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ABSTRACT

The electric vehicle is a new technology in the field of transportation and electricity with many economic
and environmental benefits. Various charging stations and models used to charge EVs are described
here, the primary reason why people don't prefer electric vehicles is because of the unavailability of

charging stations. There always exists a fear as to what might happen if the vehicle runs out of battery.
People are worried about more straightforward and faster commuting methods in our country rather
than saving the Earth from the ill effects caused by pollution. This paper mainly deals with a simple
solution to make charging stations more accessible. The solution involves using public electricity and
solar panels for the easy and hassle-free charging of Electric Vehicles.

Keywords: RFID, EV, Wireless Coil, Charging station, Solar panel.

INTRODUCTION

Electric cars are on the rise around the world, Compared to hybrid cars, electric cars are becoming more competitive
due to lower CO:z emissions and increasing fossil fuels. However, EVs are not widely used due to some limitations
such as high vehicle costs. A charging station is a device that connects an EV to an outlet to charge EVs, community
EVs, and connected vehicles. The installation of charging stations varies from country to country, depending on
frequency, voltage, network and model. So a good charger should be efficient, reliable, high speed, low cost, and
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light weight.Some payment sites have features like smart metering, mobile capabilities, and internet connectivity,
while others are simpler. Charging points, also known as EVSEs, are provided by electronic devices at municipal
stations or by private companies in retail outlets. These payment sites have special links for various payment links.
The cost of using the EVSE ranges from one kilowatt hour to one month or one year to one hour.

Different types of EVSE have different charging speeds. Level 1 charging stations use 120 volt (V) alternating current
(AC) plugs and require a variable speed circuit of approximately 8 miles per hour. Level 2 charging stations use 240
V AC plugs for charging and must be installed at charging stations or public charging stations. Level 2 charging
stations range from 10 to 20 miles per hour. Level 2 chargers are the most common and charge in the same way as the
base system. Level 3 uses a 480V direct current (DC) plug. They bypass the car charger and provide DC power to the
battery through a dedicated port. A10-minute DC fast charge can provide up to 40 miles of range, but is not
compatible with all vehicles.

Solar energy technology has been expanding in popularity. Solar Energy is a sustainable energy source and is an
infinite and clean energy source that is free and eco-friendly. So, it is efficient and free from environmental pollution.
We will be utilizing solar energy to provide the supply for an outdoor charging station for devices such as electric
vehicles. Electric car charging stations using solar energy and charge protection will be important technologies to
help the transition to electricity. This technology will impact the entire energy environment and has the potential to
strengthen the grid and increase energy penetration. Electric vehicle equipment can contribute to the growth of
renewable energy; this means that when electricity flows from the grid to the car, the energy supply can equal the
solar energy produced on the grid. The electric car battery charging system consists of lines connected to
photovoltaic solar panels. Energy will be stored in batteries with the help of solar panels. Here we give each
customer an RFID card that they can use to pay for their car on delivery. Before using this card, we need to register
as a prepaid card. When we want to charge the car battery.

LITERATURE REVIEW

In recent years, EVs have attracted attention which required EV charging station. The installation of charging stations
varies from country to country, depending on frequency, voltage, network and model. So a good charger should be
efficient, reliable, high speed, low cost, and light weight [1]. In [2], to harness the solar panel's maximum power by
tilting it at an angle based on the intensity of the light that it receives. In addition, the quantity of power available in
the charging station is continuously checked locally and from a remote location. In [3], the proposed algorithm aims
to reduce the operating costs associated with the customer's willingness to consider possible uncertainties while
balancing real time Supply and demand, supply and deferrable loads. In [4], Discusses charging station standards for
high speed DC. DC bus, which uses AC / DC converter. In [6], the distribution of different charging stations and
different types are discussed. Considering different payment facilities, different needs of different users can be met.
In [7] a solar charger for EV is designed. A converter is employed to boost the solar panel voltage to station battery
voltage. The automotive industry has moved from electric to electric vehicles and advanced batteries are important
for this change. By 2020, roughly half of all new car sales could include hay brides plug-in hybrids and all electric
models [5].

MATERIALS AND METHODS

1) ATmegal6 Microcontroller: The ATmegal6 microcontroller is an 8-bit RISC-based architecture from the Atmel
AVR family. It is frequently employed in applications like embedded systems that require high-performance at a low
cost. With a maximum clock frequency of 16MHz, the ATmegal6 offers swift processing speeds for embedded
applications. The ATmegal6 is a cost-effective alternative for embedded systems and other comparable applications.
2) RFID Module: Radio Frequency Identification (RFID) Card or sometimes called EV Charge Card, Tag or Switch
used to stop and start EV charging via radio frequency. The RFID card can provide home electronics as a smart face,
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but is often found in public EV chargers. To use, simply scan your RFID card over the identification area of the
charger you selected to start it, then tap it again to stop charging. RFID is fast, reliable and does not require physical
contact between the reader scanner and the tagged item. This basic RFID tag works in the 125 kHz RF range and
comes with a unique 32-bit ID, fig. 1.

IR Sensor: Infrared sensors are used in wireless technologies such as remote control functions and sensing
environmental objects/obstacles. The IR LED is a specially designed Light Emitting Diode (LED) that emits infrared
light. Most IR receivers are photodiodes. The IR LED emits infrared light with a wavelength between700 nm and 1
mm. Our eyes cannot see these rays, fig. 2. Wireless Coil : Wireless transmit and receive charging coil module is
designed and manufactured for wireless charging and power of various small electronic devices. It is mainly used in
electronic devices such as wireless charging of mobile phones and electronic devices. Rectifier Circuit: The circuit in
which we use a centre-tapped transformer and two rectifier diodes, we use a regular transformer with only one
secondary winding and four rectifier diodes in the classic bridge configuration. It is commonly used to obtain a
direct voltage starting from an alternating power supply.

Implementation

The system uses a solar panel, battery, Regulator IC, wireless coils, rectifier circuit, RFID module, Atmegal6

controller and LCD display to develop the system. The system shows how to wirelessly charge an electric car. The

solar panel is used to charge the battery. RFID is used to detect users. If the user is authentic then the vehicle will be

detected by the infrared sensor. When the car is driven over the coils the power is transferred from the transmitter

coil to the electric vehicle coil. Thus the system demonstrates a solar based wireless charging system for electric

vehicles. As per fig 5.fig 6 and fig. 7.

First of all Solar Panel to Charge 12v DC lead acid battery.

First of all 230v AC Power Supply is given to the circuit.

Rectifier Convert the AC power supply in DC power Supply.

With help of the Regulator, Constant 5v supply to Atmegal6 Microcontroller.

Then car enter to station customer have to scan its RFID card.

After scanning RFID card system will check whether the user is authentic or if the user is not authentic car

cannot go ahead and charge the car.

7. If the user is authentic and his card have recharge that user can go ahead and after detecting the vehicle is
parked in proper area by IR sensor.

8.  The wireless power transmission will start from transmitter coil to receiver coil.

A

R1= RFID MODULE, S1= AUTHENTIC USER, S2= UNAUTHENTIC USER, V1= VEHICLE DETECTED, V2=
VEHICLE NOT DETECTED, C1= VEHICLE IS CHARGING, C2= VEHICLE IS NOT CHARGING, V3= VEHICLE
CHARGED

Application

As the world's resources dwindle, the government. Schools and NGOs are pushing for green solutions through the
use of renewable energy. These types of payment facilities may be available in the future at Small businesses, City
centres, Retail stores, Family and office buildings, Restaurants and cafes, Major government offices etc.

Future Scope

Here we can use a wireless charge to work efficiently and quickly, this will save time for the charging process. Let's
connect the system of payment centres to a computer network, let's make money from the computer instead of using
a book, and let’s keep a record of when people used the system and had to pay for it.
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CONCLUSION

In this paper, wireless energy transmission and charging systems are designed and analysed. We build each model
for a system and finally we do a joint simulation. We found that the best performance of the system depends on the
resonance and the distance between the coils to detect the power change.
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ABSTRACT

In this paper, a reconfigurable/tunable bandstop filter is proposed on Liquid Crystal Polymer substrate.
The filter is a dual-band bandstop filter for the 2.4 GHz and 5 GHz bands of WiFi. The proposed filter is
simulated, fabricated, and tested. The designed dualband bandstop filter is reconfigurable by adding two
PIN diodes in the design, which provide different bandwidths for the bandstop filter. Further, a varactor
diode is added to the design to provide tunability in the filter. By changing capacitance, the first
stopband bandwidth is tuned, and the center frequency of the second stopband can be tuned.

Keywords: Dual band bandstop filter, Flexible filter, liquid crystal polymer, Tunable filter;
Reconfigurable filter

INTRODUCTION

The use of flexible electronic devices is the need of the day for the latest communication systems. Emerging
communication systems demand devices that are small in size, multiband, have minimal loss, and are adaptable for
usage in a variety of cutting-edge applications. For high-end communication systems used in space applications [1], a
reconfigurable/tunable filter on a flexible material substrate will be one more advantage [2][3]. Due to its exceptional
packing properties, liquid crystal polymer (LCP) has been utilized in a variety of applications [4][5][6]. LCP is
employed as a substrate material for modern microwave applications because it has the best packaging qualities and
is inexpensive [7]. The substrate material used for the discussed design is a liquid crystal polymer, Ultralam®3850 [8],
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which has a loss tangent of 0.0025 and a dielectric constant of 2.9. The purpose of using LCP in this design is to have
flexibility without producing undesirable results when it is placed on various types of surfaces. A fabricated filter is
evaluated at various angles by bending it at several angles using various tubes of different diameters, and the results
of the S parameter are measured in each case.

Characteristics of Liquid Crystal Polymer Material

LCP has the following advantages|[2]:

¢ LCP has remarkable electric properties for microwave frequencies.

¢ Low loss tangent and good €r stability (0.002-0.004).

e Possibility of recycling.

e Low price.

¢ Low dielectric constant and is naturally non-flammable.

e Less prone to absorb water properties.

High-frequency applications are using LCP as a substrate due to the above mentioned properties [2]. Due to its low
loss tangent and low dielectric constant value, it is the best substrate for next-generation technologies, such as 5G,
which operates in a higher frequency band because of its characteristics [9][10]. LCP material is extensively utilized
in wearable applications because, after taking into account all characteristics and testing, it has been found that there
is barely any variation in the frequency of operation.

Ultralam®3850 is widely used as a flexible material substrate in RF/Microwave circuit design, including handheld RF
devices, antennas and filters. It also has excellent high frequency properties, and it offers lots of advantages
[11][12][13] like

o Better electrical characteristics for matching impedance.

¢ Outstanding signal integrity.

¢ The material's flexibility is advantageous in applications like space science.

¢ In a humid environment, the material maintains its mechanical, electrical, and dimensional stability.

In the proposed design, on the Ultralam®3850 substrate, a dual band band stop filter is designed using two square
open loop resonators[3]. The proposed design is simulated, fabricated, and tested for various bending angles. In
extension to that design, adding PIN diodes[14][15] and varactor diodes[16][17] will provide a reconfigurable /
tunable filter along with flexibility. In this article, an extended version of the design discussed in [3] has been
presented. The next section discusses the design of a dual band band stop filter[3]. Section 3 and Section 4 discuss the
design of reconfigurable and tunable filters using PIN diodes and varactor diodes, respectively.

Design of the Dual band Band stop Filter [3]

A band stop filter can be realized by two bent stubs with a length of A/4. The center frequency of the bandstop filter
is controlled by it. The wider rejection band is provided by the A/2 resonator. This form square open loop resonator,
as discussed in[3]. This unit cell offers a better bandstop filter with the desired properties.[18]. As mentioned in [19]
and [20], square open loop resonators can be utilized to construct the required response of an antenna and a filter.
Two bands around the center frequencies of 2.4 GHz and 5 GHz are chosen for the bandstop filter based on the unit
cell. Fig. 1 shows the dimensions of an open square loop resonator for a 2.4 GHz and 5 GHz bandstop filter. As can
be seen from Fig.1, the dimensions of an open loop resonator for a 5 GHz bandstop filter are larger than those of a 2.4
GHz design. An LCP substrate, Ultralam® 3850, with a dielectric constant of 2.9 and a height of 0.2 mm, has been
used in the design. Both designs are symmetric with respect to S parameters. The proposed design creates a dual
band band stop filter with 2.4 GHz and 5 GHz as its central frequencies by combining the two designs from Figs. 1(a)
and (b). The design proportions have been slightly altered from the dimensions depicted in Figs.1 (a) and (b) in order
to bring out the dual band bandstop filter's properties for suitable bands. Fig. 2 depicts the suggested design for a
filter on a flexible substrate (Ultralam®3850). To optimize the desired bandwidth, two open stubsare kept on the
outer resonator, as shown in Fig. 2. The simulation of the proposed design is carried out in CST Microwave Studio®.
Simulation and measured response of the proposed filter are shown in Figs. 3 (a) and (b). As per S21/S12 response, the
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designed filter has a first stopband from 1.5 GHz to 3.61 GHz (3 dB bandwidth = 2.11 GHz), with a center frequency
of 2.4 GHz, and a second stopband from 4.43 GHz to 5.7 GHz (3 dB bandwidth = 1.27 GHz), with a center frequency
of 5 GHz, as can be seen in Figs.3(a) and (b).Insertion loss is around 1 or 2 dB in outside the stopbands, and rejection
is around 30 to 40 dB in both stopbands. Simulated S parameters and measured S parameters mostly match except
for a mismatch near the second band due to improper fabrication or measurement. The behavior of the fabricated
filter [3] is tested at various bending angles 15, 307, 45°. The suggested bandstop filter displays nearly identical
performance results from a no-bending condition to 45° bending. It implies that it can be applied in situations where
bending of the surface may occur. A comparison of the discussed filter with [21][22][23] is presented in [3], where it
is shown that the proposed filter provides a wider stopband with good rejections along with a compact size (20 x20
mm?). In the next section, the proposed design is extended for reconfigurable bandstop filter by using PIN diodes.

Reconfigurable Bandstop Filter

The above discussed design can be extended as a reconfigurable bandstop filter by using two PIN diodes with both
square open loop resonators, as shown in Fig. 4. Here, PIN diode D1 is kept in the opening of the inner square open
loop resonator, and PIN diode D2 is kept in the opening of the outer square open loop resonator. The location of PIN
diodes is chosen where there is a possibility of disturbing the maximum electric field on the resonator. A PIN diode
can be switched on by providing the required forward voltage to it. In the ON state, it provides very less impedance
between its two terminals. When the PIN diode is reverse biased, it is in the OFF state, where it provides very high
impedance (few MQs). For simulation, the PIN diode’s ON state is considered with a copper connection between two
terminals of the diode, and for the OFF state of the PIN diode, an open connection between two terminals of the
diode is considered.

Considering four possibilities with two PIN diodes D1 and D2, simulation results for Sz are shown in Fig. 5 and
depicted in Table 1. While keeping both diodes D1 and D2 ON, it gives a single stopband from 2.38 GHz to 5.59 GHz
(3.21 GHz, 3 dB bandwidth). Keeping diodes D1 ON and D2 OFF, the filter gives a wider single stopband from 2.26
GHz to 6.19 GHz (3.93 GHz, 3 dB bandwidth). Keeping diodes D1 OFF and D2 ON, the filter gives a single stopband
from 1.52 GHz to 4.24 GHz (2.72 GHz, 3 dB bandwidth). Keeping both diodes in the OFF condition, it is the same as
the design discussed in Section 2, a dual band bandstop filter where the first stopband and second band values are as
discussed in Section 2. The rejection provided in all four cases in the stopband is above 35dB, which is considered
better. The designed filter is symmetric with respect to S parameters.

Tunable Bandstop Filter

The design discussed in Section 2 can be extended by utilizing a varactor diode in the opening of the inner or outer
square open loop resonator. The varactor diode provides variable capacitance whenever it is operated with various
reverse voltages, as per its datasheet. Here, varactor diodes C1 and C2 are utilized one by one in the design, as
shown in Figs.6 (a) and (b). In simulation, values of capacitance are optimized according to design parameters and
variations achieved in S parameter results. From Figs. 6(a) and 7(a), it is observed that with varactor diode C2 in the
spacing of the outer square open loop resonator, a variation of the first stopband’s higher cutoff frequency is
observed from3.4 GHz to 3.59 GHz when the capacitance is varied from 0.1 pf to 0.01 pf, which ultimately varies the
bandwidth of the first stopband. Also, by changing capacitance C2 from 0.1 pf to 0.01 pf, the second stopband’s
center resonance frequency changes from 4.4 GHz to 4.82 GHz, which provides tuning for the second stopband.
Thus, the bandwidth of the first stopband and center frequency of the second band can be tuned by a varactor diode
in the opening of the inner square open loop resonator. The rejection provided in the first stopband is about 40dB,
and the second stopband is about 35 dB, which is considered to be better. Also, the insertion loss outside the first and
second stopbands is around 1 to 2dB. From Figs. 6(b) and 7(b), it is observed that with varactor diode C1 in the
spacing of the outer square open loop resonator, it is giving a wider first stopband from 0.49 GHz to 3.58 GHz and a
second band from 4.29 GHz to 5.24 GHz. By changing capacitance, it is giving slight variations in the frequencies
near the first and second stopbands stated above. Hence, keeping the varactor diode on the outer square open loop
resonator will not be very useful.
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CONCLUSION

The compact, dualband bandstop filter was simulated and fabricated on Ultralam® 3850, a liquid crystal polymer
material, for bands 2.4 GHz and 5 GHz of WiFi. The designed filter was reconfigurable for a single band bandstop
filter for different bandwidths using PIN diodes depending on the condition of diodes. A varactor diode is used to
make a bandstop filter tunable by changing the capacitance, bandwidth of the first stopband, and centre frequency of
the second stopband. Thus, in this article, a dual-band stopband filter with reconfigure ability and tunability is
demonstrated and simulated.
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Table 1. PIN diodes conditions and their results.

PIN diode state Stopband range (3 dB) Bandwidth (3 dB)
D1 ON and D2 ON Single band: 2.38 GHz to 5.59 GHz 3.21 GHz
D1 ON and D2 OFF Single band: 2.26 GHz to 6.19 GHz 3.93 GHz
D1 OFF and D2 ON Single band: 1.52 GHz to 4.24 GHz 2.72 GHz
First band: 1.5 GHz to 3.61 GHz 2.11 GHz
D1 OFF D2 OFF
OFFand D20 Second band: 4.43 GHz to 5.7 GHz 1.27 GHz
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Fig. 1. (a) Design of a rectangular open loop patch resonating at 2.4 GHz; (b) Design of a rectangular open loop
patch resonating at 5 GHz. [All dimensions are in mm].
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ABSTRACT

Fingerprint identification is an important tool in forensic science because fingerprints are unique to each
individual and remain constant throughout time. Fingerprints may be left on a variety of surfaces,
including glass, metal, wood, and skin, and they can be collected using a variety of techniques, including
dusting with fingerprint powder, lifting with adhesive tapes or gels, and scanning with specialized
electronic devices. This study presents a new method for fingerprint pore retrieval. The identification is
done in three different layers. These three layers will help in catching a spoof or a fake attempt to access
the system. If someone uses a different identity to pretend to be someone else, the biometric system will
identify them as a real person. This might lead to fraud. This causes the urge to find out whether the
following attempt is made by the respective individual or not. In another sense, if the individual was
alive or not? Out of these three layers, the third is much more favorable. In this research paper, one of the
layer-3 features, namely the sweat pore, has been studied to detect liveness by proposing a robust pore

retrieval method.

Keywords: Fingerprint identification, Pore-Based Fingerprint Recognition, Pore Retrieval, Poly U,
Liveness detection.
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INTRODUCTION

In 1880, Faulds claimed that latent fingerprints discovered at crime sites may reveal information about the identity of
the perpetrators. Galton developed an interest in it, and in 1892 he wrote the well-known book Fingerprints after
learning all there was to know about it. In which he covered the fundamentals of today's fingerprint science,
including the persistence, uniqueness, and classification of fingerprints [1]. Typically, Fingerprint features can
usually be classified into three levels: Level 1, level 2, and level 3.Level-1-Global features: Global features refer to the
overall characteristics of the fingerprint, such as its shape, size, and orientation. These features can be used to
identify and classify fingerprints at a high level and are often used for initial identification and matching. Feature
consists of macro details of fingerprints, such as singular points and global ridge patterns, e.g., deltas and cores.
They are not very distinctive and are thus mainly used for fingerprint classification rather than recognition.Level-2-
Local features: Local features refer to the specific patterns and characteristics of the fingerprint, such as the
arrangement and orientation of the pores and ridges. These features are typically more specific and can be used to
distinguish between fingerprints with similar global features. The level-2 features primarily refer to the Galton
features or minutiae, namely, ridge endings and bifurcations. They are most distinctive & stable and are used in
almost all automated fingerprint recognition systems.Level-3-Ridge features: Ridge features refer to the specific
details and characteristics of the pores and ridges on the fingerprint, such as the minutiae points (ends and
bifurcations of the ridges) and the ridge flow (the direction and orientation of the ridges). These features are the
most specific and can be used for highly accurate fingerprint matching. Level-3 features are often defined as the
dimensional attributes of the ridges and include sweat pores, ridge contours, and ridge edge features, all of which
provide quantitative data supporting more accurate and robust fingerprint recognition as well it also helps in
identifying liveness of the individual. Among these features, pores have most extensively been studied and are
considered to be reliably available only at a resolution higher than 500 dpi [2, 28].

The research problem being addressed in this study is how machine learning can be used to improve the accuracy
and efficiency of fingerprint pore retrieval from the Poly U database. Fingerprint pores, also known as sweat pores
or epidermal ridges, are small openings on the surface of the skin that secrete sweat and oil. They are a key feature of
fingerprints and are used in fingerprint identification and recognition systems to distinguish one individual from
another. However, accurately and efficiently extracting fingerprint pores from images can be challenging, especially
when the images are of low quality or have been distorted or degraded. This can lead to errors in the fingerprint
identification and recognition process, reducing the overall accuracy and efficiency of these systems. Using machine
learning techniques, it may be possible to improve the accuracy and efficiency of fingerprint pore retrieval from the
Poly U database by training a model to recognize and classify different types of fingerprint pores in images. This
could involve using a variety of machine learning algorithms, such as convolutional neural networks (CNNs) or
support vector machines (SVMs), to analyze and classify the images in the database based on their fingerprint pore
content [28].

Fingerprint Liveness Detection

The method of determining whether a fingerprint provided for identification is from a living finger or a fraudulent
reproduction, such as a mold or a printed picture, is known as fingerprint liveness detection. It is an important
security measure that can help to prevent the use of fraudulent or unauthorized fingerprints for access to secure
systems or devices. There are a number of methods that can be used to perform fingerprint liveness detection,
including: Image analysis: Image analysis techniques can be used to analyze the characteristics of the fingerprint
image to determine whether it is from a live finger or a replica. This can involve analyzing features such as the
quality and clarity of the image, the presence of pores and ridges, and the level of distortion in the image.

Physical properties: Physical properties of the finger, such as temperature, humidity, and elasticity, can also be
measured to determine whether the fingerprint is from a live finger. For example, sensors can be used to measure
the temperature of the finger, which is typically higher for a live finger compared to a replica. Behavioural
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characteristics: Behavioural characteristics, such as the movement of the finger or the pressure applied to the
fingerprint scanner, can also be used to distinguish between live fingers and replicas. For example, live fingers
typically exhibit a degree of movement or deformation when pressed against a scanner, while replicas do not.

Fingerprint liveness detection is an important security measure that can help to prevent the use of fraudulent or
unauthorized fingerprints for access to secure systems or devices. A combination of image analysis, physical
properties, and behavioural characteristics can be used to effectively distinguish between live fingers and replicas. It
provides an additional security to the biometric system by detecting that the user who is presenting his biometric is
live or he is presenting a spoof artefact to the biometric system. Liveness assessment methods need to satisfy certain
requirements like it needs to be Fast, User friendly, Low cost, High performance and Non-invasive [3, 28]. To detect
fingerprint liveness, multiple approaches have been studied as shown in Fig.1. Approaches to detect Liveness in
Finger.

Hardware Based Approach

A special hardware device/sensor such as e.g.sweat, blood pressure, odor [4], temperature, oximetry [5] is added in
the biometric system to detect whether the biometric input is live or fake [3]. However, the setup of additional
hardware increases the overall cost of fingerprint identification system [6].

Software Based Approach

According to the types of characteristics employed, software-based techniques can be classified as dynamic or static
[4]. It does not use any other intrusive biometric measures [5]. Dynamic techniques make use of characteristics
collected from a series of fingerprint photos, such as skin sweat and skin deformation [4-7]. Skin-perspiration-based
techniques to fake fingerprint detection have received the greatest attention. Skin distortion analysis is another
method. Because living and imitation fingers have varying elasticities, they exhibit distinct elastic tensions when
placed against a sensor surface. The resultant skin deformation characteristics may be generated by having the user
twist a finger on the sensor surface [4], however, this method takes at least two-time series of images, which adds
processing time [5]. Pores, power spectrum, surface coarseness, morphological characteristics, statistical properties
[4ridge quality, ridge strength, and ridge clarity [3] were retrieved from a single picture in the static technique. The
materials used to make synthetic fingers are often formed of big organic molecules, and producing high-quality fake
fingers is not a simple operation [4, 28].

An Introduction to Pore

Fingerprint pores are small openings on the surface of the skin on the fingertips that contain sweat glands [8,9, 28].
They can be visualized as either open pores or close pores based on their perspiration activity [1]. They are an
important feature of fingerprints and are used for identification and recognition purposes. Pores are typically
arranged in a regular pattern on theskin, and the distribution and arrangement of the pores can vary significantly
between individuals. This variation is what makes pores useful for identification and recognition purposes, as the
patterns of pores on a fingerprint are unique to each individual. As illustrated in Fig. 2, a closed pore (red
highlighted) appears as an isolated bright blob on the dark ridge, but an open pore (blue highlighted) is perspiring
and shows on fingerprint pictures as a bright blob associated with the bright valley [10].

Average no. of pores is 9~18/cm of a ridge [11] but as per observation made by researchers, the number of pores
varies from 9~18/cm, or 23~45/cm of a ridge [1]. Their width varies from 88-220 pm [8, 11] and their density is
5/mm2[8]. Pores comes in various shapes like round, elliptical, oval, square, rhomboid, or triangular and reside at
various positions (mostly in the middle, but occasionally open on the side) [11]. Distance between two pores is
different from person to person. It varies depending upon the location in the finger which makes pores unique in
each individual [8]. They are immutable, unique and perpetual [11]. Details of pores can be retrieved by using the
high-resolution fingerprint sensor (over 1000dpi) [8, 13, 28]. To determine the identity of an individual 20 to 40 pores
are sufficient [1]. Pore detection has been briefly studied as a measure for fingerprint liveness detection [9]. Pores are
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typically visible on high-quality fingerprint images and can be used for a variety of purposes, such as identifying
and matching fingerprints, verifying the authenticity of fingerprints, and detecting liveness in fingerprints.

Pore extraction method is basically a problem of objection detection. It is classified into two approaches known as
skeleton tracking based or filtering based approach. In skeleton-based approach fingerprint image gets binarized
and skeletonized and then fingerprint skeleton is tracked. It is time consuming and works well with very high-
quality images (2000dpi) which makes it computationally expensive and it is also very sensitive to noise. In filtering-
based approach, it uses static isotropic pore model to detect pore which makes it more efficient and robust compared
to skeleton tracking-based approach [10]. Overall, fingerprint pores are an important feature of fingerprints that can
be used for identification, recognition, and verification purposes. They are typically visible on high-quality
fingerprint images and can be used to distinguish between individuals based on the unique patterns of pores on
their fingerprints.

Literature Survey on Pores

There are a number of traditional methods that have been used for fingerprint pore retrieval, including:

e  Visual inspection: This involves manually examining the fingerprint images to identify and extract the pore
features.

e  Feature extraction: This involves using algorithms to extract specific features from the fingerprint images, such
as the shape, size, and orientation of the pores.

e Pattern matching: This involves comparing the extracted pore features to a database of known fingerprint pore
patterns to find a match [28].

e Recently, there have been a number of advances in machine learning that have improved the accuracy and
efficiency of fingerprint pore retrieval. These advances include:

¢  Deep learning: Convolutional neural networks (CNNs) and other deep learning techniques have been used to
analyze and classify fingerprint images based on their pore content. These techniques can be trained on large
datasets of fingerprint images, improving their accuracy and robustness.

e  Transfer learning: Transfer learning involves using pre-trained machine learning models and adapting them for
a new task, such as fingerprint pore retrieval. This can help reduce the amount of training data required and
improve the performance of the model.

¢  Ensemble learning: Ensemble learning involves training multiple machine learning models and combining their
predictions to improve the overall accuracy of the system. This can be particularly effective for fingerprint pore
retrieval, as different models may be better at identifying different types of pores.

Perspiration is a biological trail in humans. The live fingerprint has perspiration in the pores which a fake fingerprint
doesn’t have. Manivanan et.al. introduced a method using a micro-capture camera to detect liveness detection. The
active sweat pores are detected through high pass and correlation filtering on grayscale fingerprints. He presented a
new technique to extract and locate sweat pores automatically. First, high pass filtering is used. Followed by
correlation in the combined technique. The fingerprint image captured as the end result was high-resolution taken
through a micro capture camera. In this method that he adopted the camera captured different shapes and sizes of
the pores. The filters passed through this image magnified the fingerprints. The traits of the pores were captured
through different layers. And a mathematical function was used to obtain the probability of the fingerprint to be
alive. This method to automatically detect sweat pores through all the angles and direction is helpful in detecting
the spoof in a fingerprint. Pores being an important trait in human biology helps in the liveness detection. As every
human has his/her own characteristics of a pore in the finger [25, 28].

Now every human has a different count of sweat pores. A child might have a tiny number of pores whereas an adult
might have grown sweaty pores. So, Espinoza et. al. introduced a method to use this count of pores as the basis or
base of the fingerprint liveness detection. Sometimes it is tough to detect the number of pores in a fake and genuine
fingerprint. Thus, a Linear discriminant analysis was used to learn the patterns. To know the difference between
different groups of pores, he trained his model on different fingerprints. That got a correct pattern and trait of
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distribution of pores in different fingerprints. Through this analysis, the difference between a query image and the
taken reference image was obtained. A reference image is a genuine or fake image that the user has entered. The
query image is obtained through querying. Querying an image refers to finding information on the objects or entities
present in the image provided by the user. In this method the image is presented as metadata. Whereas the content
of the image is represented through low level features such as color and texture. Using a GUI, the image is sketched
through different graphical tools with sufficient detailing’s. Such detailed images are used by the processor of the
query for further matching the characteristics present in the database. This became a major discriminating factor in
live fingerprint detection. As the query image is sketched the difference between a distorted image and a non-
distorted reference image improves the performance.

Spoofed fingerprints are obtained through gelatine, Play-Doh, and silicone moulds for accessing authorized
machines and devices. A clone of fingerprints is created for fraud. These fingerprints might not have exactly the
same number of pores as genuine fingerprints. Hence, Marcialis et al. got the idea and detected the number of pores
in a fingerprint using Euclidean distance. The distance between pores obtained by assuming that pores are less likely
to appear in a spoofed image rather than in a live image. For a perfect match it was expected that the Euclidean
distance is equal to zero. Else the Euclidean distance is to be less than or equal to the mean of the distance [18, 19,20,
28].

The number of pores were thought to be a major factor for the detection of liveness. But it was thought and
researched that if the pores are separated in different strips, it will contain more information than the count of the
total pores. The skin on the palmar surface of the hands and feet forms papillary ridges in patterns that are unique to
each individual and do not vary over time. Espinoza and Champod employed a software-based method. Obtaining
information from an input picture using linear discriminant analysis (LDA) [23] The fingerprint samples were
collected using an L-Scan 1000 T optical scanner. The Crossmatch L Scan palm scanner range is designed to address
the demand for small, high-resolution, rapid-capture live scan devices for criminal identification, forensic analysis,
and enrollment. L Scan palm scanners, which can quickly capture upper, lower, and writer's palms, flats, and rolls,
completely meet the FBI NGI criteria. By utilizing patented Flex Flat and Flex Roll capabilities, fingerprint photos are
recorded regardless of platen location. The patented Auto acquisition technology provides the rapid acquisition of
high-quality photos for error-free biometric data gathering, eliminating the guesswork and a broad variety of
potential reprint difficulties [21, 22, 28]. Both L Scan models, which are available in 500 ppi or 1000 ppi resolution,
deliver superior image quality and provide real-time image preview when using our SDK or enrolment software.
Both L Scan models, which are available in 500 ppi or 1000 ppi resolution, deliver superior image quality and
provide real-time image preview when using our SDK or enrolment software. The scanners are user-friendly, with
an intuitive, integrated display and programmable buttons to help users navigate the biometric capture process.

Choi et. al. went on to use these sweat pores and the discovery of distance between them for a new approach in
fingerprint detection. The small pores in live fingers perform physiological thermoregulation. It was found during
studies that the normal body temperatures range differently. So, Physiological Thermoregulation means the pores
maintain the internal body temperature. It stabilizes the body temperature to normal in certain conditions. Pores go
through heat transfer in order to maintain such temperature. Hence, leading to latent fingerprints, with a smudgy
and blurry image. In a forward research, sweat ducts helped in absorption of these sweats and to take out the
unnecessary elementary content. These glands are present under the skinny layer. The cells under these glands and
different layers of skin appear as pores to us. The fingertip pores are the primary source for the sweating process.
These pores produce a certain amount of fluid that is active and that helps in detecting liveness of a person [24, 25,
28].

Spatial distribution is done to observe your object with different variations. In the beginning the characteristics or
properties of an image were extracted through mean, variance or distance. But in spatial arrangement we change the
coordinates so that the image is shifted to a different arrangement. Hence, in modern day techniques, we shift the
image to few coordinates to get the clear properties(outcomes) through specific arrangement in pixels. For personal
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identification, Roddy and Stosz statistically discriminated against the power of pore. This helped in validating
effective pore configuration. Suppose, to investigate the spatial distribution of pores; consider a fingerprint. In the
fingerprint the sweat glands are distributed through distance d in a unit cell structure. When measured from
different arrangements these pores have similar behaviour. Homogenous means throughout the skin the pores will
be of same size, shape, and biological behaviour. The sweat glands are homogeneous and isotropic. In such a case, it
was presented that the pores are to be equally spaced. That creates a certainty of creating an error. If all pores are
similar to each other than each group of pores will match perfectly. Neglecting all the rotational effects. According to
first order approximation, it was assumed that pores' primary function is heat transfer. First order approximation in
simple terms means a mathematical formula that fits all kinds of data to give the best output possible. This causes
the fingerprint to be a smoky and blurry image. This causes issues in the second layer of detecting liveness in
fingerprints [26, 27, 28].

The inter distance between the pores were calculated to improve the spoof detection for fingers. The distance

between pore was calculated on the basis of their number, size and shape.

a. Pores were present in very close lengths. A minimum of twelve pores were present in a 1cm length of the ridge.

b. Then the ridge length was considered, with pores in groups. Two or more groups of pores were found closely
packed with each other in 1cm of length.

c.  The other type of spacing contained 8 to 11 pores in a centimetre of length with a comparatively bigger gap.
Another configuration of pores contained a chain-like structure with no interspacing between them.

The majority of the pores on a ridge were discovered to be one behind the other, forming a row with almost uniform
space, but other types of arrangements were also observed where pores were lying side by side. The side on the
ridge's periphery with very little space between However, the earlier arrangement has been found to be more
common. A less common type of pore arrangement was also discovered. It was observed that where pores were
interconnected with no interspacing and formed a chain-like pattern When connected pores are open, this
arrangement becomes more visible. Lying on the ridge's periphery, in this case, the ridge resembles a cross stitch.
Stosz and Alyea used minutiae and pores to identify a person. Another automated fingerprint detection algorithm
from all the information regarding the pores. Detection through live scanned images is presented. The fingerprint
was divided into different strips. The position of these pores in different arrangements provide useful information
for an individual. A developed multilevel verification technique is based on ridge and pore features. The main
advantage of these systems over the systems that use only ridge information. For persistent information about the
fingerprint an optical or electronic method is used. For which a high-resolution image is needed. Making it unlikely
that the scanned fingerprints contain adequate data. That is consistent for use in authentication. A system that gives
secure access to a computer. This gives a level of feasibility of the system used. This system was as such, it has low
false rejection and zero false accept of error rates. The results came out positive after preliminary testing the
verification prototype.

Comparing fingerprint fragments is a common task in forensic science. After extensive analysis of a fingerprint
fragment, it is possible to determine the identity based on the ridge shape, even if no level 2 features are present, a
scenario where a minutiae-based automated system would fail. We hypothesize that the undistorted fragment of a
partially distorted fingerprint contains at least the same amount of distinctive information as the entire fingerprint.
We also anticipate that using level 3 features will improve recognition accuracy, particularly when comparing
fragmentary fingerprints. Kryszczuk analysed this contribution of pores through fragmentary fingerprint
recognition. He found that the smaller the fingerprint, the greater the benefit [28].

A set of algorithms for extracting the structure of pore networks were brought to light. This algorithm had high
resolution three-dimensional synchrotron microtomography pictures. Pictures of unconsolidated porous medium
systems. These techniques are based on three-dimensional skeletonization. That reduces pore space to networks of
nodes that are linked through routes. To depict the network’s pore-bodies and pore-throats, dilation algorithms
were devised to construct inscribed spheres on the nodes and routes of the medial axis. The final result is a
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physically realistic pore network structure. That includes a three-dimensional spatial distribution with x,y and z
coordinates of pore bodies. Along with dimensions of pore-throats, pore-body size distribution, connection and
pore-throat size distribution. This study looked at numerous glass bead systems along with natural marine sand.
The size of the media ranged from 0.123 to 1.0 mm, while the volume of the pictures ranged from 7.7 to 108.9mm"3.
The porosity, specific surface area and representative elementary volume were computed for recovering the pore
network structure. Examination of the spatial correlation of pore-body sizes in the network, through semi
variograms and integral scale concepts. The effect of resolution on the computed attribute was also studied.
Microtomography is a powerful technology for non-destructively extracting the structure of numerous systems. The
quality of the datasets is determined by photon energy, photon flux, sample size, kind of sample, and sample size
‘features. The results revealed that the devised pore network structure extraction approach is suitable to both ideal
and natural points media systems. The influence of resolution on the qualification of network structure and its
attributes varies depending on the feature size and the properties being computed. To identify the degree of
inaccuracy associated with a system photographed at a certain resolution, a complete sensitive study should be
performed.

The authors provide the results of a pore-network analysis of high-resolution synchrotron microtomographic images
of the Fontainebleau and Berea Sandstones. The grayscale pictures of the rocks are divided into constituent phases,
and the geometry of the pore network is analysed. The network is made up of pores at grain corners that serve as
connectors for extended throats that run along grain edges. According to our findings, when porosity increases, so
does the number of pores, their median coordination number, and the fraction of connected pore space. When total
porosity rises, however, throat breadth and length decrease. Throat breadth and length, on the other hand, decrease
as overall porosity increases. The number of coordinating pores in each sample is directly proportional to the radius
of the pores, and the length of the throats is also positively connected to the radius of the throats. The observed
permeability increases with the total connected porosity of the samples, while the modelled permeability varies with
flow direction for each sample. In all samples, the dimensionless coefficient of variation of neck lengths is nearly
constant, hovering around an average value of 0.64. The coefficient of variation of throat radii is frequently greater
than the coefficient of variation of pore radius. Jain et al. employ a fingerprint identification method that incorporates
characteristics from all three levels[10].

Hong et al. utilize fingerprint enhancement methods, whereas Jain et al. use wavelet transform and Gabor filters to
improve fingerprints so that pores may be extracted, but Zhao et al. use an anisotropic filter that is tailored to each
block, making Zhao's approach superior to Jain's [14]. Derakhshani et al. observes perspiration patterns only in live
fingerprint sequences acquired in between 0 to 5 seconds [8]. Fingerprint scanners are vulnerable to spoofing with
artificial materials or, in the worst-case scenario, dismembered fingers. For use in fingerprint scanners, an anti-
spoofing method based on liveness detection has been developed. This method quantifies a specific temporal
perspiration pattern found in live claimant fingerprints. The improved perspiration detection algorithm presented
here improves on our previous work by incorporating other fingerprint scanner technologies, employing a larger,
more diverse data set, and operating within a shorter time window. Several classification methods were tried to
distinguish between live and spoof fingerprint images. Fingerprint images from 33 live subjects, 33 spoofs made
with dental material and Play-Doh, and fourteen cadaver fingers were included in the dataset. Each method
performed differently depending on the scanner and time window.

Labati et al. use a specially designed and trained CNN to estimate and refine the centroid of each pore with the

accuracy of a touch-based sensor, a touchless sensor, or a latent print. Obtaining pore coordinates from

heterogeneous fingerprint pictures collected with diverse instruments [15]. They are particularly interested in touch-

based, touchless, and latent image-based approaches. We present a strategy based on convolutional neural networks

(CNN) to develop resilience to various forms of noise. The method's steps are as follows:

e  Preprocessing: Preprocessing the fingerprint images can help to remove noise and artifacts and improve the
quality of the images. This may involve techniques such as image denoising, image enhancement, and image
normalization.
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e Data augmentation: Data augmentation involves generating additional training data by applying
transformations to the existing training data. This can help to improve the robustness of the CNN to various
types of noise by providing the model with more diverse and representative training data. Create pores map
and calculate pores coordination’s.

e  Feature extraction: Carefully selecting and extracting relevant and discriminative features from the fingerprint
images can help to improve the robustness of the CNN to noise. This may involve techniques such as principal
component analysis (PCA) or linear discriminant analysis (LDA) to identify the most relevant features. Obtain
features from the immediate vicinity of the estimated pores.

e  Regularization: Regularization techniques, such as weight decay or dropout, can help to prevent overfitting and
improve the generalization of the CNN to new, unseen data. This can help to improve the robustness of the
model to various types of noise.

¢ Ensemble learning: Ensemble learning involves training multiple models and combining their predictions to
improve the overall performance of the system. This can help to improve the robustness of the CNN to noise by
leveraging the strengths of multiple models.

Rather than analyzing the entire group, P Johnson et al. discovered small pores. The perspiration activity of each
pore was then evaluated. The datasets LivDet 2011 and 2013 were used to generate the results. This reduced the
average classification error to about 12%, which is inapplicable at the same time. The Liveness Detection (LivDet)
competitions use a standardized testing protocol and a large number of spoof and live tests to compare software-
based fingerprint liveness detection and artifact detection algorithms (Part 1), as well as fingerprint systems with
liveness detection or artifact detection capabilities (Part 2). To compete, all academic and industrial institutions must
have a solution for either software-based or system-based fingerprint liveness detection. The LivDet competitions,
which were held in 2009, 2011, 2013, and 2015, have proven to be an important source of information about the
current state of the art in liveness detection schemes. There has been a noticeable increase in the number of
participants in LivDet competitions, as well as a noticeable decrease in error rates across competitions.

Sometimes the data collected by the standard verification system can be a bit different or missed by the hardware
algorithm. In many cases it would have accepted a false print. In order to prevent liveness detection is done. It helps
getting additional information gathered above and beyond the machine. We can also monitor the data processed by
the machines every day. This data can be used to authenticate the fingerprint obtained through the verification
system. Security is obtained in these systems by employing either hardware or software-based systems with the
authentication programs. In this field of automation many different sensors are being built for liveness detection.
Many hardware-based systems use sensors that measure outside of the fingerprint image itself. There are many
software-based systems that use image processing algorithms. They collect information directly from the collected
fingerprint. These systems then categorize images as real or fake.

Database

The Poly U High Resolution Fingerprint database is a collection of fingerprint images that was created as part of a
research project at the Hong Kong Polytechnic University (Poly U). The database is intended to be used for the
development and evaluation of fingerprint recognition algorithms. It consists of a set of high-resolution fingerprint
images that were captured using a specialized fingerprint scanner. The database includes images of both rolled and
flat fingerprints, and it covers a wide range of variations in fingerprint quality, including fingerprints that are
damaged, distorted, or degraded due to age, wear, or other factors. The Poly U High Resolution Fingerprint
database is a widely used benchmark in the field of fingerprint recognition research, and it has been used in many
published studies.

Retrieval of Pores

Pseudo code to retrieve close pore is given below.

1. Select any fingerprint image from database.

2. If selected image is RGB then convert it into binary image
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Identify the edges from binary images with the help of edge function.

Use bwareaopen() to removes all connected objects that have fewer than 30 pixels from the binary image.

Apply xor operation between step no. 3 and 4 to retrieve pores as well as small ridges.

If the output image detects small ridge borders, then clear it and also fill the holes of output image, so that close
pores can be retrieved.

Apply xor operation between step no. 5 and 6 to retrieve close pores.

Calculate number of pores from step no. 7 output,

i. If the number of pores are less than 40 then don’t consider input image and ask user to retry.
ii. Else circle pores and show them with respect to fingerprint image.
9. Generate scatter plot by considering pores (x, y) coordinates.

AR

SN

Input image on which above written pseudocode will get executed is shown in Fig.4 & 5 from which you can see the
presence of different sizes and shapes of pores. And after executing pseudocode retrieved pores can be seen in Fig.4
highlighted with red filled circle. Stepwise output of above written pseudocode is shown in Fig.5. In step-9, scatter
plot is retrieved during execution so that distance and angle between each pore can provide additional knowledge in
identifying an individual. Researchers employed the Hong Kong Polytechnique University (PolyU) High-
Resolution Fingerprint Database to put the suggested pore retrieval method to the test. Each finger in this database
was recorded using a custom-built sensor with a resolution of 1200 dpi and a size of 320 x 240 pixels. Because of non-
linear distortion, rotation, and translation, the database employed here is extremely difficult to work with. Figure 6
depicts some of the photos from the PolyU HRF DBI training set. Table 1 contains size of database and count of
fingerprint images which are capable enough to take part in liveness detection having pore count greater or equal to
40.

Analysis

To find some concluding remarks, one experiment has been carried out. Accordingly, the original image as shown in
Fig.7(a) is provided as an input image and retrieved 98 pores as shown in Fig.7(b)(Note: stepwise output is shown in
Fig.5) filled with red color. Here Fig.7(c) has 3 highlighted circles which states manually added pores. We provided
it as an input image and retrieved 55 pores as shown in Fig.7(d). pores which were not retrieve from updated image
is shown in Fig.7(b) and in Fig. 7(c) with orange outlined circle. One of the key benefits of using CNNs for
fingerprint pore retrieval is their ability to learn from large datasets of annotated fingerprint images and
automatically extract and classify the pores. This can significantly reduce the time and effort required for manual
annotation and can lead to more accurate and robust models. However, there are also some limitations and
challenges associated with using CNNss for this task. One of the main challenges is the availability and quality of the
training data, as the performance of the CNNs will depend on the diversity and representativeness of the data.
Ensuring that the training data is of high quality and represents the types of images that the models will encounter
in real-world scenarios is crucial for the accuracy and robustness of the models.

CONCLUSION

The proposed pore retrieval method can be an effective and efficient approach that can achieve high levels of
accuracy and robustness. However, the specific performance of the CNNs on the Poly U dataset for liveness
detection of fingerprints will depend on a variety of factors, such as the quality and diversity of the training data, the
choice of CNN architecture and training algorithms, and the evaluation metrics and methods used., we can retrieve
pores but after adding manual pores what makes this un-identification of pores in the same method is still
questionable. But if we focus on only pore count then it cannot always help you because as per literature 20 to 40
pores are enough for liveness detection and as per Espinoza et al. change in pore count results in liveness detection.
But in this approach change in pore count is due to manual alteration in original image but it does not allow other
objects to get selected apart from pores which allows average classification error rates as not applicable measure. It is
important to carefully consider these factors and to address any limitations and challenges that may arise when
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using CNNs for this task. Additionally, it is important to compare the performance of the CNNs with other methods
and techniques and to consider the specific requirements and constraints of the liveness detection task when
selecting the most appropriate approach.
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Table 1: Database with Pore Count

Size of dataset >=40 pores
Training Dataset DB1 208 93
PolyUDB | Training Dataset DB2 1480 1362
Testing Dataset Test 1480 1362
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Figure 1: Fingerprint Liveness Detection
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Figure 2 Example of Close & Open Pores Figure 3 Flow of the Pore Retrieval

Figure 4 Input Fingerprint Figure 5 Result of Retrieval of Fingerprint Pores

. . . |
v -..

Figure 4 Execution of Pore retrieval pseudocode Figure 7 Samples of PolyU HRF DB1 training Dataset

(a) (b) (c) (d)

Figure 5 (a) Original Image (b) Output of Original Image (98 pores retrieved filled with red color) (c) Manually
added three additional pores in Original Image, highlighted with different color called it as an Updated Image
(d) Output of Updated Image (55 pores.
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ABSTRACT

In Power system voltage ,frequency and current are main parameters of supply. If any changes in all any

parameters then pollution are created in power system. This problem may damage or distroy the power
supply system. This types of pollution created by main use of power electronics circuit in the power
system. The Harmonics are produce by electronics devices. The Shunt active filter with P-Q theory to
reduce the harmonics level in both balance as well unbalance 3 phase three wire system. All the analysis
is done on simulation software tool.

Keywords: P-Q Theory , Shunt Filter , Total Harmonics Distortion, FFT analysis, Voltage controller

INTRODUCTION

Harmonics refer to the distortion of sinusoidal frequency waveforms that are integer multiples of the fundamental
frequency. Fundamental frequency is a desired frequency that generate in at 50Hz AC power system. Harmonics are
created when nonlinear loads draw current from power supply in a unsinusoidal manner.

Harmonics consider following points:

Effect of Harmonics

Voltage Distortion: Harmonics lead to voltage distortion, that result irregular sinusoidal waveform. This cause issue
with power electronics tool and may lead to malfunctioning or failure.[1]

Increased Currents :Harmonics currrents can significantly higher than fundamental current, leading to extra stress
on conductors, x: mers and other system components.
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Power Quality problem and overheating : Harmonics can affect negatively on over all power system and lead to
low P.F. ,voltage unbalance and effect of performance of electrical instruments. Due to harmonics increase heating in
equipment and reduce the life of instruments.[3]

Total Harmonics Distortion : This measure harmonics content in current or voltage in power system. It present ratio
of total sum of harmonics components to power of fundamental frequency. Total Harmonics distortion present
percentage and commonly used assess the level of distortion in power system.

Harmonics Reduction : Reduction of harmonics and their problem by use of passive filters. But the passive filters
some draw back. So implementation of Active filters in latest era.[8]

Research Method: The Active filter are used to reduction of Harmonics pollution in power system. The
simulation/Matlab software is used for the research methodology.

Shunt Active Filters

The Series and shunt active filters are more efficient then passive filters. The basic diagram of shunt active filters are
shown below figure 1 :

In basic block of shunt filter ha important component and control system. The main function of shunt active filter to
reduce the harmonics current generated by nonlinear loads.

In shunt active filter first current is sensed by current transformers and then sensed current is fed to a current
controllers VSC. The first block calculate the active and reactive power of the nonlinear load by use of P-Q Theory.
The second block measure the behavior of active filters. In P-Q theory using of clerk transformation transform abc to
a0 co ordinates. The dc voltage regulator determine the extreme amount of active power. The active power pioss is
added to the compensating active power with together reactive power.

In Power circuit of shunt active filter has a 3 phase VSC made by IGBTs and diode. The PWM current controller
forces the VSC to role of controller current source.

Calculation of reference current for compensator

The reference current of compensator in a3 domain wich calculate :[5]

i =1AVa VB VBVapq e )

In a-b-c domain currents become:
icaichicc =V2310-12 V32 -12V32 it i creeevvrrveerr )

The detail of reference current calculation are given in below block diagram 2:

In below block diagram the clerk transformation is convert abc to af30 then given to p-q theory they convert in p-q
form. The p-q and Ploss according require add then reference compensating current is generated that inverse clerk
transformation convert a3 compensating current in to abc compensating current.

Simulation Figure of Shunt Active Filter

Above figure:3 is a simulation of the shunt active filter in 3¢ three wire system. The THDv and THDi are produce
when nonlinear load is connected. The nonlinear load is a three phase full wave rectifier. The all results are shown in
below FFT analysis.

Simulation Results Analysis

The research FFT analysis of the 3¢ system has been carried out by simulation. The components rating used in
simulation are given below table:1 The Unbalance waveform in waveform 1 and Phase A with filter and without
filter waveform are given below FFT analysis. Also Filter and DC voltage waveform are given below waveform 4
and 5. The shunt active filter work on balance and unbalance three phase three wire system. The results shown in
above waveform are only unbalance supply system. The FFT analysis carried out on Phase A, Phase B and Phase C.
Here shown only Phase A FFT analysis. From this results when unbalance three phase supply is connect to the
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nonlinear load the THDi without filter in Phase a is 27.47%,phase B is 29.38 and phase c is 31.41%. When connect
with the filter THDi is Phase A is 4.55%,phase B is 4.60% and phase c is 4.57%.The results shown in Phase A in
waveform figure 2 and 3.

CONCLUSION

This Research conclude that when balance as well unbalance 3@ supply connect with nonlinear load the THDi
without filter in Phase A is 27.47% ,phase B 29.38% and phase C 31.41 %. Then connect to the filter the THDi in phase
A 4.55%,phase B 4.60% and phase C 4.57%.so conclude that using shunt active filter with p-q theory is capable to
mitigate the THD in current balance and unbalance three phase three wire supply system. that level is below 5% well
defined by power quality standard.
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Table:1 Simulation Parameters Rating

Name Symbol Value

AC Voltage source | Phase A,B,C | 300V,325V,350V
Frequency F 50Hz

Load RL 50Q/1mH

DC capacitor Cdc 2200uF
Inductor of filter Lf 1mH
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ABSTRACT

Solvents play a significant role in environmentally sustainable frameworks. In order to be considered a

greener medium, these solvents have meet a wide range of criteria, such as availability, quasi-
degradability, composability, ignitability and affordability, along with other factors. Regrettably, the
current selection of sustainable solvents is limited. In this study, the authors aimed to investigate a novel
category of ionic fluids known as Deep Eutectic Solvents (DES), which have gained considerable
attention in the scientific community. DES typically consists of two or three cost-effective and non-toxic
constituents that have the ability to self-assemble, commonly through hydrogen bonding interactions.
This self-assembly results in the formation of an eutectic mixture, which exhibits a melting point lower
than that of each individual component. The aforementioned DESs exhibit comparable physicochemical
properties to conventionally utilised ionic liquids while also offering significant cost advantages and
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environmental sustainability. Deep Eutectic solvents (DESs) are increasingly gaining traction across
various academic disciplines due to their numerous advantageous features. This article presents a
comprehensive examination of the categorization of deep eutectic solvents, along with an analysis of
their physical and chemical properties, encompassing the properties of ionic conductivity, polarity,
velocity, density, and surface tension. Furthermore, numerous domains have identified promising
prospects for the future utilisation of these solvents.

Keywords: Deep eutectic solvents, Hydrogen bond acceptor, Hydrogen bond donor, Physicochemical
properties, Green Solvents.

INTRODUCTION

In the last 20 years, there has been a lot of interest in room-temperature ionic liquids, first in the fields of material
chemistry, catalysis, and electrochemistry, and more recently in biomass processing[1,2]. Mostly, ionic liquids can be
put into two groups: those made from eutectic mixtures of halides and aromatic ions, and those made with specific
types of ions [3]. Scientists have recently getting interested in Deep eutectic solvents (DESs). DESs are alternative to
ionic liquids that were first proposed in 2003 as a way to deal with the growing need for natural solvents and the
high cost of ionic liquids [4]. These DESs are easily made by combining two innocuous chemicals that could form a
eutectic mixture; often, these materials are cheap, renewable, and biodegradable [5, 6]. Because of this feature, DES
always have a lower melting point than all of its components put together. Most DESs have a low melting point,
which means that they turn into liquids at temperatures below 150 °C. It's important to remember that most of them
are liquids at temperatures between 0 and 70 °C [7, 8]. Choline Chloride (ChCl) is a common component of several
DESs. Easily retrieved from biomass or generated from geological deposits (million metric tonnes), Choline Chlorine
is a cheap, sustainable, quasi-ammonium sulphate salt with a very high atom efficiency [9]. Choline chloride (ChCl)
can swiftly generate a DES when used in conjunction with a number of other safe hydrogen bond donors. Despite
the fact that ChClI (the ionic species from which most DESs are derived) is a key ingredient, DESs are not ILs [10-12].
Researchers provided broad criteria for defining DESs in 2007 [13]. To distinguish between various eutectics, deep
eutectic solvents were categorized into four kinds based on their general formula. Cat*XzY is a Lewis base, often a
halide anion, and Cat+ may be ammonium, phosphonium, or sulfonium. Y stands for a Lewis or Bronsted acid, and z
stands for the quantity of times one molecule of Y binds to its anion counterpart [14]. In DES, the hydroxyl group
between molecules is really quite persistent. The relationship and formulation of each component have a significant
impact on the chemical and physical properties of the solvent (such as ionic conductivity, polarity, density, viscosity,
surface tension, etc.). Modifying the structure and makeup of HBD or HBA and their ratios enables tailoring such
properties for use in a number of significant industries, including chemical synthesis, electrodynamics, biofuel
catalysis transformation, biofuel generation, extraction, isolation, and gas absorption. Thus, it is essential to
comprehend the interconnections between DES component components in order to effectively design and synthesize
solvents for specific uses. Improved workplace use of DESs will be feasible only after a deep inspection of the
"structure-function" link of DESs systems, as well as the influence of DESs characteristics and structure.

Physicochemical properties of DESs

DESs can be functionalized in the same way that ILs can, by combining and balancing quaternary ammonium salts
with other donors of chemical bonds (HBD). After that, DESs can be made to fit specific uses by changing their
melting point, viscosity, conductivity, and pH values, among other physical and chemical properties. These enable
DESs to more effectively serve the needs of the application. Because of the potential applications of the results, a
considerable amount of time and energy has indeed been expended in the research of the chemical and physical
properties of DES. In the following, the physicochemical characteristics of DESs that are regarded as the most
significant will be thoroughly investigated.
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Viscosity

When two solids that can join together on their own through hydrogen bonds and make new water molecules that
can put together to make a DES. A fluid's viscosity is a measure of its internal friction, or how much it struggles to
move. Due to their higher viscosity compared to organic solvents, working with DESs in these processes can be hard
in a number of ways. The capacity of a liquid to transfer material inside itself has a major impact on its viscosity and,
by extension, on the chemical processes that take place in the liquid. Many different models have been used in an
effort to better understand the flow properties of DESs and map them experimentally. The two most common ways
to talk about DESs are the Arrhenius model and the VFT model. The hydroxyl group, van der Waals interactions,
and surface tension all have a big effect on the viscosity of binary eutectic mixtures. Table 1 lists the viscosity
characteristics of typical DESs at various temperatures. It is clear that the characteristics of HBD have a significant
impact on the viscosity of ChCl-based DESs. ChCI/EG (1:2) DES, for example, has the lowest viscosity of DES
formulations (36 cP at 20 °C). Still, DESs with derived sugars (like xylitol and sorbitol) as HBDs had high viscosities
(for example, 12730 cP at 30 °C for ChCl and sorbitol) because they had a stronger 3D intramolecular hydrogen
network. Surprisingly, as the ChCl/glycerol stoichiometric ratio tends to go up, the viscosity of a ChCl/glycerol DES
tends to go down. For example, at 20 °C, the viscosity values of ChCl-glycerol solutions with a 1:3 molar ratio were
450 cP, and a 1:2 molar ratio was 376 cP. Glycerol has a lot of hydrogen bonds between its molecules, which gives it a
lot of cohesive energy. When ChCl was added, this network of hydrogen bonds broke down a lot, which made the
viscosity of glycerol drop by a huge amount [21].

Freezing Point

To generate deep eutectic solvents (DESs), it is necessary to combine two solid materials that possess the ability to
undergo self-association through hydrogen bonding, resulting in the formation of a novel liquid phase. In many
instances, the freezing point of a novel phase tends to be lower in comparison to the freezing points of its constituent
components. A eutectic mixture was prepared by combining ChCl and urea in a molar ratio of 1:2, resulting in a
point of freezing of 12 °C. The observed temperature is significantly below the individual freezing points of the
components, which are 302 and 133 °C, respectively. Moreover, the halide anion exhibits an interaction with urea, a
compound that facilitates hydrogen bonding, resulting in a significant reduction in the freezing point. All differential
scanning calorimeters (DSCs) have documented freezing points that are lower than 150 °C. Despite their ability to
function as a limited and partially effective solvent in various scenarios, it is advisable to use deep eutectic solvents
(DESs) with a freezing point below 50 °C. Various types of DES have been identified, and their respective freezing
points are documented in Table 2 within the scientific literature. Several compounds, such as urea and 2,2,2-
trifluoroacetamide, have the ability to form a liquid deep eutectic solvent (DES) with ChCl at room temperature due
to the strong hydrogen bonding interactions they exhibit with ChCl. This observation highlights the significance of
selecting appropriate hydrogen bond donors (HBDs) in the development of a desiccant material that effectively
lowers the freezing point of choline chloride (ChCl).

Ionic Conductivity

Due to its high density, the ionic conductivity of DES is typically observed to be low, measuring above 2 mS/cm at
ambient temperature. Table 6 displays the ionic conductivities of various deep eutectic solvents (DESs) as a function
of temperature. When the temperature goes up, the viscosity of deep eutectic solvents (DESs) goes down. This makes
the DESs conduct electricity better than they did before. Consequently, the conductive properties of a deep eutectic
solvent (DES) can also be approximated by employing an equation similar to the Arrhenius equation. The impact of
organic salt concentration in HBD on the conductivity of DESs suggests a plausible correlation with their thickness.
[26]. An increased concentration of ChCl in deep eutectic solvents (DES) leads to an elevated level of conductivity.
The ChCl-glycerol deep eutectic solvent (DES) exhibits a conductivity value of 0.85 millisiemens per centimetre (mS
cml) upon increasing the molar fraction of ChCl to 25%. The ChCl/glycerol-based deep eutectic solvents (DESs)
exhibit comparable viscosity (>400 cP) and conductivity (>1 mS/cm) to that of an ionic liquid (IL) when exposed to
higher levels of salinity. [27]
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Density

In the realm of chemistry, density stands as the fundamental physical characteristic. Specific gravity metres are
capable of being utilised to measure the value. The densities of various frequently used DESs are listed below; you'll
notice that the overwhelming majority of these compounds are denser than water. The density of DESs varies when
one adjusts the mole ratios and characteristics of the various components. Densities of hydroxyl-produced DESs
Caused considerable increases as more hydroxyl radicals were introduced, but fell as aromatic groups were
included. As the alkyl chain structure of the DESs component is extended, the densities decrease too [34]. Density
decreases with increasing temperature. This is because the mole fraction of DES increases as a consequence of
heating, leading to a decline in density [35, 36]. At low temperatures, the average pore size gets smaller, which makes
the molar volume of DESs smaller and makes them denser [37]. The number of moles of organic salt and HBD also
has an impact on DES densities. Fig. 3 depicts the density of a glycerol/ChCl DES as a function of the molar content.
The density of DES is reduced when ChCl is mixed with glycerol [38]. It might be hard to get good experimental
estimates of DES density as a function of temperature. Thus, technological advances that could provide these data as
precisely as possible were prioritised for research. Using a modified version of the Rackett equation, Spencer and
Danner reported that researchers could predict DES density with an accuracy of 1.9%. [39].

Surface Tension

Even though the properties of interfaces are important for understanding how mass moves, many studies have
correctly found the parameters of DESs' surface tension. Solvents have surface tension because their component
molecules are clustered together. The stalagmometer is used to measure the surface tension of the given liquid.
Research suggests that DESs have a surface tension that is equivalent to imidazolium-based ILs but higher than that
of molecular solvents [46—48]. The main things that affect DES's surface tension are its hydrogen bonds, its ionic
nature, and its molecular weight. The hydrogen bond in the cation, which can form more h-bonds, causes the surface
tension to be higher [49-51]. DESs made from glucose have a higher surface tension than those made from carboxylic
acids because they have more hydroxyl. Temperature causes a big drop in surface tension because molecules with
more kinetic energy and less cohesion are less likely to stick together. This makes the bonds between molecules
weaker [52, 53]. Even though the strength of the interactions between molecules has a big effect on how DESs are
made, surface tension is thought to act like viscosity. No matter what the first step was, the surface tension of
ChCl/glycerol DESs got better as the temperature went up. As the concentration of ChCl goes up in the
ChCl/glycerol DES, the surface tension goes down for the same reason that the viscosity goes down. There are more
signs that adding ChCl to glycerol messes up the huge structure of hydrogen atoms in glycerol [54-55].

Polarity

Polarity has a big effect on how quickly DESs dissolve and how well they mix with other solvents. The standard
method is to use solvatochromic variables, which look at the UV-vis bands to figure out the polarity of the solvent
[60]. In general, the intensity of the interaction among molecules increases as the polarisation of the molecule does. It
involves the chemical composition primarily. DESs that are made from carbohydrates are much more polar than
short-chain alcohols like ethanol and 2-propanol and certain polar solvents like dimethylformamide (DMF) and
dimethyl sulfoxide (DMS) [61-62]. Moreover, researchers analysed ChCl-glycerol DESs with differing mole ratios
and reported that the polarities decreased with increasing ChCl content [63]. When temperature increases, the
hydrogen-bonding network that lends DES their polarity starts to break down, and the polarity of the DESs
decreases significantly [64]. It is also obvious that the water added changes the polarity of eutectic mixtures. Liu and
his team found that when a small amount of a moderator is added to DES, the hydrogen bonds between its parts
break. This makes the molecule very polar. [65].

CONCLUSION

From the above review, researcher team observed that DESs and traditional ILs have many of the same rheological
Based on the aforementioned review, it was observed by the research team that both deep eutectic solvents (DESs)
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and traditional ionic liquids (ILs) exhibit similar rheological characteristics, including rigidity, its thickness, and
conductance. It is also possible to generate enterprise deep eutectic solvents (DESs) through the modification of the
the quaternary ammonium salts and the hydrogen-bond donor, analogous to the manner in which the physical and
chemical characteristics of ionic liquids (ILs) can be altered indefinitely. However, it is important to note that deep
eutectic solvents (DESs) possess several notable advantages over ionic liquids (ILs). Firstly, DESs can be easily
synthesised with a particle efficiency of 100%. Secondly, DESs are considerably more cost-effective due to their
ability to be generated from readily accessible chemicals. Lastly, DESs, especially those derived from ChCl and
regenerating chemicals, exhibit low cytotoxicity. The significant financial and environmental advantages associated
with DESs undoubtedly offer novel opportunities for the advancement of various types of ionic fluids. Furthermore,
it is important to emphasise that although the chemical components of deep eutectic solvents (DESs) possess
reactivity, their reactivity is significantly diminished through auto-association facilitated by hydrogen bonding. This
reduction in reactivity allows for their application in various fields of study. While it is evident that DESs cannot
fully substitute ILs in all environmental uses, scholars remain optimistic that the amalgamation of affordability and
minimal environmental footprint will contribute to the future commercial viability of this emerging medium.
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Table 1: Viscosities of common DESs at different temperatures

natural

products.

2018 Mar

Natural deep eutectic solvents: properties,
7;81(3):679-90.

Hydrogen Bond Accepter | Hydrogen bond donor | Molar ratio | Temperature (°C) | Viscosities (cP) | Ref.
Urea 1:2 25 750 15
Glycerol 1:3 20 450 16
Glycerol 1:2 20 259 15
Malonicacid 1:2 25 1124 15
Sorbitol 1:1 30 12730 17
. . Imidazole 3:7 70 15 18
Choline Chloride (ChCl) 7Cha ) 5 85000 19
EG 1:2 25 37 15
EG 1:2 20 36 16
CFsCONH:2 1:2 40 77 20
1,4-Butanediol 1:3 20 140 16
Xylitol 1:1 30 5230 17
Table 2: Freezing point of common DESs
Hydrogen Bond Accepter Hydrogen bond donor Molar ratio Freezing point (° C) Ref.
Acetamide 1:2 51 22
1,3-Dimethylurea 1:2 70 22
Citricacid 1:1 69 23
Benzoic acid 1:1 95 23
. . Adipicacid 1:1 85 23
Choline Chloride (ChCl) Oxalicacid 11 34 73
Ethyleneglycol 1:2 -66 24
2,2,2-Trifluoroacetamide 1:2.5 -45 24
Caffeicacid 1:0.5 67 25
Subericacid 1:1 93 25
Table 3: Ionic conductivity of common DESs at 25 ° C
Hydrogen Bond Accepter Hydrogen bond donor Molar ratio mS/cm Ref.
Glycerol 1:2 1.02 28
Triethyleneglycol 1:2 1.41 29
. . Phenol 1:3 3.14 30
Choline Chloride (ChCl) Xylitol 1 115 31
Malonicacid 1:1 0.91 32
Levulinicacid 1:2 0.81 33
Table 4: Densities of common DESs at 25 °C
Hydrogen Bond Accepter Hydrogen bond donor Molar ratio Density Ref.
(g cm™)
ChCl Urea 1:2 1.198 40
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Glycerol 1:2 1.18 41
Glycerol 1:3 1.20 41
Levulinic acid 1:2 1.138 42
EG 1:3 1.12 43
Oxalic acid 1:1 1.300 44
Triethyleneglycol 1:2 1.128 45
Table 5: Surface Tension of common DESs at 25 °C
Hydrogen Bond Accepter Hydrogen bond donor Molar ratio Y (mN-m) Ref.
Ethylene glycol 1:2 48.91 56
Chcl Malonic acid 1:1 65.98 57
Urea 1:2 52.0 58
Ethanolamine 1:7 49.18 59
Polybasic carboxylic acid
1264 =
Phenol Glycerol Sugar alcohols 1.24 n
E 1.22 -
Ethylene glveol Levalinic acid Lactic acid Sugar §" =
1.20 "
Low High Viscosity
1.18 4 .
Choline chloride (HBA)
0 5 10 15 20 25 30 35
Mol % ChCl
Fig 1. Chloride-based DES viscosity with varying HBD | Fig 2. Molar composition dependency of the
components glycerol/ChCl DES densities (Reproduced with
permission from ref. 11 . Copyright (2011) Royal
Society of Chemistry.)
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ABSTRACT

Organizations are increasingly relying on machine learning (ML) to derive valuable insights from their
data. AWS cloud computing environments offer a cost-effective and scalable platform for ML model
development and deployment. This review explores a range of ML techniques applicable in AWS,
including supervised, unsupervised, reinforcement, and deep learning. We illustrate how these
techniques can be effectively implemented within AWS, utilizing services such as Amazon Tensor flow,
AWS Deep Learning AMIs, and Amazon Rekognition, highlighting their distinctive features and benefits.
Additionally, we delve into the challenges of using ML in AWS, particularly pertaining to data security
and privacy concerns, while proposing potential solutions. Lastly, we discuss future research directions
and opportunities for ML in AWS cloud computing environments. This review provides a
comprehensive overview of ML techniques, their applications in AWS, and insights into the current state
and future prospects of ML in the cloud.

Keywords: ML techniques, Cloud Computing Environments, Cloud computing, Scalability, Cost-
effectiveness, Future Research Directions.
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INTRODUCTION

Machine learning (ML) is a subfield of artificial intelligence (Al) that focuses on the development of algorithms and
statistical models that enable computer systems to automatically learn and improve from experience without being
explicitly programmed. ML algorithms can analyze large datasets and identify patterns, trends, and anomalies that
may not be immediately apparent to human analysts. With ML, organizations can gain a better understanding of
their data, make more informed decisions, and automate various tasks. Cloud computing is the delivery of
computing services, including storage, computing power, and software applications, over the internet. Instead of
relying on physical servers and hardware, cloud computing services are accessed through a network of remote
servers hosted on the internet. Cloud computing services can be used to store and process large amounts of data,
build and deploy applications, and run complex workloads at scale.

Amazon Web Services (AWS) is a cloud computing platform that provides a wide range of services, including
storage, computing, networking, and analytics. AWS provides a scalable and cost-effective platform for building and
deploying ML models. AWS offers pre-built ML services, such as Amazon tensor flow, which can help organizations
build, train, and deploy ML models quickly and easily. AWS also offers tools for managing and optimizing the cost
of compute resources, making it easier for organizations to control their ML-related expenses. By combining machine
learning and cloud computing by AWS, organizations can take advantage of the scalability and flexibility of cloud
computing to build and deploy machine learning models at scale. With AWS's pre-built ML services and tools for
cost optimization, organizations can build and deploy machine learning models more quickly and cost-effectively
than would be possible with traditional on premise infrastructure. Machine learning (ML) is a subfield of artificial
intelligence (Al) that focuses on the development of algorithms and statistical models that enable computer systems
to automatically learn and improve from experience without being explicitly programmed. With the exponential
growth of data in recent years, organizations are turning to machine learning as a way to extract valuable insights
from their data. ML algorithms can be used to analyze large datasets and identify patterns, trends, and anomalies
that may not be immediately apparent to human analysts. By leveraging the power of ML, organizations can gain a
better understanding of their customers, improve their operations, and make more informed decisions. For example,
ML algorithms can be used to:

e  Predict customer behavior: By analyzing customer data, ML algorithms can identify patterns and trends that can
be used to predict future behavior. This information can be used to tailor marketing campaigns, improve
customer retention, and increase revenue.

e  Optimize operations: ML algorithms can be used to optimize processes and identify bottlenecks in operations.
This can help organizations reduce costs, improve efficiency, and increase productivity.

e  Fraud detection: ML algorithms can be used to detect and prevent fraud in financial transactions. By analyzing
large datasets, ML algorithms can identify patterns of fraudulent activity and alert organizations to potential
risks.

¢  Machine learning has become an essential tool for organizations that want to stay competitive in today's data-
driven world. By leveraging the power of ML, organizations can gain insights that can help them make better
decisions, improve their operations, and ultimately achieve their business goals.

e AWS (Amazon Web Services) is a cloud computing platform that offers various services, including storage,
computing, networking, and analytics. It provides several advantages for machine learning (ML) applications:

Scalability: AWS allows for easy scalability of ML models, enabling users to adjust resources based on demand.
Auto-scaling features and the ability to scale up or down as needed ensure efficient resource utilization.
Cost-effectiveness: AWS follows a pay-as-you-go pricing model, allowing users to pay only for the resources they
use. This eliminates the need for upfront hardware investments and offers cost optimization tools, such as spot
instances, to further reduce expenses.
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Pre-built ML services: AWS provides pre-built ML services like Amazon tensor flow, which simplifies the process of
building, training, and deploying ML models. These services are designed for ease of use, making it accessible to
users with varying levels of ML expertise.

Integration with other services: AWS offers a wide range of services, including data storage and analytics, that can
be seamlessly integrated with ML models. This enables the creation of end-to-end ML pipelines, encompassing
everything from data ingestion to model deployment.

AWS's powerful and flexible platform, along with its scalability, cost-effectiveness, pre-built ML services, and
integration capabilities, make it an appealing choice for organizations seeking to leverage ML effectively. By

harnessing the advantages of AWS, businesses can accelerate their ML initiatives and drive innovation.

LITERATURE REVIEW
Paper Title Authors ., | Summary C.ontrlbutlon in_ the
= Field
N

A review of | Kumar, P. |20 | Provides a comprehensive review of | Offers a comprehensive
machine learning | & Kumar, | 21 | various machine learning techniques used | overview and insights
techniques in | R. in AWS cloud computing environments. | into the use of machine
AWS cloud Discusses the importance and benefits of | learning techniques in
computing machine learning in the cloud, highlights | AWS cloud computing
environments different techniques, and addresses | environments.

challenges and potential solutions.
Comparative Kuznetsov, Presents a comparative analysis of different | Contributes to the
analysis of | M. & | 20 | machine learning algorithms in the AWS | understanding of the
machine learning | Kuznetsova | 21 | cloud computing environment. Discusses | performance and
algorithms in |, E. AWS services and tools for building | selection of machine
AWS cloud machine learning models, compares | learning algorithms in
computing various algorithms, and provides | the AWS cloud
environment recommendations for algorithm selection | computing environment.

based on specific use cases.
Analysis of | Ilyas, M. & Focuses on analyzing the performance of | Provides insights into the
various machine | Ullah, F. 20 | various machine learning algorithms in the | performance evaluation
learning 21 | AWS cloud computing environment. | and selection of machine
algorithms in Evaluates supervised and unsupervised | learning algorithms in
AWS cloud learning, deep learning, and reinforcement | the AWS cloud
computing learning algorithms based on performance | computing environment.
environment metrics. Provides recommendations for

algorithm selection.
Evaluating  the | Abrahim, Focuses on evaluating the performance of | Contributes to the
performance of | M. T. & | 20 | machine learning models in the AWS cloud | understanding and
machine learning | Shahin, A. | 21 | computing environment. Examines logistic | evaluation of machine
models in AWS | S. regression, decision trees, random forests, | learning model
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cloud computing
environment

and neural networks, comparing their
performance using various metrics.
Provides recommendations for improving
model performance.

performance in the AWS
cloud computing
environment.

An overview of | Jokhio, I. A. Provides an overview of machine learning | Offers a comprehensive
machine learning | & Memon, | 20 | techniques in the AWS cloud computing | overview of machine
techniques in | ML A 21 | environment. Discusses the benefits of | learning techniques
AWS cloud using cloud computing for machine | available in the AWS
computing learning, explores AWS services and tools, | cloud computing
environment presents  different  techniques, and | environment.

highlights their advantages and limitations

in the cloud environment.
Leveraging Li, H. & |20 | This paper explores the use of AutoML | Explores the application
AutoML in AWS | Wang, Q. 22 | (Automated Machine Learning) techniques | of AutoML techniques in
Cloud for in AWS cloud for developing machine | the AWS cloud
Machine Learning learning models. It discusses the benefits | environment and
Model and challenges of wusing AutoML, | demonstrates its
Development highlights the AWS services and tools | usefulness in

available for AutoML, and showcases case | streamlining machine

studies demonstrating its effectiveness in | learning model

model development. development.
Secure and | Zhang, Y. | 20 | Addressing the concerns of security and | Advances the field by
Privacy- & Chen, X. | 23 | privacy in AWS cloud-based machine | providing solutions and
Preserving learning, this paper proposes secure and | techniques to ensure
Machine Learning privacy-preserving techniques for data | secure and  privacy-
in AWS Cloud processing and model training. It discusses | preserving machine

encryption mechanisms, federated learning | learning in AWS cloud

approaches, and secure data sharing | computing

methods in AWS, enabling the | environments.

development of privacy-preserving ML

models.
Scalable Liu, C. & | 20 | Focusing on the efficient deployment of | Contributes to the
Deployment  of | Wu, . 22 | machine learning models, this paper | development of scalable
Machine Learning presents a scalable approach using AWS | strategies for deploying
Models on AWS Fargate. It discusses containerization, | machine learning models
Fargate model packaging, and scalable deployment | on AWS cloud using

strategies, enabling the seamless | Fargate, enhancing the

deployment and management of ML | efficiency of  model

models in AWS cloud environments. deployment.
Optimization Wang, S. & | 20 | This  paper  explores  optimization | Offers  insights  and
Techniques  for | Zhang, J. 23 | techniques to reduce the costs associated | strategies for optimizing
Cost-Effective with machine learning workflows in AWS | machine learning
Machine Learning cloud. It covers cost analysis, resource | workflows in  AWS
Workflows in allocation  strategies, and  workflow | cloud, reducing costs and
AWS Cloud optimization approaches, enabling the | improving resource

design of cost-effective and efficient ML | utilization.

workflows in AWS cloud computing

environments.
Exploring Server | Chen, L. & | 20 | Investigating server less architectures, this | Contributes to the
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less Architectures | Li, W. 22 | paper explores their feasibility and | exploration and adoption
for Real-Time effectiveness for real-time machine learning | of server less
Machine Learning inference in AWS cloud. It discusses the | architectures for real-
Inference in AWS benefits of server less computing, presents | time machine learning
Cloud architectural designs, and demonstrates its | inference in AWS cloud,

applicability in real-time ML inference | improving scalability and
tasks, enhancing scalability and cost- | cost-effectiveness.
efficiency.

Research Gap, Scope, Advantage & Disadvantages of the Study

Research gap: Research gap in machine learning in AWS cloud computing environments include optimizing models
for specific cloud environments, assessing the impact of pre-built services on model performance, securing sensitive
data, and minimizing costs. Addressing these gaps is crucial for enhancing the effectiveness and efficiency of
machine learning applications in the cloud.

Scope: The scope of the covers a wide range of machine learning techniques that can be used in AWS cloud
computing environments. This includes supervised learning, unsupervised learning, and reinforcement learning.
The topic also covers the pre-built machine learning services offered by AWS, as well as best practices for building
and deploying machine learning models in AWS cloud computing environments.

Advantages& Dis-advantages: Using machine learning in AWS cloud computing environments offers advantages
such as scalability, cost-effectiveness, pre-built services like Amazon Tensor flow, and seamless integration with
other services. However, it requires expertise in both machine learning and cloud computing, data security
measures, and limited control over infrastructure customization.

Objectives and Aim of the Study

The objectives of this study are to review machine learning techniques in AWS cloud computing environments,
evaluate the benefits and limitations of using AWS for machine learning, explore pre-built ML services, investigate
integration with other AWS services, and discuss best practices for building and deploying ML models in the cloud.

RESULTS AND DISCUSSION

Various ML Techniques that can be used in AWS Cloud Computing Environments

In AWS cloud computing environments, various machine learning techniques can be utilized, including supervised
learning, unsupervised learning, reinforcement learning, deep learning, transfer learning, online learning, and semi-
supervised learning. These techniques find applications in image and speech recognition, natural language
processing, predictive maintenance, fraud detection, personalized recommendations, and more.

Key Concepts Of Supervised, Unsupervised, And Reinforcement Learning, As Well As Deep Learning With
Examples Of How These Techniques Can Be Applied In AWS

In AWS, supervised learning, unsupervised learning, reinforcement learning, and deep learning are used to create
intelligent applications. Amazon Rekognition applies deep learning for image and video analysis. Amazon Tensor
flow provides algorithms for unsupervised learning tasks like clustering and anomaly detection. AWS RoboMaker
facilitates the development of robotics applications using reinforcement learning. Deep learning in AWS is used for
image recognition and natural language processing. AWS offers a suite of services and tools to support machine
learning applications such as object identification, data clustering, autonomous agent training, and speech
processing.
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Discuss popular AWS services for ML, such as Amazon Tensor flow, AWS Deep Learning AMIs, and Amazon
Rekognition, and their features and benefits.

Some popular AWS services for ML include Amazon Tensor flow, AWS Deep Learning AMIs, and Amazon
Rekognition. Amazon Tensor flow is a fully-managed service that enables developers and data scientists to build,
train, and deploy ML models at scale. It offers features such as automatic model tuning, pre-built algorithms, and
integration with Jupyter notebooks, making it easier to develop and deploy ML models. AWS Deep Learning AMIs
provide pre-configured virtual machine images with popular deep learning frameworks and libraries, simplifying
the setup of a deep learning environment. It allows researchers and developers to quickly start working on ML
projects without the hassle of manual installations. Amazon Rekognition is a service that utilizes deep learning
technology for image and video analysis. It offers features like object detection, facial analysis, and text recognition,
enabling developers to extract meaningful information from images and videos. These services provide a range of
capabilities for ML development and analysis, offering convenience, scalability, and integration with other AWS
services.

Explore challenges in using ML in AWS, such as data security and privacy concerns, and how these challenges
can be addressed

Using machine learning (ML) in AWS offers benefits like improved decision-making and automation, but challenges
such as data security, privacy, explainability, and scalability must be addressed. ML algorithms rely on sensitive
data, and AWS provides encryption, access control, and monitoring tools to ensure data security. Privacy features
like data masking and anonymization aid compliance with regulations. Explainability is addressed through
interpretability and fairness assessment. Scalability is tackled through auto-scaling and optimization of ML
workflows. By implementing AWS's security, privacy, explainability, and scaling features, users can ensure robust,
compliant ML systems.

Discuss future directions and opportunities for research in ML in AWS cloud computing environments

ML in AWS cloud computing environments offers research opportunities in federated learning, edge computing,
explainable Al, AutoML, and quantum computing. Federated learning enables collaborative model training without
sharing data, with potential applications in healthcare, finance, and energy. Edge computing deploys ML on devices
near data sources, reducing latency and privacy risks, applicable to autonomous vehicles and smart cities.
Explainable Al aims for transparent and interpretable models, benefiting domains like healthcare and finance.
AutoML automates model development and can improve efficiency in NLP, computer vision, and recommendation
systems. Quantum computing has potential for quantum algorithms in ML and ML models on quantum hardware,
impacting fields like drug discovery. These research areas offer exciting possibilities in AWS, requiring
interdisciplinary collaboration to address challenges and harness their potential. The resulting insights and
technologies can profoundly impact society and industry.

CONCLUSION

Based on the review of research papers related to machine learning applications in AWS cloud computing
environments, it can be concluded that AWS provides a scalable and cost-effective platform for building, training,
and deploying machine learning models. The use of machine learning in the cloud can bring numerous benefits, such
as improved accuracy, better performance, and faster processing times. However, selecting the appropriate machine
learning algorithms and models, as well as evaluating and optimizing their performance, is critical for achieving the
best results. The papers reviewed also highlighted the importance of data privacy and security in machine learning
applications in the cloud, and the need for specialized expertise in building and deploying machine learning models
in AWS. Organizations must carefully consider these challenges and implement appropriate measures to address
them. The reviewed papers demonstrate the growing importance of machine learning in AWS cloud computing
environments and its potential to revolutionize various industries. By leveraging the power of machine learning in
the cloud, organizations can gain valuable insights from their data and make data-driven decisions, ultimately
leading to better business outcomes.
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ABSTRACT

In the present study, newly developed double basin solar still is connected with an evacuated tube and

the absorber plate of the upper basin is made corrugated to enhance the heat transfer. The double basin
solar still developed here has been extensively tested in the local environment of Ahmedabad (23.0225°
N, 72.57° E), Gujarat from May, 2022 to June, 2022. Gravel and pebbles have been used as heat storage
materials to increase distillate output. In the upper basin of the developed double basin solar still, using
gravel and pebble as heat storage material, distillate outputs of 4.905 and 3.655 liters are obtained,
respectively. Total distillate output in both basins 8.540 liters and 7.685 liters respectively; Available with
gravel and pebbles. Life cycle cost analysis shows an expected payback period of 108 days. An annual
cost per liter of distillate output obtained is Rs. 0.407 for the developed solar still.

Keywords: Double Basin Solar Still, Evacuated Tubes, Distillate Output, Heat Storage Materials, Payback
Period.

INTRODUCTION

Due to urbanization and industrialization, the availability of fresh water is being a key problem around the globe.
Earth's almost 2/3rd part is covered with water. Most of it is stored in the sea or in glaciers, and only a small amount
of fresh potable water is available for humans. This small amount is enough for all the species living on the earth to
satisfy their needs. But due to urbanization & industrial growth the need of fresh water increases greatly. [1-2] solar
desalination provides a great solution for getting potable water, but a major issue with it is lower productivity. The
distillate output produced of solar stills can be improved by various integrations like evacuated tubes, flat plate
collectors, parabolic troughs, photovoltaic panels, fins, heat storage materials, and design modifications (multi basin,
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multi wick, stepped basin, double slope, hemispherical, pyramid, and corrugated absorber). [3-32]. the main problem
with solar is its lower productivity. A double or multi-basin arrangement improves distillate output and makes it
commercially viable. Al-Karaghouli et al. [33] have analyzed the performance of solar stills with & without insulation
at the sides. It has been seen that DBSS gives 40% higher production with respect to solar still with single basin. For a
solar still with double basin, the highest daily distillate output obtained was 3.9 liters/m2 and 3.13 liters/m2 with &
without insulation respectively. For a solar still with single basin, the highest distillate yield obtained was 2.84
liters/m2 and 2.455 liters/m2 with and without insulation. Bapeshvarroa et al. [34] analyzed a double-basin solar still
with cooling of condensing cover of upper basin by flowing water over it. A numerical model was developed and
analyzed. Dutt ef al. [35] analyzed transient behavior of DBSS using dye. A numerical model was developed and
analyzed; it has been found numerically that a DBSS using dye gives a higher output. The daily distillate
productivity of solar still with double basins improves by 2 liters/m2 by adding dye as compared to not adding dye.
Patrick Gnanaraj et al. [36] fabricated and examined DBSS with different modifications, like a reflector with a FPC
and a mini solar pond. The performance of DBSS with external modification was compared with that of single basin
solar still. The daily distillate productivity for a DBSS integrated with a reflector and FPC was found to be 5650
milliliters, and with a mini solar pond, 6249 milliliters. The daily distillate output for a DBSS with no modifications
was 4333 milliliters, and it was 2745 milliliters for a single-basin solar still. Modi et al. [37] fabricated and examined a
DBSS piled with black cotton wick and jute cloth for local climate conditions, experiments were performed for water
depths of 20 cm and 10 cm. It was found that jute cloth at a water depth of 10 cm and 20 cm gives 18.03% and 21.46%
higher daily productivity, respectively, with respect to black cotton wick. Panchal [38] has reviewed the performance
of a novel DBSS assisted with vacuum tubes in the lower basin. Performance was evaluated at different water depth
of 30 mm, 40 mm, and 50 mm, respectively. Higher distillate was obtained with a lower depth of water. The highest
productivity of 11.064 liters was obtained at 0.03 m. Panchal [39] has integrated evacuated tubes with a DBSS and
tested it. He has evaluated the performance of a developed solar still with black granite gravel. It was seen that the
integration of evacuated tubes alone and evacuated tubes and black granite gravel increases productivity by 56% and
65%, likewise. Panchal et al. [40] fabricated a double-basin solar desalination unit assisted with evacuated tubes in the
lower basin as and mild still fins were integrated to increase productivity. Productivity increased by 25% due to the
incorporation of solid fins.

Rajaseenivasan et al. [41] developed solar stills with single and double basin. They have compared the performance
of a both the stills for different water depths with mild still pieces and wick material. They have found higher
distillate productivity at a lower water depth in the basin. He discovered that for single basin daily distillate output
with cotton waste, black cotton, jute fabric, and mild still trashes as storage material was 1650 milliliters, 1850
milliliters, 1775 milliliters, 1940 milliliters, respectively. For solar still with double basin daily distillate output with
cotton waste, black cotton, jute fabric, and mild still trashes as storage material were 3065 milliliters, 3510 milliliters,
3320 milliliters, and 3580 milliliters, respectively. Rajaseenivasan et al. [42] carried out performance analysis for a
solar still with double basin with cotton waste, jute fabric, black cotton fabric, and mild still trashes in the basin.
Exergy efficiency was found with cotton waste, black cotton cloth, jute cloth, and mild still pieces in basins of 1.013%,
1.282%, 1.314%, and 1.412%, respectively, for a single basin solar still and 1.538%, 1.659%, 1.954%, and 2.072%,
respectively, for a solar still with double basin. Raj Kamal et al. [43] has evaluated experimentally the performance
solar stills with single and double basin with heat storage material and an external heater. Daily distillate output
solar still with single and double basin was obtained 6720 milliliters and 5780 milliliters, each with an external
heater. Sodha et al. [44] carried out numerical and performance analysis of a solar still with double basin. It was
found that a solar still with double basin gives 36% higher distillate output with regard solar still with single basin
for the same basin area. G.N. Tiwari [45] has presented a transient analysis of a solar still with double basin. For
higher distillate, he has connected a flat plate collector with the lower basin. For a higher temperature difference
across the condensing cover and basin, water produces a better yield. Water is flowed over condensing cover to
lower the temperature of condensing cover. Yadav [46] has presented a parametric study of solar still with double
basin. He has obtained accurate expressions for temperature and other parameters by taking energy balances at
various components of a solar still with double basin. Yadav [47] has developed a transient model of solar still with
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double basin integrated with flat-plate collection. Analytical results were matched with numerical results and
agreement was observed.

Experimental Setup

Figure 1 a&b depicts photo graph and perspective view of newly developed double basin solar still with evacuated
tube collector. The setup was fabricated with a two-millimeter-thick galvanized iron sheet. The total area of the basin
assembly is 1.365 x 0.75 square meters.5 mm thick toughened glass is used as the condensing cover of the upper
basin. The condensing cover is placed at an angle of 23 ° which is exactly the latitude of the experimental work site
and inclined towards the south direction so that maximum benefit of solar intensity can be taken. Condensing glass
cover is placed over the basin and properly sealed with silicone sealant to prevent vapor leaks. The solar still is
insulated with 5 cm thick polyurethane foam to prevent heat loss from the sides and bottom. Polyurethane foam has
a thermal conductivity of 0.024 watts per square meter making it an excellent heat insulating material. On either side
of the solar still, there are jars to collect the condensate from the upper and lower basins. A corrugated absorber plate
made of galvanized iron is inserted between the upper and lower basins to act as a condensing cover for the lower
basins.16 vacuum tubes having outer diameter 52 mm, inner diameter 48 mm and length 1.8 m are attached to the
lower basin. A selective sputtered aluminum nickel aluminum coating is applied to the inside of the vacuum tube as
it has an absorbance of 93% and an emittance of 6%.The ends of the concentric tubes are fused together in the
vacuum tube and air is evacuated from the annulus space to reduce conductive and convective heat loss. So that the
end of the vacuum tube does not break, it is secured in a plastic cap and connected to the frame. The open end of the
vacuum tube is fitted securely with a rubber gasket into a hole made in the lower basin of the double basin solar still.
The vacuum tube is tilted at an angle of 45 ° to get the maximum benefit of the solar intensity.

In the case of the double basin solar still developed here, the solar radiation passes through the toughened glass
cover and reaches the saline/brackish water in the upper basin. The sun's radiation heats the water in the basin
causing it to evaporate. The resulting vapor condenses on the inside of the glass cover. Condensed water particles
due to the gradient collect in the distillate trough from where they are collected in the jar. Evacuated tubes connected
to the lower basin absorb solar radiation and heat the water inside. Then the hot water reaches the lower basin by
thermo siphon (natural convection) effect, the resulting vapor condenses downwards inside the corrugated
condensing cover of the lower basin which collects in two distillate channels placed in the lower basin. The latent
heat of vaporization helps to heat the water in the upper basin which is already heated by the solar intensity. A
higher distillate output is obtained as a result. Although a small amount of heat passing from the lower basin to the
upper basin is dissipated to the atmosphere through insulation, the distillate output of the upper basin increases
significantly. The distillate output obtained in a double basin solar still is equal to the sum of the distillate output
obtained from the upper and lower basins.

RESULTS AND DISCUSSION

Various heat storage materials such as gravels and pebbles were added to the upper basin to increase the distillate
output in the developed double basin solar still connected with evacuated tubes. Extensive experiments were
conducted in Ahmedabad Gujarat environment from May 2022 to June 2022 from 7 am to 6 pm. For the experiment,
10 kg of gravel and pebbles were added to the upper basin.. During the experiment, hourly water temperature of
upper basin, water temperature of lower basin, temperature of condensing glass cover of upper basin, temperature
of condensing cover of lower basin, ambient temperature, solar intensity, distillate output were recorded.

Hourly variation in ambient temperature and solar intensity

Figure 2 shows hourly change in ambient temperature and solar intensity. Ambient temperature depends on solar
intensity as shown in figure. Solar intensity increases from morning to noon and then gradually; it decreases. A
maximum solar intensity of 905 watts per square meter was recorded at 1 PM on the day of observation, 16 May
2023. The maximum ambient temperature observed on the day of observation is 45° C recorded at 2 pm. The time lag
observed in the increase in ambient temperature relative to solar intensity is due to the thermal capacity of the
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ambient air. The slope of the solar still is kept at 23° same as the latitude of the local site and the slope of the
evacuated tube is kept at 45 °. So that the maximum benefit of the incident solar radiation can be obtained in the
summer season. Since the difference in relative solar intensity on the still and the collector is minimal, the solar
intensity on the still is recorded here. Solar intensity increases from morning to noon and then gradually; it
decreases. A maximum solar intensity of 905 watts per square meter was recorded at 1 PM on the day of observation,
16 May 2023. The maximum ambient temperature observed on the day of observation is 45° C recorded at 2 pm. The
time lag observed in the increase in ambient temperature relative to solar intensity is due to the thermal capacity of
the ambient air. The slope of the solar still is kept at 23° same as the latitude of the local site and the slope of the
evacuated tube is kept at 45 °. So that the maximum benefit of the incident solar radiation can be obtained in the
summer season. Since the difference in relative solar intensity on the still and the collector is minimal, the solar
intensity on the still is recorded here.

Hourly Change in Upper and Lower Basin Water Temperature

Figure 3 shows the hourly variation in water temperature in the upper basin and lower basin. The double basin solar
developed here has an evacuated tube collector attached to the lower basin of still while heat storage material has
been added to increase productivity in the upper basin. The slope of the condensing glass cover of the upper basin is
kept at 23 °© of the latitude of Ahmedabad of the existing site to make maximum use of the sun's intensity, while the
slope of the evacuated tube collector connected to the lower basin is kept at 45 °.During summer experimental work
days the evacuated tubes connected to the lower basin receive more solar intensity due to its steeper gradient and
hence the water temperature of the lower basin is higher. The maximum recorded water temperatures of 86°C and
80°C for upper and lower basin with gravel as heat storage material in upper basin. While maximum water
temperatures for upper and lower basin with pebbles was recorded 89°C and 87°C respectively.

Hourly Change in Temperature of Upper and Lower Basin Condensing Cover

Figure 4 shows the hourly variation in temperature of the condensing cover of the upper and lower basins.
Maximum condensing cover temperature with gravel is 73 ° C and 83 ° C recorded for upper basin and lower basin
respectively on 15 May 2022 at 3 PM. Similarly, the maximum condensing cover temperature with pebbles is 66 ° C
and 81 ° C for Upper Basin and Lower Basin respectively on 21 May 2022 at 3 pm. The difference between the
temperature of the condensing cover and the temperature of the basin water affects the rate of evaporation, as the
difference is greater, the rate of evaporation is higher. Therefore, for greater productivity, the temperature of the
condensing cover should be as low as possible and the temperature of the basin water should be as high as possible.
The addition of heat storage material to the upper basin not only increases the temperature of the basin water and
the condensing cover, but also increases the difference between them, resulting in greater productivity.

Hourly Variation of Cumulative Distillate Yield of Upper Basin with Heat Absorbing Material in Upper Basin
Figure 5 depicts the hourly cumulative yield for different water quantities in upper and lower basin of evacuated
tube collector connected double basin solar still when gravels or pebbles are added as heat storage material in the
upper basin. As the day progresses, the condensing cover with gravels and pebbles in the upper basin and the
temperature of the basin water increases. A higher distillate yield is obtained by increasing the rate of evaporation
due to lower mass inertia with less water content. In the developed double basin solar still upper basin with gravels
added as heat storage material the distillate output of the upper basin is recorded as 4345 milliliters, 4850 milliliters
and 5040 milliliters respectively for 30 liters, 23 liters and 16 liters of water. Similarly adding pebbles in the upper
basin gives distillate output of 3395 milliliters, 3655 milliliters and 4080 milliliters for 30 liters, 23 liters and 16 liters of
water respectively.

Cumulative Hourly Distillate Output from Upper and Lower Basins with Heat Storage Material

Figure 6 depicts the hourly cumulative distillate output from the upper and lower basins adding heat storage
material to the upper basin. The cumulative hourly distillate output from the upper and lower basin with gravel in
the upper basin is 8540 milliliters, 7280 milliliters and 6980 milliliters respectively for 16 liters, 23 liters, 30 liters in the
upper basin and 44 liters, 51 liters, 58 liters of water in the lower basin on experimental days from 7.00 AM to 6.00
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PM. Whereas hourly distillate output with pebbles in the basin is 6360 milliliters, 6025 milliliters, and 5505 milliliters.
16 liters, 23 liters, 30 liters in the upper basin and 44 liters, 51 liters, 58 liters of water in the lower basin in lower basin
respectively. Adding gravels to the upper basin yields higher distillate output than pebbles because the heat capacity
of gravels is higher than that of pebbles. Table 1 shows characteristics of heat storage material.

Economic Analysis of a Modified Double Basin Solar Still with Energy-Absorbing Material

It is always desirable that a developed setup is economical. Because of that, an economic analysis for the developed
double basin solar still was conducted. Annual cost of developed still was calculated as shown in Table 2. For the
calculation of annual cost principal cost, depreciation, sinking fund factor, capital recovery factor interest on invested
value was taken in to account. For analysis 20 years of average life span of still was considered. Table 3 shows the
payback period of a developed solar still with heat storage material. The payback period was calculated using
various cost components, like fabrication price, operating price, maintenance price, feed water price, and subsidies
provided by the government. Payback period of 109 days was obtained with developed double basin solar still.

Experimental Uncertainty
Errors in measured parameters by different instruments are shown in Table 4. Errors of different instruments used in
measurement. Uncertainty analysis for solar still area, solar still flow area, temperature different and Distillate

output was calculated and shown in Table 5. Suppose a set of measurement is made in order to measure “n” number
of experimental variables. These measurements are then used to calculate some required results of experiment (Z).

ThusZ = Z(X1,X3,X3, ... ..... Xp). Let U, be the uncertainty in the results andUy, Uy, Us, ... ... ... U, be the uncertainty in
the independent variables. The uncertainty in results is calculated according to the equation,
1
oz . \2 | (9zZ .. \? oz . \2]?
U, = [(EUI) + (EUZ) + o .....+(a—xnUn) ] ...... 1

In uncertainty calculation the different parameters like, area of solar still, solar still flow area, temperature
difference, distillate output, efficiency are calculated.

Solar still area

AA AA
A=L xW=1365x074=1 ,—=W=0.74 ,—=L=1.365

"AL : AW
1
AA 2 /DA 22 ) ik
AA = (H X SL) + (W x sw) =[(0.74 X 0.001)2 + (1.365 x 0.001)2]Z = 0.00155
2= x100=0155% @)
Solar still flow area
Ap =D X W =002x0.74 = 0.0148, 22 = p = 0.02, 22 = W = 0.74
AW AD
1
AA 2 [AA 212 ) it
AA = (E x 80) + (W X sw) = [(0.74 x 0.001)2 + (0.02 x 0.001)2]Z = 0.00074
AA _ 0.00074 _
==Tlx100=5% 3)
Temperature Difference
AT =T, -T.=100+100=200 ,“20=1-T, =1-100=-99 D=1, -1=100-1=99
1
2 2712
A(AT AAT 1
A(AT) = < iT ) 8Te> + ( 2T ) 8TC> =[(=99 x 0.1)% + (99 x 0.1)2]Z = 14
e [
D _I* 100=7 )
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Output

h,, x AT
m=-———
L (5)

It depend on temperature difference only
The uncertainty in the out will be 7.0%
Radiation

Measurement error in Radiation (I) is 0.025. So it is 2.5%.

CONCLUSION

e Evacuated tube coupled double basin solar still with black gravel as heat storage material gives 1.23 times
more output as compared to pebbles.

e Lower water depth (water quantity) in upper basin yields higher output with heat storage material.

o Cumulative distillate output of 5040 and 4080 ml was obtained from upper basin alone respectively with
gravels and pebbles as heat storage material in upper basin for 16 liter Water quantities in upper basin.

e  Cumulative distillate output of 8540ml and 6360 ml was obtained from combined upper and lower basin
respectively with gravel and pebbles as heat storage material.

e Payback period of the novel double-basin solar still with evacuated tubes was found to be 109 days from life
cycle cost analysis.

e Annual cost per liter per square meter was obtained as Rs.0.400728.

Scope of Future Work
e More energy storage material can be tested with developed solar cells for better yield.
e  Phase-change material can also be tested with developed solar stills.
e Toimprove distillate yield, lower basin fins can be incorporated.
e  Further evaluation of performance through energy and exergy analysis can be carried out.
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Table 1.Characteristics of Heat Storage material

. Density Thermal Conductivity Specific Heat Capacity
Material
atenass (lit./m3) (W/m K) J/it. K)
Black Stone 3070 2.06-2.90 880
Pebble Stone 3300 2.4-2.6 712
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Table 2.Economical Analysis

Particulars
Principal price (P) %.10,800
Salvage Price(S) (10% of principle price) 2.1080
Still’s life (n) 15 Years
Rate of Interest (i) 0.1
Capital recovery factor(CRF =i(1 +)"/((1 +i)" 1)) 0.131474
Sinking fund factor (SFF =i/((1 +i)"~1)) 0.031474
Annual first price = (CRF x P) %.1419.9
Annual salvage price (SFF x P) %.339.9
Annual maintenance price(%. 0.15 x annual cost) %.2129
Annual price/m? = annual first price+ annual maintenance price — annual salvage price %.1292.9
Annual distillate productivity of solar still (average distillate output x 365) (assuming average distillate 30966
productivity=8.84 L)
Annual price of distilled water per liter = annual price per square meter/annual distillate productivity) . 0.4007
Table 3.Payback Period
Particulars
Fabrication Price (A) . 10,800
Operating Price (B) . 5/day
Maintenance Price (C) . 5/day
Price of Feed Water (D) . 1/day
Price of Distilled water per liter (E) .12
Annual distillate productivity 8.84 liter/day
Price of water produced per day (F) . 106.08
Subsidized Price (4%) %.432
Net Profit=F -B- C-D %.95.08
Pay Back period=(Investment-Subsidized Price)/Net profit 109 Days
Table 4.Errors of different instruments used in measurement
Sr. No. | Device name Parameter Symbol | Unit Max. Value Error
01 Temperature Data Logger Temperature T °C 0 to 100 0.1
02 Solar Power Meter Intensity measurement I W/m2 | 0-1400 1
L 1
03 Measure tap Solar still dimensions W M 1 0.001
D 0.02

Table 5.Uncertainity Analysis

Sr. No. | Result Symbol % Uncertainty
1 Solar Still area A 0.155

2 Solar still flow area Ar 5.0

3 Temperature difference AT 7

4 Output m 7

5 Radiation 1 2.5
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Table 6 Comparison of double-basin solar stills with different modifications

Sr. Researcher Type of Modification or Attachment Maximum Daily Distillate
No. output produced
1 Al-Karaghouli and | With and without side and bottom insulation 391 1/m? and 3.13 1l/m?
W.E. Alnaser (2004) respectively.
2 Joe Patrick Gnanaraj.et | With double basin integrated with reflector, reflector | 4.33 1/m?, 5.65 1/m?, 6.249
al.(2017) & Flat Plate Collector, reflector and Mini solar pond 1/m? respectively.
3 Hitesh Panchal (2018) With vacuum tubes and energy absorbing material | 10.50 1/m?210.20 1/m?29.7
like lime stone, granite, pebbles 1/m? respectively
Rajkamal et al.(2020) With electric heater 6.72 1/m?
5 Present study With corrugated absorber, evacuated tube collector | 11.60 1/m?.
and heat storage material
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Tubes

(a) (b)
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ABSTRACT

Considering this transformation, a scientometric analysis of the global literature on urban livelihood was
conducted in this study. The bibliographic data was gathered through the Web of Science database for
2013 to 2022, and a total of 1961 publications were retrieved. VOS viewer and Bibliometrix R
visualization software were used to analyze data and create network maps. The findings revealed the
number of papers, the highest number of articles found in 2022 with 351. Among published articles, co-
authors' contribution is more significant than that of single authors. Furthermore, the USA was the
leading country, with 587 publications on urban livelihood. With 16 publications on urban livelihood,
Shackleton CM. was the most prolific author. These findings would benefit researchers worldwide, as
scientometric mapping is an exciting method that provides a comprehensive overview of a scientific
issue and insights for future research.

Keywords: Urban livelihood; Urbanization; Poverty; Bibliometric; Web of Science
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INTRODUCTION

Urban livelihood refers to earning a living available to people in urban areas. Urban areas are characterized by high
population density, modern infrastructure, and various economic activities. People living in urban areas can engage
in multiple forms of livelihood, including formal employment, self-employment, and informal work. Formal
employment in urban areas can include working in offices, factories, retail stores, and other businesses. Self-
employment can include owning a small business or operating as a freelancer or independent contractor. Informal
work can consist of street vending, domestic work, and other forms of work that are not regulated by formal labour
laws. In many urban areas, access to education and specialized skills training can help people find better-paying jobs
and improve their livelihoods. Urban areas can also offer greater access to healthcare, social services, and other
resources to improve people's quality of life. However, urban livelihoods can also be challenging, as the cost of living
in urban areas can be high, and competition for jobs can be intense. Moreover, many urban areas have the
inadequate infrastructure, high levels of pollution, and other environmental challenges that can affect people's health
and well-being. Scientific research platform databases can be utilized to obtain high-quality scientific results.
Databases such as Web of Science, Scopus, Emerald, and CNKI are widely used worldwide because they provide
quick access to literature and good tracking of academic frontiers. A well-known and respected large-scale,
comprehensive, multidisciplinary, and core journal citation index database is Web of Science. It has a solid
reputation in scientific, technological, and educational circles worldwide, with citation index databases like SCIE and
SSCI, JCR Journal Citation Reports, and ESI Basic Scientific Indicators. More than 8700 authoritative, high-impact
academic journals worldwide covering the natural sciences, engineering, technology, biomedicine, social sciences,
arts, and humanities, among other subjects, are available in the Web of Science core collection database.

Bibliometrics is a quantitative analysis technique that uses mathematical and statistical methods to quantify the
interactions and effects of publications in particular study disciplines. It helps researchers to express knowledge
structures in the research domain, map out detailed knowledge maps, and use statistical and mathematical
techniques to investigate its features. It offers a macro-overview of scholarly research and accurately identifies
significant authors, journals, organizations, and countries. It also functions as a potent instrument to examine the
subject of knowledge and reveal its knowledge structure. CiteSpace, VOSviewer, and Bibexcel are three software
programmes for measuring and evaluating scientific literature data that have been used widely in global information
science due to their advantages in theory and practice. Therefore, the research results of using bibliometric analysis
to study urban livelihood are scarce, and no research has explored the dynamic evolutionary path of the research
theme in the field of urban livelihood. In view of this, this paper takes the literature on urban expansion in the core
collection database of Web of Science as the research object and uses the scientific analysis tool Bibliometrix and VOS
viewer to visually analyze the themes of urban livelihood research and its evolutionary path from 2013 to 2022.

Objectives

o How many publications are produced per year on urban livelihood?

. What Is the collaboration between and affiliations countries on this issue?
o What are the journals that publish the most in this area?

. What are the most relevant author’s keywords to urban livelihood?
LITERATURE REVIEW

Several researchers have reviewed studies on urban land and land management (Kim et al., 2020; Hanacek &
Rodriguez-Labajos, 2018) and performed bibliometric analyses of land use, land consolidation, land cover, and other
related research by using large-scale data sets and bibliometric methods (Xie, Zhang, Zeng, et al., 2020; Xu et al.,
2022), with valuable results. However, so far, relevant studies on urban land management are scarce, and most
studies in land management have focused on rural land, specific countries or regions, or a single disciplinary
perspective (Xianchun & Zhuoran, 2012; Xiandong et al., 2022).

63060




Indian Journal of Natural Sciences w www.tnsroindia.org.in ©[JONS

Vol.14 / Issue 80/ Oct / 2023 International Bimonthly (Print) — Open Access ~ ISSN: 0976 — 0997
Jiaur Rahaman and Biswajit Das

METHODOLOGY

The bibliographic data for the present study were collected on 23 February 2023, from the Web of Science (WoS) Core
Collection database, including indices of SCIE, SSCI, and A&HCI, provided by Clarivate within the indexed
timespan from 2013 to 2022. Using the topic keyword “urban livelihood” (the topic keywords are generated by
Clarivate from the title, abstract, author keywords, and Keywords Plus). The search was set to all languages and all
documents type. The researcher obtained a total of 1961 publications in the (WoS). Each document’s full record and
cited references are exported for the bibliometric analysis. The downloaded data were saved in plain text format. The
scientific analysis Bibliometrix and VOS viewer tools to visually analyze the themes of urban livelihood research

RESULTS

Finding of the Annual Publication Volume

As shown in Table 1, from 2013 to 2022, 1961 articles have been published in this specific field of urban livelihood.
The number of published research reports in urban livelihood areas generally increased during the study period. The
period from 2013 to 2022 was the development period, in which the number of published articles increased steadily.
The literature on urban livelihood grew slowly from 2013 to 2016. It can be seen that the largest number of articles
was found in 2022 with 351 articles (17.90%), while in 2013 found the lowest number of articles with 96 (4.90%)
during the study period.

Active Authors

Highly cited authors serve as role models for researchers in this subject and indicate the pinnacles of local or national
knowledge innovation. High citation counts indicate that the study findings of the authors were, at least temporarily,
extensively acknowledged, inherited, and developed by other scholars. Table 2 shows 10 active authors in this field,
including statistical data on the number of documents published per year by each and total citations each year. A
total of 6314 authors contributed to the field of urban livelihood during the studied period, with Pradhan, Shackleton
CM, Turner S, and Gibbs A being the first three authors, publishing 16, 9, and 8 articles, respectively. The importance
of authors and the impact of all research contributions are frequently assessed using the h-index. Shackleton CM has
the largest received score found citations and h-index.

Active Sources

From the journals referenced in this paper, urban livelihood was mainly published on Sustainability, and a total of
105 articles were published from 632 journals (see Table 3). The top five journals were Sustainability, Land Use
Policy, World Development, Journal of Rural Studies, and Land, which included more than 256 publications. From
the content of the articles published in the journals, the research in urban livelihood mainly focused on landscape,
economy and environmental pollution, followed by geography. Journal of Rural Studies has the largest number of
citations found with 744 from 35 publications, but it has ranked fourth among the top ten journals.

Active Affiliations

Since 2013, 1574 institutions have engaged in the study of urban livelihood. Table 4 details the top 10 high-yield
institutions according to the number of publications, of which three are from South Africa. The University of
Witwatersrand ranked first in the number of papers (38), the second was the University of Ghana (33), and third
were the National University of Singapore and the University of Copenhagen (27). Table 4 shows South Africa was
the dominant country, but the seven countries found single institutions.

Active Countries
Researchers have published papers from 113 countries (counting only the corresponding author’s country) since
2013, and this number reaches 113 if co-authors are considered. Table 5 depicts the countries with the highest result
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based on the frequency distribution of the corresponding author’s affiliation country. The USA is leading with 587
papers, followed by China (457 papers) and the United Kingdom (408 papers).

The Figure 1 shows that the number of collaborators with China is 44 and the total link strength is 269. The main
partners of were USA, China, and England and Germany. Five clusters of the countries of co-authorship were
obtained by bibliometric analysis using the VOS viewer tool. The top three clusters represent the research fields of
urban livelihood which are shown in the colour of red, green and blue. The two biggest nodes of countries include
the USA and England.

Author’s Keyword Analysis

Table 5 shows that the network map of the trend topics according to the author keywords used from 2013 to 2022.
The size of the circles indicates how frequently the terms appear. The separation between the two circles shows the
link between them.A keyword co-occurrence analysis (Figure 1) using the VOS viewer tool provides a co-occurrence
network picture of the keyword universe and a much deeper understanding of the interaction dynamics of the field
of urban livelihood.The keyword co-occurrence network in this study described five clusters. The largest nodes were
Livelihoods, Poverty, Urbanization, and Urban with 155, 106, and 102 occurrences used by the authors found during
the study period.

CONCLUSION

Urban livelihood refers to earning a livelihood in a city or town. Urban livelihoods are characterized by a diverse
range of activities, including formal employment in industries, services, and government and everyday work in the
informal sector.A total of 1961 papers from our present study that were indexed in the WoS core database and
discussed urban livelihood were examined. These results provide a rich source of information on the intellectual
structure of the chosen domain of urban livelihood. Using the bibliometrix R-package and VOS viewer, the
bibliometric analysis results allowed for network analysis, co-authorship of countries and keyword analysis.Overall,
113 countries around the world contributed to the field of urban livelihood. Among them, South Africa and China
published the most outstanding research papers. Based on journal, Sustainability has most produced the research
output. More and more scholarly papers are being produced as the pandemic spreads. It is especially crucial to
assess the quality of such a large number of research articles and gather valuable data.These findings would benefit
researchers worldwide, as scientometric mapping is an exciting method that provides a comprehensive overview of
a scientific issue and insights for future research.
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Table 1: Annual Output of Urban Livelihood Studies in Web of Science from 2013 to 2022

Year Articles %

2013 96 4.90
2014 108 5.51
2015 125 6.37
2016 167 8.52
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2017 142 7.24
2018 204 10.40
2019 202 10.30
2020 258 13.16
2021 308 15.71
2022 351 17.90
Total 1961 100.00

Table 2: Top 10 Active Authors in Urban Livelihood Research

ISSN: 0976 — 0997

Rank Author Publications Citations h-index

1 Shackleton CM 16 407 11

2 Turner S 9 86 4

3 Gibbs A 8 286 7

4 Jewkes R 7 285 7

5 Nagendra H 7 102 5

6 Parry L 7 120 4

7 Amankwaa EF 6 116 5

8 Esson ] 6 87 5

9 Gough KY 6 87 5

10 Nasi R 6 121 5

Table 3: Top 20 Journals of Urban Livelihood Papers

Rank Sources Publications Citations
1 Sustainability 105 663
2 Land Use Policy 43 595
3 World Development 38 598
4 Journal of Rural Studies 35 744
5 Land 35 205
6 Geoforum 31 446
7 Habitat International 30 666
8 Environment Development and Sustainability 30 193
9 Environment and Urbanization 23 462
10 International Journal of Disaster Risk Reduction 20 235
Table 4: Top 10 Institutions in the Field of Urban Livelihood

Rank Affiliation Articles Country

1 University of Witwatersrand 38 South Africa

2 University of Ghana 33 Ghana

3 National University of Singapore 27 Singapore

4 University of Copenhagen 27 Denmark

5 Rhodes University 26 South Africa
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6 Wageningen University & Research 26 Netherlands
7 University of Cape Town 23 South Africa
8 University of Oxford 20 England

9 McGill University 19 Canada

10 Pennsylvania State University 19 USA

Table 5: Top 10 Countries with the Highest Number of Papers

Rank Country Frequency
1 USA 587
2 China 457
3 UK 408
4 South Africa 225
5 India 218
6 Germany 181
7 Australia 161
8 Canada 131
9 Netherlands 118
10 Brazil 99

Table 6: Top 10 Author’s Keyword Analysis

Rank Words Occurrences
1 Livelihoods 155
2 Poverty 106
3 Urbanization 106
4 Urban 102
5 City 96
6 Management 90
7 Climate-Change 89
8 Migration 89
9 Policy 80
10 Impact 74

ISSN: 0976 — 0997
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ABSTRACT

In this paper, we introduce the Taylor series as an accessible and valuable mathematical tool for solving nonlinear
equations. Specifically, we propose the utilization of the Taylor series method to find solutions for systems of
equations of the Lane-Emden type. Comparing it with the exact solution reveals a significant improvement in
convergence speed, demonstrating the method's effectiveness and ease of implementation.

Keywords: Taylor Series, Lane-Emden Equations, Analytical Method, Convergence, Maclaurin’s Series.

INTRODUCTION

Poisson's equation is an elliptic partial differential equation that finds extensive application in theoretical physics. It
plays a crucial role in various scenarios, such as determining the potential field resulting from an electric charge or a
mass density distribution. By solving Poisson's equation, one can effectively calculate the forces associated with the
given charge or mass density distribution. In the realm of Astrophysics, the Lane-Emden equation, a dimensionless
form of Poisson's equation, aids in obtaining the gravitational potential of a Newtonian self-gravitating, spherically
polytrophic field. This equation proves particularly valuable for analysing gravitational interactions within
astrophysical systems. The Lane-Emden equation plays a vital role in the fields of chemistry, physics, and astronomy
[1-4]. According to the report, the Lane—-Emden equation can be used to model a reaction—diffusion process, and its
analytical solution has the potential to optimize the process [5]. However, due to its singular nature, finding an
analytical solution for this equation can be challenging. Nevertheless, there exist several analytical methods for
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addressing singular boundary value problems [6—11]. Even the Adomian Decomposition Method (ADM), which is a
very effective approach for solving broad classes of nonlinear partial and ordinary differential equations with
important applications in different fields of applied mathematics, engineering, physics, and biology, is not very
effective in solving the Lane-Emden type system of equations due to its singular behaviour at the origin. It involves
finding a corresponding Volterra integral form for the given system and is subject to a complicated n-fold
integration, which makes it a little difficult to solve Lane-Emden type equations.In this study, we apply the Taylor
series method to solve the general Lane-Emden type of differential equations, which are commonly used for
modelling and addressing various physical and astrophysical problems.

Therefore, our proposal is to employ the Taylor Series Expansion technique as a solution method for the Lane-
Emden type system of equations. This highly effective technique enables the equation to be solved without the need
for intricate ADM procedures, relying solely on the utilization of initial conditions.

Taylor Series Solution
In this paper, we consider the following system of Lane-Emden type equations,

u”+Ax—1u’+f1(u,v) 2 0ttt (eq- 1)
v”+/:—2v’+f2(u,v) 0ttt (eq.2)

Subject to initial conditions

u(0) =a ;o v(0)=0

w@=8 ; v(©=0

Multiplying (eq. 1) and (eq. 2) with x, we get

XU AU F XL V) = e (eq. 3)
D B g L () J I (eq. 4)
Differentiating (eq. 3) and (eq. 4) with respect to x, we get
2 A+ ADU X W0 F Y)Y = 0, (eq.5)
20+ (L ADV H XU V) (U V) = 0t (eq. 6)
Substituting x for 0 in (eq. 5) and (eq. 6), we get
AHADU )+ FAAALV) = 0 (eq.7)
(T + AV (0) 4+ (1) = 0 (eq. 8)
Hence, we get
" fiw,v)
w O=-77%
. u,v
v (0)=- ff(+ /\2)
Differentiating (eq. 5) and (eq. 6) with respect to x, we get
x4+ QAU Fxf ) F 2 W 1) = 0, (eq.9)
xu 4+ QCAHADY T xfy W)+ 2@ 1) = 0, (eq. 10)
Substituting x for 0 in (eq. 9) and (eq. 10), we get
A ADU(0) + 26 (U 1) = 0neeeee oo, (eq. 11)
RHAADV0) +2H A1) = 0, (eq. 12)
Which yields us
2f; 1’ (w,v)
w =-S5
2f; 2' (u,v)
v (0) = T2 A,
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Differentiating (eq. 9) and (eq. 10) with respect to x, we get
xu’ + BHADUY +xf, W) + 2f W) = 0o (eq. 13)
X0’ + BH+AD U +xfy (WUv) +2f (UV) = 0, (eq. 14)
Substituting x for 0 in (eq. 11) and (eq. 12), we get
BHADUY(0) + 2/ (1) = 0uneieeeeeeeee e, (eq. 15)
BHADUY0) + 2f5 (U 1) = 0ueiieeeeeee e (eq. 16)
Which yields us

/ 3](1”(“: v)
w0 ===
, 3f, (u,v
wi0=- );ZJEAZ)
Repeating this process of differentiation and substitution (k+1) times, we get
okt 4 (e = 14+ ADuF + XV (uv) + 28572, v) = 0 (eq-17)

VR (k= 14+ AV 4+ xSV (wv) + 2672 v) =00 (eq. 18)

Which yields us,
o (k=D (u,v)
RO e W
o (k=D (u,v)
V() = - k—1+Ay)

Using Taylor series expansion- Maclaurin series general formula

f =) O
n=0

Thus the functions u and v can be expanded as
x x2 x3 x*
u(x) =u(0)+—u (O)+—u (0)+—u (0)+—u”(0)+~--
4
v(x)—v(0)+—v (O)+ TV (0)+ v (O)+—v”(0)+

Which yields us
x% x3 ., x*
u(x)=a+ 0+ Eu (0)+ au (0)+ EuV(O)'F‘“
x% x3 ., xt
j— v
v(x) =+ 0+ ETI ) + ETi o)+ T )+ -

Which can be simplified as,

K (1—n) f (u v))
"(")‘“+Z m—1+2)

(=) (f* ()
”(")"’”’Z =1+

Example:
ca il —2g2V) =
u +-u B(E™ = 2€2%7) = 0 iiniiiei e (eq. 1)
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poo2 _
v o+-v F 2087 = 2%) =0 coiiiii e (eq.2)

Subject to the initial conditions
u(=0 ; v0)=0
W(@=0 ; v(0)=0

Multiplying (eq. 1) and (eq. 2) with x, we get
XU U = 8X(% —28%7) = 0 oo, (eq- 3)
XU+ 20+ 2X(87 = 2%) = 0 eriiiiiieee e (eq. 4)

differentiating (eq. 3) and (eq. 4) with respect to x, we get
xu” +2u" = 8(e* — 2e?) — 8x(e*u — 4%V ) = 0ueeeiiiiiiii (eq. 5)
xv + 30"+ 2(e” — 2€%) + 2x(€V0 = 2€%U ) = 0.eeeeiiiieiiie e (eq. 6)

Substituting x for 0 in (eq. 5) and (eq. 6), we get

2u7(0) —=8(e% —2€%) = 0.ooeiiiiiii (eq.7)
307(0) 4+ 2(6% = 2%) = 0t (eq. 8)
(eq. 7) and (eq. 8) yields us

u'0=-4 ; v'(0)=-2

Differentiating (eq. 5) and (eq. 6) with respect to x, we get
xu” +3u’" —16(eu —4e?v’) — 8x (e“ W)’ +evu” —8e?(v)’ - 4e2“v) =

xvV 440"+ 4(e'v + 2e¥u’) + 2x (e"(v')z +evv + Ze“(u')z + Ze”u”) = 0..(eq. 10)
Substituting x for 0 in (eq. 9) and (eq. 10), we get

R AR (1) T B PPNt (eq. 11)
AU (0) = 0ttt e (eq. 12)
(eq. 11) and (eq. 12) yields us

u”’(0)=0; v'(@0)=0

Differentiating (eq. 9) and (eq. 10) with respect to x, we get

ISSN: 0976 — 0997

xe¥ + 4u’v — 24 (e”(u')2 + ety — 8e2”(v')2 - 4e2”v”) —8x (e” (u')3 +u +etu” — 1662”(17')3 —24e%vy’y’ —

420V =0, (eq. 13)

xe’ + 507 + 6 (e”(v')z +evv + Ze”(u')z +2e”u”) + 2x (e”(v')3 +3e"v v + e + 2@”(11')3 +6etuu’ +

201U Z0. .o (eq. 14)

Substituting x for 0 in (eq. 13) and (eq. 14), we get
4u”(0) — 24(e%u"(0) — 4€%"7(0)) = 0..eeevvvrieiiiieiiiee e (eq. 15)
507(0) + 6(e%v""(0) 4+ 2% "(0)) = 0.evvreiiiiiieiiieie e (eq. 16)
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Which yields us,
uv(0)=24 ; v7(0)=12

Using Taylor series expansion- Maclaurin series general formula

OEDWROE
n=0

Thus the functions u and v can be expanded as
x x%® x3 x*
u(x) = u(0) + T 0) + T ) + —u )+ —u“(O) +
2 3 x4
v(x) = v(0) + —v (0) + —v (O)+ v "(0) + —v”(O) +-

Which yields us
x4
u(x) = (0) +x(0) + ( 4)+ (0) ta (24) + -

2 3
v(x) = (0) +x(0) + ( 2)+—(0) + (12) +.

Hence, we get

u(x) = —2x% + x* + -
4

x
v(x) = —x? + S+

By comparing this expansion with standard expansions, we get
1 1 1 1
2y = 52 _ a4 4 Za6 2.8 4 2,10
In(1+x*)=x SX gt —xt o

u(x) = —2In(1 + x?)
v(x) = —In(1 + x?)

CONCLUSION

This paper proposes a straightforward approach to tackling the Lane-Emden equation, which can be extended to
encompass various differential equations with initial conditions and fractional calculus [13, 14]. In comparison to
other analytical methods, the Taylor series method offers a simple solution process and yields accurate results. One
notable advantage of employing the Taylor series method is its ability to avoid generating redundant terms, ensuring
convergence towards the exact solution.
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ABSTRACT

Polymer nanocomposites containing metal oxide nanomaterials constitutes new class of polymeric
materials finds many applications. Matrix mixing of polymer and metal oxide responses the additional
properties in the composite polymer in comparison with plain polymer.The present experimental results
are reporting the synthesis of nickel titanate (NiTiOs) nanomaterials bycombustion reaction route using
polymer as a fuel. Dispersion of NiTiOs in To Poly (vinyl alcohol)(PVA) matrix yields poly (vinyl
chloride) nanocomposite (PVA/NiTiOs) by solvent casting method. Prepared products like NiTiOs and
PVA/NiTiOs composite materials are well characterised for its structure, morphology and bonding by use
of X-ray diffraction (XRD), Scanning Electron microscope (SEM) and Fourier transfer infrared (FT-IR)
tools respectively. Size of the particles and morphology are well studied by TEM study.

Thermogravimetric (TGA) analysis is carried out for the prepared composite sample to know its thermal
behaviour.

Keywords:NiTiOs, PEG, PVA, PVA/NiTiOs, FT-IR, XRD, TEM, TGA
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INTRODUCTION

Recent researchers are attracted much for the bimetallic oxide materials containing titanium metal due to its
various applications especially in field of electronics. [1-2],these oxide materials constitute special structural
arrangements leads designed materials for specified applications. Particle size of the oxide materials are counts for
its applicable oriented properties