources in the dry parts of the world It is regarded
as one of the key sources of livelihood in many nations, resulting in severe environmental situations
and features in the dry lands and semi-arid regions. Agriculture is seen as a fundamental pillar of all
regions’ economic and social growth. Agriculture has begun to play a vital part in environmental
conservation, biodiversity protection, and preserving an environmental balance that aids in ensuring
sustainable resource use and preservation for future generations during the last three decades.
Accuracy farming is an important agricultural systematic methodology that can alleviate agricultural
challenges and problems while also contributing to increased output by applying correct information
about agricultural resources. Accuracy farming uses a variety of technologies. Remote sensing,
Geographical Information Systems (GIS), the Global Positioning System (GPS), yield and vegetation
change detection and monitoring, crop growth models, and variable rate application are among them.
Remote sensing must monitor particular phenomena and analyse land coverings using precise
methods, as well as track crop conditions and changes. The proportion of vegetation is calculated
using the spectral reflectance of various plant coverings from satellite data and vegetation indices such
as the Normalized Difference Vegetation Index (NDVI) [1–2]. The percentage of plant cover is utilized
as a criterion to estimate the vegetation cover, which was assessed by digitizing and visiting locations,
with satellite photos also being used for large regions the monthly removal of vegetation, which relates
to the state of degrading in dry lands and semi-arid regions geographically. Generally, the major goal of
this research is to use satellite image data in an infrared band for the detection of vegetation cover and
analysis between Pauni, Bhandara, and certain Nagpur regions from October 2019 to March 2022. The
vegetation cover of green vegetation in the research region refers to forests that are concerned about
environmental sustainability.
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I. Introduction
Designing a wideband Microstrip patch antenna with small dimensions and a partial ground is a major
challenge [1]. The design of a patch antenna with two identical stubs [2] and a feed line with a discrete
port, placed at the center on the edge of feed line with partial ground. By incorporating some changes
the desired results and performance improvement is achieved [3].
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One of the fundamental processes in digital signal processing is convolution. The mathematical process of mixing two
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I. Introduction
The idea is first introduced in the Vedas and is known as Vedic Mathematics. It has various
methods/sutras for quickly and easily resolving mathematical problems. It is made up of 16 Sutras and
13 Sub-Sutras [1–2] and may be used to solve issues in geometry, calculus, algebra, and conic
sections. Application of Vedic mathematics sutras, especially in the area of VLSI design, can result in
advancement of current technology. In the recent past, signal processing has been crucial to VLSI
design. Power, area, and latency are crucial factors to take into account while designing VLSI. Digital
signal processing always involves the time-consuming task of multiplying, which lowers the DSP chip’s
quality.
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Abstract:
In this paper, a framework is proposed to assist in predicting the health insurance claim. Several theories have
demonstrated that health insurance claim prediction may be used to estimate the expenses using machine learning
algorithms, which a company must incorporate in the early financial budget. Six machine learning models are suggested
and analyzed to create the ideal model that will properly forecast claims and lower the cost to the organization.
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I. Introduction
With the help of training and test data, machine learning is effective for predicting potential outcomes.
To achieve that, first of all we must clean up the data and arrange it in a suitable manner for modeling.
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In this study, model for predicting whether an insurance claim will be filed or not is proposed by
applying various machine learning techniques to the data. Some of the features including age, sex,
body mass index, steps, children, smokers, regions, and costs. These features must be trained and
tested in order to create the model and determine the evaluation parameter [1].
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I. Introduction
Alzheimer Disease (AD) is one of the most dangerous diseases in the world. It starts slowly and
progressively the condition of the patient becomes worse. Looking at the survey within the healthcare
domain, machine learning is widely used for addressing the analysis of Alzheimer’s diseases. The
structural MRI is utilized for the detection of this disorder. [1] [2] [3]. It is observed that in the last few
decades, considerable works about mind feature research had been accomplished with the aid of the
use of fMRI. The preliminary priority of those pieces turned into the neurophysiological foundation of
the fMRI signal. [4]. The bare brain images are too enormous and loud to be presently operated on for
diagnosis. To facilitate the morphological evaluation, MR mind illustration is partitioned into a pair of
anatomical parts, i.e., regions of interest (ROIs), via clustering voxels through the distortion of marked
atlas and then the restricted dimensions are computed as the credentials for image class. Nowadays,
in-depth studying strategies have won a remarkable prominence specially to extract informative
characteristics for computer vision and clinical report analysis. There is likewise an expanding measure
of longitudinal information gathered at the subsequent time focuses which frequently give helpful data
about the neurotic movement of the infection [5]. The minimental state examinations (MMSE) and
Clinical Dementia Rating (CDR) are the most usually involved strategies in the clinical Alzheimer’s
brain science conclusion. With the instantaneous advancement of neuroimaging innovation,
neuroimaging finding turns into the most instinctive and the most solid technique for the determination
of Alzheimer’s illness. Among the neuroimaging techniques, magnetic resonance imaging (MRI) is
normally utilized for the finding of AD. [6].
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I. Introduction
Lung cancer is a life threatening disease to any human. Lung cancer is the leading cause of cancer
deaths worldwide. Lungs are the organs in chest that inhale the oxygen and release carbon dioxide
when we breathe out. Smoking people will have the maximum threat of lung cancer. Lung cancer also
has been seen in people who have not ever smoked. So, if we somehow manage to detect the cancer
module early, it can be successfully treated and cured. So a cancer detection model will be used to
detect the module with CT scan [1].
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Abstract:
Resource and time management is very crucial in everyday living. To avoid economic loss, non-renewable resources, such
as fuel, must be managed effectively. This problem must be addressed with a proper solution. A bus is a common method
of transportation in everyday life that provides a low-cost way to go from point A to point B. But there are also some
problems related to this, like often valuable time of passengers getting wasted waiting for their bus without knowing the
bus's predicted arrival time and position, as well as also if we look at the management side, managing the fleet is itself a
tedious task. Every bus fleet organization must assure the safety of its passengers, and a reliable and secure
transportation service is required. The proposed system provides real-time data of a variety of vehicle features, including
location, route, speed, passenger list, and driver compliance, schedule and more. In this system, we use the Raspberry Pi
3b+ to connect GPS, RFID, and PIR technologies to a Firebase server Cloud over WiFi. The vehicle's current geographic
coordinates are determined using a Neo 6M GPS module. PIR sensor module is used to get a count of passengers in the
vehicle. An RFID card Module is used to track passengers for fare calculation and with perspective of the safety and
security of passengers. All the data from the used module is sent over the real-time database which we have used at
firebase and the data can be accessed by the passengers, fleet manager, and the driver by using a website. A website is
used to show all the data to the passengers and also to the fleet manager who is managing the bus and the drivers.
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I. Introduction
Travelling from one location to another location using public vehicle is arduous task itself. As
passengers are often unaware of the bus arrival and departure timings. It is common for passenger to
board the incorrect buses and disembark at the incorrect stop. The suggested system is a cost
effective comprehensive bus monitoring system that tracks the bus location, the number of on board
passengers, adherence to route, schedule and other bus-related data. Passengers can spend more
time doing other things instead of waiting for a delayed bus. Thanks to the bus real-time tracking and
notification system, which ensures each passenger, how long they have to wait for bus so that they can
utilize that time properly.
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Abstract:
India is the rapid developing country with huge economic system in the world. Agriculture is main source of income of two
third population of India. In today’s world of digitization a person is accompanying with automation which makes the work
easy and very simple. In this hectic schedule people forgot many small things such as watering the little plants in their
garden on the regular basis as per necessity of plants for good and healthy growth. The main idea of our research is to
adapt latest technology to provide adequate amount of water for house garden, agricultural form, municipal garden etc. In
our research we developed a system that can be used instead of old watering systems of garden. In the present situation
people look for automation for their daily work which makes their life more convenient. IoT is advanced technology that
focuses on people comfort. In our research we combine the IoT technology with the solar power. Solar power is
economical and suitable for remote areas which are not connected to energy grids. The proposed system is focuses on
developing automated garden monitoring system with solar power. This system is integrated using soil sensor, moisture
sensor, humidity sensor .All the data collected by the sensor are monitor and track by system using IoT technology. The
module is equipped with solar power using power battery backup. Our system is the best union of IOT, solar power system
and an Android mobile app. As a result, the effectiveness, monitoring, and preservation of the garden plants can all be
considerably improved by this approach. Based on resource-efficient energy use, users will also be able to manage their
plants' health and growth with the least amount of human intervention.
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I. INTRODUCTION
Nowadays water crisis and energy crisis are huge issues faced by people in the world. So conservation
of energy and water is today’s need. To keep offices, school, institutes, government offices and houses
fresh and energetic, garden systems are developed. Garden system also improves the beautifulness of
the place. The lush green place keeps people happy also. Garden also reduces the pollution level and
it also increases the oxygen in environment. In today’s world the people need everything automated.
Now A day’s number of IoT applications for agriculture have been devolved .these applications are
divided into categories depending on their goals, such as monitoring, tracking and traceability and
production. [13] The aim of our research is to make solar based module to irrigate the garden
automatically.[1] It is very helpful to the people because they are busy in doing every day task and their
garden being watered automatically at low cost. People won't be worried about overwatering or under
watering their gardens .As well as they will not worry about wastage of water, expense of electricity
uses.[2] For implementing automatic garden monitoring system using solar power, Raspberry Pi is
used. Solar panel is used to give power supply to Raspberry Pi. Raspberry Pi receives the information
from soil moisture sensor, Humidity, temperature and LDR sensor. [3] The data received from various
sensors are processed by Raspberry Pi. This data is displayed on user interface using blink
Application. If system is on Auto mode then automatically it will operate. If system is in manual mode
then user have to control the system. [4]So we can operate our garden remotely.
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Abstract:
Nowadays Internet of Things (IoT) has found its applications in diverse fields for research and analysis of data across
geographies. Because of the massive growth in global industry, rural to urban gist and the maximum consumption of
natural resources like sea, land etc., the quality of water obtainable to human beings has worsened prominently. The
continuous increase in usage of chemicals and fertilizers in farming as well as industries has badly affected the water
quality worldwide. Water is a essential necessity for human existence and hence there should be a mechanism to test the
superiority of water that is available from the sources such as rivers, water bodies, Lake Etc. for domestic use. The
accessibility of good quality water is extremely important in avoiding outbursts of water-borne diseases as well as
cultivating the quality of life. The diseases are caused by low water quality [12]. Water quality monitoring and IoT can
improve the existing measurement

Published in: 2022 International Conference on Augmented Intelligence and Sustainable Systems (ICAISS)

Date of Conference: 24-26 November 2022

Date Added to IEEE Xplore: 16 January 2023

 ISBN Information:

INSPEC Accession Number: 22540318

DOI: 10.1109/ICAISS55157.2022.10011108

Publisher: IEEE

Conference Location: Trichy, India



ADVANCED SEARCH

All 

 Browse  My Settings  Help 
Access provided by:
NYSS'S Yeshwantrao
Chavan College of
Engineering

Sign Out

Access provided by:
NYSS'S Yeshwantrao
Chavan College of
Engineering

Sign Out



Personal
Sign In

IEEE websites place cookies on your device to give you the best user
experience. By using our websites, you agree to the placement of these
cookies. To learn more, read our 

Accept & Close
Privacy Policy.

References
References is not available for this d

http://www.ieee.org/
https://ieeexplore.ieee.org/Xplore/home.jsp
https://ieeexplore.ieee.org/Xplore/home.jsp
http://standards.ieee.org/
http://spectrum.ieee.org/
http://www.ieee.org/sitemap.html
https://ieeexplore.ieee.org/browse/conferences/title/
https://ieeexplore.ieee.org/xpl/conhome/10010702/proceeding
https://ieeexplore.ieee.org/Xplorehelp/ieee-xplore-training/working-with-documents#interactive-html
javascript:void()
https://ieeexplore.ieee.org/author/37085419819
https://ieeexplore.ieee.org/author/37089690591
javascript:void()
https://www.ieee.org/cart/public/myCart/page.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore.ieee.org%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore.ieee.org/document/10011108?denied=
https://www.ieee.org/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore.ieee.org%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore.ieee.org/document/10011108?denied=
https://www.ieee.org/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore.ieee.org%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore.ieee.org/document/10011108?denied=
https://www.ieee.org/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore.ieee.org%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore.ieee.org/document/10011108?denied=
https://ieeexplore.ieee.org/search/searchresult.jsp?contentType=all&filter=-ContentType%20EQ%20%22Newsletters%22&queryText=Smart%20System%20with%20IoT%20for%20Water%20Quality%20Monitoring
https://ieeexplore.ieee.org/document/10103355/?contentType=all&filter=-ContentType%20EQ%20%22Newsletters%22&queryText=Smart%20System%20with%20IoT%20for%20Water%20Quality%20Monitoring
https://ieeexplore.ieee.org/document/10100559/?contentType=all&filter=-ContentType%20EQ%20%22Newsletters%22&queryText=Smart%20System%20with%20IoT%20for%20Water%20Quality%20Monitoring
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
https://ieeexplore.ieee.org/alerts/citation
https://ieeexplore.ieee.org/alerts/citation
javascript:void()
javascript:void()
javascript:void()
javascript:void()
https://ieeexplore.ieee.org/document/10011108
javascript:void()
javascript:void()
javascript:void()
https://ieeexplore.ieee.org/document/10011108/authors
https://ieeexplore.ieee.org/document/10011108/figures
https://ieeexplore.ieee.org/document/10011108/references
https://ieeexplore.ieee.org/document/10011108/keywords
https://ieeexplore.ieee.org/document/10011108/metrics
https://ieeexplore.ieee.org/document/10011108/similar
https://ieeexplore.ieee.org/xpl/conhome/10010702/proceeding
https://doi.org/10.1109/ICAISS55157.2022.10011108
https://ieeexplore.ieee.org/search/advanced
https://ieeexplore.ieee.org/Xplore/home.jsp
https://ieeexplore.ieee.org/servlet/Login?logout=/document/10011108/?denied=
https://ieeexplore.ieee.org/servlet/Login?logout=/Xplore/guesthome.jsp
javascript:void()
https://www.ieee.org/about/help/security_privacy.html


10/7/23, 11:23 AM Smart System with IoT for Water Quality Monitoring | IEEE Conference Publication | IEEE Xplore

https://ieeexplore.ieee.org/document/10011108?denied= 2/4

 < Previous   |    Back to Results   |    Next > 

More
Like
This

Portable Monitoring Systems for Rivers Waste Based on Internet of Things

2022 Seventh International Conference on Informatics and Computing (ICIC)

Published: 2022

An Emerging Era in the Management of Parkinson's Disease: Wearable Technologies and the Internet of Things

IEEE Journal of Biomedical and Health Informatics

Published: 2015

Show
More

Authors 

Figures 

References 

Keywords 

Metrics 

I. Introduction
Fresh water is a most important natural resource available on earth - it is in fact, life. It is important to
all the living beings as life cannot survive and flourish without water. Currently, drinking water faces a
new world problem. The water quality is significantly worsening because of growing population, urban
shifting, contamination of water because of industrial use, usage of fertilizers and chemicals in farming,
excess salt removal from sea water etc[14], [15].
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I. Introduction
Humans canidentify and locate things that make an image. With least effort, the visual system in
humans can accomplish complicated tasks like identification of an object and detection of
obstaclesvery fact andvery correctly. We can now quickly program computers to recognize and classify
items that make an image with great accuracy. This is possible as large data, faster GPUs, and better
algorithms are available. We have worked ondetection and localization of objects in an image, loss
function for object detection and localization, and also the “You only look once” approach for object
detection (YOLO).
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In reversible logic each input pattern generate different output pattern. It is denoted as N*N since it has
N number of inputs and N numbers of outputs. Thus, the following can be used to signify a N x N
reversible gate: and . Where I and 0 denote the i/p and o/p to the circuit. To implement a reversible
circuit a basic gates are required that produces an exclusive o/p bits for each given i/p bits pattern, and
vice-versa. In reversible logic we can predict the input bit from output by considering the ideal output bit
and other output. The Reversible logic is used to decrease power loss and guard against information
loss. Applications of reversible logic are in various fields such as low power VLSI design, optical,
quantum computing, nanotechnology, QCA, and other encoding computing technologies. Decreasing
power is an enchanted word that has gained significance with the increase of deep sub-micron and
nanotechnologies. There are numerous Low Power design methods such as GDI, Adiabatic logic are
available in literature. The Reversible Logic Design fascinates more interest due to low power and high
seed application. In this logic reduction in energy dissipation is achieved without destroying the
information bits. In many research papers combination of three gates FG (Feynman Gate), TG (Toffoli
Gate) and FRG (Fredkin gates) is used to create a unique reversible full and half adder. Limitations in
the reversible Logic circuits are the feedback and fan out is not possible. In reversible logic gates,
performance parameters like the Gate count and garbage output we have to focus.
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and maintain key also distribute it safely to the nodes which are not malicious. The method proposed here detects the
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increased by reducing delay in the network. The reliable communication in MANET is achieved by applying strong
cryptography methods. In this paper comparison of classical, quantum and neural cryptography are given.
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I. Introduction
MANETs has a dynamic topology i.e. nodes enter and leave the network randomly, due to which it
often undergoes attacks. To prevent the attacks on the network the essential cryptographic techniques
play vital role. In MANETs due to unavailability of central administrator nodes have to communicate
and coordinate with each other for the successful data transmission from source node to destination
node. When nodes become spiteful it does not takes part in the communication. Malicious node does
not send information to other nodes in the network. Cryptography is the method in which the original
data which is called plain text is encrypted by using a particular key. The modified data is called cipher
text which is not possible for the malicious node to decrypt it without licensed key.
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Abstract:
People love their pets and they have emotional attachment with them. People play with pets, spend time with their pets
and treat them as their family member or as a best friend. However a problem occurs to look after the pets whenever
nobody is present in the house, so to overcome these problems Pet Day Care Robot is the exact solution. This robot is an
IoT based robot. It means that the owner will successfully and easily look after his/her pet by operating the robot with
his/her smart phone. This robot is capable of working on IoT and cloud platform where, both of these principles are capable
to connect the robot with mobile phone so that it can be operated with the help of Wi-Fi connectivity from any corner of the
world. This robot is designed with the help of Raspberry Pi 4 and Arduino Uno which are interfaced with each other.
Arduino provide motion to the robot using L298N motor driver and center shaft gear motor whereas raspberry pi is capable
of monitoring, observing and mapping the position and appearance of pet with help of pi camera module which is
interfaced with arduino.
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I. Introduction
When owners are not able to feed their pets according to their food cycle, they will have to keep feeder
section of the robot full before going to work, as to take care of pets food cycle. For the protection of
the main module and to give a solid frame to the robot steel mesh is used. Another small case robot
module is also needed for some other modules and camera. A lot of features can be installed in the pet
feeder. Most of the working feeders founded are still working manually. IoT has given an idea of
designing of pet feeders which is operated manually even some alarm systems have manual settings
to be done by the user, hence to make the process easier and more efficient IoT concepts can be used
as it is the internet dominated world, we can use it for more efficient and smart process of the feeder.
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Clustering is a group of similar nodes. One of the extensively used methods for energy conservation is
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referred to as members typically make up each cluster. CH is the vital member in the cluster. CH
basically works as a leader in the cluster. CH has the highest energy than the other nodes in the
cluster. Therefore, it should be chosen carefully to enhance network performance. Each member
gathers data and transmits it to its CH, which then gathers all the data into a single packet and
transmits it to the sink. The clustering strategy can significantly reduce network stress, allowing nodes
to use less energy and live longer. Particularly in MANET, network in cluster has some merits, such as
energy efficiency and scalability.
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I. Introduction
Due to the exponential growth in data-consumption patterns of users, there has been a massive
demand for high-bit rate networks. We've shifted from speeds of 2.4 kbps in 1980s to 10 Gbps in 2020.
Figure 1 showcases the exponential growth in data speeds over the years. In order to tackle such high
rates of communication, network designers have shifted from high frequency (HF) antennas to very
high frequency (VHF) and finally to extremely high frequency (EHF) antennas. Figure 1:

Data speed growth over the years [20]
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end user. Cryptography is the technique used to authenticate the secure transmission of data within
the channel. It also deals with the protected way of data transfer between the source and destination.
With the help of cryptography technique, the destination user can only see the actual contents of the
data sent by the source user. In cryptography, the text is jumbled and additional content is added,
which is known only to the source user and destination user. In cryptography, text data is encrypted at
the source end and the encrypted data is transmitted through the channel. Later, at the destination
end, the data is decrypted and original text data is recovered. In short, cryptography is a mechanism to
transmit data in the specific format recognised by the allowed users. There are various ways to carry
out the encryption and decryption process.
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I. Introduction
Vehicle license plate recognition (VNPR) is a part of life and is expected to be integrated into proposed
transportation technologies. Self-driving car concepts offer many opportunities to transform the basic
transportation system. VNPR technology is a part of intelligent transportation systems and it is a part of
human intervention. It’s not just cameras on roadsides and parking lot fences. The rapid urbanization
of countries is a major advancement in the modern world. People prefer to stay away from the
countryside and live mainly in cities. Local governments are often unaware of the current and potential
mobility needs of residents and visitors as traffic increases in these areas. VNPR is being used more
and more to study the free flow of traffic and promote intelligent transportation. The VNPR (Vehicle
Number Plate Recognition) system is based on image processing technology. It is one of the systems
necessary for license plate recognition. The development of this system makes it easier to keep
records and use them when needed. The objective of this research is to design an effective automated
vehicle identification system based on vehicle license plates.
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Abstract:
Pattern Recognition is quickly becoming a popular topic of image processing. It is a branch of remote sensing, and it can
be useful where it is difficult to visit and analyze geographical locations such as forestry or islands, and it can also be
difficult to visit areas affected by natural disasters. To do this, a system to distinguish areas such as buildings, greenery,
cultivated land, land, water, and so on must be devised. Previously, research on these themes had been conducted, but it
was confined to one or two remote sensor items. This work introduces a method for identifying items such as buildings,
greenery, water, and land. Because the knowledge basis for this recognition is based on analysis, it is also unbound to
specific types of locations. This method is useful for determining the area under civilization as well as the percentage area
of a given pattern. The Image classification technique uses supervised and unsupervised classification methods. The
supervised classification uses a maximum likelihood classifier. The unsupervised classification uses the ISO Cluster
classifier to classify images. ArcGIS PRO and ERDAS IMAGINE software are used for algorithm analysis.
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Abstract:
Growing demand in wireless Mobile Adhoc Networks due to their immense potential and effectiveness in varied
applications had motivated researchers to control and optimize various parameters for efficient routing in mobile
environment. The rapidly changing environment of the network due to mobility of nodes results in unpredictable topology
and thus introduces primary challenge to design better and an efficient routing protocol. The network in such case lacks
fixed infrastructure and common head centric design. MANET routing schemes use flooding to propagate packets in the
network resulting retransmissions, collisions, and congestions which significantly degrade the performance of the network.
Using GPS, knowing the geographical position of the sensor nodes, the protocol performance can be improved while
reducing the number of retransmissions. The proposed work is a future extension of efficient flooding based on selective
neighbours where the surrounding region limiting the transmission range is divided into eight quadrants or zones with the
source at the centre called zone based selective neighbours (ZBSN). Flooding based on selective four neighbours suffers
from few selection of hoping or forwarding nodes when the node density is low and does not meet the selection criteria
around the source or forwarder node and may miss the chance of approaching the destination or requires large number of
hops. This neighbour selection scheme uses the modified approach of the Adhoc on Demand Distance Vector (AODV)
protocol to reduce the flooding of Route request (RREQ) packets, control the network overall traffic, improves link stability
and the residual energy reducing the overheads by 24%.
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I. Introduction
WSN use wirelessly interconnected mobile nodes without an access station or permanent topology and
the nodes move in the network unpredictably. These nodes act either as source, a forwarder or the
endpoint during packet transmissions in the multi-hop environment. In the last decade, lot of work was
concentrated across the layers using Medium access control (MAC) of the Open System
Interconnection (OSI).
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I. Introduction
Brain tumors are lumps that form as a result of aberrant brain cell proliferation and the loss of the
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I. INTRODUCTION
A dual band MIMO antenna for 5G communication is proposed in this paper. The intended antenna
consists of four antennae. The study of the 5G smartphone antenna has a lot of potential in terms of
meeting the requirements of modern 5G wireless communication systems [1]. For dual-band frequency
response, we employed L-slot. After developing a single antenna with dual frequency response,
convert it to a Multiple Input Output antenna (MIMO).[2]. An inverted L-shaped monopole is used to
show a monopole eight output (MIMO) antenna system. The multi-antenna system is based on a low-
cost 0.8 mm thick FR4 substrate with dimensions of 136 68 mm2, resonating at 3.5 GHz with a 6db
measured bandwidth of 450 MHz, higher-than-15-db inter element isolation, and gain of 4 dbi.[3]
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I. INTRODUCTION
As the mouse and other I/O anchorages became common in trading, the keyboard videotape switch
was used to demonstrate control centers and screen trading bias. With the expanding utilization of
Microsoft Windows, the mouse and other I/O anchorages became widespread in trading. In 1995,
Remigius Shatas, co-creator of Cybex, broadened the concept to include Keyboard, Video, and
Mouse. Subsequently, Universal Periodical Machine began to transform into the new business
standard format PC peripherals a couple of times. Given the creating need to switch peripherals
regardless of the control center, mouse, and screen, a couple of associations are as of now selling
"KVMP" switch contraptions [1], [2]. In the proposed system performance analysis of different open-
source virtual machine monitures like OpenVZ, Xen and KVM is done [3]. Audio signal transceiver
module is implemented in FPGA; it is used for increasing the bandwidth of system and it also
guarantee precision of the serial transmission [4]. For improving the efficiency of system centralized
control unit is used to manage the communication between many set of KVM [5]. A KVM switch
reduces the need for numerous consoles, screens, and mice to control multiple PCs using the
equipment. Figure 1 illustrates just how a KVM switch enables a client to control the choice (PC 2)
using their console and mouse and view the video led from the chosen PC via a screen, as though the
two PCs were directly connected. Choose PC 1 at the switch and you will see and control PC 1, and
after that select second PC 2.
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Abstract:
In today’s world, the technology has skyrocketed and has an impact on almost everyone’s life, so much that an average
person starts a day after checking their phone, so why not use the same technology to save lives and prevent accidents?
In hilly terrains and ghats, many vehicle accidents occur on ghats and as there is no one to monitor the situation and alert
the officials, those victims often die. Also, the most common reason of these accidents is that the drivers are not aware of
vehicle approaching towards them in those ghats. So, this problem can be overcome by using proposed system. In the
proposed system when a vehicle comes from opposite direction and it may lead to accident so it providing the accident
prevention before it’s occurring. An indicator lights up if it detects a moving vehicle coming from the other side of the road.
And if the accident happens then in this, AI technology is used to detect accidents and send an email with the location of
accident to nearest Police Station/Hospitals. This will save so much time of the emergency services arrival that it can even
save the victim’s life. And also, as stated in the scope of environment, Thermal cameras are used to determine the fatality
of accident and count the number of victims to get accurate help.
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I. INTRODUCTION
As the work life of an average person is increasing every day, there is nothing more irritating than a
traffic jam, and to see that most traffic jams occur due to some type of accident / vehicle management
problems on traffic signals. But we live in an era of advanced technology and we have come up with a
way to avoid accidents in most of the places including mountain areas. Every Year many people die or
gets heavily injured just because they’re unaware of the vehicles approaching from other turns towards
them, so to prevent this from of accident the proposed system is designed by these accidents can be
reduced. If the accidents happen then in this, AI technology is used to detect accidents and send an
email with the location of accident to nearest Police Station/Hospitals in very less time hence
increasing the chances of saving victims life. This system can heavily impact on the statistics of
accidents that occurs in mountain areas. The ongoing research work for detecting and preventing
accidents is going on and many studies have used various technologies or methods for achieving the
same, such as Sensors data from various sensors is processed to determine the presence of vehicles.
Sending SOS [4] Incase the accident occurs it needs to send a signal to nearest emergency services,
but using sensors has its disadvantages such as t cannot determine whether the data collected by
sensor is actually valid or not, it can be anything from an insect to some other fluctuation in sensor’s
data. Data [5] Vast amount of data is required for training the model and the methods to decrease the
chances of an accident. IOT [6] by using IoT the model gets a huge accessibility for sending and
receiving data. The aim of proposed system is simply to reduce the accidents occurring in the
mountainous terrains by implementing a smart pole that can determine whether a vehicle is
approaching from the other side or not, and if it is it should alert the driver on other side of road [1], [2].
Hence it should be able to prevent accidents, and in case an accident does happen, it should be able
to detect the accidents and collect significant data of accident and send a SOS to nearest authorities.
For implementing the proposed system a dataset (Made by us) of toy cars for both purposes, accident
detection as well for detecting running vehicles is used [3], [6]-[15]. The proposed system can be
significantly improved by using IR / Thermal scanning cameras, by training the model with real world
images of vehicles and accidents and it can also create a separate network of poles only to
communicate between themselves and remove the need of internet
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Abstract:
The wireless sensors for environmental parameters monitoring are getting very popular due to their low power working
capacity. Continuous real-time water quality (WQ) monitoring is critical for the environmental engineer due to non-
accessorily at many sampling locations. Therefore, a system needs to be designed that will practically work 24X7 using
real-time sensors data and a Graphical User Interface (GUI) system. At the same time, such systems demand a
continuous power supply source to send the data from node to base station.This paper presents a unique design of a
floating low-cost wireless WQ monitoring system that can be deployed in water bodies. The calibrated pH, turbidity,
temperature, water level sensors were interfaced to the PIC microcontroller with a GPS module. The system was
communicating from 100-500 m using-WIR-1186 modules. The nodes were solar-powered and floating above the water
body for 24X7 with a duel power supply.The obtained results using low-cost sensors demonstrate the system's feasibility in
deployment and long-term use over larger water bodies like ponds, lakes, rivers etc. The floating designs will be a reliable
and cost-effective solution for pollution monitoring agencies to monitor water quality.
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I. Introduction
The Water is a key parameter of current environmental research as it is very essential for agriculture,
industries & human beings. The water quality (WQ) includes physicochemical and biological
parameters for monitoring surface water bodies [1], [2]. The pollutants in the water bodies can spread
at a longer distance, inflowing rivers, waterways, etc. However, in stagnant water bodies, the pollutants
normally saturate near a smaller area or centre. Therefore, monitoring the water bodies due to their
dynamic nature is crucial for researchers.
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Abstract

Wavelet packet modulation (WPM) has been proven as one of the multi-carrier

modulation (MCM) techniques with improved features and improved characteristics. To

make the WPM system more efficient, different techniques were used. In this research

work, WPM system is designed by using db2 wavelet on three different modulation

schemes BPSK, QPSK and 16-PSK. Further, each modulation scheme was tested under

three different channel conditions, i.e. AWGN, Rayleigh and Rician. After successfully

experimentation, it has been concluded that the WPM system with QPSK modulation

under AWGN channel condition using Daubechies (db2) wavelet gives a better

performance for adhoc network parameters like BER, throughput and energy

consumption.

Keywords

Wavelet packet modulation (WPM) Multi-carrier modulation (MCM)

Daubechies 2 (db2) Quadrature phase shift keying (QPSK)

Binary phase shift keying (BPSK) 16-phase shift keying (16-PSK)

Additive white Gaussian noise (AWGN)

This is a preview of subscription content, access via your institution.

Chapter EUR   29.95
Price includes VAT (India)

Buy Chapter

eBook EUR   192.59
Price includes VAT (India)

Buy eBook

Softcover Book EUR   229.99
Price excludes VAT (India)

Hardcover Book EUR   229.99
Price excludes VAT (India)

International Conference on Advances in Electrical and Computer Technologies

Home  Advances in Electrical and Computer Technologies  Conference paper

Log in

Menu Search Cart

ICAECT 2021: Advances in Electrical and Computer Technologies pp 703–714

Available as PDF
Read on any device
Instant download

Own it forever

Available as EPUB and PDF
Read on any device
Instant download

Own it forever

https://link.springer.com/bookseries/7818
https://wayf.springernature.com/?redirect_uri=https%3A%2F%2Flink.springer.com%2Fchapter%2F10.1007%2F978-981-19-1111-8_53
https://link.springer.com/conference/icaect
https://link.springer.com/
https://link.springer.com/book/10.1007/978-981-19-1111-8
https://link.springer.com/
https://link.springer.com/signup-login?previousUrl=https%3A%2F%2Flink.springer.com%2Fchapter%2F10.1007%2F978-981-19-1111-8_53
javascript:;
javascript:;
https://order.springer.com/public/cart
https://link.springer.com/book/10.1007/978-981-19-1111-8
https://link.springer.com/chapter/10.1007/978-981-19-1111-8_53/cover
https://link.springer.com/chapter/10.1007/978-981-19-1111-8_53/cover


10/7/23, 2:44 PM Analysis of Daubechies 2 Wavelet in WPM System for Adhoc Network | SpringerLink

https://link.springer.com/chapter/10.1007/978-981-19-1111-8_53 2/4

Buy Softcover Book Buy Hardcover Book

Tax calculation will be finalised at checkout

Purchases are for personal use only

Learn about institutional subscriptions

References

1. Chakole MB, Dorle SS (2020) Design of WPM system using QPSK modulation for

different wavelets. Int J Innov Technol Explor Eng (IJITEE) 9(3). ISSN: 2278-3075

2. Van Bouwel C, Potemans J, Schepers S, Nauwelaers B, Van de Capelle A (2000)

Wavelet packet based multicarrier modulation. In: IEEE Benelux chapter on vehicular

technology and communications. Symposium on communications and vehicular

technology. SCVT-2000. Proceedings (Cat. No. 00EX465), pp 131–138.

https://doi.org/10.1109/SCVT.2000.923351

3. Nawaz T, Baig S (2011) Wavelet OFDM—a solution for reliable communication in a

frequency selective Rayleigh fading channel. In: IEEE IBCAST, pp 413–417

4. Chakole M, Dorle S (2017) Evaluation of WPM-BPSK based peer-to-peer network

using wavelets for different channels. In: The 8th IEEE international conference on

computing communication and networking technology. IIT Delhi, India

5. Lindgren A, Schelén O (2002) Infrastructured ad hoc networks. In: Proceedings of the

2002 international conference on parallel processing workshops (international

workshop on ad hoc networking)

6. Meshram SL, Dorge PD (2017) Design and performance analysis of mobile ad hoc

network with reactive routing protocols. In: IEEE international conference on

communication and signal processing, ICCSP, pp 443–447

7. Ghaith A, Hatoum R (2013) Performance analysis of the wavelet-OFDM new scheme

in AWGN channel. In: ICCIT-2013 wireless communication and signal processing.

IEEE, pp 225–229

8. Ariananda DD, Lakshmanan MK, Nikookar H (2011) A wavelet packet transceiver for

spectral analysis and dynamic spectrum access. IEEE

9. Li N, Gao Y, Du C, Hao X (2012) Optimizing performance of WIMAX system based on

WPM. In: The 7th international conference on computer science & education (ICCSE

2012), Melbourne, pp 372–375

Compact, lightweight edition
Dispatched in 3 to 5 business days
Free shipping worldwide - see info

Durable hardcover edition
Dispatched in 3 to 5 business days
Free shipping worldwide - see info

https://www.springernature.com/gp/librarians/licensing/agc/ebooks
https://doi.org/10.1109/SCVT.2000.923351
https://support.springernature.com/en/support/solutions/articles/6000233448-coronavirus-disease-covid-19-delivery-information
https://support.springernature.com/en/support/solutions/articles/6000233448-coronavirus-disease-covid-19-delivery-information


10/7/23, 2:44 PM Analysis of Daubechies 2 Wavelet in WPM System for Adhoc Network | SpringerLink

https://link.springer.com/chapter/10.1007/978-981-19-1111-8_53 3/4

10. Bajpai A, Lakshmanan MK, Nikookar H (2011) Channel equalization in wavelet

packet modulation by minimization of peak distortion. In: IEEE 22nd international

symposium on personal, indoor and mobile radio communications, pp 152–156

11. Effendi MR, Mengko TLR, Gunawan AH, Munir A (2019) Performance evaluation of

wavelet packet modulation for wireless digital communications. In: International

symposium on networks, computers and communications (ISNCC), pp 1–4.

https://doi.org/10.1109/ISNCC.2019.8909167

Author information

Authors and Affiliations

Department of Electronics and Telecommunication Engineering, Yeshwantrao

Chavan College of Engineering, Nagpur, India

M. B. Chakole

Department of Electronics Engineering, G H Raisoni College of Engineering,

Nagpur, India

S. S. Dorle

Corresponding author

Correspondence to M. B. Chakole .

Editor information

Editors and Affiliations

Department of Electrical and Electronics Engineering, SVS College of Engineering,

Coimbatore, India

Thangaprakash Sengodan

Department of Electronics and Communication Engineering, Kuwait College of

Science and Technology, Safat, Kuwait

M. Murugappan

Department of Computer and Information Sciences, Covenant University, Ota,

Nigeria

Sanjay Misra

Rights and permissions

Reprints and Permissions

Copyright information

© 2022 The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd.

About this paper

Cite this paper

Chakole, M.B., Dorle, S.S. (2022). Analysis of Daubechies 2 Wavelet in WPM System for Adhoc

Network. In: Sengodan, T., Murugappan, M., Misra, S. (eds) Advances in Electrical and Computer

Technologies. ICAECT 2021. Lecture Notes in Electrical Engineering, vol 881. Springer, Singapore.

https://doi.org/10.1007/978-981-19-1111-8_53

.RIS .ENW .BIB

DOI Published
26 June 2022

Publisher Name
Springer, Singapore

https://doi.org/10.1109/ISNCC.2019.8909167
mailto:mdole@gmail.com
https://s100.copyright.com/AppDispatchServlet?publisherName=SpringerNature&orderBeanReset=true&orderSource=SpringerLink&title=Analysis%20of%20Daubechies%202%20Wavelet%20in%20WPM%20System%20for%20Adhoc%20Network&author=M.%20B.%20Chakole%2C%20S.%20S.%20Dorle&contentID=10.1007%2F978-981-19-1111-8_53&copyright=The%20Author%28s%29%2C%20under%20exclusive%20license%20to%20Springer%20Nature%20Singapore%20Pte%20Ltd.&publication=eBook&publicationDate=2022&startPage=703&endPage=714&imprint=The%20Author%28s%29%2C%20under%20exclusive%20license%20to%20Springer%20Nature%20Singapore%20Pte%20Ltd.
https://citation-needed.springer.com/v2/references/10.1007/978-981-19-1111-8_53?format=refman&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-981-19-1111-8_53?format=refman&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-981-19-1111-8_53?format=endnote&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-981-19-1111-8_53?format=endnote&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-981-19-1111-8_53?format=bibtex&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-981-19-1111-8_53?format=bibtex&flavour=citation


10/7/23, 2:44 PM Analysis of Daubechies 2 Wavelet in WPM System for Adhoc Network | SpringerLink

https://link.springer.com/chapter/10.1007/978-981-19-1111-8_53 4/4

https://doi.org/10.1007/978-

981-19-1111-8_53

Print ISBN
978-981-19-1110-1

Online ISBN
978-981-19-1111-8

eBook Packages
Computer Science

Computer Science (R0)

https://link.springer.com/search?facet-content-type=%22Book%22&package=11645&facet-start-year=2022&facet-end-year=2022
https://link.springer.com/search?facet-content-type=%22Book%22&package=43710&facet-start-year=2022&facet-end-year=2022


10/7/23, 11:40 AM Automatic Feature Abstraction from High Resolution Satellite Data for Urban Land Cover and Land Use | IEEE Conference …

https://ieeexplore.ieee.org/document/9785032?denied= 1/4

IEEE.org IEEE Xplore IEEE SA IEEE Spectrum More Sites

Conferences  > 2022 8th International Confer... 

Automatic Feature Abstraction from High Resolution Satellite Data for Urban Land
Cover and Land Use
Publisher: IEEE Cite This  PDF

Pooja Pandey ; Yogita Dubey ; Sanjay Vasantrao Balamwar All Authors 

35
Full
Text Views

Cart 


Create
Account

 << Results  

   

Alerts
Manage Content Alerts 

Add to Citation Alerts 



Abstract

Document Sections

I. Introduction

II. Materials and Methods

III. Algorithms

IV. Experimental Results

V. Conclusion

Authors

Figures

References

Keywords

Metrics

More Like This


Downl

PDF

Abstract:Urbanization is a beginning trend of the once two centuries, shaping numerous confines of the ultramodern
world. To guide this miracle and support growth of metropolises ... View more

Metadata
Abstract:
Urbanization is a beginning trend of the once two centuries, shaping numerous confines of the ultramodern world. To guide
this miracle and support growth of metropolises that are competitive and sustainably give demanded services, there's a
need for information on the extent and nature of civic land cover. Still, measuring urbanization is grueling, especially in
developing countries, which frequently warrant the coffers and structure demanded to produce dependable data. With the
increased vacuity of ever tasted data, new styles are available to collude civic land. Yet, being bracket products vary in
their description of “civic” and generally characterize urbanization in a specific point (or points) in time. Arising pall
grounded computational platforms now allow one to collude land cover and land use (LC/LU) across space and time
without being constrained to specific bracket products. We perform a Automatic point abstraction image bracket procedure
in Google Earth Engine (GEE), using two sources of reference data (executive data and hand-labeled exemplifications). By
fusing intimately available optic and radar data as input to the classifier, we achieve accurate charts of constructed-up
LC/LU in the fiefdom. In moment's period of big data, an fluently deployable system for accurate bracket of constructed-up
LC/LU has expansive operations across a wide range of disciplines and is essential for assembling the foundation for a
sustainable mortal.

Published in: 2022 8th International Conference on Advanced Computing and Communication Systems (ICACCS)

Date of Conference: 25-26 March 2022

Date Added to IEEE Xplore: 07 June 2022

INSPEC Accession Number: 22481232

DOI: 10.1109/ICACCS54159.2022.9785032

Publisher: IEEE



ADVANCED SEARCH

All 

Loading [MathJax]/extensions/MathZoom.js

 Browse  My Settings  Help 
Access provided by:
NYSS'S Yeshwantrao
Chavan College of
Engineering

Sign Out

Access provided by:
NYSS'S Yeshwantrao
Chavan College of
Engineering

Sign Out



Personal
Sign In

IEEE websites place cookies on your device to give you the best user
experience. By using our websites, you agree to the placement of these
cookies. To learn more, read our 

Accept & Close
Privacy Policy.

References
References is not available for this d

http://www.ieee.org/
https://ieeexplore.ieee.org/Xplore/home.jsp
https://ieeexplore.ieee.org/Xplore/home.jsp
http://standards.ieee.org/
http://spectrum.ieee.org/
http://www.ieee.org/sitemap.html
https://ieeexplore.ieee.org/browse/conferences/title/
https://ieeexplore.ieee.org/xpl/conhome/9784926/proceeding
https://ieeexplore.ieee.org/Xplorehelp/ieee-xplore-training/working-with-documents#interactive-html
javascript:void()
https://ieeexplore.ieee.org/author/37089415637
https://ieeexplore.ieee.org/author/37706281600
https://ieeexplore.ieee.org/author/37088839569
javascript:void()
https://www.ieee.org/cart/public/myCart/page.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore.ieee.org%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore.ieee.org/document/9785032?denied=
https://www.ieee.org/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore.ieee.org%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore.ieee.org/document/9785032?denied=
https://www.ieee.org/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore.ieee.org%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore.ieee.org/document/9785032?denied=
https://www.ieee.org/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore.ieee.org%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore.ieee.org/document/9785032?denied=
https://ieeexplore.ieee.org/search/searchresult.jsp?contentType=all&filter=-ContentType%20EQ%20%22Newsletters%22&queryText=Automatic%20Feature%20Abstraction%20from%20High%20Resolution%20Satellite%20Data%20for%20Urban%20Land%20Cover%20and%20Land%20Use
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
https://ieeexplore.ieee.org/alerts/citation
https://ieeexplore.ieee.org/alerts/citation
javascript:void()
javascript:void()
javascript:void()
javascript:void()
https://ieeexplore.ieee.org/document/9785032
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
https://ieeexplore.ieee.org/document/9785032/authors
https://ieeexplore.ieee.org/document/9785032/figures
https://ieeexplore.ieee.org/document/9785032/references
https://ieeexplore.ieee.org/document/9785032/keywords
https://ieeexplore.ieee.org/document/9785032/metrics
https://ieeexplore.ieee.org/document/9785032/similar
https://ieeexplore.ieee.org/xpl/conhome/9784926/proceeding
https://doi.org/10.1109/ICACCS54159.2022.9785032
https://ieeexplore.ieee.org/search/advanced
https://ieeexplore.ieee.org/Xplore/home.jsp
https://ieeexplore.ieee.org/servlet/Login?logout=/document/9785032/?denied=
https://ieeexplore.ieee.org/servlet/Login?logout=/Xplore/guesthome.jsp
javascript:void()
https://www.ieee.org/about/help/security_privacy.html


10/7/23, 11:40 AM Automatic Feature Abstraction from High Resolution Satellite Data for Urban Land Cover and Land Use | IEEE Conference …

https://ieeexplore.ieee.org/document/9785032?denied= 2/4

  Back to Results  

More
Like
This

Differences of image classification techniques for land use and land cover classification

2015 IEEE 11th International Colloquium on Signal Processing & Its Applications (CSPA)

Published: 2015

Interpretable Deep Learning Framework for Land Use and Land Cover Classification in Remote Sensing Using SHAP

IEEE Geoscience and Remote Sensing Letters

Published: 2023

Show
More

 ISBN Information:

 ISSN Information:

Conference Location: Coimbatore, India

Authors 

Figures 

References 

Keywords 

Metrics 

I. Introduction
Automatic Point abstraction has plant its operations in colorful areas like LULC mapping, change
discovery, civic planning, disaster operation also numerous other socio-profitable conditioning. Remote
seeing and Civilian's ways play a major part in similar operations. Still, operation areas of remote
seeing have been vastly increased with vacuity of sub-metre resolution data from high-resolution drone
image by flying over certain place it can capture the image depending upon the quality of the image we
provide. HRS imagery facilitates to identify colorful civic affiliated features, similar as, road, tree,
structure and all the other area that are present on the earth that also includes the one which
ismanmade [1] [2]. Since, homemade birth of structures using satellite imagery is time consuming and
expensive affair, hence, automated styles for birth been on a rise as a time and will be cost effective
result with minimum stoner involvement [3] [4].
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Abstract

Now in day-to-day life, every individual faces some sort of stress due to workload,

school, or form their lifestyle. Stress is an unwanted portion of life that is seen in people.

As stress can have some positive effects, but it has adverse effects on your health if it is

for a long time. Therefore, it is crucial to detect a person’s stress, as it can lead one to

depression. It is observed that stress leads to worse health situations. It is also found

that stress can affect health by increasing heart rate, decrease in oxygen level of the

body, and increase in weight. It can lead to obesity. Regular change in BMI also

indicates that a person is stressed. Stress is threatening mankind’s well-being. Due to

stress, body releases a hormone that speeds up your heart rate and breathing. In the

detection of stress, facial expressions have a pivotal spot. The proposed system will

detect stress based on three stress-related facial expressions sad, angry, and fear. The

proposed work in this paper is to make individuals aware of their physical condition. The

aim of this paper is to detect stress by using deep learning concepts and health

parameters monitoring such as heart rate, oxygen level, and BMI using Raspberry pi.

And the measured results of the different persons with the proposed system and the

existing system are given in the table.

Keywords

Deep learning Facial expression Heart rate Oxygen level BMI
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Abstract

The automation business has grown at a breakneck pace, breathing new life into an

otherwise dormant industry. The use of robots has lowered human workload and freed

up the workforce from boring, non-creative professions, allowing them to focus on

more gratifying tasks. This project's purpose is to develop a bot that will be employed in

storage and retrieval systems. Instead of carrying the individual components in the shelf,

the robot's goal is to translate long shelves in storage buildings to new locations. A lead

screw mechanism will be used to lift the shelf in its principal function. The key issues

were evenly dispersing the load distribution over the chassis to achieve maximum

stability and restricting the robot to shelf weight ratio to an optimal level. Design and

analysis of the bot were carried out using FUSION 360 software. The second objective of

this project is to develop a GUI for placing order and logistics management. It is done

on VISUAL STUDIO 2019 software.

Keywords

Automation industry OpenCV FUSION 360 Visual studio 2019

Lead screw mechanism Data matrix PID (proportional integral derivative)

BFS algorithm

This is a preview of subscription content, access via your institution.

Chapter EUR   29.95
Price includes VAT (India)

Buy Chapter

eBook EUR   234.33

Softcover Book EUR   279.99 Hardcover Book EUR   279.99

Home  Electronic Systems and Intelligent Computing  Conference paper

Log in

Menu Search Cart

Electronic Systems and Intelligent Computing pp 289–301

Available as PDF
Read on any device
Instant download
Own it forever

http://citations.springer.com/item?doi=10.1007/978-981-16-9488-2_26
https://link.springer.com/bookseries/7818
https://wayf.springernature.com/?redirect_uri=https%3A%2F%2Flink.springer.com%2Fchapter%2F10.1007%2F978-981-16-9488-2_26
https://link.springer.com/
https://link.springer.com/book/10.1007/978-981-16-9488-2
https://link.springer.com/
https://link.springer.com/signup-login?previousUrl=https%3A%2F%2Flink.springer.com%2Fchapter%2F10.1007%2F978-981-16-9488-2_26
javascript:;
javascript:;
https://order.springer.com/public/cart
https://link.springer.com/book/10.1007/978-981-16-9488-2
https://link.springer.com/chapter/10.1007/978-981-16-9488-2_26/cover
https://link.springer.com/chapter/10.1007/978-981-16-9488-2_26/cover


10/7/23, 2:45 PM Energy-Efficient Automated Guided Vehicle for Warehouse Management System | SpringerLink

https://link.springer.com/chapter/10.1007/978-981-16-9488-2_26 2/3

Tax calculation will be finalised at checkout

Purchases are for personal use only

Learn about institutional subscriptions

References

1. Pakdaman M, Sanaatiyan MM (2019) Design and implementation of line follower

robot. In: 2009 IEEE Second international conference on computer and electrical

engineering, 28–30 December 2009

2. Yoshitake H, Kamoshida R, Nagashima Y (2019) New automated guided vechicle

system using real-time holonic scheduling for warehouse picking. IEEE Robot Autom

Lett 4(2)

3. Zhang H, Zhang C, Yang W, Chen C-Y (2015) Localisation and navigation using QR

code for mobile robot in indoor environment. In: 2015 IEEE International conference

on robotics and biomimetics (ROBIO), 6–9 December 2015

4. Marot J, Bourennane S (2017) Raspberry Pi for image processing education. In: IEEE

European signal processing conference (EUSIPCO), 28 August–2 September 2017,

Kos, Greece

5. Marengoni M, Stringhini D (2011) High level computer vision using OpenCV. In: IEEE

Tutorials of the Brazilian symposium on computer graphics and image processing

(SIBGRAPI Tutorials), 28–30 August 2011, Alagoas, Brazil

6. Guizzo E (2008) Kiva systems: three engineers, hundreds of robots, one warehouse.

IEEE Spectr 45(7)

7. Vimal Kumar N, Selva Kumar C (2018) Development of collision free path planning

algorithm for warehouse mobile robot. In: International conference on robotics and

smart manufacturing (RoSMa2018), Madurai, India

8. Masram BY, Dhokale A, Shirsat P, Keote M (2018) Smart (dual) mode operating

cooling system. In: 2018 First international conference on secure cyber computing

and communication (ICSCCC), 978-1-5386-6373-8/18/$31.00©2018 IEEE

9. Thakre AK, Chiwande SS, Chafale SD (2014) Design of low power multiplier using

reversible logic gate. In: 2014 International conference on green computing

communication and electrical engineering (ICGCCEE)

Author information

Authors and Affiliations

Yeshwantrao Chavan College of Engineering, Nagpur, Maharashtra, India

Minal Keote, Tanmay Choudhari, Tanmay Alone & Ashar Ahmad

Editor information

Editors and Affiliations

https://www.springernature.com/gp/librarians/licensing/agc/ebooks


10/7/23, 2:45 PM Energy-Efficient Automated Guided Vehicle for Warehouse Management System | SpringerLink

https://link.springer.com/chapter/10.1007/978-981-16-9488-2_26 3/3

School of Computer Engineering, Kalinga Institute of Industrial Technology(KIIT)

Deemed to be University, Bhubaneswar, Odisha, India

Dr. Pradeep Kumar Mallick

KIET Group of Institutions, Delhi-NCR, Ghaziabad, India

Dr. Akash Kumar Bhoi

Research on Agent based, Social and Interdisiciplinary Applications (GRASIA),

Complutense University of Madrid, Madrid, Spain

Dr. Alfonso González-Briones

School of Computer Engineering, Kalinga Institute of Industrial Technology(KIIT)

Deemed to be University, Bhubaneswar, Odisha, India

Dr. Prasant Kumar Pattnaik
Rights and permissions

Reprints and Permissions

Copyright information

© 2022 The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd.

About this paper

Cite this paper

Keote, M., Choudhari, T., Alone, T., Ahmad, A. (2022). Energy-Efficient Automated Guided Vehicle

for Warehouse Management System. In: Mallick, P.K., Bhoi, A.K., González-Briones, A., Pattnaik, P.K.

(eds) Electronic Systems and Intelligent Computing. Lecture Notes in Electrical Engineering, vol 860.

Springer, Singapore. https://doi.org/10.1007/978-981-16-9488-2_26

.RIS .ENW .BIB

DOI
https://doi.org/10.1007/978-

981-16-9488-2_26

Published
03 June 2022

Publisher Name
Springer, Singapore

Print ISBN

978-981-16-9487-5

Online ISBN

978-981-16-9488-2

eBook Packages

Engineering

Engineering (R0)

https://s100.copyright.com/AppDispatchServlet?publisherName=SpringerNature&orderBeanReset=true&orderSource=SpringerLink&title=Energy-Efficient%20Automated%20Guided%20Vehicle%20for%20Warehouse%20Management%20System&author=Minal%20Keote%2C%20Tanmay%20Choudhari%2C%20Tanmay%20Alone%20et%20al&contentID=10.1007%2F978-981-16-9488-2_26&copyright=The%20Author%28s%29%2C%20under%20exclusive%20license%20to%20Springer%20Nature%20Singapore%20Pte%20Ltd.&publication=eBook&publicationDate=2022&startPage=289&endPage=301&imprint=The%20Author%28s%29%2C%20under%20exclusive%20license%20to%20Springer%20Nature%20Singapore%20Pte%20Ltd.
https://citation-needed.springer.com/v2/references/10.1007/978-981-16-9488-2_26?format=refman&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-981-16-9488-2_26?format=refman&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-981-16-9488-2_26?format=endnote&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-981-16-9488-2_26?format=endnote&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-981-16-9488-2_26?format=bibtex&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-981-16-9488-2_26?format=bibtex&flavour=citation
https://link.springer.com/search?facet-content-type=%22Book%22&package=11647&facet-start-year=2022&facet-end-year=2022
https://link.springer.com/search?facet-content-type=%22Book%22&package=43712&facet-start-year=2022&facet-end-year=2022


10/7/23, 11:44 AM Identification and prevention of Gray hole attack using IDS mechanism in MANET | IEEE Conference Publication | IEEE Xplore

https://ieeexplore.ieee.org/document/9791594?denied= 1/4

IEEE.org IEEE Xplore IEEE SA IEEE Spectrum More Sites

Conferences  > 2022 10th International Confe... 

Identification and prevention of Gray hole attack using IDS mechanism in MANET
Publisher: IEEE Cite This  PDF

Manish Devendra Chawhan ; Kruttika Karmarkar ; Gargi Almelkar ; Disha Borkar ; Kishor. D. Kulat ; Bhumika Neole All Authors 

2
Cites in
Papers

53
Full
Text Views

Cart 


Create
Account

 << Results  

   

Alerts
Manage Content Alerts 

Add to Citation Alerts 



Abstract

Document Sections

I. Introduction

II. Related Study

III. Literature Survey

IV. Methodology

V. Result and Analysis

Show Full Outline 

Authors

Figures

References

Citations

Keywords

Metrics

More Like This


Downl

PDF

Abstract:Since the mid-1990s, the growth of laptops and Wi-Fi networks has led to a great increase in the use of MANET
(Mobile ad hoc network) in wireless communication. MANET is ... View more

Metadata
Abstract:
Since the mid-1990s, the growth of laptops and Wi-Fi networks has led to a great increase in the use of MANET (Mobile ad
hoc network) in wireless communication. MANET is a group of mobile devices for example mobile phones, computers,
laptops, radios, sensors, etc., that communicate with each other wirelessly without any support from existing internet
infrastructure or any other kind of fixed stations. As MANET is an infrastructure-less network it is prone to various attacks,
which can lead to loss of information during communication, security breaches or other unauthentic malpractices. Various
types of attacks to which MANET can be vulnerable are denial of service (DOS) and packet dropping attacks such as Gray
hole, Blackhole, Wormhole, etc. In this research, we are particularly focusing on the detection and prevention of Gray hole
attack. Gray hole node drops selective data packets, while participating in the routing process like other nodes, and
advertises itself as a genuine node. The Intrusion Detection System (IDS) technique is used for identification and aversion
of the Gray hole attack. Use of AODV routing protocol is made in the network. The network is incorporated and simulation
parameters such as PDR (Packet Delivery Ratio), Energy Consumption, End-to-end delay, and Throughput are analyzed
using simulation software.

Published in: 2022 10th International Conference on Emerging Trends in Engineering and Technology - Signal and
Information Processing (ICETET-SIP-22)

Date of Conference: 29-30 April 2022

Date Added to IEEE Xplore: 15 June 2022

 ISBN Information:

INSPEC Accession Number: 21843009

DOI: 10.1109/ICETET-SIP-2254415.2022.9791594

Publisher: IEEE

Conference Location: Nagpur, India



ADVANCED SEARCH

All 

 Browse  My Settings  Help 
Access provided by:
NYSS'S Yeshwantrao
Chavan College of
Engineering

Sign Out

Access provided by:
NYSS'S Yeshwantrao
Chavan College of
Engineering

Sign Out



Personal
Sign In

IEEE websites place cookies on your device to give you the best user
experience. By using our websites, you agree to the placement of these
cookies. To learn more, read our 

Accept & Close
Privacy Policy.

References
References is not available for this d

http://www.ieee.org/
https://ieeexplore.ieee.org/Xplore/home.jsp
https://ieeexplore.ieee.org/Xplore/home.jsp
http://standards.ieee.org/
http://spectrum.ieee.org/
http://www.ieee.org/sitemap.html
https://ieeexplore.ieee.org/browse/conferences/title/
https://ieeexplore.ieee.org/xpl/conhome/9791456/proceeding
https://ieeexplore.ieee.org/Xplorehelp/ieee-xplore-training/working-with-documents#interactive-html
javascript:void()
https://ieeexplore.ieee.org/author/37974610600
https://ieeexplore.ieee.org/author/37089422600
https://ieeexplore.ieee.org/author/37089422492
https://ieeexplore.ieee.org/author/37089422664
https://ieeexplore.ieee.org/author/37391998500
https://ieeexplore.ieee.org/author/37086305007
javascript:void()
https://www.ieee.org/cart/public/myCart/page.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore.ieee.org%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore.ieee.org/document/9791594?denied=
https://www.ieee.org/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore.ieee.org%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore.ieee.org/document/9791594?denied=
https://www.ieee.org/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore.ieee.org%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore.ieee.org/document/9791594?denied=
https://www.ieee.org/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore.ieee.org%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore.ieee.org/document/9791594?denied=
https://ieeexplore.ieee.org/search/searchresult.jsp?contentType=all&filter=-ContentType%20EQ%20%22Newsletters%22&queryText=Identification%20and%20prevention%20of%20Gray%20hole%20attack%20using%20IDS%20mechanism%20in%20MANET
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
https://ieeexplore.ieee.org/alerts/citation
https://ieeexplore.ieee.org/alerts/citation
javascript:void()
javascript:void()
javascript:void()
javascript:void()
https://ieeexplore.ieee.org/document/9791594
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
https://ieeexplore.ieee.org/document/9791594/authors
https://ieeexplore.ieee.org/document/9791594/figures
https://ieeexplore.ieee.org/document/9791594/references
https://ieeexplore.ieee.org/document/9791594/citations
https://ieeexplore.ieee.org/document/9791594/keywords
https://ieeexplore.ieee.org/document/9791594/metrics
https://ieeexplore.ieee.org/document/9791594/similar
https://ieeexplore.ieee.org/xpl/conhome/9791456/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9791456/proceeding
https://doi.org/10.1109/ICETET-SIP-2254415.2022.9791594
https://ieeexplore.ieee.org/search/advanced
https://ieeexplore.ieee.org/Xplore/home.jsp
https://ieeexplore.ieee.org/servlet/Login?logout=/document/9791594/?denied=
https://ieeexplore.ieee.org/servlet/Login?logout=/Xplore/guesthome.jsp
javascript:void()
https://www.ieee.org/about/help/security_privacy.html


10/7/23, 11:44 AM Identification and prevention of Gray hole attack using IDS mechanism in MANET | IEEE Conference Publication | IEEE Xplore

https://ieeexplore.ieee.org/document/9791594?denied= 2/4

  Back to Results  

More
Like
This

Mitigating the effects of Black hole attacks on AODV routing protocol in mobile ad hoc networks

2015 International Conference on Pervasive Computing (ICPC)

Published: 2015

Secure routing protocols for mobile ad hoc networks

2016 International Conference on Information Technology for Organizations Development (IT4OD)

Published: 2016

Show
More

 ISSN Information:

Authors 

Figures 

References 

Citations 

Keywords 

Metrics 

I. Introduction
The communication technologies have advanced significantly over the years, as a result, wireless
technologies have emerged and became the most rapid and easy way to communicate. MANET is one
of such wireless technology which grew in mid 1990s. It is a decentralized type of wireless network,
that does not need any pre-existing infrastructure, such as routers, hubs, switch, cables in wired
networks or access points in wireless networks [1]. Dynamic topology, autonomous behavior, energy
constraint operation and less human intervention are some of the key features of MANET. In wireless
network, security plays an important role. Achieving, safeguarding the aspects of security such as
confidentiality, authentication, integrity, availability, access control, and no repudiation in a network is
important. As MANET does not require any infrastructure, there is no centralized control over the
communication, hence it becomes more challenging to secure such kind of network against various
attacks, such as Gray hole, Blackhole, Wormhole attack, denial of service attacks, etc. It is easier to
implement such type of attacks in AODV protocol. AODV is designed to be self-starting in an
environment of mobile nodes, withstanding variations in behavior of network such as mobility of node,
link failures and packet losses [2].
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I. Introduction
Due to the pandemic and also otherwise, the popularity of platforms for online shopping and deliveries
has resulted in a large increase in parcel deliveries. As it significantly grew in the state of lockdown as
majority of shopping by the customers was done online and products were delivered to them at various
locations there was a need for provision. Not only that but also earlier when product weren't ordered
using e-commerce on such a large scale, commercial products are popularly known to be shipped out
from centralized locations of manufacturing or storage and have to be known to be procured in
accordance with the market demand at various locations.
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I. Introduction
Mobile Ad-hoc Networks also are referred to as self-sustaining and decentralized wireless systems.
MANET has capabilities like loss of significant monitoring, open medium, management, no clean
protection mechanism, converting its topology dynamically, and cooperative algorithms due to those
capabilities MANET can also additionally be afflicted by safety attacks. Manet are greater at risk of
attacks because of Wireless links. To get admission to the continued conversation, Wireless links make
it less difficult for the attacker to move withinside the network. To take part withinside the network,
Mobile nodes ought to gift withinside a variety of wireless links. As there may be growing threats of
attacks at the Mobile Networks, there are exceptional kinds of attacks and their consequences at the
Manet to offer stable conversation and transmission. Communication is primarily based totally on a
mutual belief among the nodes due to this MANET is greater open to those sorts of attacks, there may
be no authorization facility, no significant factor for network management, vigorously converting
topology, and confined resources.
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I. Introduction
About 369000 different species of flowers plants exists in the world [1]. For flower species classification
the traditional feature like color, shape and texture of the flowers are used. But it is complicated and
difficult to choose this feature properly. At different times and different environments gestures of flowers
are different but the shape and color of the various flower species are same, which leads a big problem
in identification. In past few years, research carried out on flowers identification includes: In [2] the
authors suggested a method to place a black color cloth at the back side of the flower. But this method
is not feasible and convenient. In [3] used multilevel thresholding to classify foreground and
background.
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I. Introduction
In recent years, wireless digital communication has Become a necessity for communication, in mobile
communication high speed and high data rate needs to be achieved and so has been the need to
develop efficient modulation technique has emerged. Due to addition of AWGN the performance of the
system decreases [1]. OWDM system is different from OFDM which works on the principal of
frequency division multiplexing. AWGN is used to simulate background noise of the channel. This
OFDM system is also used in latest technology like 4G OFDM which uses Fast Fourier Transform
(FFT) and Inverse Fast Fourier Transform (IFFT) [2]–[3]. OFDM also has limitations like higher phase
noise. To overcome this limitation, new system developed known as Orthogonal Wavelet Division
Multiplexing (OWDM) System which works on the principal of Wavelet Division Multiplexing where the
wavelet decomposition and reconstruction is a main tool for detailed analysis. The OWDM system is a
Multicarrier system in which the information Bits are superimposed on n subcarriers also it follows the
orthogonality (orthogonal orientation is seen between the side lobes of sub carriers) this system has
better Bit Error Rate performance. Since Bit Error Rate is defined as the rate at which error occurs per
transmitted bit. Here the Bit Error Rate performance is evaluated in the presence of AWGN fading
channel with the equalization process (which takes place at the receiver section). A comparison is
made between the BPSK OWDM and OFDM system, both of which are multicarrier systems, and the
Bit Error Rate Performance is evaluated. Ideally for good communication system Bit Error Rate is
expected to be as low as possible with respect to different SNR values. SNR is the ratio of signal
power to noise power whose unit is decibels, to obtain SNR, author subtracted the noise quantity from
desired signal. Here ratio is considered, which stands for energy per bit to noise power spectral density
which is a normalized SNR ratio. It is very useful while comparing the Bit Error Rate performances of
different Digital Communication Systems. The value in the ratio is referred as the signal energy
associated with every individual transmitting bit and No in the ratio stands for noise spectral density.
We know that the limit of reliable information transmission rate of any communication channel depends
upon the bandwidth and Signal to Noise Ratio (SNR), so this principle could be used to establish
bound on that can achieve reliable communication. [4]–[5].
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I. Introduction
The internet's growth is entirely dependent on itself, therefore its non-availability is a constraint. To
overcome this shortcoming, the idea of developing a wireless sensor network that does not require
internet access or networks such as GSM (Global System for Mobile Communications), CDMA, LTE,
and so on. This wireless sensor network design is made up of nodes and a gateway, and it attempts to
effortlessly transfer any sensor data across a wide range without any internet connectivity.
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Abstract:
At present many small-scale fabric industries finishing machines are not automated, Human intervention is required for
analysis and highlighting the technical parameters deviations. In fabric industry parameter analysis like temperature, water
level, humidity and pressure has to be done and usually it's done manually. This led to high workload on engineers and
operators for parameters logging and communication to engineering department and also its time consuming for
maintenance team members to get different types of analysis, e.g., down time %, Repeated breakdown % etc, which may
lead to poor analysis process for defectives in fabric. So, to overcome this problem in fabric industry, process improvement
can be done by real-time monitoring of finishing machines using IOT. This paper presents the technique to make the
finishing process of fabric industry automated i.e. to do real time monitoring of finishing process, using IoT technology. By
automation of the finishing process there will be good analysis of poor fabric, and this will also prevent fabric wastage. This
process saves human power, as the output is directly received through WhatsApp or Email in form of graphs which prevent
manual analysis of parameter. Since the finishing process is automated the cost is controlled by reduction in rejection of
fabric and it also increases productivity of machines and human resource. This leads to smart working practices by
eliminating paper works and time-consuming methods.
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I. Introduction
IoT applications provide new paradigms to improve productivity and optimize expenses in fabric
manufacturing industries. Till date human intervention is required for analysis and highlighting the
technical parameters deviations. Manual monitoring of machine parameters can lead to human errors
which can further result in major defects or accidents [1]. In fabric manufacturing industries this can
lead to defects in the fabric material. At present many small-scale fabric industries finishing machines
are not automated, Human intervention is required for analysis and highlighting the technical
parameters deviations. In fabric industry parameter analysis like temperature, water level, Humidity
and pressure has to be done and usually it's done manually. This led to high work load on engineers
and operators for parameters logging and communication to engineering department and also its time
consuming for maintenance team members to get different types of analysis, e.g., down time %,
Repeated breakdown % etc, which may lead to poor analysis process for defectives in fabric. So, to
overcome this problem in fabric industry process improvement can be done by real-time monitoring of
finishing machines using IOT. The aim of this paper is to use IoT to obtain real time data for monitoring
and control of fabric manufacturing process. Internet Of Things helps to capture data and provide
simple and hidden insights to decision making authorities. Overall equipment effectiveness can be
achieved by real time monitoring physical parameters of production process. Sustainability of the plant
can also be enhanced significantly.
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Metadata
Abstract:
The Objective of this research is to Design and build a IoT Base Digital Production Counting system. It decreases the
likelihood of counting errors and improve counting accuracy, which is used in big enterprises since it outperforms human
techniques. Production manufacturing and counting can be a time-consuming process that includes quality control, large-
scale analysis, and quantity measurement. The classification especially supports the quantity factor, or production rate
which is accomplished by human resource present in industry with having either a max or min rate of production but
keeping the exact count throughout the manufacturing process is still impossible. The quantity outcome is an important
factor in steadfast the industry's economic growth and financial health. As IoT is quickly growing as the next phase of the
Internet's development, it's becoming more necessary than ever to understand the several prospective domains for IoT
operations. Since the previous few decades, technology has played an increasingly important role in our daily lives. As IOT
is developed, industries can increase productivity and data collection efficiency. In order to improve production
demographics this project aims to count the multiple products which are counted by IR sensor using IR interruption
concept and Microcontroller is used here to keep track of a huge number of items and display on a LCD display as well as
upload the data on web via Node MCU (IOT Module)
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I. Introduction
The main aim of this research is to expose the IoT Base Digital Production Counting system. This is
the main subject of this research. It reduces labour costs and saves time in industries. As internet is
widely used in a variety of industries, including transportation, healthcare, agriculture, and
manufacturing. The evolution of the IoT has become indispensable in our daily lives. IoT network refers
to collections of interconnected devices without interruptions of human involvement. [1] It permits
machine-to-machine and machine-to-human communication, and it is widely employed in industrial
process. Manufacturing companies may boost production and data collecting efficiency by
implementing IoT technologies. IoT also provides the manufacturing business with numerous benefits
and conveniences. So with the application of IoT technologies, industries are able to increase
productivity. Using IoT and IR sensors with a microcontroller and a node MCU to count products in
industries [12It is now possible to acquire huge amounts of data for counting products in industry
because of the extension of IoT devices such as sensors, security systems, trackers. The Internet of
Things is quickly becoming one of the most essential technologies for improving the efficiency of
industrial processes.
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Abstract:
This paper introduces an outline of a Dual Band MIMO antenna for applications based on Substrate Integrated Waveguide
technology (SIW). SIW has acquired a valuable and various kinds of researches, extending from microwave to optical
bands due to their outstanding properties such as low costs, low losses, small footprints followed by incorporating with
other types of PCBs. SIW structures can be used to prevail the above-mentioned advantages readily compared to various
kinds of technologies such as co-planar waveguides, conventional waveguides, micro-strip transmission lines and so on.
The indispensable cavity mode is designed on Substrate integrated waveguide to resonate at 2.4 GHz. Moreover, the 2 
and 3  mode are altered and combined carefully by placing a via inside the cavity to allow the coverage of wideband in 5
GHz WLAN band.
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I. Introduction
Substrate Integrated Waveguide technology shows a prominent approach for performance and
combination of wireless systems, microwave and millimetre wave components. Substrate Integrated
Waveguide technology allows active element, passive structures, and antennas to be incorporated into
one substrate, eliminating transitions and lowering losses. SIW technology unites the advantages of
classical micro-strip circuits (low weight, easy fabrication, low cost, compact size) and metallic
waveguides. It appears that Substrate Integrated Waveguide technology is designed to become the
standard for the implementation of cost-effective millimetre wave systems in the near future. Radiation,
conductor losses, and dielectric losses are the three mechanisms that generate losses in Substrate
Integrated Waveguide.[1] The metal used (usually copper), the height of the Substrate Integrated
Waveguide, and the roughness of the metal all affect conductor losses. These losses are difficult to
regulate since they are dependent on the quality of the substrate’s copper lamination. In contrast to
micro-strip lines, one of the most significant restrictions of Substrate Integrated Waveguide structures
is the single-mode bandwidth (which is limited to one octave) and breadth (which depends on the cut
off frequency and the dielectric substrate).[2][3]
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Abstract:
As per the research, the number of diabetic patients in India is very high which makes it the second most diabetes affected
country in the world. The insulin pen is largely used to limit the effect of this disease. The insulin should be stored at low
temperature and for this purpose a portable insulin box which provides low temperature using solar power has been
proposed. The temperature of the insulin box can be monitored by the temperature sensor which is placed on the box.
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I. Introduction
This project resolves the purpose of storing insulin which has to be stored at a low temperature in order
to be effective. This designed Insulin box is used to provide a portable and effective storage of insulin.
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I. Introduction
In case of vehicles parking in parking lot it is very much essential to ensure that only authorized
vehicles are allowed in the reserved parking place, which can be ensured using the card based access
control system [1] –[3]. The traditional access control systems which is card-based have various
drawback to avoid it new access control system is proposed.
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I. Introduction
As known that most of the cities consist of supermarkets and malls, in these markets, there are cash
counters where the customer needs to go for paying the bill of products they have added to their
trolley. In recent times shopping at these markets has become a hectic job, and there are several
people at these shopping markets specially on holidays, festivals, and when there are special discount
days and because of this there is a huge rush at the billing counters. Therefore, customers need to
wait in a long queue. Because of this situation, a lot of customer’s time is wasted and the supermarkets
or malls may face huge losses.
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Abstract:The COVID-19 virus was first reported in December 2019 in China. Since then, it has created havoc on global
level by causing health and financial crisis. The novel corona... View more

Metadata
Abstract:
The COVID-19 virus was first reported in December 2019 in China. Since then, it has created havoc on global level by
causing health and financial crisis. The novel corona virus is continuously evolving into new variants of virus and still
spreading in every part of the world. The virus is spread mostly by the droplets transferring from the infected person to an
uninfected person. The only direct method of preventing such transfer of droplets can be done by washing of hands,
avoiding contact with nostrils, eyes and mouth. Only complete vaccination of citizens can help in containment of virus till
then use of face mask and social distancing has been made mandatory by authorities. This project proposes a contactless
face mask detection model based on machine learning and image processing technology. It will follow the protocols of
social distancing. This project will be helpful in accurately identifying whether a person is wearing a mask properly or not.
This model can be easily installed in the entrance of ATMs, malls, educational institutions, offices and in the entrance of
public offices. Being a contact less model it will effectively reduce the need of having a manual way of detection and will
reduce the spreading of disease to further people. It is highly effective and cheap model as all the tools required for this
project are free of cost and easily available online. Proposed model can be easily used on low end computers like
Raspberry Pi. The model will encourage people to continuously wear mask in correct manner.
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I. Introduction
The Corona virus or the COVID-19 virus is a member of SARS virus family which was originated from
WUHAN, CHINA and was first reported in December 2019 [1]. This disease causes infections in
respiratory tract and can range from mild to lethal. It is a contagious disease. The virus has evolved
into multiple variants [2]. A fatality caused by this disease in old people is high. Furthermore, it can
permanently damage lungs as per the reports. Also, it has after effects like fatigue, eye disease like
mucormycosis, loss of appetite, body pain, chest pain and muscle pain in cured patients [3–4]. With an
incubation period of around 15days the disease can show a symptom after a fortnight which makes it’s
difficult to diagnose [5]. Hence the authorities have advised people to be quarantined if came into
contact with affected person. Its uncontrollable spread has turned out to be a pandemic and is still
continuously spreading until now everywhere in world, causing a direct severe health crisis and an
indirect financial crisis by long term lockdowns all around the world [6 –8]. Every government & health
organization has made eradication of COVID-19 virus as their top priority. So to control the pandemic
from spreading preventing it at first is very important as prevention is better than cure [9]. Vaccination
all over world has begun yet with an average efficacy over 60% it cannot guarantee one will become
immune to this disease after injecting anti-bodies through vaccines [10]. Hence containing it with all
possible methods is very important. The disease spread through droplets spread by an infected person
because of coughing or sneezing hence it’s mandatory for both infected and uninfected person to wear
mask [11–12]. The droplets usually, enter the body through nose, mouth and eyes. Multiple guidelines
have been issued by WHO (World Health Organization) for prevention of COVID-19 which includes
regularly wearing face mask, regularly checking body temperature, sanitization with alcohol based,
sanitizer, avoiding crowds and public gatherings, maintaining distance with other individuals if possible.
Thus, monitoring individuals that are wearing the mask or not is more significant. Hence the main aim
of project is to create a contactless monitoring system that would be beneficial in reducing the spread
of this infectious disease and will encourage people to use face masks properly & it can make any
public or working space a safer environment [13 –15].
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I. Introduction
Gesture recognition systems are making their way in numerous applications and provide a starting
point for the advancement in smart appliances as well as IoT enabled devices. A gesture recognition
system is presented here which recognizes some predefined gestures to perform tasks. The tasks
defined here are related to opening various pages on the internet. The focus here is on enabling the
user to open entertainment related websites with the use of simple gestures. Human Computer
Interaction is based on working together of human and computer. Researchers have observed many
ways in which user can interact with a computer and be able to design different types of applications.
Thus the aim here is to develop a system which identifies different gestures and generates audio
output along with text.
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I. Introduction
Electricity has become one of the most essential components in the modern world. At this point
humans can’t imagine their lives without electricity and the appliances that work on it. Even rural areas
have electricity facilities these days, as it has become a necessity in our lives. Thus, the government
has set up a vast board of organization for the billing and payment purposes. Since India is a very vast
and populated country, electricity theft and mistakes in electricity bills have become a common
problem. Electricity is already quite expensive these days, especially for middle class families, and thus
paying more than its original cost can burn a hole in anyone’s pocket. The old and traditional method of
electricity billing is quite tedious, and its generally very hard to detect any mistakes in the bills, that’s
the reason behind introducing the proposed app. This app is created through flutter app, using Dart
language, which is capable of monitoring the daily electricity usage and also promises to give an
insight about the pattern of electricity usage.
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To meet the ever increasing demand of water supply we cannot totally depend on groundwater
sources, orthodox and outdated water management systems and uneven rainfalls. Thus there is a
need for an effective water management system which can deal with these types of situations
effectively and efficiently. To deal with the ever-increasing demand for water, pipelines and tanks have
been constructed across the cities, towns, and villages. For a particular framework consisting of water
tanks and pipelines when there is sudden shortage of water in one of the tanks due to excessive usage
of water. The current way of solving this problem was manually checking the water level and diverting
the water from other tanks to these tanks. If these method have not been done in time then people are
forced to depend on other water sources such as groundwater and water tankers. But erroneous
management of water supply leads to major water crisis [4] [5]. With the help of a proper water
management system based on geo-information and IOT, We can try to minimize the problem with an
effective and efficient way. [13] The main objective of our research is to provide water to water defic
ient tanks by transferring water from water available tanks with the help of Internet of Things.[17] To
demonstrate this process we have chosen a group of 4 different tanks which is equipped with water
level sensors and water pumps and connected to a network with valves connected at each node.
These sensors, motors and valves are connected to ESP-32 which acts as a IoT platform for this
research, The ESP-32 has an integrated Wi-fi module with the help of this we have connected our
project to an loT cloud to monitor the whole process from anywhere and any period of time. LCD is
also connected to the ESP-32 to get alternate real time updates of the process.
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Abstract:
Lung cancer is a nothing but abnormal swelling of lung tissues and could be a life threatening one. As per statistics, it is
responsible for more deaths than any other type of cancer. It is important to identify and treat this anomaly from the
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of lung cancer, patient's probabilities of existence are increased. Hence, an effective CAD system for lung tumour detection
has been projected. This system comprises three points: initial level processing, segmentation and classification of
nodules. The study of lung disorders requires accurate segmentation of lung images which is very important in detecting
lung cancer. Lung images contains noise and weak boundaries so, accurate detection of lung nodule is very difficult or
challenging task. This paper covers the comprehensive review of methods used for lung nodule detection.
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I. Introduction
As per World Health Organization (WHO), nearly 10 Million people have died in the year 2020 because
of Cancer. The highest amongst these were because of Lung cancer - 1.80 Million or 18%. The
Tumours are classified into two categories - non cancerous and cancerous. This infection is named
metastasis. Lung cancer can be classified into two forms, one is small cell lung cancer (SCLC) and
another is non-small cell lung cancer (NSCLC)[1]. Non-small cell lung cancer is more common than
SCLC and it generally raises and spreads very gradually. SCLC is almost related with smoking and
grows more speedily and produce large tumours that can spread broadly. Cancer cells frequently start
increasing in the bronchi close to the mid of the chest.
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Analysis of Greenness in Urban Cities
Using Supervised and Unsupervised
Classification

Nita Nimbarte, Shraddha Sainis, and Sanjay Balamwar

Abstract Satellite images are widely used in urban planning and growth analysis
with different technology being developed. A remotely sensed image is at first pre-
processed to remove anomalies from it, thus resulting in a clear and informative
image. Image classification is categorized into two techniques, namely supervised
and unsupervised techniques. Both the techniques give different outputs and accu-
racy parameters. This paper describes the analysis of supervised and unsupervised
techniques of remotely sensed images for land cover classification and to evaluate
greenness in terms of the area over a period of time. Both the methods are used
for object detection and classification. The input images were enhanced using the
histogram equalization technique and then segmented using supervised and unsuper-
vised classification with the help of ERDAS software. After segmentation or image
classification results were analyzed to give the exact measure of greenness in terms
of area in hectares or square kilometers calculated over years.

Keywords ERDAS imagine software · Greenness analysis · Histogram
equalization · Image processing · Supervised classification · Unsupervised
classification

1 Introduction

In the present global situation, maintaining green environment in dense urban area is
of utmost importance.Decreasing greenness in urban directly affects the environment
quality. Urban green space is known to provide ample benefits to human beings. As
many countries all around the world desire to get updatedwith the latest geographical
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information and activities of their area, this kind of data help the respective authority
in the Bureaucracy to plan the development of a particular place geographically [1].

PeijunDu et al. reported the urgency of hybrid approaches of environment analysis
of different parameters like vegetation, change detection, land cover, water moni-
toring, and designed hybrid system for environmental analysis. The effectiveness
of this system is confirmed through the case studies [1]. Conghong Huang et. al.
described health benefits to urban residents by analyzing the change in green space
of megacities from the year 2005 to 2015. The author used 10,823 sights of Landsat
images and applies random forest classifier through the google earth engine to map
land covers. By increasing urban green spaces directly increased health benefits in
megacities [2]. Mugiranez et al. [3] demonstrated a hybrid approach using support
vector machines (SVM) and rule-based methods for object-based multi-stage clas-
sification. It gives an analysis of actual land cover by using different challenging
parameters like low-density areas, roads, informal settlements, and lowland agricul-
ture. The classification accuracy improved by geometric ruleset, greenness density
indices, and urban density indices. Researcher [4–7] reported a survey of different
enhancement techniques for more suitable outputs for further analysis. The authors
described many histogram-based methods for image enhancement. The outcome of
these methods may be under contrast or over contrast; every technique has its pros
and cons. Jalobenu et al. [8] discussed adaptive Gaussian model automatic algorithm
for image enhancement. The algorithm gives good results on high-resolution satel-
lite images. Maximum Likelihood Estimator (MLE) is used to estimate measuring
parameters. The author proposed a wavelet-based deconvolution hybrid approach to
enhance the outcomes. Patel et al. [9] described that weighted histogram equaliza-
tion with a recursively separated method. This method preserves scalable brightness
due to its recursive nature. The different histogram equalization-based methods were
compared through experimental study and error estimation parameters. Šastný and
Minarík [10] described different filtering pre-processing methods for object detec-
tion. The author reported that speed and accuracy are opposing requirements for
edge detection. The object momenta gives good results with a 74% rate of objects
recognition. Author [11, 12] reviewed classification methods and presents their own
advantages and disadvantages. The research work [13, 14] presented analysis of
image classification techniques through different image modalities. Image segmen-
tation techniques [15–18] are used to segment area of interest. Segmentation based
image classification algorithms has less computational complexity as compare to
pixel level classification method. The classification methods are categories into auto-
matic, manual, and hybrid approaches. Most of the methods are developed using
automatic categories. This work presents an analysis of change in the greenness of
urban cities for different years. The setup of this paper is stated as: Sect. 2: describes
image data used for evaluation and experimentation done through ERDAS software.
Section 3: briefly describes the pre-processing method for image enhancement and
supervised and unsupervised methods for further classification. Section 4: gives the
analysis of classification results. Finally, Sect. 5: ends with the conclusion.
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2 Material and Software

In this paper, the sample input images are collected fromGoogle Earth of size 1280X
784ofLocation nearNandanvanArea,Nagpur as shown inFig. 1. ERDAS IMAGINE
software is used [19–21] for geospatial data processing. This software package is
used to analyze different imagery, geospatial imaging, and vector data. It is the
best software for a vast amount of information extraction and also supports spatial
modeling systems.

(a) Input Image Year 2003 (b) Input Image Year 2006 

(c) Input Image Year 2009 (d) Input Image Year 2012 

(e) Input Image Year 2015 (f) Input Image Year 2018

Fig. 1 Source of input images: Maharashtra Remote Sensing and Application Centre, Nagpur
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3 Methodology

3.1 Pre-processing

The flow diagram for satellite image classification is shown in Fig. 2. In this work,
we used existing available techniques in the ERDAS software for image analysis.We
applied Histogram Equalization pre-processing method to enhance the input images
[21]. In this method, intensity is uniformly distributed over the range to improve the
quality of the input images, see Fig. 3. The quality and visual information is upgraded
using enhancement techniques for further processing. Supervised and unsupervised
techniques are used for image segmentation and classification.

Fig. 2 Basic flow diagram of satellite image analysis system

(a) (b) 

Fig. 3 a Input image of year 2003, b Result of Histogram Equalization on 2003 image
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Fig. 4 Algorithm of
supervised classification
method Collection of Training Data Set 

User Defined Training Sites are 
used for Classification

Compute Assign Pixels to 
Closest Class Based on 

Training  data

Evaluate Result

3.2 Supervised Classification

Supervised classification is a set of data points from the class of prominence. In the
supervised classification process shown in Fig. 4, user needs to define the required
training data set for every class. The signature files with respect to each identified
classes are then created by using the supervised maximum likelihood method. Every
identified class is defined by using probability and is normally distributed in each
band. Then, the pixel value of the image is assigned to the class with the highest
probability.

3.3 Signature Files in Supervised Classification

Firstly, in the signature files, data is created for different classes, which containsmean
and covariance values for each class. Then, every pixel of the image is assigned to
a matched class of signatures using the maximum likelihood classifier concept. The
noteworthy difference between the unsupervised and supervised methods lies in the
creation of the signature files. In supervised classification, the user has command
for selecting and digitizing polygons. Then, these polygons are placed in an area
of interest, layer which creates the signature files, rather than using a computer-
ized method to define the separate classes. Signature files are used for matching
purposes in supervised classification, which consumes more time than unsupervised
classification but gives better classification results.

In the ERDAS Imagine software, the supervised classification method includes
the following steps: The area of interest is defined as an individual training site with
a unique class name as shown in Fig. 5. Signatures are generated using a training site
of pixel. By repeating this process user collects several training sites for different
classes. Each pixel from the imagematches with one of the signatures. So, the system
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Fig. 5 Choosing area of interest in ERDAS imagine software

will assign matched signature class to that pixel. This signature is used to draw the
area of interest as shown in Fig. 6. In all images of Fig. 7, the green color area
represents the vegetation.

Fig. 6 Classes creation using signature file
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(a) Output of 2003 image (b) Output of 2006 image

(c) Output of 2009 image (d) Output of 2012 image

(e) Output of 2015 image (f) Output of 2018 image

Fig. 7 Results through ERDAS Imagine software of input images of same local area for different
years using Supervised Classification method

3.4 Unsupervised Classification

Unsupervised classification is a picture element-centered automated classification
method. Figure 8 shows the flow of the algorithm. In this method, the user has to
define maximum iterations, the number of classes, and the threshold value to stop
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Fig. 8 Algorithm of
unsupervised classification User Selects Number of Classes

Computes Cluster Pixels into 
Spectral Classes

Label Cluster Corresponding 
to Information Classes

Evaluate Result

the classification process. After the classification data has to be read, tag and color
code the classes consequently.

The Iterative Self-Organizing Data Analysis (ISODATA) clustering technique is
used for unsupervised training data set and classification in ERDAS Imagine plat-
form. The statistical data is used to match the pixel values and then matched pixel
groups into separate classes. To generate the groups, the whole process went through
the number of iterations, until it satisfies the threshold condition. These groups are
defined in the signature file which is then used to generate new class values, thus
making use of statistics of the data to compute the similarities or differences of the
pixel values which are then finally grouped into separate classes. To get the conver-
gence threshold value, this process is performed multiple times. The groups are
then specified by a signature file, which is then passed down to create a new raster
layer comprising discrete class values. ERDAS Imagine Software uses the ISODATA
algorithm for clustering image pixels into spectral clusters using unsupervised clas-
sification. Every cluster has included a set of similar spectral characteristic pixels.
The ISODATA clustering method begins with randomly creating N cluster means
based on mean and standard deviations of the bands in the input file (“N” is a number
specified by the user, this is essentially the number of classes the user wants to clas-
sify). Every pixel belongs to the “nearest” cluster of the minimum distance criteria.
In the iteration process again each pixel is matched with new cluster characteristics
and allocated to the matched cluster.

Unsupervised classification is a computer-automated classification method. The
spectral classes are formed by numerical information in the data, only the user has to
define several classes. In the image, pixels are grouped based on spectral similarity.
Figure 9 depicts outputs for unsupervised classifications, where three classes are
made which are represented using three different colors. Black color is a region of
interest detecting greenness.
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(a) Output of 2003 image (b) Output of 2006 image

(c) Output of 2009 image (d) Output of 2012 image

(e) Output of 2015 image (f) Output of 2018 image

Fig. 9 Results through ERDAS Imagine software of input images of same local area for different
years using Unsupervised Classification method

4 Results and Discussion

From the analysis of experimental results of images year 2003 to 2018, the green
area is decreasing day by day. The supervised classification gives better results as
compared to the unsupervised classification method as demonstrated in Figs.7 and
9. The input images are taken in the gap of three years in the analysis of change in
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Table 1 Green area calculation fromoutput images for SupervisedClassification andUnsupervised
Classification Methods

Sr. No Year of image Supervised Classification Unsupervised Classification

No. of Green
Pixels

Area in Hectares No. of Green
Pixels

Area in Hectares

1 2003 377,747 37.7747 336,144 33.6144

2 2006 451,866 45.1866 359,735 35.9735

3 2009 276,523 27.6523 396,342 39.6342

4 2012 224,429 22.4429 337,709 33.7709

5 2015 292,427 29.2427 325,995 32.5995

6 2018 177,438 17.7438 433,748 43.3748

Table 2 Green area difference between two years for Supervised Classification and Unsupervised
Classification Methods

Sr. No Comparison of years Difference in Areas for
Supervised Classification

Difference in Areas for
Unsupervised Classification

1 2003 and 2006 7.4119 2.3591

2 2006 and 2009 − 17.5343 3.6607

3 2009 and 2012 − 5.2094 − 5.8633

4 2012 and 2015 6.7998 − 1.1714

5 2015 and 2018 − 11.4989 10.7753

vegetation. Nowadays, this is a concerning topic for the betterment of urban cities. As
we analyze input images visually from 2003 to 2018, the green area decreases faster.
From the experimental results, for the supervised classification method greenness
area is decreasing continuously. The calculation of greenness is the count of green
pixels in an image after the segmentation process. As shown in Table 1, in 2003
green area in Hectares is 37.7747, after 15 years it reduced to 17.7438 Hectares.
The unsupervised classification method gives false results, due to misclassification
of the pixel values, as it is a fully automatic classification method. Table 2 depicts
the comparative analysis of change in the green area between two years.

5 Conclusion

This paper presents the comparative analysis of the supervised and unsupervised
classification methods. A supervised classifier based on training sites defined by the
user gives more accurate results. An unsupervised classifier generates the different
classes based on spectral details, not on visual analysis. Spectral information can be
changed from time to time, so supervised classification can be used for segmentation
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and further calculations of greenness in terms of the area presented. With the devel-
oped algorithm using the software, images are being studied and analyzed based on
greenness. Proper measures can be suggested to overcome the problems which were
stated during the analysis for the betterment of urban cities.
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Analysis of Greenness in Urban Cities
Using Supervised and Unsupervised
Classification

Nita Nimbarte, Shraddha Sainis, and Sanjay Balamwar

Abstract Satellite images are widely used in urban planning and growth analysis
with different technology being developed. A remotely sensed image is at first pre-
processed to remove anomalies from it, thus resulting in a clear and informative
image. Image classification is categorized into two techniques, namely supervised
and unsupervised techniques. Both the techniques give different outputs and accu-
racy parameters. This paper describes the analysis of supervised and unsupervised
techniques of remotely sensed images for land cover classification and to evaluate
greenness in terms of the area over a period of time. Both the methods are used
for object detection and classification. The input images were enhanced using the
histogram equalization technique and then segmented using supervised and unsuper-
vised classification with the help of ERDAS software. After segmentation or image
classification results were analyzed to give the exact measure of greenness in terms
of area in hectares or square kilometers calculated over years.

Keywords ERDAS imagine software · Greenness analysis · Histogram
equalization · Image processing · Supervised classification · Unsupervised
classification

1 Introduction

In the present global situation, maintaining green environment in dense urban area is
of utmost importance.Decreasing greenness in urban directly affects the environment
quality. Urban green space is known to provide ample benefits to human beings. As
many countries all around the world desire to get updatedwith the latest geographical
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information and activities of their area, this kind of data help the respective authority
in the Bureaucracy to plan the development of a particular place geographically [1].

PeijunDu et al. reported the urgency of hybrid approaches of environment analysis
of different parameters like vegetation, change detection, land cover, water moni-
toring, and designed hybrid system for environmental analysis. The effectiveness
of this system is confirmed through the case studies [1]. Conghong Huang et. al.
described health benefits to urban residents by analyzing the change in green space
of megacities from the year 2005 to 2015. The author used 10,823 sights of Landsat
images and applies random forest classifier through the google earth engine to map
land covers. By increasing urban green spaces directly increased health benefits in
megacities [2]. Mugiranez et al. [3] demonstrated a hybrid approach using support
vector machines (SVM) and rule-based methods for object-based multi-stage clas-
sification. It gives an analysis of actual land cover by using different challenging
parameters like low-density areas, roads, informal settlements, and lowland agricul-
ture. The classification accuracy improved by geometric ruleset, greenness density
indices, and urban density indices. Researcher [4–7] reported a survey of different
enhancement techniques for more suitable outputs for further analysis. The authors
described many histogram-based methods for image enhancement. The outcome of
these methods may be under contrast or over contrast; every technique has its pros
and cons. Jalobenu et al. [8] discussed adaptive Gaussian model automatic algorithm
for image enhancement. The algorithm gives good results on high-resolution satel-
lite images. Maximum Likelihood Estimator (MLE) is used to estimate measuring
parameters. The author proposed a wavelet-based deconvolution hybrid approach to
enhance the outcomes. Patel et al. [9] described that weighted histogram equaliza-
tion with a recursively separated method. This method preserves scalable brightness
due to its recursive nature. The different histogram equalization-based methods were
compared through experimental study and error estimation parameters. Šastný and
Minarík [10] described different filtering pre-processing methods for object detec-
tion. The author reported that speed and accuracy are opposing requirements for
edge detection. The object momenta gives good results with a 74% rate of objects
recognition. Author [11, 12] reviewed classification methods and presents their own
advantages and disadvantages. The research work [13, 14] presented analysis of
image classification techniques through different image modalities. Image segmen-
tation techniques [15–18] are used to segment area of interest. Segmentation based
image classification algorithms has less computational complexity as compare to
pixel level classification method. The classification methods are categories into auto-
matic, manual, and hybrid approaches. Most of the methods are developed using
automatic categories. This work presents an analysis of change in the greenness of
urban cities for different years. The setup of this paper is stated as: Sect. 2: describes
image data used for evaluation and experimentation done through ERDAS software.
Section 3: briefly describes the pre-processing method for image enhancement and
supervised and unsupervised methods for further classification. Section 4: gives the
analysis of classification results. Finally, Sect. 5: ends with the conclusion.
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2 Material and Software

In this paper, the sample input images are collected fromGoogle Earth of size 1280X
784ofLocation nearNandanvanArea,Nagpur as shown inFig. 1. ERDAS IMAGINE
software is used [19–21] for geospatial data processing. This software package is
used to analyze different imagery, geospatial imaging, and vector data. It is the
best software for a vast amount of information extraction and also supports spatial
modeling systems.

(a) Input Image Year 2003 (b) Input Image Year 2006 

(c) Input Image Year 2009 (d) Input Image Year 2012 

(e) Input Image Year 2015 (f) Input Image Year 2018

Fig. 1 Source of input images: Maharashtra Remote Sensing and Application Centre, Nagpur
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3 Methodology

3.1 Pre-processing

The flow diagram for satellite image classification is shown in Fig. 2. In this work,
we used existing available techniques in the ERDAS software for image analysis.We
applied Histogram Equalization pre-processing method to enhance the input images
[21]. In this method, intensity is uniformly distributed over the range to improve the
quality of the input images, see Fig. 3. The quality and visual information is upgraded
using enhancement techniques for further processing. Supervised and unsupervised
techniques are used for image segmentation and classification.

Fig. 2 Basic flow diagram of satellite image analysis system

(a) (b) 

Fig. 3 a Input image of year 2003, b Result of Histogram Equalization on 2003 image
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Fig. 4 Algorithm of
supervised classification
method Collection of Training Data Set 

User Defined Training Sites are 
used for Classification

Compute Assign Pixels to 
Closest Class Based on 

Training  data

Evaluate Result

3.2 Supervised Classification

Supervised classification is a set of data points from the class of prominence. In the
supervised classification process shown in Fig. 4, user needs to define the required
training data set for every class. The signature files with respect to each identified
classes are then created by using the supervised maximum likelihood method. Every
identified class is defined by using probability and is normally distributed in each
band. Then, the pixel value of the image is assigned to the class with the highest
probability.

3.3 Signature Files in Supervised Classification

Firstly, in the signature files, data is created for different classes, which containsmean
and covariance values for each class. Then, every pixel of the image is assigned to
a matched class of signatures using the maximum likelihood classifier concept. The
noteworthy difference between the unsupervised and supervised methods lies in the
creation of the signature files. In supervised classification, the user has command
for selecting and digitizing polygons. Then, these polygons are placed in an area
of interest, layer which creates the signature files, rather than using a computer-
ized method to define the separate classes. Signature files are used for matching
purposes in supervised classification, which consumes more time than unsupervised
classification but gives better classification results.

In the ERDAS Imagine software, the supervised classification method includes
the following steps: The area of interest is defined as an individual training site with
a unique class name as shown in Fig. 5. Signatures are generated using a training site
of pixel. By repeating this process user collects several training sites for different
classes. Each pixel from the imagematches with one of the signatures. So, the system
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Fig. 5 Choosing area of interest in ERDAS imagine software

will assign matched signature class to that pixel. This signature is used to draw the
area of interest as shown in Fig. 6. In all images of Fig. 7, the green color area
represents the vegetation.

Fig. 6 Classes creation using signature file
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(a) Output of 2003 image (b) Output of 2006 image

(c) Output of 2009 image (d) Output of 2012 image

(e) Output of 2015 image (f) Output of 2018 image

Fig. 7 Results through ERDAS Imagine software of input images of same local area for different
years using Supervised Classification method

3.4 Unsupervised Classification

Unsupervised classification is a picture element-centered automated classification
method. Figure 8 shows the flow of the algorithm. In this method, the user has to
define maximum iterations, the number of classes, and the threshold value to stop
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Fig. 8 Algorithm of
unsupervised classification User Selects Number of Classes

Computes Cluster Pixels into 
Spectral Classes

Label Cluster Corresponding 
to Information Classes

Evaluate Result

the classification process. After the classification data has to be read, tag and color
code the classes consequently.

The Iterative Self-Organizing Data Analysis (ISODATA) clustering technique is
used for unsupervised training data set and classification in ERDAS Imagine plat-
form. The statistical data is used to match the pixel values and then matched pixel
groups into separate classes. To generate the groups, the whole process went through
the number of iterations, until it satisfies the threshold condition. These groups are
defined in the signature file which is then used to generate new class values, thus
making use of statistics of the data to compute the similarities or differences of the
pixel values which are then finally grouped into separate classes. To get the conver-
gence threshold value, this process is performed multiple times. The groups are
then specified by a signature file, which is then passed down to create a new raster
layer comprising discrete class values. ERDAS Imagine Software uses the ISODATA
algorithm for clustering image pixels into spectral clusters using unsupervised clas-
sification. Every cluster has included a set of similar spectral characteristic pixels.
The ISODATA clustering method begins with randomly creating N cluster means
based on mean and standard deviations of the bands in the input file (“N” is a number
specified by the user, this is essentially the number of classes the user wants to clas-
sify). Every pixel belongs to the “nearest” cluster of the minimum distance criteria.
In the iteration process again each pixel is matched with new cluster characteristics
and allocated to the matched cluster.

Unsupervised classification is a computer-automated classification method. The
spectral classes are formed by numerical information in the data, only the user has to
define several classes. In the image, pixels are grouped based on spectral similarity.
Figure 9 depicts outputs for unsupervised classifications, where three classes are
made which are represented using three different colors. Black color is a region of
interest detecting greenness.
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(a) Output of 2003 image (b) Output of 2006 image

(c) Output of 2009 image (d) Output of 2012 image

(e) Output of 2015 image (f) Output of 2018 image

Fig. 9 Results through ERDAS Imagine software of input images of same local area for different
years using Unsupervised Classification method

4 Results and Discussion

From the analysis of experimental results of images year 2003 to 2018, the green
area is decreasing day by day. The supervised classification gives better results as
compared to the unsupervised classification method as demonstrated in Figs.7 and
9. The input images are taken in the gap of three years in the analysis of change in
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Table 1 Green area calculation fromoutput images for SupervisedClassification andUnsupervised
Classification Methods

Sr. No Year of image Supervised Classification Unsupervised Classification

No. of Green
Pixels

Area in Hectares No. of Green
Pixels

Area in Hectares

1 2003 377,747 37.7747 336,144 33.6144

2 2006 451,866 45.1866 359,735 35.9735

3 2009 276,523 27.6523 396,342 39.6342

4 2012 224,429 22.4429 337,709 33.7709

5 2015 292,427 29.2427 325,995 32.5995

6 2018 177,438 17.7438 433,748 43.3748

Table 2 Green area difference between two years for Supervised Classification and Unsupervised
Classification Methods

Sr. No Comparison of years Difference in Areas for
Supervised Classification

Difference in Areas for
Unsupervised Classification

1 2003 and 2006 7.4119 2.3591

2 2006 and 2009 − 17.5343 3.6607

3 2009 and 2012 − 5.2094 − 5.8633

4 2012 and 2015 6.7998 − 1.1714

5 2015 and 2018 − 11.4989 10.7753

vegetation. Nowadays, this is a concerning topic for the betterment of urban cities. As
we analyze input images visually from 2003 to 2018, the green area decreases faster.
From the experimental results, for the supervised classification method greenness
area is decreasing continuously. The calculation of greenness is the count of green
pixels in an image after the segmentation process. As shown in Table 1, in 2003
green area in Hectares is 37.7747, after 15 years it reduced to 17.7438 Hectares.
The unsupervised classification method gives false results, due to misclassification
of the pixel values, as it is a fully automatic classification method. Table 2 depicts
the comparative analysis of change in the green area between two years.

5 Conclusion

This paper presents the comparative analysis of the supervised and unsupervised
classification methods. A supervised classifier based on training sites defined by the
user gives more accurate results. An unsupervised classifier generates the different
classes based on spectral details, not on visual analysis. Spectral information can be
changed from time to time, so supervised classification can be used for segmentation
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and further calculations of greenness in terms of the area presented. With the devel-
oped algorithm using the software, images are being studied and analyzed based on
greenness. Proper measures can be suggested to overcome the problems which were
stated during the analysis for the betterment of urban cities.
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