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Abstract— The shipping of parcels plays a major role in our
daily routines both commercials and business purposes. It
helps both the customer and business companies for the safe
and secure, speed and high efficiency shipments of cargo
within the security system, cannot-access by the third-party
service. The project Unicorn Freight Express is a web
application that help various Airlines and associated
companies for the importing and exporting the cargo in a
efficient way. Here the customer can create and register their
cargo details and trace the shipments details payment module.
The daily transaction and checking done by the user. The
mainly focused on the shipments and cargo management
which help customers have q friendly door to door delivery
service needed. Certain guidelines for their safe and secure
cargo details for the weights, materials can be transferred.

Keywords—fuzzy neural network, RSN method ,last mile
delivery ,Node Javascript
LIntroduction

Cargo management has been extremely enhanced throughout
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the shipment and poor tracking methods have resulted in
many lost, damaged and delayed shipments.
The project entitled with “unicorn freight express “ is done to
build a user fnendly and adaptaﬁle system for the efficient
cargo managing functionality for both the commercial and
business purposes. Air cargo is essential to many facets of
modern life. Moving perishable goods from one side of the
world. It is fully computerized system for creating,
registering the cargoes details and tracing the shipment
information. It provides the facilities for the users can create
cargo ,trace the shipments and can adopt the option for the
delivery service if needed. The admin manages all the details
updated by the user and provides the notification of their
orders done.

11, Literature survey
The word "air cargo" typically refers to a good that is
transported on or through an flight. Cargo shipments are
now typical daily activities for corporate and
commercial objectives .In order for their clients to
afford the products safely and securely, many
businesses import and export their goods using airlines,
which makes this a common challenge for the airlines.
A.Air Cargo Demand Modeling and Prediction

o
X



cvituating (HC SUSLAINALIC 1 AVIL) THOUC dIC IUCHIITCU, ™

..... a— A ASAA AR

e UL N A VC N UT
Totamane, Amit Dasgupta, and Shrisha Rao. IEEE
organisations published their work. This study put
forth the idea that the air cargo transportation system
is a large and intricate service system, and that
demand forecasting is a crucial step in the process of
master planning. Use the Potluck Problem approach
to propose a multi solution for predicting the cargo
demand of a specific airline in a given route, and the
cargo load factor for a given flight schedule on that
route. Demand forecasting is essential for evaluating
existing cargo flight schedules and identifying future
facility requirements of air cargo companics. In (his
approach, each airline is viewed as a producer, and
those who utilize air cargo services are viewed as
consumers,

B. Air cargo operations:
comparison with practices

Literature review and

The writers of the suggested paper are in charge of air
cargo operations, and it contrasts theoretical research
with real-world issues faced by airlines, freight
forwarders, and terminal service providers .In
particular, we research that investigated the service
processes in air cargo operations and identified the
key characteristics of air cargo operations, such as the
inherent distinctions from passenger operations.
There is a summary of the typical models applied in
earlier studies. The gaps between earlier studies and
real-world situations are then shown, along with some
interesting findings from an industrial interview.

C. A Multipurpose Mobile Application for Air
CARGO Management System for Saudi Airlines

The auother of this suggested approach implementing a
number of enhancements that call for for highly secure
systems that protect both the customer's information
and the cargo itself, we hope to ship packages in this
system with high speed and high quality. Therefore,
every shipping company works hard to complete the
shipping in a reliable and secure manner while giving
the customer top priority This paper describes the
creation of an Android application (Airpress) that will
aid Saudi Airlines and affiliated businesses in the
import and export of the required goods. Customers
may easily and rapidly create freight using the app.A
customer can register,produce cargo at any moment
and track the cargo with a single click. It’s a mobile
device with several uses

D.Picture Fuzzy Decision-Making Approach for
Sustainable Last-Mile Delivery

They suggested an approach based on the growing
significance of last-mile delivery (LMD) and its high
prices, air pollution, and logistical difficulties, They
also noted that research on sustainable LMD is
extremely dynamic and trending. A new issue for
decision-makers in the logistics sector is choosing a
sustainable LMD method. The purpose of this
research is to present an advanced decision-making
strategy for sustainable LMD. First, 20 criteria for

Second, image fuzzy scts (PFSs) are used to assist
voters in more organically expressing their choices.
Thirdly, a hybrid fuzzy picture weighing approach
based on direct rating and R-norm entropy is created
to calculate the importance of cach picture.

111. Related work
The core concept of air cargo tracking is the tracking and
tracing of air cargo using cither the airline, the freight
forwarder, the transport operator, or GPS devices.

You may be confident that you're in control of your
supply chain once you create and implement a system
for accurately tracking your air freight. While waiting
al airports for customs clearances and other
formalities, it is generally preferred that air cargo be
tracked throughout all stages, from the first mile to the
last mile.

Businesses rely on cargo shipping companies in the
age of globalization to deliver their shipments swiftly,
effectively, and on schedule. To do this, they want a
capable logistics partner who can provide integrative
services.

METHOD

A. Fuzzy logic method

Prior to being fuzzified into linguistic variables (fuzzy sets)
in a fuzzy logic system, the inputs are membership function-
fuzzified. The membership function converts the values
passed in to a level of membership in a fuzzy set. After then,
fuzzy rules—which specify the correlation between the input
and output variables—are used to evaluate the fuzzy sets.
Usually, the fuzzy rules are represented as "if-then"
statements, such as "if input A is high and input B is low, then
output C is medium.

B. Fuzzy Neural Network

A fuzzy neural network (FNN) is a type of artificial neural
network (ANN) that uses fuzzy logic to represent uncertainty
and imprecision in the input data. FNNs combine the pattern
recognition and learning capabilities of ANNs with the fuzzy
inference capabilities of fuzzy logic systems.

FNNs use fuzzy sets to represent the input data and the output
data, as well as the connection weights between the nodes in
the network. The fuzzy sets are defined by membership
functions, which map the input data to a degree of
membership in the fuzzy set. The connection weights
between the nodes are also represented by fuzzy sets, which
capture the uncertainty in the strength of the connection.

The structure of an FNN is similar to that of a traditional
ANN, with multiple layers of nodes connected by weighted
connections. However, in an FNN, the nodes in the hidden
and output layers use fuzzy logic to compute their output
values, instead of the traditional sigmoid or RELU functions
used in traditional ANNS.

The training process for an FNN involves adjusting the
connection weights between the nodes using a combination
of backpropagation and fuzzy inference, The fuzzy inference
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noise and uncertainty in the input data,

Fuzzy 1}eu1'al networks have been used in o varicty of
apphcnllqns, such as pattern recognition, control systems
apd ldecxsion making. They are particularly uscful il;
situations where the input data is imprecise or uncertain, and
traditional ANNs may not be able to cffectively model the
underlying relationships in the data.

The mathematical formula for a fuzzy neural network
(FNN) depends on the specific architecture

The basic building block of an FNN is the fuzzy neuron,
which uses fuzzy logic to compute its output value. The
output of a fuzzy neuron is determined by the following
equation:

Output = f(W*X)

where "W is a vector of connection weights between the
input and output layers, "X is a vector of input values,
and " is a fuzzy inference function that computes the
output value based on the input and connection weights.

® The fuzzy inference function typically involves the
Jollowing steps

o Fuczzification: The input values are mapped to fuzzy sets
using membership functions, which capture the degree
of membership of the input values in the fuzzy sets.

e Rule evaluation: The fuzzy rules that define the
relationship between the input and output variables are
evaluated using the fuzzy sets. Each rule has an
associated weight, which captures the strength of the
relationship between the input and output variables.

o Aggregation: The outputs of the fuzzy rules are combined
using a fuzzy aggregation method, such as the weighted

average or maximum.

e Defuzzification: The aggregated output value is mapped
back to a crisp value using a defuzzification method,
such as the centroid or mean of maximum.

The training process for an FNN typically involves
adjusting the connection weights between the neurons
using a combination of backpropagation and fuzzy
inference. The backpropagation algorithm is used to
update the connection weights based on the error
between the network's output and the desired output.
The fuzzy inference component helps to improve the
robustness of the network to noise and uncertainty in

the input data.

Overall, the mathematics of FNNs involves a
combination of linear algebra, fuzzy logic, and

optimization algorithm
Picture fuzzy cocoso method
Rij={zij=<mzij,nij,vij> ifcj is benefit

(zg)c=<VU.ﬂU:"1U> if'cj is cost criterion,

Ki={kimax+(m-ri))

e The following actions are often included in a fuzzy
decision-making algorithm:

o [. Clearly explain the issue at hand and list the variables
that will be taken into consideration when making a
decision

2. Identify the fuzzy sets: Discover the fuzzy sets for every
variable that is relevant to the issue. A set of values
having degrees of membership ranging from 0 to I is
referred to as a fuzzy set. A degree of membership is given
to each value in a fuzzy set, indicating how well the value
fits the set.

e 3. Produce a set of fuzzy rules to capture the logic of
decision-making. "If-then” statements are used to define
fuzzy rules, such as "if the temperature is high and the
humidity is low, then the humidity is low.

1V. SYSTEM MODEL

The buyers are given explicit information about the
prohibited products by the unicorn freight express web
application system. Customers can therefore avoid all the
products that the cargo manager lists. The use of digital
processes, such as air freight software, ULD measuring
technology, applications for declaring dangerous goods, and
web-based booking and tracking platforms to track the
progress of shipments in real time, has already begun by a
significant number of airlines around the world. With the use
of Air Cargo software, manual involvement will be
significantly minimized. Airports, integrators, and freight
forwarders are all increasing their use of technology for air
cargo management. More and more airports demand that
ground handling and service providers reserve slots on with
enhanced registration, accessible via the internet booking,
and tracking techniques, cargo software has simplitied cargo
administration at many airports. With its sophisticated
ticketing, web-based booking, and tracking techniques, cargo
software has made managing cargo easier at many airports.
The system now calculates the billing for storage and
handling fees automatically.

The samples categorized by cost criterion LMD modes of
traditional delivery mode of the parcels over local area for the
customer relationship and reduce the air pollution[1]
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V. RESULT

Companies need to import and transfer products and item on
a daily basis. As a result, there is a high demand for cargo
businesses, particularly those that transport air freight,
between cities. The goal of this project is to fulfil this need,
and because of the application's simplicity of use and easy
access to client information, users can simply track their
shipments.

VI. CONCLUSION

The development of an air cargo management using Node.js

and Fuzzy Logic has the potential to provide significant
benefits to the cargo industry. By leveraging Node.js, the
system can take advantage of its scalability, speed, and
flexibility to handle large volumes of cargo data efficiently.
Additionally, the use of Fuzzy Logic enables the system to
analyze complex and uncertain cargo-related data, making it
possible to generate accurate and useful insights to support
decision-making.

The system could also provide real-time visibility into cargo
movement, enabling cargo managers to track shipments and
respond to issues quickly. Furthermore, the system could
optimize routing and scheduling, reducing delays and
improving efficiency in the air cargo supply chain. Overall,
the use of Node.js and Fuzzy Logic in air cargo management
has the potential to provide significant improvements in
cargo tracking, optimization, and decision-making, leading to
increased efficiency, reduced costs, and improved customer
satisfaction.
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dates back to 1996, when remote reading and data
management systems for energy meters were combined.
Near-Field Communtcaton’ for utility meters has now
been addad to the concept. This demonstrates that there are
still chances for loT to be expanded on a much greater
scale. Typically, a bouschold consumer expects the utility
sector to provide a single phase AC service. Utility
compantes charge customers for their “energy” usage,
which is measured by a unique, independent single phase
AC static Watt-hour meter.

This work investigates the new veoltage menitoring and
control feature for smart meters, and identifies the impact
of this feature on both power distnbution and
communication systems. Regarding the voltage
moaitoring, the intention work 1s to conserve energy by
setting limits per user. Electricity saver is an android
applicaton which aims at reduction of electncity
consumpton in the houses. Notifications are passed to
users at their exceeding usage limit and provides an option
of contnuing or off it. This reminder helps in the budget
management of users. According to the plan, each room in
the house can be set in accordance with the required limits
and the admin has total control of this usage. That means,
even before the usage limitation, the admin can wrn off the
electricity by the application. The big data is stored in an
application which can be useful to revise the usage patterns.
The smart meters adopt voltage and current transducers to
measure energy consumption yielding an inherent voltage
monitoring capacity which also allows a two-way
commumication, enabling sending and receiving control
commands in real-time or near real-time

In India, where energy consumption is high, the IoT-based
electricity monitoring system employing an android
application can undoubtedly aid in the promotion of energy
saving. Potentially, the proposed system may track how
much energy is used in homes or workplaces and provide
real-time data on energy use, enabling users to pinpoint
areas where they can use less energy. This can be achieved
by measuring energy consumption with sensors or smart
meters, then sending the data for analysis to a central server
or cloud platform. Users of the android application could
have access to a user-friendly interface to examine their
energy usage pattems, establish energy usage targets, and
get alerts or notifications when their energy limitations are
being approached or exceeded.

1I. CHALLENGES

The energy meters which are already installed at our houses
are not replaced, but as a small modification on the already
installed meters can change the existing meter into smart
meters. Current reading with cost can be seen on application
with automatic ON & OFF of meter is available. The unified
approach for compressive sensing (CS) and authentication
of empirically modeled signals over smart energy meter
reading in advanced metering infrastructure (AMI). The
wifi module used by the Arduino chip to transfer data
through an android app.  Therefore, an IoT-based
monitoring system has the potential to improve energy

efficiency, save costs, and promote sustainability in a range
-~ T e L e hneinecepe entire cities.

and communitics,
11l. RELATED WORKS

A. Smart Meter Infrastructure for Smart Grid loT
Applications. (Matteo Orlando et. al., 2022)

In this paper, a low-cost smart meter architecture and a
distributed software infrastructure for AMI were developed.
These systems may gather network data, interact with other
entities, and provide various functions to each actor
connected to the nctwork. Utihzing well-known [oT
technology makes sure that it is very compatible with other
devices and outside services. The capabilities of the
infrastructure and the meter have both been evaluated using
a digital real-time simulator (i.c., Opal-RT). According to
the results of the experimental research, the latency caused
by data transmission over the Internet complies with the
restrictions given by the IEC 61850 standard. As a result,
our architecture has no negative effects on the smart gnd's
ability to function, making it a workable option to support
the introduction of new services

Merits: The 3 phase meter architecture is able to run multiple
software applications, either onboard or distributed over the
network, and to auto-update its status when required. This
ensures high compatibility with other device management
tools and communication protocols, such as
DLMS/COSEM, SML, and TEC 61850, which could be
added and treated as any other data processing algorithm.

Demerits: the proposed distributed software platform and
the 3SMA need to be integrated in a wider distributed
multimodal co-simulation environment. It is needed to
unlock other possible scenarios and test additional multi
energy services such as optimal management of RES. In
addition, further optimization of algorithms and software
running on 3SMA may improve their performances when
implemented on embedded systems with  reduced
computation power.

B. A Novel IoT based Smart Energy Meter for Residential
Energy Management in Smart Grid Infrastructure
(Gitanjali Mehta et. al., 2021)

Key Concepts:

Smart Electricity Energy Meters can be considered as the
basic fundamental component of the future intelligent
network or smart grid, measuring the energy flow and
exchanging information on energy consumption between
utilities and consumers and also monitoring and controlling
home appliances and devices with consumer information. In
this paper, the authors propose an loT based Smart Energy
Meter with Arduino and ESP8266 Wi-Fi unit which can
provide information of electricity bill by SMS or E- mail and
can also provide energy monitoring usage anylime and
anywhere in the world.

Merits: The idea to send email notifications when cnergy
crosses threshold value is 15 was successfully accomplished.
With this we can regulate encrgy consumption with ease and
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that 1o from anywhere in the world,

Demerits: Adafiuit MQTT connection with Wi-Fi Adafiuit
10 Key can be unreliable,

C. Preserving Privacy of Smart Meter Data it a St Grid
Envivonment, (Matthew B, Gough, et al., 2021)

Key Coneepls:

In this work, a cutting-edge Difforential Privacy (DP)
compatible algovithm is created to guarantee (he seeurity of
consumer smart meter data, Not only [rom the perspective of
a consumer's electricity bill, but also from the perspeetive of
power systems, the consequences of this unique algorithm on
the operation of the distribution grid are thoroughly explored.
The system losses, power quality difficulties, and additional
expenses that such a privacy-preserving technique can cause
can all be empirically investigated using this method.
Additionally, a number of cost allocation techniques based on
cooperative game theory are employed to make sure that the
extra expenses are distributed among the players in a fair,
cffective, and equitable way.

Merits: The novel algorithm presented in this paper addressed
the concems related to accessing consumer smart meter data
by guaranteeing the privacy of the smart meter data without
losing significant value derived from the data set, which is
crucial.

Demerits: The use of the innovative DP algorithm increased
the system costs by a maximum of 5.61%. Even though the
DP algorithm will protect against the external adversary. The
internal adversary is more difficult to protcct against as they
may be able to make inferences about the consumer’s energy
usage. The energy retailer may analyze the noisy smart meter
data, but the amount of information that the energy retailer
may infer remains bounded by the consumer’s privacy level

IV. RESEARCH GAP

The system should be designed to meet the existing standards.
We now present the smart home energy consumption meter.
The basic goal of a Smart Energy Meter (SEM) is to develop
the necessary infrastructure for gathering data on the energy
usage of home appliances, monitoring environmental
indicators, and offering the necessary services to end users.
Setting usage limits and interacting with customers and
managing consumption across the network. Bill payment on
a secured platform is also to be carcfully studied. The
cconomically fricndly, safe with no compromises to the
user’s privacy is what is most concerning. Android
application as well as alert messages helps to track the usage
pattern well. Voltage controlling method has also to be
considered in the hardware setting part. Every time a bill is
generated by the server, it can be automatically mailed to the
relevant user's email 1D. To check if the system has failed or
the energy meter has been tampered with, a server alert
system can be set up. The server can be configured with an
algorithm to track the user's energy usage.

V. METHODOLOGY

The most prominent factor of this project is to put limitations
on the usage of clectrical appliances. Even though the limit
exceeds there is privilege of using the most crucial appliances
by the permission of the Administrator. The choice of
continuation of usage after limitation completely relies on the
system manager. The system brings smartness in terms of
bilateral communication and controlling of load. Through the
website or an Android app, the user may continuously
monitor their energy consumption. As a result, the system is
more convincing to the uscrs and transparent. In accordance
with the user's login privilege, the software unit inserts the
data into a cloud database and displays it to the customer or
the electricity board. Users who have entered into their
consumer accounts can read information about their daily
electricity consumption as well as more detailed information
shown by a listed graph. The user can track their usage by
looking at the graph, which shows the variation in
consumption for cach month. They can therefore concentrate
on cutting their electricity use based on the consumption. The
Android application also allows the user to set consumption
restrictions. Scparate areas for showing graphs are present in
both user modules. Only the relevant user who is authorized
to view the details can view the views because they are made
under distinct privileges. Full design in accordance with the
IoT standards and protocols.

A. USER CHARACTERISTICS

User Management
Registration
Scheduling

Alert management

YYVY

7100 PM D AKD/0 21 BN

EnergyMeter

Don't have an account? Sign up

Fig.1 Login or signup account
B. SCHEDULING

> The clectricity consumption for cach month is
scheduled as well as it can also be reset.

> Limit for the month and number of rooms is given
as inpul.

> Scheduling can be done for each day and for each

Loo.
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EnergyMeter

Fig.2 Limit reset option
C. ALERT SYSTEM

> Over consumption of electricity is informed to the
users.

> Increment in the usage than the limit entered by the
user.

> System decides to send a warning to the user.

> User receives the notification indicating his or her
over consumption.

D. PRE-INTIMATION SHUTDOWN

The power outage is announced beforehand so that hospitals
can be prepared or aware and take safety measures.
Information about the power outage is transmitted via IoT
from the admin web server to an Android application that has
the customer's unique ID.

VI. PROBLEM ANALYSIS AND
DESIGN

The IoT real-time electricity monitoring system includes a
Wi-Fi module (ESP8266), a toroidal current transformer (CT)
sensor, a specialized energy meter, MySQL database, and a
mobile application developed using Android Java on Android
Studio.
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Fig.3 circuit diagram

Wi-Fi module: The ESP8266 is a great choice for a variety of
ToT applications because it offers a practical and affordable
method of wirelessly transmitting data to a database. The
processed data is transmitted wirclessly over Wi-Fi by the
ESP8266. The ESP8266 can be configured to deliver data via
HTTP or MQTT protocols to a particular [P address or URL.

00000000660 Q00C0

WNWN’IN‘Wﬂwﬁﬁiyﬁﬁ L]

Fig.4 ESP8266

Toroidal current transformer (CT) sensor: In energy
monitoring systems, the toroidal sensor is frequently utilized,
connected to unique energy meters that convert the sensor's

oulput current into a measurement of encrgy use in watt-hours
(Wh).

VII. RESULT AND PERFORMANCE
ANALYSIS

The implementation of smart energy metering technology
made it easier to assess electricity usage and to determine
how much energy is used by the consumer on a daily basis
once a threshold value is crossed. It is essential that the
technique is economical and that the components meet all of
the desired outputs in order to meet the aforementioned
criteria,
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Todays Consumption
4.8 units

Monthly Consumption
127.5 units

Monthly Charga
Rs 574

Due data
05/05/2023

Fig.5 power consumption details
VIIl. FUTURE SCOPE

The goal of this initiative is lo reveal further potential
outcomes and test other multi-energy services, such as the
effective management of renewable encrgy sources (RES).
We also intend to further improve the algorithms and
software that operate on our smart energy system so that they
work better when used on embedded systems with less
processing power. We would like to specifically emphasize
that the suggested distributed software platform and the smart
energy meter will be integrated in a larger distributed
multimodel co-simulation environment as potential future
work. The big data is stored in an application which can be
useful to revise the usage patterns. The consumer can receive
monthly billing information for the energy used via the web
server using the same mobile application. The web server is
another method of payment.

Future potential is bright for the suggested system, which
uses less energy and requires less manual labor. The solution
can greatly eliminate the need for manual meter reading and
improve energy efficiency by merging an energy meter with
a mobile app to receive monthly statistics on energy
consumption.

IX. CONCLUSION

The study has expanded and refined previous work on the use
of IoT technology for real-time monitoring and protection of
a residential electricity supply. By automating the process,
the system can provide real-time data and insights that can
help users to make informed decisions and take action to save
coergy and reduce costs. The sclting up of usage limit and
reselting of the sume, which also retains some power for
emergency appliances is the major output for this work.
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Abstract ~ Visual cryptography is mostly used in voting  cfficient and sccure. Voting becomes more sccure thanks to
systems to provide the option of casting vote for internal  visual cryptography [8]. It is crucial to implement these
organizational decisions. Itis adaptable enough to cast votes  technologies since they will cut labour requircments and
from a distance, places. Elections are conducted in the  improve voting efficiency. Visual cryptography is a very safe
strictest of secrecy and are entirely private. To allow  method used for privacy that enables the encryption of secret
members to vote using their computers and laptops, we  images or data by sending it to a sccure sharc and allows the
have suggested an online voting mechanism for the  decryption to be completed without the use of any computing
Maharashtra Carrom Association. We use CAPTCHA code  devices. An image is separated into shares using visual
and Image Share technology to protect sceurity. The  cryptography, a secure sharing technique. Only after stacking a
suggested solution gives voter anonymity while maintaining  sufficient number of shares will the information regarding the
the privacy of votes, transparency, and security of the  original photocopy (Voter Password) be acknowledged. To
election. authenticate the system in the suggested method, we employ a
visual cryptographic strategy called the Internet Voting System
(1VS) using 2-out-of-2 Visual Cryptography (VC). The voter's
email address is shared with another password; thus the hacker
cannot access it in this approach. The voting system is greatly
in need of the two-way security that clectronic voting offers.
The voter decodes the message by piling up the shares one after
Elections are the foundation of a democracy, so faimess is ~ another. A scret image S (voter password) is encoded into a
crucial. Voting is the only method to decide who will represent  Set of shadow images called shares for P participants, with
you. For people who are elderly, live far from their houses, or participant P recciving one share. Participants' shares must be
are in a remote arca, voting in a traditional clection requires  Stacked one on top of the other before the image can be
them to travel to a polling place and cast their ballot. Through retricved. The voter's email address is shared with another
the internet, voters can cast their ballots for their MPs from any password; thus the hacker cannot access it in this approach. The
location. Cryptography is used in the online voting method. voling system is greatly in need of the two-way security that
This guarantees an effective and secure method of counting electronic voting offers. The voter decodes the message by
votes. Making a voting system on the internet has many ~ Piling up the shares one after another. A secret image S (voter
challenges to overcome. Some major issues are voling in a password) is encoded into a set of shadow images called shares
secure manner and accompanying many voters. There are some for P participants, with partioipant P receiving one share.
internet voting systems that cannot work in situations with Participants' shares must be stacked one on top of the other
many voters. Our proposal uses visual cryptography to before the image can be retrieved.

overcome these issues. Everywhere there are elections, voters

must cast their ballots in a polling place. The process of casting

Keywords: visual cryptography, phishing, CAPTCHA

I. INTRODUCTION
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voting System
A. Paper ballot system

Paper ballot system is used in old days for voting. Ballot is used
by ench voter and ballots are not shared. Depending on the type
of voting system difTerent ballots may be used. Ranked ballots
ix the type of ballot system which allow voters to rank
candidates in onder of preference, while ballots for first-past-
the-post systems only allow voters to seleet one candidate for
each position

B. Electronic voting system

The term "e-voting system" also refets to an electronic voting
system. E-voting may use an clectronic voting  system,
depending on the specific implementation. There are two
primary forms of clectronic voting: in-person clectronic voting
under the actual supervision of officials from governmental or
independent electoral authority, and distant electronic voting
over the Internet.

C. Online voting system

Online voting is a novel method that allows voters to cast their
ballots at any time and from any location. After registering and
giving the system their personal information, voters can vote by
logging in to the system and undergoing verification.

111. PROPOSED SYSTEM

Think about using an online voting mechanism to choose the
president or any other association for carrom power. All
members are registered at the time of the association election
by providing their personal information. Cryptography is a
regularly utilized method in electronic voting because it
provides a strong protection against threats. Cryptography is a
regularly utilized method in electronic voting because it
provides a strong protection against threats. Numerous plans
have been developed and proposed in order to guarantee the
integrity of an election.

Cryptography is employed in these techniques to secure the
data transmission between the voter and the server, preventing
data leakage to a third party. In order to protect the privacy
of voters, the integrity of the ballots cast and collected, the
validity of the results, and the authenticity of the voter,
encryption techniques are also used in every step of the system.
There are numerous cryptography techniques that can be used,
including blind signature schemes, homomorphic encryption,
oblivious signature schemes, bit commitment schemes, Schnorr
identification schemes, mixed-net schemes, digital signature
schemes, secure multi-party computation, cryptographic hash
functions, elc....
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The first component (SHARE) will then be transformed into a
password using the VC technique and sent to the voter's email
address. The server retains the second half of the picture
(SHARE2). Voters will then enter into the system using the use
rid and password provided by it, and the system will then add
SHARE! and SHARE2 to generate the CAPTCHA code. The
voter will be permitted to vote if they can see the CAPTCHA
code; else, they won't be able to. The system will tabulate the
results after counting the votes. Then Two shares of the
CAPTCHA will be distributed. Visual cryptography will be
used to create these password sharing. However, the image will
first be changed into a monochrome, or black and white, image,
before being divided into shares. Access structure will be taken
into account while forming shares as well. Access structures are
employed to teach students about all the security aspects
involved in cooperative resource acquisition we will be
encoding the A into n number shares of transparencies. The
number of pixels expands as the shares rise. Integer linear
programming (ILP) will be used to prevent the modelling of
enlarged pixels. This will enable the creation of a simple matrix
with the fewest possible pixels. Thus, for the system that needs
the fewest shares, an ideal pixel expansion will be
accomplished. One share will be sent to the voter using SMTP
when the two shares are established. All of the pixels will be
divided into small blocks by the shares that are created, with the
number of white blocks equaling the number of black blocks.
The shares will be combined at the time of voting, and if the
user is valid, CAPTCHA will be shown. When a voter is
suspected of being malicious, they are immediately logged out
of the voting system and are not permitted to cast a vote.
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Abstract— Traditionally, depression was identificd
through in-depth clinical interviews, during which the
psychologist would analyze the subject's responses to
ascertain his or her mental condition. In our model, we
attempt to emulate this strategy by combining the three
modalitics of word context, audio, and video to forecast an
outcome pertaining to the patient's mental health. To
account for the subject's state of depression, the output is
separated into various levels. We have developed a deep
learning model that combines all three modalities, gives
them the proper weights, and produces an output. The
following issues arc addressed by this fusion strategy:

+ Control the amount of contribution from each modality;
* The presence of noise in one of the modalities.

1. INTRODUCTION

The current state of affairs calls for an effective,
independent, and accessible method to identify depression.
More and more people are becoming depressed as socicty
creates conditions that are more and more stressful. We can
only attempt to treat it if we can find it in the first place. Our
motivating force is the desire to develop such a model. Clinical
interviews with the individuals must be conducted in order to
generate the three modalities that will be used as input in our
model's testing. It has been discovered via significant research
in this area that a depressed subject exhibits a variety of
complex symptoms that can be detected more effectively by
combining the three modalities. A shift in mental behaviour can
cause a variety of physiological and physiological changes.
According to research, people who are depressed tend to stutter
when they speak, causing unnatural pauses to appear in their
speech. Another feature that the topic emphasises is more
instances of erroneous pronunciation. Other indicators, such as
unusual eye contact, less frequent mouth movement, altered
posture, elc., can be detected using the video modality. Lexical
analysis can be used to examine the subject's speech in context,
which also reveals crucial details about his or her mental state.
A more general model that takes into account all of these
elements can be developed by merging all of these channels. As
a result of the availability of more reliable components, better
fc‘)re:cas@ can be made. This model will llkely’fwﬂmﬁ%
difficulties: GENCE @ g
« Because our model is essentially a D
in each of the three modalities is nee g@
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« Another difficulty is aligning these 3 modalitics in accordance
with their timing. It is crucial for our model to receive these
modalitics simultancously in order to comprehend how they are
correlated.

« Since video processing is required, training our model will
require a lot of computing resources.

2. LITERATURE REVIEW

D. Huang uses a regression method based on PLS wherein a
late fusion detection method is built for model prediction[1].
D.Devault has built a multimodal HCRF model which works on
question-answer pairs. It analyses them for model prediction[2].
Gong et. al. use the same approach. Building on it, he combines
the questionanswer based model with his multi-modal
approach, taking into consideration all the 3 modalities for
model prediction[3]. Similar work is also done by Sun et al.
They built a single model random forest-based classifier which
works on the question-answer based approach. This classifier is
used for model prediction[4]. Ma et al. propose an audiobased
method for depression classification using Convolutional
Neural Networks (CNN) and Long Short-Term Memory
(LSTM) networks for a higher-level audio representation. Ma
et al. works only on the audio based modality. He inputs the
audio based data into a CNN and then further uses a LSTM
network for model prediction[5].

In the work done by Shivakumar etal.( 6), the temporal
nature of audio/ visual modalities is considered using a window-
grounded representation rather of frame-  position analysis.
exercising reciprocal information from the textbook and audio
features,). Glass etal. proposed a model in which different
LSTM branches for each modality are integrated via a feed-
forward network( 7). still, while this work tries to prognosticate
depression grounded on late or carly emulsion styles( 1, 3) or
the successional nature of their inputs( 6, 7), learning the time-
dependent  connections between language, visual and audio
features in detecting depression is still unexplored. The major
problems that thesc approaches face arc the different prophetic
power of modalities and types of noise in the representation. In
former workshop, gating medium has shown to be effective in
determining the prophetic power of each modality

Another approach( 10) for the same problem explores
paralinguistic, head disguise and eye aspect behaviours. During
jumerous physical attributes changes that can be detected
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through applicable detectors, when n subject is depressed. In
this model, the authors try 0 desery features like dropped
speech rate, lower artienlation rate( speeeh teatures), lower eye
contact, wavering eyes( eye features) and: fraudulent head( head
features). A agpregate of 63 statistical foatures were uprooted
through homemade labelling, and 19 speaking rate features
were uprooted using automated labelling( using PRAAT). For
eye features, it was done by training a technieal CV-operation
that's suitable o desery difterent attributes of the eye: similor
as the eye lids, pupil, and at's extremities.

Using this, it's suitable to make fine computations that
lead to features  similar blink time, blink  frequence, aspect
direction( left- right, over- down) ete. preliminavily, it was that
set up slower and - lower frequent head movements, increased
eye contact avoidance and lower social engagement with the
clinical monitor, likely to also show in other social relations.
To prize head disguise and movement geste , the face had to
be detected and tracked before a 3 degrees of freedom( DOF)
head  disguise could be caleulated( yaw, roll and piteh). A
subject-specitic face active appearance model was trained and
erected, where 30 images per subject were named for
homemade reflection, also used for the face model. These 3-
DOF disguise features, as well as their haste and acceleration,
were uprooted to give a aggregate of nine low-  position
features per frame. All of these eye and head duration features
were detected when the point in question is advanced or lower
than the normal of the point in question plus or disadvantage
the standard divagation of that point for each subject’s
interview. For the system in this paper, the base of the model is
an SVM classifier. It's used to classify the features into double
classes i.e. Yes( Depressed) or No( Not depressed). The
uprooted features are  farther sifted using point  birth/
Dimensionality reduction ways like Statistical Analysis using
t- test algorithm and star element analysis.

For  emulsion, beforchand, late and cold-blooded
mixtures are explored in this paper. For early emulsion, point
emulsion is explored that's principally concatenating uprooted
features from the raw data. In late emulsion, results from cach
modality are combined after training them independently. This
was done on markers( decision emulsion) and scores( score
emulsion) from the classifier. In this paper, a comparatively
new emulsion fashion is also explored which is cold-blooded
emulsion. In cold-blooded ~emulsion, point emulsion of all
modalities is performed first to produce a new modality, which
is also treated as an fresh individual modality. The scores
opinions of this new modality are also fused with the scores
opinions of the individual modalities in either onc or two
situations. The dataset taken in this paper was fairly small due
1o which the results were n’t conclusive.

The most recent approach [8] for this problem explores a
model-based optimal fusion, that is, instead of using carly
fusion or late fusion technique, it focuses more on how much
cach modality should have an impact on the final result. Early
fusion is basically concatenating the [eature vectors of each
modality after extraction into a single vector and feeding them
to the model to learn the results. In the late fusion technique, we
train individual models for cach modality and then combine
their results to get a final output by giving them some weights.

What both of these appronches ignare s that learned
ropresentation of one modality can be undermined by the other
modalities

3. DATASET

A DAIC-WOZ DATASET

The DAIC-WOZ ditaset [9] was collected by the University of
Southern Californin, 1t is u part of u larger DAIC (Distress
Analysis Interview Corpus) that containg clinical interviews
designed to support the dingnosis of psychological distress
conditions such ns anxiety, depression, and PTSD.

B. Modulities

The dataset contains audio and video recordings and extensive
questionnaire responses. Additionally, the DAICWOZ dataset
includes the Wizard-Of-Oz interviews, conducted by an
animated virtual assistant called Ellie, who is controlled by a
human interviewer in another room. The data has been
transeribed and annotated for a varicty of verbal and non-verbal
features. Each participant’s session includes a transcription of
interaction, participant audio files, and facial features extracted
from the recorded video.

1) Video Modality

The dataset contained facial features from the videos of the
participant. The facial features consisted of 68 2D points on the
face, 24 AU features that measure facial activity, 68 3D points
on the face, 16 features to represent the subject’s gaze, and 10
features to represent the subject’s pose. This made for a total of
388 video features.

2)  Audio Modality

The audio features are for every 10ms, thus the features are
sampled at 100Hz. The features include 12 Mel-frequency
cepstral coefficients (MFCCs), these are FO, VUV, NAQ, QOQ,
HiH2, PSP, MDQ, peakSlope, Rd,  Rdconf,
MCEP024,HMPDM0-24, HMPDDO-12. Along with the
MFCCs we also have features for pitch tracking, peak slope,
maximal dispersion quotients, glottal source parameters.
Additionally, the VUV (voiced/unvoiced) feature (lags whether
the current sample is voice or unvoiced. In the case where the
sample is unvoiced (VUV = 0), F0, NAQ, QOQ, HI1H2, PSP,
MDQ, peakSlope, and Rd are set to 0.

3) Text Modality

The textual modality contains the transcript for the whole
conversation of the patient with the RA in csv format.
Individual sentences have been timestamped and  further
classified on the basis of their speaker. Expressions like
laughter, (rown ete have been added in angular brackets as and
when they occur (for e.g. Laughter). Differentiation between
long/short pauses has not been made. Only word (not phenome)
level segmentation has been recorded.
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C. Dataset size

The dataset contains 189 sessions of interactions, runging
anywhere from 7 to 33 minutes. The dataset containg interviews
with 59 depressed and 130 non-depressed subjects.

4, PROPOSED SOLUTION

In our system, we plan to first extract features and then apply
some gating mechanism and hybrid fusion technique on the
features extracted. For feature extraction: We have audio,
visual, and textual modalities as our features that are integrated
using time-stamps to learn the time-dependent interactions
between them. The forced alignment will be done on a sentence
level granularity. This is because we want the model to learn the
context between words. This is the preprocessing part.

Now, we have aligned the textual, audio, and visual features at
the sentence level. One important thing to note is that different
modalities can have different impacts on the final result and
there is some noise involved too while representing the features
of different modalities. Now, on the extracted features, some
gating mechanism will be applied to learn and control how
much different modalities will be contributing to the final
output. In our network, we’ll use weight vectors with each
modality to control and learn how much information will be
transformed and carried to the next layers.

For each time step, the feature vectors from each modality will
be concatenated and then passed to the word-level LSTM which
comprises of the gating mechanism, Before the concatenation
of the feature vectors, the audio and visual vectors will be also
passed through gating mechanism to extract the important
information.

The other approach that we can follow is to use a mongtel
emulsion fashion, to reap the benefits of both early and late
emulsion. mongrel emulsion can be performed on one position
ortwo situations. In cold-blooded emulsion, point emulsion
of all modalities is performed first to produce a new modality,
which is also treated as an fresh individual modality. The
scores opinions of this new modality are also fused with the
scores opinions of the individual modalities in either one or two

situations.

Table 1: Baseline Results

“Model  Wemwres  FI__ Pree. MAE RMSE
Baselines B - S
["DAIC Baseline (28] Audio+Visual - - 5.66 705

Text+Audio+ Visual | 0.60 390 | 499

Gong etul. [12] | Text+Aud - 0
Text 0.66 | 070 | 509 | 6ll

~ Alhanai et ul. 18] E
~Allanai et al (18] | Text+Audio 075 [ 072 | 502 | 64
Williamson ctal. [14] | Text 0.67 | 074 | 382 | 506

“Williamson ctal. [14] | Text+Audio+Visual | 070 | 078 [ 384 [ 523

Word Level Models | _

398 [ 605

1069 0.68

LSTM [Text (069 ﬁﬁ
LST™ Text+Audio 067 | 068 [ 518 [ 640
LST™ “Text+Audio+Visual | 067 | 0.63 | 529 | 668

Text¥Audio 080 [ 078 [ 366 | 504

T lexteAudiorVisual | 0.81 | 080 7361 [ 499

5.WORK DONE

The given DAIC dataset is skewed with a 7:3 ratio, of non-
depressed class to depressed. To overcome the biases, the
datasct was upsampled. The models were applied to the dataset;

Moo_lnpm: InputLayer

Text_input: InputLayer J

l

highway_18: Highway { dense_27: Dense

highway_22: Highﬂ'
]

highway_23: Highway highway_19: Highway IE&_ZB: Dense
Y 14
dense_25: Dense dense_29: DenseJ

\ )

dense_24: Dense dense_30: Dense

T

concatenate_3: Concatenate

highway_21: Highway

l Audio_input: InputLayer

highway_20: Highway

dense_26: Dense

Istm_3: LSTM

dense_31: Dense

Figure 1. Model Architecture

Random Forest: Firstly, SVM (with an RBF kernel) and
Random forest were applied to the three modalities separately
and then another SVMmodel was trained on the decision labels
from the individual modalities to perform late fusion. For this
purpose, the features of the audio and video modality were
averaged over all the timestamps to give a total of 74 and 388
features, respectively. For the text modality, the word2Vec
model obtained from google-news-300 was applied to
transform each word into a vector of size 300. Further, the 3D
vector obtained (sentences X words x 300 features) was first
averaged over each word and then flattened.
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Figure 2. Sentence-level multi-modal fusion with gating

LSTM Model with Gating (Word-Level): Forced
alignment of the data was done on a word level basis. The
alignment was done using a unitary approach wherein the
sentence level time stamps were converted to word-level
based on the number of words(present in the sentence) and
the character length present in the sentence.

Next, we used highway layers for gating the audio and
video features. Each highway layer comprises two non-linear
transforms: a Carry and a Transform gate which define the
degree to which the output is created by transforming the
input and determining how much information should move
forward. After feeding the audio and video features for a
sentence to  highway layers individually, they’re
concatenated with the corresponding text feature. The
concatenated vector is then passed through a (Bi)LSTM to
get the final output.

Model Architecture: The audio and video features
are first passed through 3 feedforward highway layers. Then,
dense layers are used to reduce the dimensionality of both
video and text features. After concatenation, (Bi)LSTM with
128 hidden nodes is used. And finally, a dense layer is
applied with sigmoid activation to get the output. A learning
rate of 0.0001 is used. For the number of epochs,
EarlyStopping callback is used from Keras API.

5.RESULTS

The results have been published by taking a weighted
mean of the 2 classes, i.c. class O(Not depressed) and class
1(Depressed). The data provided is in the ratio 7:3:

* SVM Model: The model did not perform well, as can be
seen from the results in table Table 1. This could be due to
the fact that averaging operations were performed across

the 3 modalitics. This could have led to the loss of a lot of
information, leading to the model under-performing.

* CNN Model: This model performed better than the SYM
one on the text modality because herein averaging across
word vectors was not done. The audio and video
modalities were still not giving satisfactory results, This
could be due to the fact that the data points were too few
and the featurcs representing these modalities were too
sparse,

¢ LSTM with/without Gating at Scntence-Level:

= The results clearly indicate that our model works best
for Text modality. The low values of the F1 score in
the video and audio modality show that these features
do not represent the depression class well. This could
be the reason that when audio,video and text
modality are combined, the results just fall short of
that of the model which only uses Text modality.

= Also, all models that use gating perform better than
those models that do not. This could be because using
gating, only the most important features are
amplified, while the others are nullified. Thus a sort
of feature extraction takes place at this level, which
helps our LSTM model to learn from only the most
favorable features.

* LSTM with gating at word-level: The results for word-
level LSTM are not as good as expected. The reason could
be that on a word level, the model does not get the context
of the conversation as much as it does on a sentence level.

* BiLSTM model: This model shows clear partiality towards
the ‘depressed class’. The model is not able to learn much
from the data.

6. CONCLUSION

A model was presenled (o detect if a person is depressed
or not based on indicators from audio, video and lexical
modalities. A sentence-level model with highway layers as
gating mechanism was used for the task. According to our
models, sentence-level seems to work best amongst other
models. A mixture of early and late fusion was used to get better
interpretation from each modality. For future scope, the features
could be extracted on a better level. Some audio features like
response time, number of pauses, silence rate can also be
examined to get a better understanding about the symptoms.
Interaction of bodily action sequences from motion capture data
can be studied with the verbal behaviour to have a more
extensive study.
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ABSTRACT

Geopolymers are an amorphous polymer shape that lowers emissions of
greenhouse gases and is also the best option for cement in construction,
Compared to traditional cement concrete, geopolymers demonstrated lower
energy absorption, ductility, impact energy, and brittleness. Fibres with
various properties and the ability to improve the behaviour of geopolymer
concrete in all aspects. can-be-included to strengthen the aforementioned
features of geopolymer concrete. This investigation added polypropylene
fibre and rubber to a weight fraction of 0, 0.5, 1, 1.5, and 2 per cent. In
addition, the mechanical behaviour of low calcium geopolymer has been
investigated for the impacts of polypropylene and rubber fibre hybridization.
In this study, the mechanical properties such as compressive strength, tensile
strength, flexural strength of hybrid fibre reinforced low calcium geopolymer
concrete have also been investigated. The results showed that the hybridization
of 0.5 % of PP fibre and 0.5% of rubber fibre increased the compressive
strength, tensile strength, flexural strength by 23.9%, 15.2%, and 13%.

L INTRODUCTION Geopolymer reaction was disrupted, decreasing the geopol-

ymer strength when the molarity reached 12M [5). Research

Jauueds NINWO0 Yiim pauueds Q

The silica end alumina were dissociated from fly ash,
metakaolin, and slag using highly concentrated alkaline hy-
drozide and silicate solution; a form of amorphous polymer
material known as geopolymer was created [1]. Production
of geopolymer concrete using fly ash as an aluminosilicate
rovrce material was studied [2). It revealed that the strength
parameters of geopolymer concrete are increased by in-
creasing the amount of alkaline solution, Fly ash-based ge-
opolymer concrete required heat curing of 60 degrees Cel-
8ius in 24 h for strength attainment [3), Rasler dissolution of
silica and alumina incressed the strength parameters [4).

reveals that in 2017, fly ash production was reduced 10
169.25 million metric tonnes, and its utilization was in-
creased to 107.10 million metric tonnes [6). The demand
made the research gap to identify another source of raw ma-
terial, Another option for fly ash, which is rich in calcium,
is ground granulaled blast furmace slag [7]. While the pres-
ence of high calcium uses the alkaline solution at an early
age and promotes carly age strength [8]. Even so, the cal-
cium couses the silica and alumina 1o remain unreactive
with the alkaline solution [9]. These drawbacks imply that
the alicrnative with lower calcium content and lower
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Abstract: Raqnading trash and protecting natural nesouracs 206 fwo of he many heneltls of usng
copper slag as a fine aggragate in a concrete building. Howeves, stalcholers nead proven rescanch
output mbmummhﬁﬁamwmumhmafmm’mﬁﬂ waste in dldings. This
sudy evaluated selfcompacting concrete’s fresh and handenad uaractericios (FCO) comprisng
aw%:mh{&}m%mmmhunmwmwmbﬁﬂuﬁr@nﬁw
with CSA up to 30%, with a 10% inzement. The properties of freh SCC were evaluated
t:ﬁngﬂﬂﬂtpﬂ%:“ﬁﬂ&:ﬁbhﬁtm&mlmmﬁﬂhmmmm
water absorption, sorpiivity, oride 100 penctration, sulphate attad:, and acd attadd: tosts, Enegy
“dispersive spactrascopy (EDS) and seanning electron TICRORNOPY (SEM) were wsad 1o Investigate the
concrete micrastructure. The resulss indicated that the fresh characteristios of SOC were enhanced
as the amount of CSA increasad consistently The durability properties showad a consideradle
enhancement in SCC mixes comprising up to 20% of CSA.

Keywonds: concrete; copper slag; compressive strength; acid attacdks microstroctare

1. Introduction

Massive volumes of industrial by-products are producad and dispasad of worldwide,
posing severe issues. Heavy metals, including arsenie, cadmiuny, and lead, can be found in
high amounts in copper slag, causing them to be classified as hazanious wastes (1], These
metals harm human health and lead to air and water pollution. Due to a lack of landil
space and, as a result, rising costs of natural river sand, efforts have been undertaken to
recycle or reuse them. One method is to utilize industrial derivatives in conerete, which
will be advantageous in ecological and financial terms.

... Concrete’s durability may be characterized by its resistance to chemical, biological, and
physical disintegration [2-5]. Chemical attack can take several forms, including sulphate re-
sistance [6], acid resistance [7), the effect of carbonation (3], ehloride ion penctration [2-11],
the alkali-silica aggregate effect, and depending on the conerete exposed to the enviton-
ment. The excessive loading of conerete buildings, e impact of abrasion, frost attack,
and natural disasters, such as ecarthquakes, floods, and fires, ean all cause physieal disinte-
pration [12]. Bacteria, sponges, lichens, marine borers, mosses, and boring shells are part
of the blological onslaught [13,14], Chemical attack, on the other hand, is prodominantly
accountable for the disintegration of concrete structures [15,16), and rescarchers must focus
on durability [17-20]. Apart from durability, the manufacturing cost of concrote mainly
depends on the constituent materals belng used from natural recourses. To develop dura-
bility and minimize manufacturing costs, industrial bysproducts can be one of the altemate
solutions [21-26], Various Industral subsidiary produets, including steel slag, copper slag,
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Absltract: The proper disposal of used rubber tires has emerged as a primary concern for the environ-

Sudharsan, J5; Abid, S.R; Murall, G _ment all over the globe. Millions of tires are thrown away, buried and discarded every year, posing a
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major environmental concern owing to their slow decomposition. As a result, it is advantageous to
use recycled waste rubber aggregates as an additional building resource. Recycling crushed rubber
would lead to a long-term solution to the problem of decreasing natural aggregate resources while
conserving the environment. This study examines the impact strength variability and reliability of
preplaced aggregate concrete containing crumped rubber and fibres. Ten different mixtures were pre-
pared by replacing natural aggregate with crumped rubber (5, 10, 15 and 20%). The crumped rubber
was pretreated by the water with sodium hydroxide dilution for 30 min before usage. Hooked-end
steel fibres were used at a dosage of 1.5%. The compressive strength, impact strength, impact ductility
index and failure pattern were examined and discussed. In addition, a statistical method called
Weibull distribution is used to analyze the scattered experimental results. The results showed that
when the crumb rubber content was raised, the retained first cracking and failure impact numbers
increased. As a result of substituting crumb rubber for 20% of the coarse aggregate in plain and

fibrous mixes, the percentage development in first crack and failure was between 33% and 76% and
75% to 129%, respectively.

Keywords: impact strength; reliability; concrete; rubber waste; fibres; Weibull distribution

1. Introduclion

Concrete is producing considerable use of recyclable and solid waste resources to
address environmental challenges and reduce energy consumption [1]. Further resenr_dx
into the production of green concrete is encouraged by the increase in concrete properties
and environmentnl advantages from the use of waste resources (2], There are sever;_:l
substitutes and solld waste products, such ns bullding debris and demolition [3], plastic
wastes [1), rock waste [5], sllica fume [6], lyash [7], lime sludge [8] were added to concrete
to enhance (heir propertles and minimize emissions of carbon gases while conserving
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Abstract: Cloud infrastructural resource optimization is the process of precisely
selecting the allocating the correct resources either to a workload or appiicatim‘l.
When workload execution, accuracy, and cost are accurately stabilized in opposi-
tion to the best possible framewark in real-lime, efficiency is aftained. In addition,
every workload or application required for the framework is characteristic and
these essentials change over time. But, the existing method was failed 1o ensure
the high Quality of Service {QoS). In order 1o address this issue, a Tricube
Weighted Linear Repression-based Inter Quartife (TWLR-IQ) for Cloud Infra-
structural Resource Optimization is intsaduced. A Tricube Weighted Linear
Regression is presented in the pmpusé&im:had to estimate the resources {Le..
CPU, RAM, and network bandwidth utilization} hased on the usage history in
tach clond server. Then, Inter Quartile Range is applicd to efficiently predict
the overdoad hosts for ensuring a smooth migration. Experimental results show
that our proposed method is better than the approach in Cloudsim under various
performance metrics. The resuits clearly showed that the proposed method can
reduce the energy consumption and provide a high level of commitment with
ensuring the minimum number of Vidual Machine (VM Migrations as compared
to the state-of-the-ant methods,

Keywords: Cloud infrastrucure; tricube: weighted linear regression: inter quartile;
CPU; RAM: network bandwidth utilization

I Introduction

In cloud computing, resource allocation takes part in a pivotal part in deciding the performance,
utilization of resources, and data center power consumption. The pertinent VM allocation in cloud data
centers 1s also onc of the main optimization issucs as far as cloud computing i1s concerned. A load-
balancing algorithm calied, Priority Aware Longest Job First (PA-KJF) was proposed in [1] to enhance
the VM utilization and fulfill users’ requirements in cloud infrastructure. Here, the priority of tasks was
first identificd. VIP tasks were first executed followed by which the nomal tasks were executed. Next,
the heuristic-based dynamic load-balancing algorithm was employed that monitored VMs in a continuous

This work i3 lujensed under a Creative Commons Attribution 4.0 International License, which
| permits unrestricted use, distribution. and reproduction in any medium, provided the original

work is properly ciled.
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Abstract

Nowadays. the resolution of image sensors in digital cameras is increased by minimizing the size
of pixel sensors. As the size is reduced, the pixel sensor receives low light energy and becomes
sensitive to thenmal noise. The Color Filter Amay (CFA ) has a significant cifect with the presence
of noise, and the missing data is required 1o be reconstructed ffom the noisy data. This paper
proposed a deep convelutional neural network with Honey Badger Algorithm (DONN-HEA)
for Bayer image de-noising. The deep CNN model is casily adopted and flexible for any CFA

with ~rpan ally varying color and cxmxmm Aﬁer du«nommu, attention-based deep residual
oise-fiee B aycr image. The channel attention
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ARTICLEINFO ABSTRACT

Index Terms:
Optimization algorithms
Stability

Convergence
Deep-iecaming {DL)
Neural networks

A boom in applying deep learning (DL} models over the past several years has advanced the discipline of NLP.
Firstly, the theoretical foundations of artificial intelligence and NLP are briefly introduced in this survey. Then, it
sorts through much recent research and compiles many pertinent contributiouns. Lately, this article has intro-
duced optimization theory and techniques for neural network training. First, we classify and discuss the various
facets and NLP applications profiting from deep learning. Second, we review generic language modelling

methods used in pre-training neural networks, such as BERT, RoBERT, AIBERT and DeBERT. Third, we compared
the different language models in GLUE, MNL1, and SQuAD for accuracy and efficiency for best optimization.

i. Introducdon

Various computing algorithms for the systematic analysis and
depiction of human language are referred to as "natural language pro-
cessing” (NLP). NLP study has progressed since the punch card days, and
processing in the group when analyzing a sentence will take up to 7 min,
to the age of Google and similar services, where thousands of web pages
can all be analyzed in under a second [1]. NLP allows computers to
execute a broad range of tasks, including natural language processing,
tagging of POS (part-of-speech), parsing, and machine translations and
interaction systems. Deep learning algorithms and frameworks have
made significant strides in pattern identification and computer vision. In
line with this trend, modern NLP study increasingly emphasizes
applying fresh deep leamning techniques. For many years, shallow
models (like logistic regression and SVM) were trained on extremely
high-dimensional and scarce features. It has been the basis for
machine-learning approaches aimed at solving NLP chailenges. In recent
years, neural networks built using closely packed vector representations
have outperformed traditional NLP methods in various applications. The
popularity of using word embeddings [2,3] and deep learning

* Corresponding author.

techniques [4] started this trend.

Multi-level computerized feature representation leaming is made
possible by deep learning. In contrast, traditional machine learning-
based NLP systems rely primarily on manually created features. Such
hand-made features take a lot of time to finish. A straightforward deep
learning approach outperforms the majority of state-of-the-art methods
in several NLP tasks, including NER (named-entity recognition), SRL
(semantic role labelling), as well as tagging of POS (part-of-speech),
according to Collobert et al.’s research {5]. Since then, many intricate
DL-based approaches have been suggested to handle challenging NLP
jobs. CNN, RNN and recursive neural structures are vital DL-related
models and techniques for natural language applications. We also
cover memory-augmenting techniques, attention mechanisms, and the
recent use of deep generative models, unsupervised models, and rein-
forcement learning techniques for language-related tasks. As far as we
know, this study is the beginning of its kind to thoroughly address to-
day’'s most widely used deep learning techniques in NLP data analysis.

The introduction is the first of six components that make up this
survey. Section 2 outlines the theoretical underpinnings of NLP and Al
and examines DL as a method for tackling practical issues. A general
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L. INTRODUCTION ;

Diabetes is the most common sickness worldwide and
spresding rapidly cven though they are not contagious.
Diabetes is diagnosed if there is persistent hyperglycemia and
7 :is .fiescribﬁd by a term called heterogeneous aggravation of
digestion. There are two reasons for this: one is inconsistent or

- the depleting activity of insulin or it may be both. Persisien!
—-ﬂl;ypergiycemja can cause various problems it may be due 1o
’hm&mcss issue in organs, any elements in eyes, nerves and

i 1o dial : Fed i ‘

.Aeaﬁ.,} Ti“e gimhc{cs can be classiiied inio two classes: type land
sype 2. Type 1 is caused due to the lack of insulin discharge
Therefore type 2 is s the vafh i
fore type 2 is common among the patients where it is

caused either due 1o the fack of wsulin seeretion of pictection .

fram mwsulin activity. S

JIRITOL | Murch 2023, Available @ hup ;/' v dmc:.m

as taken to access the number of diabetes
as initiated by the six version IDF
382 million

A survey w

~ patients worldwide which w
(international diabetes federation) and found to be
individuals who are being diagnosed and among this, type 2
diabetes are said [o be commen. As a result, type 2 diabetes s
considered to be a serious issue. If we could predict and
analyze diabetes at right time, effective measures can be taken
earlier hence not allowing te worsen the condition of the
patient. This would be an exceptional innovation where it helps
in the advancement of medical field industry. By
demonstrating, the futurg could be anticipated by information
mining. Lately, there are numerous computational rechniques

and instruments are available for information examination. For

clinical exp ot and mainly in clinical field, information
- mining has

i

?Ui.‘\ Qira H 13433
B8 ¢ applied. Hence this paper proposes i
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1. INTRODUCTION

CC climate relate virtualization instrument 10 divide
colossal actmal assets into various virtual assets. A few clients
use thesc viriual assets on a CC climate whenever and
anyplace. Most. eustmg cloud asset assignment techniques
don't smpxm the crcaxm;, mode, mplammg that they are
deficient in gn;leavor the idealness and enhancement
conceming asset distribuiiori Howcver, clienis' support more
mindfulness of the Dracncahw and advancement. In this
manner, cloud speczahst co-ops or cloud sewars are vcry'

JIRITCC | March 2023, Available @ @ 5,,,, o vl s

minimum match

ru(h:ss with how to control huge assets and improve asset use.

A huge osset distribution is thus urgent o show up at e

targets.
A Cloud Asset Dmnb{mon Calculation in light of an

Equal and Further developed Non-ruled Arranging Hereditsy
Calculation Il (RAA~PI-NSGAII) was pmpostd in [1}. Te
begin with, asset assignment need and it were ﬁgun:d out to
match distances. Then, the proportion of pmpgpman 10 feaciion
by means of multi-objective _ streamlining  strafegy for
distribution the asset in CC climate wis planned Here, only
i 'afd fgxdbrc‘ »pumon were employed.
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Abstract: ; :
Diabetic patients' pleasant of life is advanced with continuous tracking. The usage of

numerous technologies like the intemet of factors (loT), embedded software program,

communications generation, synthetic intelligence, along with clever devices can assist to

reduce the healthcare system's monetary prices, diverse communication technologies have

enabled the availability of customised and remote fitness care. to meet the demands of
development of sensible e-fitness apps, we have to construct clever health care structures and
boom the amount of packages connected to the community. As a result, as a way to attain
important wishes such as high bandwidth and strength efficiency, the 5G community need to
consist of sensible healthcare applications. the usage of device getting to know methods, this
rescarch proposes an intelligent infrastructure for tracking diabetes sufferers. clever devices,
sensors, and mobile phones had been used inside the architecture to enough exposure from the
body. so one can produce a analysis, the sensible machine collected statistics from the patient
and classified it the use of gadget getting to know. numerous machine getting to know methods
were used to check the recommended prediction system, and the simulation results showed that

Journal of Data Acquisition and Processing Vol, 38 (1)2023 405
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Abstraci— There are a lot of people facing a problem
of unexpected death or health damage due to the lack of
medical care at the right time, especially elderly people, patient
with disabilities and people that are living alone who are
required to be continuously under surveillance for the purpose
of safety and emergency response. Most of the works done in
this field imposed the restriction of fixing the smartphone in
certain position on human body to easy infer the emergence
case from the data of the smartphone sensors. To overcome this
restriction, the proposed system incorporated a smartwatch,
together with smartphone freely carried by the user. for better
performance results. The use of smartwatch assisted in
providing distinct separable signal variation from the
smartwatch accelerometer and gyroscope sensors to recognize
emergency case such as falling, car accident and heart rate
failure. Immediately after cases that are mentioned previously
the proposed systems ends details information such as videos,
location, heart rate etc. to the emergency centre and emergency
contact to provide help at the right time. The system was
practically tested in real simulated environment and achieved
quite very good performance results. The chatbot will provide
quick answers to FAQs by setting up rule-based keyword
chatbots with “if/then” logic. This chatbot will use a series of
well-defined rules to guide customers through a series of menu
options that can help answer their questions. It will be there for

customers 24/7 on their preferred channels, and
simultaneously handle more queries at once.
Keywords—Internet of Ti hings,Arduino.
1. INTRODUCTION
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on the Internet, especially on social media, it is becoming
increasingly important to identify and potentially prevent the
transmission of hate speech, i.e. fight against racism and
sexism. With the vast amount of user-generated information on
the Intemet, especially on social media, it is becoming
increasingly important to identify and potentially limit the
spread of hate speech. Hate speech and defamatory comments
against another person's religion, ethnic origin, or sexual
orientation are prohibited by law. In many countries, anyone
who incites violence or genocide is considered a criminal. In
addition, many governments prohibit the use of symbols of
totalitarianism and restrict freedom of assembly in the case of
fascism or communism. However, not everyone has equal
access to this public space and not everyone has the right to
express themselves without fear. Hostile and disrespectful
communication on the Internet drowns out the voices of
marginalized and underrepresented groups in the public
conversation. This helps us to understand this and mitigate .

Hate speech on the Internet and social media not only causes
friction between groups of people, but it can also cause harm
businesses and cause really important problems. For these
reasons, websites such as Facebook, YouTube, and Twitter are
limited hate speech. However, tracking and filtering all content
always problems. For this reason, many tests have been
conducted to learn how to automatically detect hate speech.
Most of this hate speech detection work attempts to create
dictionaries of hate phrases and expressions or categorize
hate speech into two categories: "hate" and "don't hate".
However, assessing whether a sentence contains hateful
content is always difficult, especially when hate speech is
masked under sarcasm or when hate is not clearly expressed.

race or prejudice. The goal of this study was to extract hate
«neech fram saocial media content in an anline forum We have,
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on the deep attention technique. In a study of online
trends, users
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2123, P ,,am" 'm‘ a mfr an
first stage m ﬂus pruw
focus on locating and recogni 15 el
lane arrang ement, mad marimi,\ and of course ¢ the stop.
sign. \euh:‘. though, distraction or ncnh"encc are often.

main culprits in these types of incidents.In ad, unm tree
and other things can make stop signs hard 1o see or :hu
might be womn out dug 10 age. This is ¢
 weather or dark conditions. IJunng the slow-down procedure,
drivers must do two jobs. Firstly they need 1o judge the
distance fromthe crosstoads and decide when to press on the
brake and let go of the accelerator; secondly they have fo
halt their vehicle fully at the le near it Rumrdmu,
drivers' atitudes towards obeying stop signs, Pietruchi et al
realized that fower vehicles on side sireets ofien lead people
not noticing how dangerous disregarding a stop sign could
be. As drivers enter intersections, their main task is coming
close while searching for conflicts with other users {cyclists,
pedestrians) in zebra crossings. Van Houten and Retungfound
that many drivers are unable to recognize potential risks at
intersections and don't take the necessary precautions. While

- dhere s sl g nsk of collisions withowt stopping. it is more

 fikely 1o happen if the sign isn't fuillowed. The driver has two

‘-'-‘ms}.a during the preparation for a lum - stopping in an
“appropriae place. and ohserving oncoming raffic. Then

- during exceution, they evaluate whether it's safe to camry out

~ the maneaver without acoidents. A hne-of-sight blocked by
-~ something could create huge pmbk:ms here Failure 1o wait

~and it can recover deteriosated recognition, desision-makin g,

especially. g in. b.ui L

:*.12'

1‘ !bls rc‘s,arch is ta create an

system mcludea a mivp*ee: tion
-0t aceidents in difficult driving conditions,

el ,mmn 1o re

*

and. opcratlcnal abilities for expencnccd drivers. The system
aIms o mten'cne mth braking or steering actions if needad,
decreasing driving” worklosd. Shared contre! &5 used o

-.i-‘x s

~ optimize  assistance levels during braking and  steering
“maneuvers while minimizing interfercnce with human dnving

behavior, The Driving Simulator and the test vehicle are used
o venify the sysrem‘s effectiveness.

B. Analysis of motor vehi:‘le crashes at stap signs in four U.S

cities( R.4 Reiting et af 20031727

The study investigated police-documented motor vehicle
crashes that oceur yearly at stop signs, with around one-third of
these resulting in injury, to understand the accidents and
discover potential solutions. The researchers  thoroughly
investigated police accounts of collisions at two-way stop sign
intersections from 1996 - 2000 in four US cities and found that
70% of all crashes occumred due to 3 violation of stepping
rules, with angle impacts being the meost common, In
approximately two-thirds of collisions resulting from stop sign
violations, the drivers reported having initially come to a halt,

but the cause of the accident was typically atribuged ta being

unable to spot oncoming traffic. Counteractive measures
sugg,xsmd mcluda ttansformmg t.raﬂxc regulanons and
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Abstract— In recent years, driver drowsiness and sleep are a
significant causes of road accidents, especially when drivers
drive for a long time on highways. Avoiding an accident can be
the aim of smart systems nowadays. A robust driver detection
system must be designed to alert the driver. These project
detections are based on various physical-based techniques that
detect features such as eyes state (closed or opened), eye
blinking rate, yawning, and head movement. In the proposed
project we detect drowsiness using behavioral-based
techniques. We have also included face detection and various
alert systems more than the existing system.

Keywords—Driver Fatigue,Drowsy Driving,Sleepiness Alertness
Monitoring,Vehicle Safety Driver Behaviour

L.INTRODUCTION

Drowsiness refers to the state of feeling a strong urge to sleep
and being close to falling asleep, either in a routine pre-sleep
state or as a chronic condition where there is no regular rhythm.
However, being drowsy while engaging in activities that require
constant attention, such as driving, can be dangerous. Driving
while feeling sleepy increases the risk of a traffic accident.
Therefore, it is crucial to detect and prevent driver drowsiness to
reduce road accidents. The primary aim of this project is to
create a simulation system that accurately detects whether the
driver's eyes and mouth are open or closed. By monitoring eye
movements, yawning, and the time the eyes are closed, it is
possible to detect early signs of drowsiness and prevent potential
accidents. This system could be used in various industries,
including transportation and healthcare, to improve safety and
diagnose sleep disorders accurately. The study focuses on
localizing the eyes and mouth in facial images, which involves
analyzing the entire facial image using image processing
algorithms to identify eye and mouth locations. The technology
then detects drowsiness by determining whether the eyes are
open or closed. This project's success could prevent countless

Ajay George®

Dept .of Computer Science and Engineering
Mangalam College of Engineering Ettumanoor,India

Ms.Sruthy Emmanuel®

Dept .of Computer Science and Engineering
Mangalam College of Engineering Ettumanoor,India

accidents and save lives by detecting drowsiness and enabling
timely intervention.

The project aims to develop a drowsiness detection
system that can accurately track whether a driver's eyes and
mouth are open or closed to prevent accidents caused by driver
fatigue. Drowsiness refers to a person's strong desire to sleep,
and it can be both a routine state just before falling asleep and a
chronic condition where a person remains in that state without a
regular rhythm. It can be particularly dangerous when
performing activities that require continual attention, such as
operating a vehicle, which increases the risk of a traffic
collision.Detecting driver drowsiness is a significant challenge
in the development of accident avoidance systems, and reducing
the effects of drowsiness is crucial for road safety. The project
will focus on developing a system that can detect yawning and
ocular closure as indicators of drowsiness. The system will use
a series of facial picture sequences to determine when a driver is
yawning and the proportion of time their eyes are closed within
a given period.The localization of the eyes and mouth will also
be examined to determine whether they are open or closed using
image processing algorithms. This technology has applications
beyond the transportation industry, including face recognition,
human identification, and security systems.The development of
a reliable drowsiness detection system has the potential to save
countless lives by preventing accidents caused by drowsy
driving and facilitating accurate diagnosis and treatment of sleep
disorders in medical facilities.

1I. RELATED WORK

A. Camera-Based Eye Blink Detection Algorithm for Assessing
Driver Drowsiness.[1]

This paper presents a camera-based algorithm for detecting eye blinks
while driving, with the goal of assessing drowsiness levels. The
algorithm is designed to handle the challenges that arise when detecting
eye blinks in the automotive context, such as distinguishing between
eye blinks and glances at the dashboard and accounting for high inter-

Volume 11, Issue 01

Published by, www.ijert.org

| O
ApID Al 29"
ENGALAL

L (GINFERIN

e

(} Scanned with OKEN Scanner



e

A S e A R S A

Advanced Home Automation

mi SCCUrity Systems

Using lol

Abdy Suhhan? Abtiiesd

h Toch Stadiom H ¥
L. Lapnter Science amd Tgoaoyog LSRELRT L I B PR
/ 3 P *
Masgatam Colleee 04 1 PECTI Y Naveatato 1 ol
x4

. s 3y
Nanastoyd Ty

ohs,

Mo Tow Thamos®

S hY]

Drepariment (4 £ 81

Mangalam Coliepe 0 Dogmocsiy

Abstreci-The Heme Automation Systers (HAR) i an expansion

of the activities eurreatiy carried ontinaide the hone. Hz.m!«s 1

tadar's poverind computing devices and wirelosy AL npmf,g g,

!imc YOou £ver zm:g:zzcd Jiving zn a um’.'

used. This preject will show how to use the internet and 3
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with other objects online, working together to

situation, and prior knownledge should be able (o be prm'ided

sutematically by serviee provisioning
automaled techuologies has made life casier in m.cry way. The

preference teday is for automatic systems over manual ones.

. INTRODUCTION

,»?{ system_for home automation and pas leak  detection
o hores with
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Y nes the autcination of numerous houschold ©
»ihx: dcwumu of gas leaks. By automating routine houschold
funetions  hike highting and temperature management and
offering 3 gas leak early waming system, the system is
intended to simplify and protect its users’ lives. Any type of
gas. including propane, carbon monoxide, and natural gas, can
be detected by the system. The system employs sensors 1o find
the presence of a gas, and when 1i does, an afarm s set oif o
alent the home's residents. The alarm can be a silent text

message alert or a foud asudio alarm. The system also offers a -
central control panet that the user may wilise w manage § -
yaricty of housc features, including highting, temperature
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installations of home automation. Providing automated control
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{8aracr— Web Application Fleenall (W AL
selz 15 zesprisg somesess uebo spplicsdens

sepholicsied web aitsche However, 35 web atiae
mere sdvanced, repulzr festing and updates ar v
ensure the WAFs can withstznd the attacks. Brute-furce atiack
s hmprecicsl the vaut array of stack paiier
Therefore, black-box testing techniques have been proposed
they sre nof ver mature and suffer from low cfficiency n
effectiveness. Thix paper proposes a method for vulnerability

Aye o
S8z =

deicciios ia weh spplications pdng 8 web spplication firenall
{WAF) iniegrated with deep legruing sud  reinforcement
learning technigues, specifically convolutional newral netwerks
{CNNs) and artificial neural networks (ANNs), The method aims
fo impreve accoracy 858 redure fzles pasitives by training ihe

CAN and ANN moidds using 2 dataset of known vulnerabilities
and employing reinforcement Jearning technigues. Experimental

results show that the prepased method outperforms traditional -

vuinersbility detection moihods i terms ol sconracy and

reduced false positives. The proposed method has the potential

to be an effective tool for enhancing the security of weh
a2pplicatians.

- Keywords— Vulnerability detection, SQL injection, XSS
attack, Web  Application  Firewall, Decp  Learning,
Reinfarcement Learuing, CNN, ANN,

I INTRODUCTION

- : }nlicwﬁ years, there has been a significant shift towards

: mlme businesses, such as e~commerce, online banking, and
~ speial media. This transformation has led to the accumulation

of large amoums of privaie data belonging 10 both individuals
and organizations in web application databases, Unfertunately,
this data has made web applications an attractive target for

Volume 11, Issue 01

.»Pub.lisbn;d by, wwwiijertorg

D ¥ag ks Be ikl s ayrionn

Tdudent, Dhept I capquibin Y i £
Enpinesting. Mangalam sitlens of T rpiséssins inta

s

flen ¥ Aniram

Wivalent, Dept €0 € tangater S ine e &
Eagmnecing Shmgalamn ( sllege of § pomeseng Inda

ate (it web application: may
% por minute, and 70% of wehue

5 situation fughlights the need for
rotect agamnst these sitacks and

lection using a web applicabon firsweall
A s ve approach for identifying and mitigating
security vulnerabilities in web applications. A WAF s 2 type
of security solution that sits between & web application and tie
Cinternet,  analyzing incoming - traffic and blocking any
-malicious requests [1]. One of the primary benefits of using a
CWAE for vulnerability detestion i3 that it can provid
continuous manitoring and protection against 8 wide range of
attacks, incloding SQL. injection and cross-site scripting
(XSS). By analyzing incoming traffic in real-time, a WAF can
quickly detect and block any requests that appesr to be
malicious or anomalous, providing an additicnal fayer of
‘defense against potential valnerabilities.

In addition 10 providing real-lime protection, many WAFs
also offer reporting and analytics features that can help
organizations identify trends and patterns in their web wraffic,
as well as detect any potential vulnerabilities that may need to
be addressed. Overall, vulnerbility detection using 2 WAF &
an effective way to proactively identify and mitigate sscurity
vulnerabilities in web applications, helping to prevent cyber-
attacks and protect sensitive data.

WAFs are a recommended solution for protecting web
applications against attacks. WAFs analyze HTTP(S) waffic to
prevent malicious requests from reaching the web applications,
intercepting bi-directionai traffic and making decidions hasad
on whether the waffic is malicious or benign, according 10 the
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I. INTRODUCTION

Thyroid disease is becoming more common in recent years. One
_ of the most important functions of the thyroid gland is to regulate

. metabolism. Thyroid gland irregularities can result in a variety
of abpormalities, the most common of which are
hyperthyroidism and hypothyroidism. Every year, a large
~ number of people are diagnosed with thyroid diseases like
 hypothyroidism and hyperthyroidism. Thyroid hormones such
~as levothyroxine (T4} and triiodothyronine (T3) are produced by

the thyroid gland, and a lack of thyroid hormones can result in
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detecting thyroid disease diagnosis are pwposed in the literature.
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to  consider: normal, m-pochwogdxm

- optimization of machine leaming and dccp leamning modsls,
while the feature selection component is under-studied or

completely ignored in the coniexi of a thyToid disease problem.
Despite the high accuracy reporting approaches, such
approaches are tested on samples with a sample size of less than
1000, and the results are not validated. The classtfication in
terms of patient status, such as trestment condition, health
condition, and general health issues, is desired in order o
effectively predict and treat the patient’s thyroid condition.
Furthermore, 1o performance comparison of machine learning
and deep learning models is performed. This rescarch aims o
address these issues and makes the following contributions:
» A novel machine learning-based thyrowd d nredict
approach focusing on the muiticlass problent is praposcd Unlike
previous studies that focused on the binary or three-class
problem, this study takes a fi ve-class d:s;rase prcdmmn probiemn

o account.
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'ai tide-sharing armangenents whoy

Ctransportation ceats,

r m::arc*x on ;.qmtsbh: cost-sharing sy
ai under the umbrella of fssues with netwock vos
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nedical databas in the earfy diagnosis of illnesses
satient treament, and souial services. There are numerous
ipplications where machine learning techniques have been
uccessfully used, including the forecast of disease. The goal
?“‘f:mming, a classifier system utifising machine lcamning
lgorithms is tc significantly aid in the resolution of health-
tlated. ;;ma} sms by supporting doclors in carly disease
'“Ef‘{c‘.'r(}fi‘. and diagnosis. But for o doctor, making an aecurale
iwecast based on symptoms is too challenging. The hardest
sk is xmiur an accurate diagnosis of a condition. Dat
zm 12 IS f'm.ml in predicting the sickness m prder 1o salve
igissue.

The annit dsm increase in the med:ca sciences 18
bsanﬂal The accuracy of ;nedscaf data analysis, which has
gefiied from fafi;, patient care, has increased as a resali of
t rise of duta in the medical and healthcare fields. Data
ping uses disease data 1o uncnve -s,ag;m ;hﬁ_‘ are hidden in

: help the docter by weing the dassification. L m!tr\wndmg hmv o
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\d;s;asc;.,_,’rh:} tested the updatu rediction medals using
actual hospital data from central (hm that was gathered

- between 2013 and 2015 They use a L.{;m component model
to fill in the gaps i the data to overcome the challenge of
incomplete data. They test various treatments for 2 localised.
persistent cerehral infarction. T gest @ frash multimoedal
ilingss nisk prediction algorithm based on comvolutionsl nevral
networks {CNNs), which uses orgamised and unstructured

hospital data.

A relative similarity based method for interactive patient
risk prediction, this study examines the patient risk prediciion
issue  within the (ramework of active leaming, with
comparatively simufar results, Active learning has  been
thoroughly ~investigated and successfully used to ddre:s:s
practical issues. Active learning tech nu;uex are typics v used
1o explere sbsolute guosons.
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safrrrmgtions. We mntroduce 2 tochnig
LSTM wechnology 0 enhance the fmmrc uf cxu!mg
Pesent Sysiem ains (o c:m:fx user behaviour based on v

the same CNN-LSTM model 1o imprsvise the exasting sstem

A RFESEARCH STUDY MOTIVATION

:.fhu,..& siudics have bren conducted by the rescarch screnust for
- persenaliny detechon The personality trant s a classification problem
where the user goves the inpat tweet as text and he gets the various
emotions carrespundmy to the text be has given The aim of tus paper
Bkl a srespg moded for personality trait detection We have
tagonzed the vanous emolions g5 a pair ke FEN-ST-F_LP. We
he sunous tweets inm this cmcwn‘ There s also provision
r user do give e taawts in the form of audio and our svstem will
ﬁzﬁéﬁi ::pcm mality of mdn zdmi based on the qudic. T

?RQB? EM H’, (‘ RGR{}‘J\D

fﬁﬁﬁ*ﬂ’w‘b&*ﬁ - %ﬁmd&c&s tsme g,amcd pi;p.:i.,rst\, in recent
years among ool communities as 2 way o leam about peuple’s
sitmies and personatity tm,ts z‘mar;}s ‘«amma fpics, fawes. amd ather

H ssific ‘timﬂ 1 ‘am(;

Model

COT R T

boiaviour ef the uwee o the basin of fheeh

caroing maedels We also introduce the cancept of sudier o fext’ u%mwi - ““mm& it using ( WN .n,d Storing it asing < LS ™.

that huve gddeen the avbd
metheds that have beent wsed B this pupose. ‘?ﬁg;yxsaliy, the
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3our proposed system s showed very good pedformance snd resuit
i ugamst of the existany svstem maodels.

4.The proposed systom van belp vanons compames aesives the
personality of ther emplovecs,

3.Furthermore we provide both speech fo text as well as audio o fext

so there would be added benefit for users W use our systent.

. REVIEW OF LITERATURE
In. this secton, a comprehessive study  of personafity  uait
classification. The study discusses various practiees and approsches
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1. INTRODUUTHN

sasters are unpredicizble. Namural dis
hguskss 3nd other  grologic pro
m.az‘m&é*: sitations like bomb explosion. building cmi.in%c
.. ocryr regalariy and they cannot be preum{fd n adv;m:,e ic
precsutions.  The change in ammos phcn;
gondiions and climabic changes are *c::umng in @ rapid
fhactuating manner. A disaster is a serious problem occuring
~over 3 short ar long period of time t that causes widespread
mumnan, maicrial. coononnc or cnvironmental loss which
exceeds the ability of the affected people or community 1o
‘cope using IS OWR TESOUICES. Disaster nrisk management
mevivinss are desisned o increase the resifience of people.
pemmunitics,  sodicly systems o resist absorb.
- mezmkz ¢ and 1o recover from and improve well-being
Cface of mulnple hazerds. Activities for roducing and
mansging ks can therefore provide a way aur busidiag
resitrsnce 1o other risks. Most of the victims of carthquabes or
 other matars! disasters in the world are trapped or locked under
wiisvies or nabblee o There ure systeny
which 5 nsed 10 disaster ‘aceas mdu&;ng detection of haman
s»«* -iﬁ?etf using different radars. In the case of a du&sxcr like
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Human Detection Robot For Dmd v Managemen
paper they nsed Arduine Uno Miciocongulier, Rol
PIR (Passive Infrared) sensor for ucim- ng e
presence und controliing the robot. In this they usad 2 ‘
for alerting the presence IUis a simple, yet efficien en za,u,?fww
to indicate casualiies and help them with immediae
first mid

A Modern Microwave | ife Detection System For Human -
Being Buried Uniler Rubhle, this paper the sysiem witires

L - Band frequency which is able to detect respiratory snd
heart uctuations. The main operation principle is based 08
Doppler frequency of the cimtmmaazxci:; wave it wﬁ{ be
refles ted from buried body.

In this paper tided. ol Based ﬁesi:ut i{iﬁm; fur a’m\g

Human Detection and Health Monitaring Systent™ 1o this
#3660 the main aim of the
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i %» face reco

work One of th

DOTAT.

{acial r-"ar'n*tm"; iec
mpii: an
.

over the fme-consuming and error-prone old techaigues.

1115 project’s

a pregram will be created that can recogmze
identification  and  cventually  save  the
database system. In addition, an excel file is

made thai lisis e siudonts’ sitendance and is sent right away

1o the esteemed teachers,

{3 this project.
cach  person'’s
infenmation in a

H  LITERATURE SURVEY

3@;:: recogaition: A convalitional ncural-network approach,
{EE!: Trans. Neural Networks, vol. 8. pp, 98-113, 1997, 2.1 §.
Lawrence, C.L. Giles, A.C. Tsoi, and A.D. Back{1]. In this
study. a face recognition system is created that is insensitive
w «;gmfun vanations o hgimng, Histogram truncation was
lmh;f.‘d as & pre-processing step before the implementation of
}mmumo. phxc filter in the ;csord step of thu normalisation

mm. : !!ml -ar,;' : ’

mark s*mr attendance, which 15 an unprovem:.nt

major goal is to replicate a brand-new, cutting
‘edge smart system thar can benefit the institution while
resolving the problems with the outdated sttendance system.
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v,“‘RIFlD‘med. Studer.i Attendance &
‘Hussain, Dugar, Deks. Hangan ‘“13 {31 This paper
describes the use of open-source software in 1 multi-user

‘environment to comstruct a student attendance managoment

system based on rudio frequéncy identitication. Fython senves
as the :.vsu.ms buack-vnd for reading tags. The python
program s run, the fecturers we wuthenticated, and ",L
recorded inan XML fHe gsing s desiiop fave applicanos. T8
XML file is then uploaded to the serves 1o be processed and
used fo interpret student attendance. By using the web portal,
users can view attendance,

The phrase “Figerprnt Based Attendance System Using
Micro-controller and Lab-view™ (2013} Kumar Yadav, Singh,
Pujan, and Mishra [4] T this context, rescarch prospests are
outiined ogether with an automaicd systom for recognizing
fingerprints and the wlentification of nwjor problems. This
n.pum deseription ot an RTOS (Real time opersting sysiein)

mplementation in the context of so embedded system ceads

lnke a product design. Despite benig very commaon, !znat;pnm

recognition is a challenging pattern recognition problem. It is
crealeprecise algorithms thax can exiract
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INTRODUCTION

continucis rale 3% per ﬂxc current rcﬁard of amm‘xl wcimrt :

organizatons. - The vverpopuletion of stray dogs his becomg one
of the major threats 1o the citizens of India, I has been teported

 that around 92-97% of desth due 1o dog bites have been reponed

v india Zoenotic patbogens which are usually Jound in dugs are
inly teansniticd by stray dogs.

' uif’;f: area that had no human contral over it T hese are dogs that
Bre ::ztiz;:f owned in the past or never be owned. According 10 3
recent estiniie, ‘{iwre are aver 17.14 million stray dogs in Indus

,pa;mmlfrmmtgc 1 n;:x&-m:;e:

4 sray dog is defined a5 any dog thut roam around in g

affect the quality of Tveig

Ay Thsus

ll BALR(JROUI\D AND RELATED WORK

A STRA ? l)i)(,b IN m COMMUNIY

As we know stray dops are aereasmg day in oy i oauur
suuuly. The frec-ranging wd roonnng doygs are called sty dogs
They are found in most of the aines, gspeaiaily w developing »'
citips, Stray dogs are weieusing becausy of the abapdonmant
naiure of the owoer. They are of differcat elaifications suciias
pute breeds, true mixed -hreed dogs o un%mfi Yhe wmagor
ray doys s Kabby

jiropiem caused by
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Absrzct - Human pose estimation iacaiuesbad3 an

accurately identily individual poses given an image. This

SR I 2 prereguldite for many facke in computer vidan

inciuding human recogaition. This article contaias 2a

overview of the Human pose estimation techniques using

machine learning and also propesed an Al-based system
- HFE is ofien used in augmemied ealiy {AR a=d VR
_animation, games, healthcars, Opline cozching raming,

e 2 X

wisich can work as a personal fitness advisor.
a0 algerithm that looks at your exercise chart

i3 Dased on

{policy work) and its advantages and disadvantages, the
data used, apd the methods used for evaluation. metrics for
the model. This review serves as a foundation for novices
and guides researchers to discover new trends by examining
methods and architectural flaws in current research.

Keywords— skiearn library, convolution neural network
- (CNN), machine learning,

1. INTRODUCTION

‘Human Pose Estimation (HPE) is a technique used to identify
- and classify the joints in the human body. HPE is a computer
~ vision technique to capture a set of coordinates for each joint
~ {head neck, arm, limps, torso, etc.,) and these coordinates are
. f'mimeémxsakeymht&atmbeusedmdcsm'bcaposcof
& vereon. The eomnaction hetwesn those Loy points is fenmed

25 & pair. ‘

rin ealtime
and tells you what's right and what's wrong! The methods
used in buman estimation are briefly described before
listing some of the applications and problems encountered
in estimation. Next, focus on briefly discussing the research
that has had 2 major impact on human prediction, and
exzmint each now model, mativation, architecters, process

Exposy détéé;ion"fs an active zrea of res
ton. Expacuce estimation & 2 comnmes
track the movement of  person or abiect. Find: g feyword
for 4 product usually does this. Based on these key points, we
Can compare various actions and form and dow predictions.

surveillance and robatics.

~ The aim of Human Pose Estimation is to form 2 skeleton-like
~ representation of a human body. There zre three models of

vy

Human pose estimation and are used 1o represent the human

“hady oy - gryearees
body using computer Vision,

Skeleton-based model or Kinematic model
Contour-based model or Planar model

1.
2
3 Yolume-based model or Volumetric model

Tolazme 11, haue 311
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bsrruci-—- Mubile phones have beeome # yery important aspect of

»:m.m Tife, From meking celluiar eulls 1o money transactions,
imad.nc peaple masthy use smart phones, which work very
‘ii" fently in the sense of network connectivity such us 46, 3.
lu;‘mmh conneetivity, WIFL ete, Around 70% of prople use
ndysidsupporied suvems. Whervas Android is valnerable to
ek, virases, and sther malicious contents vompared 16 ather
such as Apple’s 108, smartphones are vulnerable now adays,
sevurity is a muh" in networks, Security is thus essential for
sictiny, The prapesed system s an SMS-based remute
5 syﬂcm Hw wswm pmpusws an Xmirm{i imm}

Toch the as gom i mzspiaﬂ*ﬁ T his could e done u&mg}
stier coll ;ﬁmﬁf %Lx:tﬁ ém& ﬁm‘ reguire an xmrmu
B i‘i“%i 3,
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TTTHRA

I\z'vwanls H!&,rﬂm“ yosmartphone,retrieval

I INTRODUCTION

Nuwadays. simarphones play an imponant role one’s lite,
‘u thev contral the most important aspects of a human beir
fife, 1t has multiple access poiits 1o one’s daily life categort
wich as personal lite and banking aspects. So tivere are many
important contents for a person stored i it, such as his or bes

hanking credentials, valuable documents, elc. So it Lxl

2
:*~‘,
.;
s

Tha s
uﬂpiihud U protect Hoye UsSCIa infmmation 180 P

system 15 an SMS-based qeeovery System That is. the system
1 voy
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i Abstract—A database of the traffic accidents was

T TTEUA LR DOCHIC & 1 ECHIDIogY (LIKRT)

data minin o \Q
"o . Lng R, traffic inju ISSNa gt 181
risk predicti d . dent techniques Bhuvaxﬁ}ﬁlDL‘-Z&%&r(g‘ pafefence sl
sk prediction model based on different mechanical =i P C[once Proceedings
le.armng .method_s was cr?ated to estimate the possible Accident Adnan Bin Uses the alarm The
high accident risk locations for traffic management . tavonda'ncc Faiz, Ahmed pulses and smartphone’s
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I.  INTRODUCTION (Heading 1)

Table 1: Literature survey of accident prediction model
A high accident risk prediction model is developed to

analyze traffic accident data and identify them priority
intersections for improvement. A traffic accident database was Il RELATED WORKS

organized analyzed. An Intersection Crash Risk Prediction  The rapid development and wide application of computer
Model Based on Different Machine Learning methods for technologies, computer network technologies, multimedia and
estimating potential high accident risk locations for traffic communication technologies, and the Internet of Things fields [1], has
management have been developed department to use in planning driven the recent development of intelligent road traffic management
countermeasures to reduce the risk of accidents. Using Bayes systems [2]. Li et al. The Internet of Things allows for the collection of
theorem identify environmental variables at intersections that various kinds of information through sensors [3], each of which
influence the level of crash risk, this study found that the width represents an independent information source [4] from which data is
of the road, the speed limit and the markings along the road are collected at a certain frequency for categorization and analysis.Each
significant risk factors for traffic accidents.Meanwhile, Naive independent information source would sense, measure,capture and
Bayes (NBD), Deep Neural Networks (DNN) and Convolutional transmit information anytime and anywhere.The development of
Neural Networks (CNN) were used to develop the accident risk advanced chip design and new materials have also increased the utility

rediction model. and longevity of such sensors [5], while also allowing for anti-
p . . .
This model can also identify key factors that influence the interference, multi-mode, and self-adapting features [6].

occurrence of high-risk intersections, and provide operations  These developments provide the technological basis for intelligent
management departments with a better basis for decision-making expressway management systems, integrating Internet of Things
intersection improvement. Using the same environmental applications due to the introduction of mass information compatibility.
characteristics as high risk intersections for model inputs to High-speed wired and wireless networks have been integrated to create
estimate the level of risk that may occur in the future, which can three-dimensional ~connections, ensuring the accuracy of data
be used to prevent traffic accidents in the future. In addition, it information, wider transmission bandwidth, higher spectrum utilization,
can also be used as a reference for future intersection design and more intelligent access, and more efficient network management [7].
environmental improvements.In practical applications, our The development of these advanced technologies mainly depends on
proposed model can be used to predict probability (or "risk") NGN (Next Generation Network)communication network technologies
accidents at different intersections by identifying similar and new wireless communication networks (3G, 4G, ZIGBEE)
environmental variables, ie it enables authorities to take practical [8).Expressway construction and traffic is rapidly growing around the

steps to effectively reduce incidence and severity accidents world, and the demand for social development is growing
together with the costs associated with such accidents. In synchronously [9].

addition, research results identify important environmental . . -

factors that influence the occurrence of traffic accidents. To . Improving th? efficiency of existing cxpressway traffic
effectively reduce the risk of accidents, in recent years traffic infrastructure requires th.e efftectwe co llection z}nd anz_11ys1s (.’f Moage
accident management agencies in countries around the world not da_ta [10]. As cars and .mdwxdual dn_v s mcrcampg_ly linked to
only have established standards and operating procedures for yvueless .transmlss'lons,drwers demand increasingly sophisticated tr_at.‘ﬁc
road surveys, but also sought to develop accident risk analysis mfor{qatlon,allovs'/mg them to assess CHE .local' trafﬁc_ and dr ving
and forecasting methods. The it hoped that longitudinal crash conditions, predict future conditions, and 1dent1fy.optunal driving
data would be used to identify and classify high-risk onesFoutes [11]. Expressway traffic management adgenmes also need to
intersections, allowing efficient prioritization of scarce resources effectively monitor highway _conditions a:ll coordinate ~ timely
to minimize frequency and severity of traffic accidents. emergency response including police, rescue and repair units [12].

.~

\ / The data to drive such coordination is sourceq from sensor networks

T EIERKTURES ‘. ol that ! pitor traffic and envirgnmental conditions thrpughout the
P e e ;\Q,‘hiéﬁ ay network. Such monitoring data can be used to improve and

-t 0T = eimplify sienal control algorithms and traffic efficiency, Wireless
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Abstract— ATM plays sn impertant role in modern seonomis
activity.  Unfortuaately, it provides a convenient way for

ciiminais fo gol Hegal moncy. Vor saloly ressans, sach ATM e
squipped with 2 surveillance system to record customer's face

information. When criminsls use the ATM o withdraw illegal

moncy, they wwally hide their faees with something to avoid the  coitfance systems like atm, To solve the Atm security

problemm, it is Wmpottant o show the par
- ATM camera when they conduct an ATA
- processing will be used to accomplish this, and
_be able fo distinguish between those wearing m
b

SeTyelliance ssiem recerding unir faee information. D

slong with the transaction details will be stored.

Konwords—Helmet; mask; Machiﬂ'; ‘lésa'mi_ngg I.iifa‘g‘e 'prbcﬁ‘ssiﬁg '

I, INTRODUCTION

According 1o today's world, pclluﬁidn, infectiou: discases,
and climate change are all having an impact on humans.

Wearing a mask in public places has become a need for people
1o avoid these issues. Thieves and intruders may use

circumstances to their advantage so they can commit crimes
without being seen on cameras and CCTV. Many people use

ATMs to withdraw cash while hiding their faces. These actions
Jead 1o miscommunication between the customer and the bank.

The proposed approach uses machine learning, and OpenCV

used to detect face masks, which is resource efficient and can
e used in embedded devices. The technique has an accuracy
score of 0.9264 and an F1 score of 0.93, which can be used for
further advanced models. Face recognition is a biometric
technology used to authenticate individual identities. It
involves two phases: face detection and recognition. Face
detection and recognition technology has become increasingly
important in our lives, making life easier and faster and adding
2 touch of technology fun, Sensors can be combined with many
technologies to form smart sensors, but early vision
~ measurement technology is expensive, has low performance
indicators, and has high failure rates. Processing efficiency is
* nol high. Face Detection is a part of computer technology and
AL 1t determines the positions and sizes of buman faces in

sAssistant Professor, Dept, of Comipeatar Sorease an

ue o thie
the efficiency of the surveillance system is decreased. In this
project the process of ATM transaction will be finetuncd so that
= persan can’t procced in the (ransaction withont removing the
mask snd hedmel. With cach transaction the imzge of the pareon

{
 that is preventing access 10 ATM for those wearing helmet.

cameras in atm that gives an alarm if they detect someone wit
_helmet or mask. They can only enter the ATM after removin
their heimet and masks. This way we can casily read the faces

Manya fo aph 7

Yradent, Dept of Compuint “ovoce 208 Fnginosring

Mangalarm College of § ngicesring. {adia
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Mangalam Colleue of Fngineermp. fndis

inferaction. Thiz can be seen in technical forenight So, we bave
1o be securing, to eateh thiel, to find someone who lose, md
more: 1 s heonme o ponnlar sehiect of lockun due 5
{or protection and the rapid improvement of celiular devic
can be used to gain access to control, identity verify, securty

es It

1

Laram &

 The basic idea behind the paper is to develop a system
~which is automated and provides the most advanced

5
- features in places Hke ATM, The paper aims o give peces

2

ATM’s for only those who foflow the rules of the ATM usage

of people and store in our database. This atm camera also

“makes sure that the transaction is not carried out ungi the

person remeves the helmet or mask.

1l RELATED WORK

Use a technique like TensarFlow and Open CV 1o detect
face masks on humans. When a face is tound, 2 bounding box
is drawn around it to determine whether the person is wearing a
mask or not. The name of the person who is not wearing a
mask will be discovered if tieit face is saved in the datshese,
and an email wamning will be sent and images will be stored in
cloud [1]. A face detection technique utilizes a single shot
multibox detector and a mobile device calied MobileV2 that is
small and can be integrated to detect real-ime masks. The
entire procedure is referred to as SSDMNV2.This method is
used 1o evaluate the accuracy, which is 0.9264, and the F1
scoie, which is 6.93{2].

The model is separated into two phases: the first phasc
detects faces, with the exception of situations where the item is
beid af @ distance, and the second phase detects faces as
individuals, The procedure is repeated with assistance front the
face model utilized in biometric technologies today [3].

//

* arbitrary video and images. It is used in a variety of application
- that identifies the human face with the help of regular web
- camers, human face by identifying the face location identifies
by matching digital images present in Database. It is a simple
techoology for face perception and Human Machine

: Sy < 1
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fi‘i‘i":ﬁ« The utngr of orodi cards for ontine purchazes hay
grown significantly 2 a vesult of the E-=Commuerce seetor'y
explosive prowth, and as 2 result, there has been an increase in
fraud am»nsxcd ta itIn revent vears, it has heeome nfrrdin-v!\

r basks ta Qestih orsdit card system frpud. Fa

framsactions o bf free of credit vard fraud. machine luunmg s

cssential, anks utilise 2 \snch of machmc lcamm;, ﬁppmadt

zow lomenis bate boen s«ui‘d f fncresss 5:
The choice of variables, sampling strategy for ¢

detection  methods  sll have 2 _siﬁniﬁi*an
effectivenesy of fraud detection In eredit mré

ttnu\ uuludid ine t':iftuiﬂxc\\ ai m:u\um T

the datsset of credit card mncamuns m}
Kaggle. It views fraadulent fransactions:

“positive class” whereas Jegitimate onc
class.” Based en sensitivity, spec;f icity, a
the performance of the sppmachrs xs assessed fo
factors. -

Keywords: Fraud deze..uan CRdit card 1 ogxstx

:a_:grg_f__g:qa Napisinn frap Random ‘fgrg\t

1. INTRODUCTION

Te provide e-commerce,
services 1o their clients more  effectively
~ conveniently, businesses and organisations are shifting some
or all of their operations online, Worldwide, there i a
significant issue with payment card fraud. Annual losses from
fraud are enormous for businesses and institutions, and
* ¢riminals are always looking for new ways fo cngage in
~unethical behaviour. We'll strive to spot any fraudulent
-~ activity here. When a credit card is cloned, stolen, lost, and
. found by fraudsters, it is typically utilised up 1o its available
 eredit Yimit Theiclore, a solution that ieduces the total
 available limit on cards susceptible to fraud is more important
. thnn the quantity of correctly classified transactionslt uses a
genetic. algonithm to minimise false alarms by optimising 3
collection of interval-valued parameters. (:cm.mll) speaking,
fraud is unappmxad conduct that occurs in electronic payment
systems; this activity ought to be prohibited by law and is
 Treated as unfawful. In many diverse fields, including financial
systemms, telecommunications, and public and private services,
fraud can occur, It is focused on identifying fraudulent credit

v d ¥,

information, and communication
and more

~ detached objects from the mai
aren't real. The distancy |
exed sesasactions and it *m"’“’"ﬂﬁd with fipancialscams. The = = -+ -

Fiaud 3:;:.;‘;5?;’
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1!"!}“‘* af frand dotecting kap hizen ahdrecns !

by numerous d aa puming algoridhms using some
techimques, more comtnon among  decision
detection has typically been a part of data. n* ng
»wmmuw t (xphmm'.:*; "y mf.sp of m?c:a/:zk

crx_:’xiksvs.zema telecommunic
. It is concemad widl
: gmsmg fr:xuwi:::!

c’ed‘:

4 mmmg ;um’ e—commerce have traditionally

acuon that vnolatu a'mle Ies,:slanen, or peim \m}x \hk
mtentmn of obtaining unrecognised pecuniary benefit. The re

i‘ is a wealth of publicly accessible material on the topic
~ anomaly or fraud detection in this field that has already b:cn

published. Data mining applications, automated  fraud
detection, and adversarial detection are among the smt;gxes
used in this field, according to a thorough review undeniaken
by Clifton Phua and his coworkers. Suman, 8 research scholar
with GJUS&T at Hisar HCE, discussed methods for detecting
credit card fraud, such as supervised and unsupervised
learning, in a different study. Even though some of these
techniques and algorithms achieved unexpected success, they
were unable to offer a reliable, long-lasting answer to fraud
detection. Wen- i‘ung YU and Na Wang presented a simitar
area of research in which they employed distance sum
algorithms, outlier mining, outlier detection mining, and
oullier detection ining to presisely forecast fraudulent
transactions in an experiment simulating credit  card

transaction data from a pamu:iax commercial bank. Data -

mining's field of autlier mmmg is primarily utilised in the

financial and m:r:met sectors. It focuses on identifying
system. or transactions that

een the observed value of an

G Scanned with OKEN Scanner
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Abstract— The sign iangmue
Imnevatite seiution for s:amamﬂ :me
individuals are mcapahk of tpﬂai\mg,
translating hand gestures into w:cs:.
srumarily intended fo assist individ

e difficulty speaking, cand § is accomphsh

tse of gloves fitred with flex smsors that éapiur

ingoer and hand mmemenis. This data is then processed

¥ @ microcontroller to generate voice feedbat

ystems used for sign language translation invalve du‘v'ifes

ith high energy consumption and less mobﬂin’ Altlmugh

rese systems allow for sign recaguitmn with high accuracy

1€y cannot be accessed by most pwple and the receiving
1d should be independent such that any user is able to get
ie voice feedback. :

eywerds-Arduino, Hand Gesture, Voice Feedback, C++

L INTRODUCTION

Eapex.ch-zmpasmd and hearing-impaired people only
m: the segn Iauﬁ{uavr: as their principal means of
mmzmncaum Hmvev;r tms becomes problematic to
npin wim are not farmhar with the d:ﬁerem gestures of
2 sign i“’n:::zg*: thas ~M§rnw F mmmummmn barrier
tween the impaired and not. Sign Iangua;,e ﬁa:sn t use
oustlic s,mmds but v:;uaih.* transmxned aigi‘i panem:-

- dle fmqu;ncy { Ri

omega sy se

Staigab o 408 iaf bra
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the tramis?mn is from text or

H!‘S" a one-sided

) :t...;thils sugg
any mh; existing ‘gesture
ion xounmnx !L[\ on_camerys, mmmhunu
ar special body sensors such as
hlulmmyogmph 1‘SEMG); Electrical
Tomography (EIT) scnsors, and
(ECG) sensors. However, the
limitations. For ex xample, ¢

tmnedance
clectrocardiogram
s¢ methods have varous
mera-hased approachics inay
face ocelusion and privacy issues, while microphones

are susceplible to ambient acoustic noise. RF-hased -
methods are kiown v be device-tree, but they can be
sensitive (o indoor multipath effects or RF mterference.
On the other hand, special body sensors for gesture
recognition are mare robust to "‘!Z‘;’lfd"ﬂﬁuﬂtﬁ; noise, m}!:
they require  additional cost and
mstai!ahcn Sign language ges sures are

‘chai!r:numu 1o det;t:i as they often involve fi ng;:r -fevel

mavemenb w;thaui stm or arm mobon.

m;mpm’s t;.f far

I
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G Scanned with OKEN Scanner



'\1 v ,31;_\‘(; NO, ODE Js

‘ Nived S

f?" of Uumpwtis wienoe amd enemeerng

’%%mg Host college of vogineenny Muthan Ol
b; Pvetd SRER EL 3 ¥ IS ES i

:.5: { teired

(B3 RI% SR SIS S ST ¢

Fitumameey India {5

SRR R MR (TR o4 & ¢ ¥
engrngstmg Mans dirmoeni!

CIr e g ¥ isaage.

4
Rapan Thonuas 2
Lhopt of Computes soremee and chgmeching
Maggalam college of engneenng Vipthy b In
18 RITHE [hept of ( ‘ornpte

et ; X .j”n,i;-; e ’\i'i"' \nfﬂr*lr ;;33'11 &

gy

imfmd——-’i”hcab;mnwﬁhss stisdy dv o Nede i fa
alviss approval based on the information tha :
processing is a lime-consuming and mmph
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revord investigations, and risk uﬁ!uanrm T
exlemsively used in recent years to nummaw

provessing, leading te more rapui prmse. and mor
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immigration authoritiey looking te mindernize and streamihing
Hier visi processing systems. :

My procecuany with Node i is invelves using lhc pupulur‘*
CdavaSonpt untime  eavironment  to develop  software

- applications that can automate and streamline Visy processing
1aske Nodejs 1s known for its fast and scalable nature, which : : il
* makes @t wellsuited for handling large voluioes of data and
affic, making 3t an excellent choice for visa processing.

REEATED Works

There are several relfated works and ﬂm;uhs that have been
developed using Node js for visa processing. Here aic g few
examples: s
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Abstract-—1In this paper. Voice intelligent Assistance tsol is
used for searching purposes, sununary extraction, setting
reminders  just by using  voice commands.  Voice
recognition technalogy allows us to access any document
ar file we desire. §f ihe user speils out the word it
automatically types in the required field. It recognizes the
speech and scarches the appropriate content in the
database and retrieves it. The audio from. the m:t:mphum
~ will be collected by ﬂm voice ;ns\manl :

~ assistant (lP%) can zmer:xc! !
- repait, providing a brief summ
outlining the most rruuai
conlen Here, an attempt ;s

_the voice commands the tasks ure peri’ormmf ﬂl:R. .b

= amhwunu« langnags.

Keywords—Virtual Assistant, Speech Recognition,
.n’mc!t ve summarization, BERT

L INTRODUCTION

e \mnal ﬁa&lsl:ml\ have become an essential component of
our fife nowadays as a result of all the functions and simplicity
ey provide. They can also automate some routing duties so
ﬂfst: FaR wiReenliate on What 1S most impostant 1o them,
Voice. _aﬁmmm 15 a digital assistant that uses speech

518, voice recognition and natural langnage pmgessmg
The software
d using an m{egmesi *:pmb systera is known as a
.7@4‘&3@& VOICe . assistant,

aSBistant is & i-ﬂpfni meui fﬂr scan:hmg, setling rtmm ders, snd

ve | Fp
STt ey aathew,

VoK ﬁssmam records vocal input thro igh a microphons
- converfs 1t inte understandable eomputer

esigned for the computers fo undcrsiand the meaning nf;_ ;

that can identify buman veices aid

L T | hignas

sl B ranincerans dadis

Manpalan ¢ n!‘g,w af Lrgineenng, inds:}

O it e ‘;“n IR LI

taking notes jost by speaking Therefore, makin ng use of thess
virtual assistant capabihtics will cnable one to save 2 lot of
time and work. Evervone wants an assistant these days that
will listen 10 their v'"l’ articijrale their requirements, and take
the appropriate action when fiecessary. The command open
can be used by the uscr 10 launch any other apphication. T;,»‘
<

l
information and answers they re 3; re. uc;: g track

' btr{hd.&xa, Uf annue \}HE“S z:. anot r chail=-

tant hc:‘pa 10 generate reminders.
; thev: nmm dSSt\dﬂ capubilities

SL RVEY

marl Hom" Automation Q\s term
1ser voice and recognize sp
the speaker individual features,
d by Yasho Mawab Y
ng and control are handled b
fler board. Thus, the Smart Heme
System {3HAS) prototype ean be utilized
m urn:nt homes ino smant homes {2] Home
on Usmg, Yoice Commands in the Hmdx Language.
T‘m voice recognition module and dedicated hardware, the
Ardoine Uno, ware used in the plannud hore automation in
Hindi language project to mcrease the system robustaess and
cost-effectiveness. The systerm can operate with severa! linked
devices, such a famp. fan, air conditioner. ete, With tha uic of
voice assistants, this technology cnables users o make
decisions and contro! their home equipment. {3] In recent
years due to the progress of information technologics, the
Bomes e built o sman homes. Swmart home style can bring
benefits o user, the technology becomes unavoidable in these
years. Even enterprises still cannot integrate the functional

Elnh «‘b

- divisions of smant home, Consumers struggle o fud the

products they require. In this paper, builds a tailor-made
function for users ss;m\n.t their attempt; it makes use of
Google Voice recognition in the house using machine learning

- to demonstrate the viability of a smant home pattern in order o
_ meet user needs. This eﬁableei user to nteract with Google
. A voice-based personal  Home's voice recognitios
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Znile controlling devices by
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Abswrace — Technology plays an nevitable role in decades, mmny rosearches had been done 1o develon the

human lives, The development of varions technolopies aitonomons robat m order 1o perform nisky, dang
Eas slicred the way ne five and work, The sdvent of comtinued fask and heonce replacs humen e certsin jLatra
cemputer svstems snd internet has inodvced o modern Thiougheut e time, the autonomeus robot haz been

. alternative to satisfy our day-te-day requirements, In - developed according to the progress in different ability such
present apd future scenario robais have Ln rost rcsmrch’

Ri‘lilzminhmméa, task  performance, tensing  the

ares in different ficlds. In Presemt ¢ navent, . outdoor - aulonomous position-sensing  and
sutonomas m}m! s hcen a p{vp;smr {m‘h and indoor position sensing and navigation
ecurity moaitoring job is rchxred and Imporan
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with mgh: vision camera and sound SENSors nd
moving towards the sound en its predefined pafh [t then
scans the ares using its camera to deteci any hnm:m’

faces detected. It captures and starts tmnsm:ttmg the
images of the situation immediately. L

robot in ‘:,_hecommd autonomous, detecting obstac hs, :md
avoiding them accordmg to the algorithms set through the
raspben'y pi, which is the brain of the robot. The robot has
‘the advantage of using o smart camera, having the
- functionality of human detection, tracking and night visioi,
which can be controlled wirelessly via an 10T website,
~making it casy to use and monitor. The emergence of
~ security robots is a milestone in the evolution of security

systems-an emerging stage of technological development

that brings the entire industry to new standards of best

Keywords — autonomous robotnight vision,sound sensor

I.  INTRODUCTION

Technology plays an nevitable role in human lives. The
 development of various technologies has altered the way we
- Tive and work. The advent of computer systems and intemet
* has introduced a modem alternative 10 sallsfy our day-to-
day requirements. Majonity of peop}c rely on intemet and
computers to perform certain fask, most significantly
technology altered our way of life while also making it more
comfortable. As the world slowly moves towards
- modemization, peoples are jouking for novaiive ways 1o
“make life easier and more efficient. The security sector has
‘made progress in the development of existing technology

hut has yet fo toke full edvantage of the ! chnology. When

societies first began developing, ncarly all producnions and -
efforts were the result of human labors. With tmhnn!ogma&_-_ 5

gdvances machines were slowly de\e!np»,d For the last

practices expected in the profession of securing people and
property. Autonomous mobile robots designed for outdoor
use can reduce and overtime, completely eliminate the need
for human workers to ensure the safety of large facilities.

Il. LITERATURE REVIEW

In the paper titled “Decentralized Control of a
Heterogeneous Human- Robot team for ilxptoranon and
Patrolling” presents &  decentralized conneciivity-
maintenance control framework for a heterogeneeus human-

"rabo! cam. The algorithm is able fo manage teams of n

:mm r of mobile robots and humans ©
5 _!Ar“\' \N
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iabels, Emmpv based
techniques help select unlahel ed i
learning cyele. To improve model 1ccur-u},
improved and the number of training
mcnasad The active learning cycle repeats until all

inlabeled toxt

operating characteristic (ROC) ofthe model from 0.89 to
0.91. A bidirectional LSTM with aftention and active
~ Jearning seored 0.90 on Precision — Recall. A trained model
can visualize position-weighted terms to explain why hate
speech is classified
Keywords—Deep learning, ethnic hate, explainable machine
learning (ML), hate speech detection.

e 1 INTR()DI ICTION
V’% uh &zc advent of new comimunication technofogics, the
- communication process has become very easy for internet and
- sociat network users all over the world. Remarkable advances
in technology are driving the adoption of new media. With the
increasing use of social media, the phenomenon of online hate
speech 18 also gasmnﬂ atiention. In recent years, social media

popuimiy amang !he MASSes. -Thev are fiiicd w;th user~

$udcmvn 31 Jevus B

speech i clearly dat‘z*cit*d at _tmial'f':ﬁ

~margn|xaitzcd and und;m.prcsemud {.roups in the publ

is converted to labeled text. Semantic
embedding and jexicon expansionimprove the receiver

2 . _ - 5 e pisy ‘.,1 e . > 3o 3 i
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FOT et soniers
MErmiRLE 3t g

5. Liven the large ’Jrnnum of uzser-g
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3 At

“-Qn‘» f:i‘i;!!!ﬂﬁ* This be!p% us to understand this and mitigal
Hate speech on the Intemet and social media not only causes
friction between groups of people, but it can also causeharm

businesses and cause really important problems. For these
reasons, websites such as Facebook, YouTube, and Twitter are
limited hate speech. However, tracking and filtering alt content
always problems. For this reason, many tests have been
conducted to learn how to automatically detect hate speech.
Most of this hate speech defection work attempts to create
dictionaries of hate phrases and expressions of  Calegonze
hate speech into two categories: "hate” and "don't hate”
However, assessing whether a sentence contains hateful
content is always difficult, especially when hate speech 15
masked under sarcasm or when hate is not clearly eapressed.
race or prejudice. The goalof this study was fo extract hate
“pcs,c.h from social media content in an online forum. We have

platfonns, such as Twilier and Facebook, have gained proposed a hate SP’:‘-L’* visualization and recognition systein

mmn technique, In a stué:g ut unhnc

based on i}le d’ cp
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Abstract To significantly minimize the effort required to
seek in new environments, it is critical to choose an cffec-
tive search strategy. In mobile robotics, random search is the
main search method due to the lower processing capabilities
of mobile robots, which result in the detection of only local
features. If you are looking for random-walking techniques
that emulate social insects self-organized behaviour, then
Levy’s siruggle approach is very popular. Robot scarches
are often ineffective since the suggested methodology is very
restricted. This article offers an enhanced random walking
technique in which each robot’s stride size is adjusted to
minimize the amount of repeated searches. To find out if the
suggested approach was successful and whether it performed
as an inteiligent exploratory strategy, simulation tests and
experiments with real robots were underiaken. The research
found that the suggested approach was more successful over
a wider area.

Keywords Mobile robot - Exploration strategy - Random
walk method - Repeated search - Unknown environment
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1 Introduction

Across the last ten years. in a number of areas. autonomou
mobile robots have grown increasingly common. In th
industrial sector, collaborative robots are being utilized. an
mobility fleets are swarming logistically. But their usage i
civil applications presents extra difficulty (Deng et al. 201¢&
Ingrand and Ghallab 2017: Shakhatreh et ai. 2019). owin,
to their interaction with people and their deployment in pos
sibly unexpected contexts. Search and rescue (SAR) are
major scenario in which mobile robots may save lives b,
allowing for quicker responding times (Mehmood et al
2018) and (Roberts et al. 2016). supporting dangerous envi
ronments (Luk et al. 2005; Lunghi et al. 2019; Sung 2019
or offering, among other opportunities. real-time mapping
and monitoring in an event area (Merino et al. 2005) anc
(Brenner et al. 2017). In this paper, we are doing a literatur
evaluation of SAR scenarios multi-robot systems.

In everyday life. it is a practical issue to locate a per
manent object of interest in a recognized or new setting

ra
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Cloud computing became a popular technofogy which influence nat only
product development but also made techno logy business easy. The services
like infrastructure, platform and software can reduce the complexity of
technology requirement for any ecosystem. As the users of cloud-based
services increases the complexity of back-end technologies also increased.
The heterogeneous requirement of users in ierms for varicus configuiations
creates different unbalancing issues related to load. Hence eflective load
balancing in a cloud system with reference to time and space become crucial
as il adversely affect system performance. Since the user requirement and
expected performance is multi-objective use of decision-making tools lke
fuzzy logic will yield good results as it uses human procedure knowledge in
decision making. The overall system performance can be further improved by
dynamic resource scheduling using optimization technique like genstic
algorithm.

This is un open access article under the CC BY-SA license.
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1. INTRODUCTION

Cloud computing can be explained as on-demand availability of services like cloud servers, resousces,
storage and computing power, which is managed remotely in internet. The term is usually used to define data
centers af:oessib]e to consumers over the Internet. The service models of cloud computing [1]-[10] are platform
as a service (Paa$), infrastructure as a service (IaaS) and software as a service (SaaS) |8], |9]. Hence any user
Iht?y like to use the above-mentioned services can avail the services after paying the service coast but user always
enjoys the uninterrupted services without facing the difficulty of maintaining the same. )

_ Amazon web service (AWS), Microsoft Azure, Server Space., Google Cloud Platform, Adobe
Creative Cloud, IBM Cloud Services, and VMware are the major cloud service providers. When the multiple
users have multi objective requirement the cloud infrastructure operation is difficult as it will not be able to
provide _good QoS to all the clients. Service migration amid data servers may reduce the network overhead in
a c}oud infrastructure and improve QoS to the clients but it will create serious load balancing problems which
ultimately degrade the performance of the system. Figure 1 shows basic cloud architecture with various services
like mtragructure, applications and platform which can be accessed by multiple users in multiple
t:;.nfliurallons through internet. Infrastructure services contain services like server, computing power and data

~
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The green technology clubbed with the ultrasound irradiation allows one to produce the pro-
ducts and to reduce the number of production stages without increasing the cost and also devoid
of toxic effects. A novel sonochemical method is demonstrated for the preparation of four
samples of AgzPO, nanoparticles by using AgNO;, KH,PO, and D-Glucose. The synthesized
products were systematically characterized by X-ray powder diffraction, and scanning electron
microscopy (SEM). XRD pattern revealed a face-centered cubic structureed AgsPO, phase. We
recognized the optical properties of Ag;PO, nanoparticles and found that AgzPOy nanocrystals
show emission in the photoluminescence (PL) spectrum. In addition, we also discuss the possible
formation mechanism of Ag;PO, nanocrystals.

Keywords: AgyP O, spinel; ultrasonic synthesis; photoluminescence and mechanisin.

1. Introduction versatile semiconductors that display significant

Nanotechnology is an improved technology that can
bring revolution to different scientific fields. Nano-
materials have wide range applications due to their
size and morphology, and have been an important
subject in the fields of basic and applied sciences. In
the recent years, there has been a great focus
on nano-sized semiconductors because of their
novel properties which have applications in op-
toelectronic.'® Among various nanoparticles,
silver phosphate nanoparticles (AgsPO, NPs) are

optical transparency and luminescent properties
in UV-Visible (UV-Vis) regions. These nano-
particles have become important in recent years,
due to their excellent chemical and thermal stabil-
ity. Various approaches for the preparation of
AgzPO4 NPs have been developed such as sol-gel,
hydrothermal, spray pyrolysis, microwave-assisted
techniques, chemical vapor deposition and precipi-
tation methods.”'"2% Nevertheless, these proce-
dures are quite expensive, very complex,
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e impoct of pandensic COVID-19 {8 observed in every sector around (he world. The educationsl

v through oaline platforms. The present
challenges faced by ihe

din, as world, affected, It enforeed the worldwide lockdown ereating o
flec :ﬁm un.mu 32 crore learers stopped moving schoolscolleges, afl
nal activities balied in ludla. The culbreak of COVID-19 proved that change is inevitable. I
B s sppach by g
Lt : ing to survive the crisis 8 a
‘ i study is designed to understand the studenrs
online classes conducted at the university level. And to find ow
ats in E-leamning. The data were collected from 98 professional
engineering colleges in the Malabar region. Carecr Development Programs and

oc 1p are the major problems faced by the students.

1. Imtreduciion
According to Huang et al. (2020}, a novel
mz, kmowo as Covid-19, was
»d in the Jast month of the year 2019,
seafood market in Wuban, The virus's
“‘ﬁ results showed person-lo-
wansmission ( Wang, Zheng, et al,
. The COVID-19 outbreak has lhad a
i impact on the world's education
d closed the doors of many schools
ities. Undoubtedly, the spread of
I ) created huge challenges for the
arid’s educational systems that nobody has
since the development of technology and

tion. This pandemic has forced
=scal closure of businesses, sports
and schools by pushing all

o migrate o online
wi et al,2020)™  Online
‘the interne! and some other
ies 1o develop materials for
rposes, instructional dcﬂveri,
1 of the programs (Fry, 2001)",
un systems fuced challenges that
vt using online learning while
( prepared for that, Early March

f the COVID-19 caused all

universities and schools (o be closed following

the liealth protocols nnd presidential directive.

I continued after the new year holidays, in the
middle of April 2020, from elementary,
secondary, lhigh school education 1o
universities. As a result of the pew sinatiog,
adminisirators of schools and universities had

no option except to instruct teaching staff to uss
various applications for online fteaching,
Indeed, given the problems caused by COVID-

19 in the world, online education is the best
method to teach various courses: since this type
of training has been prowing for years, and it
has provided new oppoctunities for students,
professors, and educational planners and
institutes (AF Maoyadas,2009)° The need of this
study is to understand the challenges faced by
the students during the COVID-19 pandemic
sitvation,. As the ooline teaching-leaming
process hias become more prevalent in India due
o COVID 19 pandemic, it becomes particularly
important to know the factors that influence E-
Learning smong professional students. The
present Bltudy was therefore designed 10
understand the student's perspective, attitdzs,
and readiness about online classes being
conducted nt the university level.
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| ystem ‘The short- and 1ong-term implications of wind

‘based on duration curves has been devised. Wind

e and peak load generation could be calculated. The
Nadu (an Indian state). Scenarios for 2021-22 have been

illustrate  the mefhodology proposed. This technique

alysis ofrenewables infutureelectricitygrids.

Globalelectricityconsumption,Conventional ~ power




Introductipn

ThE e _ o,
PISSEIL Share: of renewables in most electric grids is marginal. Electrcity

:::;z::; fr;’:“;elim‘.”ﬂbles i assuming increasingimportance in the context of fa’pid and

N energy demand and negative environmental externalities due
topreds:tnﬁnance of fossil fuels in (he generation mix. The share of renewables in electricity
EERSEAOn IS areund 1804 i, 15% ofglobal electricity coming from hydroelectricity and
3:4% from new renewables (Global Status Report, 2007). In particular, thewind and solar
photovoltaic markets show yearly growth rates between 20-30% in the last few years
) :;‘;a;ﬁu and Ossenbrink,zogzg)__ At the end of 2008, worldwide wind farm capacity was
" : megawatts (MW), representing an increase of 28.8
percentdutingtheyear,andWindpower-produced 1.3%ofglobalelectricityconsumption. Windpow
eraccaunt'sforapproximate]_.y19%of elcétricity use in Denmark, 9% in Spain and Portugal, and
6% in Germany and the Republic of Ireland (WWEA, 2009). TheNational Solar Mission is a
major initiative of the Government of India and targets the deployment of 20,000 MW of

solar powerby2022(MNRE,2009).
However, regardless of the kind of renewable energy source, its adoption in the
present centralized conventional distribution system faces challenges. The methods of
analysis for det;erm-ining optimum decisions for conventional generation are well understood,
but intermittent non-traditional sources provide unique challenges. Techniques for fossil fuel
® and water power pl,ants_ are available in conventional power planning, Using mathematical
3 methodologies, these techniques deal with optimal hydro-thermal scheduling with variable
w A n'adinonal generation system can be controlled to follow the load, however non-
dulable renewable power producing methods cannot. The production of a wind power
‘ @na’li_y_, depending on the wind regime at the location and the
. As the amount of variable renewable energy grows in
to capacityexpansionplanninganddispatchbecome

varies daily and seas

s for generation

-




22havebeen;
cn:llustraledusingthismcthudnlng.y

Effectsof;
windenorgyunllmlm\versyslcm

The Pow
er syston ! , i
SYStem requirements of wind power depend mainly on the power system

configuration ; A ; :
surtion, installeq Wind power capacityand variation of wind power production. Wind

resource variai; : Z i
Ariation on time seales of seconds (o years affect the power system. Ananalysis of

this impa i k ] :
Pact will be baseq on the geographical area of interest. The impact of wind energy in
the grid has been

generallyrepresented in literature in terms of the capacity credit, The
9 fjhlz‘:;it:;l::it‘of wind power has been defined as fraction of installedi.'cnewable capaci.ty by
: ntional capacity can be reduced without a loss in security of supply (Giebel,
2006). It has beenshown that calculating the capacity factor of the resource over a relevant
time period usually provides a good estimate of capacitycredit (Milligan and Parsons, 1997;
Milligan and Porter, 2005). Another method is to compute the wind power generation for
timeperiods corresponding to high systems risk hours or approximate the system LOLP (Loss
of Load Probability) curve so that highrisk hours receive more weight than other hours. Most
methods to assess the capacity credit of a wind power plant are based on arelated reliability
measure called the Loss of Load Expectation (LOLE) (Milligan and Parsons, 1997; Wijk et
al., 1992). Ho@ever-,the total amount of energy generated by a specific technology does
not by itself indicate the full value of that technology. Thecontribution is intermittent and its
i value is dependent on the correspondence with the major part of the demand. For seasonal
wind/solar regimes like India, neither the capacity factor, nor the capacity'credit reflects the

monthly variation in the renewable energygeneration(George and Banerjee,2009).

Power from renewable sources (predominantly considered here as wind power)
introduces more uncertainty in dperating a powersystem: it is variable and partly
unpredictable. To meet this challenge, there will be need for more flexibility in the power
em.How much extra flexibility is needed depends on the one hand on how much wind

# wer there is and on the other hand on howmuch flexibility there exists in the power system

The impacts of wind power on the system can be e tegorised asshort-term or
iR J ‘C:'ﬂ)l“ & :'}*‘:\1 .
g the system on the operational

N
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. imnacts include

those on fie] S the amount the system can absorb). Other impacts
el cong Wi i |
umed and emissions from the thermal powerunits.

The = >4 " b
g ferm. effects pertain to adequacy of power capacity. The variable power

'Outpu( ot fenewables will have an impact onpower system reliability and efficiency. These
1Mpacts may be positive Or negative. The reliability of the power system includesthe analyses
for ensuring sufficient electricity Production within the system to meet the load demand or
constraints within thetransmission ang distribution system. System adequacy is associated
with  static conditions  of  yhe system, and  studied  either by
aSimplegenerationlc)admodeiorbyanextcndcdbulktransmissionsystemmodclconsistingOfgeHEfa
tion,transmission,distribution and load. The criteria that are used for the adequacy evaluation
include the loss of load expectation (LOLE) and thelossof loadprobability (LOLP),for
instance (Holttinen,2008). |

Many studies with respect to the effects of grid integration of wind power in European
countries (IEA, 2007; Holttinen, 2008;Holttinen et al, 2007; Gross et al, 2006; Akhmatov and
Knudsen, 2007) have reported that the major challenges include impacts onpower system
operating costs, power quality, imbalances and transmission and scheduling planning. The
o reported results indicatethat wind power impacts are small at low penetrations (about 5% or
less) and thel effects remain moderate with penetrationsapproaching 20%. Georgilakis (2008)
states that as penetration of renewables increases, they become progressively less valuablefor
saving thermal capacity. However, no values have been cited. Also, there still are no concrete
results with respect to muchhigher penetrations of wind power. A consolidated research
project between major European countries along with the IEA is stillreviewing these aspects
(IEA, 2007). With respect to the India, the results from a simulation by Hossain (1993) for
Tamil Naduindicatereliable penetration levelsof25-30% of theconventionalpowersystem,

Very little is known about the realizable levels of penetration for countries like India,
More importantly, ke e he
_dwelopedemmm‘es;thecapacityexpansionandevolutionofgeneraﬁonsygié‘}ﬁisgoﬁﬁ'n‘{@gin
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ion of the system with @ TssEnIS

: i g » peed
* Despite the lurge potential of renewables andthe neec
of integration of

=" Cnewahg . - snuentional power
planning offers i & ENCrRy within the tndian power system. ¢ ‘onventional p

. QUes for fossil e ‘T “a wind
POWEE plant has daily g ossll fuel powe unta. The output of &
.s@aciﬁnecharacteristics. A

related to capacity e%hans

¢ and hydropower pl
Seasonal variations, depending on the site wind regime and

S the share of wing energy increases and becomes significant, 155465
ion : i :
Planning anddispatchbecome important.

Winden in
CrgyY impace assessmentf) ramework

: Mefﬁadalogy

: Thispaperoutlj e '
i Spape "‘ﬂ“msﬁlnf.’:tl'lmziwh1c!flc:::mbﬁzusedt(.‘;qua-mt'1fythe:ﬂa.vingsachio;*,*.nr::dunde,rhiSlfl“rii}““e't

~ rationofrene i - .
& Wﬁbiﬁsmthegndnﬂere,wepmposemnethodelogybasedontheannuaiLoadDuratwnC

SLDC)tonsse 'Simr’ac'tmfwmdpﬂweront‘hepower system,

; ﬁmﬂ&ﬁd&vﬁm}?@dhﬁa&q@nﬁﬂmﬂm&,asdescribedbe-low:

“* Majorsitesforwindenergygenerationareconsidered.
e {f@nﬁi}é(aveﬂ@ _
. iwwﬁﬁgﬁhﬁaﬂwmdsgesdda@?orea'chfepreseﬁativesiteisobtained.

Using the existing installed capacity values and the equipment characteristics, the
it from a generator iscomputed
it powers for each site are summed up and weighted based on installed

h site to obtain the totalhourlywindenergygenerationfor thestate.

curvewith and without wind energy is drawn and savings obtained are
chart for the micro model is shownin Figurel,
s estimated from the area between the two load duration curves.
considering the load savings from wind power at
d savings) and at 15% of
vings). Theexercise
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Hlustration

Load Duration Curve (LDC) is used to illustrate the relationship between generation
A uri

and
capacityrequirements
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Conclusions

Renewable energy is progressively making its way into the mainstream of electricity
generating. As they become more prevalent in the grid, the effects on the electricity system
must be investigated. The traditional power techniques are primarily concerned with hydro-
thermal coordination. Many countries still see large-scale wind generation as a viable option
in the future. Long-term patterns can have an impact on the impact of wind power on the
system. If the system has a significant proportion of intermittent energy sources, new
capacity with lower investment costs (but higher fuel prices) will be preferred. The trend of
expanding dispersed generation from flexible gas turbines, as well as increased load
management, is favorable for wind power integration. Wind power will have an influence on
both power system reserves and losses.in generation and transmission or distribution, It will
also contribute to a reduction in fuel usage and emissions.Regarding the power system, the
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ach has been ygeq in the Indian state of Tamil Nadu. The potential
valuated in termg of
used to create fupyre hybrid

wind power is still in he fu

utility Systems.

base and peak capacity replaced. The approach was
wind power scenarios for 2021-22. For many nations, large-scale

ture, and there are long-term trends that can influence the impact
wind power hag on the system, such as the usage of energy for cars. An ideal system may
necessitate adjustments to the standard capacity mix at high penetration levels. The suggested

technique will allow power planners to analyse the future consequences of expanding

renewable encrgy capacity in different networks and create suitable capacity expansion plans,

References

1. AkhmatovV., KnudsenH., 2007. LargePenetrationofW, indandﬁisperis‘edGenerationimofh
eDanishpowerGrid, ElectricPowerSystemResearch, 77,pp. 1228-1238.
2 Castro,MA., Carpio,J, _Pgire,,[,Rodriguez,J,A.,1996.RenewabIeEnergyIntegrationAsse
. ssmentthro ughaDedicatedComputerProgram, SolarEnergy,57(6),47] ~484

3 CEA, 2007. Report on the 17" Electric Power Survey of India, Central Electricity

Authority, New G i) 2007. Censusofindia,
2009, Projectedpopulation, htip://www.censusindia.gov.in -

4. Fsadni, M, Mallia, EA, 2006.The IntegrationofWindPower
GenerationwithElectricityDemandinthe Context ofaSmall Grid

o RenewableEnergy,31,pp.811-819 ﬁ@\\

p

u::‘

o W
™2 m;__é;avaﬁﬂmMajTami{Nadu,Stafrsz wafHandboofg hf_ ;ﬁm in.go% in/deptst

'l?ﬁ-ﬁa 8 };::
Y% ®. PRINCin-?_ ROR S
\"% ANGALAM COLLEGE OF ENGINEERIY /7

Ettumanoor 75




= ;.
e s TamilNuduGrid,
f aneyje eR 20 Analyg 50/ actsofWindintegrationinthe Tami

i fey: 3 ?(9),3693-3 700 2000

akisp, 5

indPowerin
. ﬁ‘t‘fu-zfmm;m” CngesAssociatedwiththe IntegrationofW.
teﬂ’m R@ﬂ@h;ﬂh’cunds

452803
; “Stalnable Lnergy Reviews, 12,pp o Supporting
“G. 2006, 10 1 il redit: A Catalogue of 5

OWer hay o Capacity Creddit: 4 ¢
| -Mw&‘»gﬁlmwnai, 12007 Global Statu
8 '?NGIchaISM?mRepaﬂ. 2007, hutp. /rwww,ren2 | net/ e
. ..W':.. r’apdj

Thellnit
ol mittency, The
Andersonp, 006. TheCostsandimpactsofinter

earchC‘emre,Londun,Marc:h.?OOﬂ. B

Systems-
200&Eé‘ffma{ingtfwImpacmolendPowef'ﬂﬂf)”we" 4
MmMaryofihe 5 WindCollap

ignandOperation
1l Meibonp. Kussffn.C,HoﬁmanL.,MD 7.SiareoﬂheArloiDef;’ L
: Ry e dSS ) & : : " e c
ww@sigmi:hﬂargwmounrsoth‘ndPower. EuropeanWindEn
ltaly, May2007

: ' ingCountries:ACaseStudyofHi
it egmﬁmoﬁene.waé}esinDe-velopmgCaunmes A §
- 'fzr}e:eé*&mzmdugmﬁeay Utility, Energy Policy,8.pp.




JJFANS |

wmmmmw ol
LB Mmmwm

Volume 12 Issue 7

Y USED MEDICINAL PLANTS, A NEED OF ERA AND THEIR THERAPEUT
ﬂfm Orgllssue-Content/Commonly-Used-Medicinal-Plants-A-
-Review-6643) ;
o7 T ON DISBURSEMENT FACTOR WITH REGARD TO BORROWER
5 OF IMPAC LIC AND PRIVATE SECTOR. (Https://Wuw.ljfans.Org/lss
N FROM P;B i rd_To,Bomwers-Prefarance-On-Houslng
bursement-Fac

IC POTENTIAL: A REVIEW
Need-0f- Era-And-Thelr-Therapeuhc~

uychﬁte NUAR-Afa
-kﬂa/r;-Frdm., u




Lar
..“.":::\1 ‘NALV::‘: Mo ol of Food and HArvons! “M:;URERI N INDIA
*n | [ o
m:""ﬂ-Mu OF  stanoaLons  HEALTH ..m-lm-lmum-"““""
'qu""'"l\ln-hnnl\rilﬁ'o"'“"d.lon

-
Ving ay At/ The-Study
alj n..uvaﬂﬂ“
"-l‘l..“n;y O Lite llltlpt!mw.lﬂlnt.ﬂrg

9 geonomy
“To-

Cu“

. k 0 O
u--cﬂnl.w A Study Glvan

Fa
“lors  Affecting  Importanc® G mponance Oiven

'°““Coll-Ana.Nnn.cn“.nalormhﬂmlln

ey (hWtpsuiidrive google,comie/di TevHvzWMNAGYiuoyQS0xcT6vT2g09NtUView?

usp=share_link)

of Wind Energy Development in Tamil Nadu and Kerala: Challenges and

2HLES

. PDF (htips:/www.ijfans.org/uploads/paper/0395ef48d216480e4460d1809a4518fe.pdf)

gy, sustainable development, climate change, bio energy, welfare

"y s Tom, M Rajeswari

v conducts a comprehensive examination of the present state of wind energy advancement in the regions of
nd Kerala, situated in India. The primary objective of this research is to assess the current status of the
dustry, including the challenges faced and the overall advancements made. Morqover. this study offers
10 address these challenges and promote the progress of sustainable development within the

o wind power generation in Tamil Nadu and Kerala, it is crucial for policymakers to establish a
framework that incorporates various incentives such as feed-In tariffs and tax benefits.

ing long-term power purchase agreements Is essential,

ANGALAM COLLEGE OF ENGIH
Eltumanoor




'“""ll!m'nl I Tamil Nadu and
]

N g I'rvl‘w't-mt-u
""!l' Togys

«Mu oww
l\nﬂmvnl of) ;

‘\'unun o

Niew, AN | iversny, Tl M YRy
OO

MEs, Aimulag University, Tl M

byt iy,
YOSy

Bl con

,“m::“r‘“\’;‘lt'.'.mmirtnlmu ol |
i k‘.urr\t u .‘lml I\L‘l'l!l-‘l.
& ‘erall nd\"u;:: k!ml.ls oF Ll ndustry, includmg.lhc
i PeSS thess challen 'c; ments made, tudy offers efficacious
the wdustry, T Optimise \\"sdl and Promote the progress of sustainable development
Ymakery o est:iblish a il-,“, p‘j’“"”‘ generation in Tamil Nady and Kerala, it is crucial

s such as fet.‘d < lavouy

i able regulatory framework that incorporates various
. ‘ VRS and o benefits, A
W agreements is essential.,

dditionally, prioritising long-term power

he present state of wind
situated in India,

¢ wind encrgy |
Moreover, this s

energy
The primary objective

ds: wind energy,

ustainable development, climate change, bio energy, welfare

act of energy source accessibility, affordability,
omy, such as output, consumption, employm
welfare, is substantial. Energy is an esse

ent, and
ntial and indispensable factor in all production
enzbling companies to engage in the manufacturin

g of goods, provision of Sservices,
on of job opportunities. Nations endowed w%th ample.and readi.lyl available energy
tend to exhibit accelerated rates o_f economic expansion. As civilisations under.go
_ there is a general tendency for their energy consumption to increase. The escalation

: is driven by the growth of industrial output, commercial activities,
: _éﬁmﬂd é hold energy usage. Decreases in energy usage might serve as potential
n, and house nhanced energy efficiency. Elevated energy prices have
economic downturns 2 c] expenses of enterprises, hence potentially diminishing
to augment th‘? or ?mmn?t dp ricés for consumers. Fluctuations in energy prices
Qi aud sesulting In Ssoa fj hpve an impact on investment choices within energy-
1] to create lfn.‘:em’“m"‘:;lm;nc;il energy services plays a vital role in mitigating
tors, The provision of acs: The absence of stable energy supplies is a significant
: ing s0C1C “‘:d i e:ducation, healthcare services, and _general huma:ln
mmigg p‘l’o’:ﬁgu‘:zi}mies. The pursuit of economical and sustainable methods
many deve A NEN

A%
s &

A\ % 166k P ag @
L‘ ' \‘,\ l ,

| PRINCIPAL e

COLLEGE OF ENGINEERING -
NG Ettumanoor




MEANS Intery,

Wiy
gy
LTV
| uf | (STRYY | Wil ’““,. 1
! W] 'Se e e

nwﬁﬂf’"
i ey LIy A e
AN By ‘
AR IATT | mm'
mﬂmnmmmmm

1o expand cnergy fccess hay )
.. . i H
circumstances, 1 poteny)

ley fevile
ey G i ‘ 5
Ty ey ertne M It/ /
jer renen G M ey 141"

The mvcstigation nto the 8
SNy
T role ¢
i ene
[ i Ty In the « omext of econamie rlf,.n,!:vgaﬂ;m,' arud

jits correlation with ¢

- NOMmMie py

g ¢ i Irow

20{9) EXCFB,\' 1S Widely “&‘i\'n(:\” xllh has been (e foetin oF Thtavke dond

) Nedoe K : o L ARG HORLTITNG Foses Ste
nations. According (g Rafindg i Cdped ay » significant driver of e ik warch (Slern,
adiand Ozqyek (2021), it has | L e el

el ), 1L has been obscrved that ecor

: SAYVE abl econoric groanh

has a favourable i
; 1PaACt op o
£CONOMIC Progress as energy use, henoe
Progress as a result of resource ‘c(_:'"':‘-l-« presenting difficulties in terms of price and
i Istraimnts,

ation between energy usage and economic

Economists co
monly acknowledge the correl
conventional energy Sources presents ongoing

development.
difficull:fes i Nc::lcm‘elcss, the widespread use of
ENSUrIng their availahiti., o
‘Vall' e e " .
con.rernporary consumption h.;q S.-l’ha‘hty. "Ih.t. 5L1-|bfuz‘mt|a| (]Cfﬂﬂ.ﬂ(_l for conventional energy ir
environmental contaminatio }l"-lbﬂlﬁcam implications on price and production, as well 25
n, heightened infrastructure and administration expenses, and the

worsening of traditional ¢
tnergy source shortages. As a conseguence, several nations depend on
circumstance that may lead to the reduction of foreign
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direct investmen 'y crisi i

t. The current energy crisis embodies a fundamental clash between nadequate
energy resources and an overwhelming surge in energy use,

The g!?bal community is now seeing a notable proliferation of renewable energy sources, driven
by nations' acknowledgement of the need to mitigate glasshouse gas emissions, address the
challenges of climate change, and shift towards more environmentally friendly energy systems.
Presented below is a comprehensive analysis of the current worldwide landscape pertaining o
renewable energy. The objective of this study is to perform a thorough analysis of the
developmental landscape of wind energy in the states of Tamil Nadu and Kerala. Specifically,
the study aims to evaluate the cost and revenue structure of wind energy units, assess the

_,,. ofitability of wind mill units, and identify key challenges associated with this sector.
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a feasible and Cnvimmncm;:[: mufm‘ {.Iw_ HSC of wind energy for power generation has emerged as

a crucial role i ﬁicililaliilg i::; }:f“{ht'"i allernative. The geonomic as;wcts; of wind energy play

W climate t‘-hange o cncri, .I‘cmdm_‘ acceptance, particularly in light of cscalating concerns

economic aspects of wind enf;i ‘\:CL?""“Y (Sti_gifa €t al,, 2014). This article explores the primary

money. and other factors il &Y, In{:ludl'ng Its cost-competitiveness, potential for generating

= that contribuge 10 Its financial viability.

One notable ady e
energy. The ca(;;i?;;?izgdﬁ?d "’{“ﬁ"gx IS its i_ncreqsing affordability relative to othcrlibr‘mg of
decline due to Aokt e E‘bs associated with wind cnergy initiatives have seen a q;gnlﬁgant
development Processes M ‘»?lb in technotpgy. economies of scaltf, and expcdﬂed. project
energy has scen a c(; . vioreover, the levelized cost of clccmca‘ty (LCOE)_assocmt?d with wind
. ns1stent downward trend, hence enhancing its cconomic attractiveness, As a
. yind Power has emerged as a very cost-effective option for the establishment of new

power facilities (Shields er al., 2021).

By the 19th century, both Denmark and Holland had a significant number of functioning
windmills exceeding 7,000 in each country. Between the years 1850 and 1970, a substantial
quantity of miniature wind lurbines with multiple blades was constructed in the United States,
surpassing a total of 6 million units (Pachauri et al., 2014). Presently, it is approximated that
around one million of these wind turbines remain functional. Fabric and wood windmills, which
are affordable, continue to be used. The use of windmills is still seen in Thailand and the Valley
of 10,000 Windmills located on the island of Create (Bili & Vagiona, 2018). The Danish
government initiated a programme during the early 2000s aimed at establishing a series of wind-
powered electricity generation facilities. Several European countries, such as the United
Kingdom, France, Germany, and the United States, have initiated such projects(Wang etal., 2021).
Nevertheless, the utilisation of wind energy had a decline and garnered little attention until the
early 1970s, partly due to the widespread availability of inexpensive oil throughout the 20th

century,

ethodology

mpling strategy

sampling strategy used in this research involves the selectiv'an of a sample consisting of 46
sz for imgagstigatian. Specifically, 21 turbines were picked from the region of Kerala,
tion criteria for these turbines may be determined by several aspects, including but not

.age, capacity, location, and operating history.
methodology includes the acquisition of primary and secongaarfafato assess the
*. ffectiveness and status of the chosen wind turbines. : LN,
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collection techniq esearch employs interviews and SUrveys as primary data

maintenance ®mployees, ang 1 dre d“f“’ with key stakeholders, such as wind farm operators,

means of Cﬂllecting da;a ; Spf:c'lallsts n t'hc wind energy field, Surveys may also be used as »

experiences encountered P l‘ta‘mmg 1o maintenance practises, operational difficulties, and the
d when turbineg achieve their intended lifespan.

?(gr‘gp;mbl? ;sources, suc.h.as publications from the Tamil Nadu and Kerala Electricity Boards,
2 'C:gu atory Commision, Centre for Monitoring Indian Economy, ANERT (Agency for
on-Conventional Energy and Rural Technology), Energy Management Centre, Kerala State

ing | te Planning Board, U.N. Environment Programme, Energy

Planning Board, Tamil Nady Sts
Audit Centre, TRAC (Technical Research Assistance Centre), IEA (Interational Energy
-operation and Development).

Agency), and OECD (Organisation for Economic Co

By including data sourced from estee
and authenticity of the material use
industry in Tamil Nadu and Kerala.

med publications, this research guarantees the dependability
d for the examination and assessment of the wind energy

Results

The term "installed capacity” pertains to the highest power output that wind farms are capable_ of
generating under optimal circumstances. This metric denotes the aggregate power generation
potential of the wind turbines situated at various locations. Wind farms are a kind of renewable
energy infrastructure that harnesses the power of wind turbines to transform the kinetic energy of
wind into electrical energy. The Muppandal wind farm, located in Tamil Nadu, has a total
installed capacity of 1,500,000 kilowatts, equivalent to 1.5 gigawatts. The Thoothukudi wind
located in Tamil Nadu, has a total installed capacity of 50,400 kilowatts, equivalent to 50.4
e Tirunelveli wind farm, located in the state of Tamil Nadu, has a total installed
mcgas‘vatts. e e ts, equivalent to 51 megawatts. The Kanjikode KINFRA industrial
ey of 51’-000 < i S,in:li farm with an installed capacity of 22,000 kilowatts, equivalent
Rt ta s homc o2 w ] wind farm, located in Tamil Nadu, has a total of 1,622 turbines
o zzmeﬂﬁwms‘,mc Mup %anda;;g}o 000 kilowatts, equivalent to 1.5 gigawatts, of electrical
~ and has a capacity t]?ugr (:vil:écfa;m, located in Tamil Nadu, consists of 54 turbines that together
s 1 S : lt f 50,400 kilowatts, equivalent to 50.4 megawatts. The Tirunelveli
-y gﬁ PHiﬂ: st{:ltc o’fTamil Nadu, has a total of 55 turbines and has the capacity to

d farm, located in

51.000 kilowatts, equivalent to 51 megawatts, of electrical energy.

. State wise Wind farms and Installed capacity
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from traffic and road conditions [2]. Although previous researchers have debated the
matter in numerous domains, they have still come up with the importance of driver
ergonomics and its effects on driving performance.

One of the most critical safety concerns in reducing road transport accidents is
the management of heavy-truck driver ergonomic issues. Heavy vehicle drivers are
responsible for 25% of traffic accident deaths on hi ghways, worldwide [3]. It is found
that personal fatalities are more than any other type of vehicle accident, in each heavy-
duty accident [4]. Driver associated factors are determined to be si gnificant causes in
most accidents. Major health problems like musculoskeletal disorders (MSDs) are
a common health concern and a major source of occupational illness of heavy-duty
drivers [5]. Many researchers have examined heavy-duty driver fatigue, its roots and
effects, as well as solutions for reducing the frequency of accidents caused by it
[6-8]. The best technique to evaluate driver ergonomic issues has been a long history
of incoherence in the transportation sector even though it is critical for the health and
safety of heavy-duty drivers. It is critical to accurately assess a driver’s exposure to
ergonomic factors that may lead to the growth of MSDs. Various methods and mech-
anisms for evaluating exposure to ergonomic risk factors for driving-related MSDs
have been developed. According to the measurement technique, they can be grouped
into self-report, direct measurement, and observational methods [9]. However, these
three divisions have their pros and cons when dealing with the assessment settings.

Most of the countries have spent decades attempting to understand the issues
and reasons underlying driver ergonomic health impacts. There is a dearth of study
on ergonomic impacts on driving performance in developing countries, especially
India [10, 11]. Limited data is available to address the ergonomic concerns of heavy-
duty drivers, indicating a significant gap in the literature that needs to be addressed.
This study paves the way for the inquiry into the impacts of factors affecting driver
ergonomics and discusses the issues that should be considered when selecting and
using an assessment instrument. The significance of developing the optimal tool for
resolving ergonomic challenges of heavy-duty drivers is also presented. '

2 Human Factors in Heavy-Duty Vehicle Driving

The importance of human factors in safe driving identifies that a combination of
environmental, psychological, and vehicle design factors influence driver perfor-
mance [12]. In contrast to normal, drivers of heavy vehicles are more exposed to the
road because of the lengthy travel schedules and distances [13]. Driver €rgonomics
and fatigue management is tough issue, especially if the aim is to preserve public
safety on the road. But a little data is available which could reveal the influence of
ergonomic factors on the heavy-duty vehicle driver’s safety, especially in developing
countries like India. This is because multiple aspects have to be examined and under-
stood simultaneously for recording the effect of the driver ergonomic scenario. A
driver distraction model for heavy vehicles is developed from the literature survey,
and it focuses on the research gaps connected to driver crgonomics and regulations
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Fig. 1 Factors affecting the
driver ergonomics

Ergonomical
Issues
leading to
Fatigue

impacting driver fatigue. This model is divided into six major areas: long driving
hours, poor human-machine interface, incorrect driving posture, vibration due to
bad road, driver sleepiness, and age of the driver (Fig. 1).

2.1 Long Driving Hours

Abledu et al. [14] used a Nordic-musculoskeletal semistructured questionnaire to
inspect the frequency and consequences of long driving hours related MSDs among
148 commercial bus drivers in Ghana. The results showed that 116 (78.4%) partic-
ipants had experienced MSDs in the past twelve mor}ths. Neck pain (2'5%), low
back pain (59%), shoulder pain (18%), upper back pain (22%), a‘nkle pain (10%),
knee pain (15%), elbow pain (5%), thigh pain (3%), apd \.vrlst Paln‘ (7%).were the
most predominant MSD areas. Multiple-logistic regression investigation adjust_ed for
probable confounders exhibited that fewer physical movements (OR =4.9; 95% CI
—1.5-16.5; P =0.010), driving over 12hinaday (OR=2.9;95%Cl = 1.1-7.8;P=
0.037), and driving not less than 5 days in a week (OR =3.7; 95% Cl = 124—9.4; P_=
0.007) were particularly related with MSDs amongst the group c.)f bus drivers. Wise
et al. [15) found from their concept analysis research thqt long-.dlstmchc_he'avy—truck
drivers are at risk of cognitive, psychological, and physical fatigue. This m(lucnccs‘
the safe travelling of long-distance heavy-truck drivers and other stakeholders of

roadways also.
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2.2 Poor Human—Machine Interface (HMI)

Pickering et al. [16] developed a test environment to ascertain driver preferences
regarding dashboard and console designs, as well as attention performance and appro-
priate real-time responses for various driver demographics. The test environment was
capable of providing speed, position, acceleration, and rear proximity sensing, in a
25-min test drive route. The most prevalent cause found was an operational error,
such as a failure to grasp or act on information presented on the vehicle console, or
an inability to handle the vehicle properly. The driver’s abilities could be showcased
from the test data results. Additionally, the platform features driver-selectable instru-
ment clusters and LCD panel configurations. The findings demonstrated the critical

role of HMI design in promoting physical ergonomics and reducing musculoskeletal
diseases.

2.3 Incorrect Driving Posture

In a year, truck drivers spend nearly 2400 h on the road [17]. Physical injuries and the
development of MSDs can be avoided, and vehicle drivers can stay comfortable and
healthy by selecting the right position for the body and avoid stretching regularly.
Through a virtual test, Xing et al. [18] quantified the stability of the driving posture
and the driver’s subjective evaluation of modules and seat supportive qualities, as
well as the efficiency of the enhanced seat models. The findings of the study could
be used to strengthen basic investigations into the stability of the driving posture and
pedal controls, as well as trunk and thigh angles. Also, guidelines were established
for the creation of a seat support design for truck drivers’ upright seated postures.

2.4 Vibration and Bad Roads

Raffler et al. [19] used direct field assessments and self-reported data from 45 truck
drivers to compare the physical burdens of whole-body vibration (WBV) and incon-
venient posture. Also, manual materials handling and MSDs were examined to deter-
mine their effect on drivers’ perceptions. While the measured WBV exposure levels
were quite similar among the drivers, the respondents’ perceptions varied signifi-
cantly. With regard to posture, respondents appeared to estimate far more accurately
when the variation in exposure was high. The percentages of the awkward trunk and
head inclination evaluated in WBV overestimating drivers were significantly greater
than in non-overestimating drivers; 77 and 80% versus 36 and 33%, respectively.
Other health issues with the spine (42%), neck (67%), and the upper arm (50%) were
substantially more frequently reported by WBV-overestimating drivers as opposed
to non-overestimated drivers (0.25%, 13%, and 0%). The study used a comparison of
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field and questionnaire data to identify the clements influencing drivers’ perceptions
of WBV exposure and found that musculoskeletal and posture issues significantly
influenced the opinion of WBV-exposed drivers. Previously, a hybrid theoretical
model for predicting overall discomfort was proposed [20], a schematic of which is
presented in Fig. 2. Static, dynamic, and temporal elements are used in the model to
provide the complete assessment of overall discomfort.

2.5 Driver Sleepiness

Bener et al. [21] used the multivariate logistic regression to show that driving-related
fatigue, excessive speed, lapses, Epworth sleepiness score, and errors were all signifi-
cantly related to the probability of a motor vehicle accident, once demographic factors
were taken into consideration. The research also analysed that fatigued drivers, who
have both chronic sleepiness and abnormal exhaustion, substantially increase their
chances of a traffic accident which can result in severe injuries. Zhang et al. [22]
conducted a naturalistic driving study (NDS), with the data collected from 34 profes-
sional drivers. After determining the level of fatigue in all drivers using the Karolinska
sleepiness scale (KSS), the KSS data was transformed to successive values and
modelled using curve fitting techniques. The findings indicated that fatigue predic-
tion results are strongly related to driving performance by predicting the risk driving
period and the maximum repeated driving time once the driving schedule is deter-_
mined. The fatigue due to driving can be avoided or mitigated through opumzi‘mon
of the driving and break work schedule.

2.6 Age of the Driver

Depestele et al. [23] showed through statistical results that middle-aged drivers are
less inclined to read an SMS/email or check online social media while driving. Heavy
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vehicle drivers aged 20-25 have reported steadily increased driving distraction znd
fatigue rates and higher positive rates of societal and individual acceptance than
drivers from 35 to 54 years of age. Elder drivers aged 65 and over reported reduced
rates and acceptability of these practices. Many researchers have shown that younge:
drivers are more prone than non-lane-hanging drivers to be involved in accidents
while changing lanes. The decrease in cognitive, sensory, and motor zbilities could
be the main reason that older persons are more sensitive to driver distraction.

3 Ergonomic Methods for Assessing Exposure to Driving
Risk Factors

Numerous ergonomic assessment techniques have been created and classified into
three broad groups. Selecting the most appropriate technique or combination of
methods from this spectrum of existing methodologies poses a major difficulty. To
provide an effective and healthy driving environment, it is important to combine
these approaches with the understanding of the anatomy of the body and how it
reacts to loads. The three sets of methods, as well as the names of the techniqgues
and their features, to evaluate if drivers are at risk when engaging with the vehicle
environment, are listed in Table 1.

The approaches presented in Table 1 could be found in many of the independent
software applications and design packages. Design software such as Delmia, Jack,
winOWAS, CATIA, HSE.Ergo.QEC, ProE, ViveLab, 3DSSPP, ErgoSoft includss
OWAS, REBA, RULA, ROSA, MAPO, QEC, NIOSH lifting equation, APSA,
EAWS, KIM-MHO, NPW, WERA, cognitive databases and strain index. Ergo-
Plus, ViveLab, and ErgoSoft are major video-based ergonomic analysis software
that is used for action detection and exploratory risk assessment of musculoskeletal
disorders. i

4 The Development of an Integrated Ergonomic
Tool—Digital Human Model (DHM)

The input to the ergonomic analysis is highly reliant on the technique of observa-
tion or sensitivity measurement used. Thus, the structure of ergonomic evaluzation
is dependent on the available resources and the features of the driving environment.
The hybrid character of ergonomic issues requires the use of various instruments
for a complete ergonomic evaluation. Digital human modelling techniques incor-
porate a variety of strategies that integrate different ergonomic tools to evaluate
driving environment design, analyse human-machine interface compatibility, and
determine risks of musculoskeletal disorders. Modern technology offers anal
methods for dynamic human modelling and problem identification by

roT
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combining
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Table 1 Ergonomic methods for evaluating risk factors for MSDs associated with driving [24, 25]

Types of methods

Name of techniques

Main features

1. Self-reports

1. VIDAR-Self-evaluation of
the driver using videos of the
driving process

2. Interview, category data,
and visual analog scales

3. Evaluation of possible
ergonomic risks employing a
web-based tracking system

1. Driver load ratings and
associated pain and discomfort
estimations

2. Identification of variables
that increase a driver’s
psychosocial risk for shoulder
and neck pain

3. List of comfortable
ergonomic positions that might
help prevent discomfort,
workplace stress, and
functional restrictions

2. Observational methods

1. RULA

2.REBA

3. OWLS

4.QEC

5.LUBA

6. Checklist

7. NIOSH lifting equation

1. Concepts like body postures
and force, together with action
levels for evaluation

2. Elements of biomechanics
include body postures and
force, with activity levels for
assessment

3. Force and body posture
evaluation

4. Driver reactions to major
body areas, as well as scores to
suggest intervention

5. Angular displacement of the
joint from neutral and
discomfort evaluation

6. Displacement of neck, legs
and trunk for repeated tasks

7. Driving posture is associated
with biomechanical stress

2.a. Advanced observational

methods

1. Video analysis
2. ROTA

3. TRAC

4. HARBO

5. SIMI motion

1. Hand/finger posture
assessment, repetitiveness,
force, velocity, and body
postures are computed. Task
evaluations, both static and
dynamic

2. Static and dynamic task
evaluation

3. Posture and activity analysis
4. Observation of different
driving activities over a long
period

5. Dynamic movements of the
limbs and upper body are
assessed

(continued)
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Types of methods

Name of techniques

Main features

2.b. Productivity analysis 1. ErgoSoft 1. Motion analysis evaluation
2. ErgoMOST and early risk assessment for
3.EMA musculoskeletal disorders

2. The neck, upper limbs, lower
limbs, and back are evaluated
for risk

3. Virtual ergonomics, the
collaboration between humans
and robots, three-dimensional
production planning, and
human simulation

3. Direct methods 1. LMM 1. Assessment of back posture
2. Body posture scanning and motion
systems 2. Measurements of
3.EMG displacements, velocities and

4. Cyberglove
5. Inclinometers
6. Electronic goniometry

accelerations of a body segment
3. Estimation of variation in
muscle tension and force
application

4. Measurement of the wrist,
hand and finger motion with
superimposed grip pressure

5. Measurement of postures and
movement of the head, back
and upper limbs

6. Measurement of angular
displacement of upper
extremity postures

3.a. Biomechanical models

1. Evaluation of Muscle effort

1. Estimation of driving-related

and back stress internal exposures
2. Static strength prediction 2. Body-integrated segmental
programme—SD representations

3.b. Psychophysical indices

1. Psychophysical databases;
2. Borgs scale of perceived
exertion

3. Body part discomfort scale

1. Assessment of quantitative
and qualitative variation in
individual human reactions
(heart rate variability, eye blink
rate, etc.) to mental load

2. Measurement of high heart
and respiration rate, profuse
perspiration and muscle
exertion

3. Evaluation of driver’s direct
experience of discomfort at
different body parts

(continued)
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Table 1 (continued)

Types of methods Name of techniques Main features
3.c. Cognitive tools 1. GSR 1. Evaluating accuracy and
2. Heart rate variability (HRV) | reaction time
3.EEG 2. Assessment of mental
4. NASA TLX demand, decision-making and
5.RSME skilled performance
6. SWAT 3. Detection of abnormalities in

brain waves and electrical
activity of the brain

4. Assessment of time load,
mental effort load and stress
load

5. Assessment of reaction time,
correct action and ratings

6. Assessing driving activity
laps and errors

powerful CAD tools. DHM combines CAD, human factors management, and risk
evaluation. Computer-generated human models, called computer manikins, are used
to augment the computer software with algorithms for ergonomics assessments.
RAMSIS, human builder, V5 HUMAN, Delmia, and JACK are some modern DHM
software programmes that include CAD packages for simulating body positions,
physiological parameters and inspecting ergonomic challenges [26].

Using DHMs, designers can render a digital representation of human beings in
software that has all or part of the human qualities and abilities, hence eliminating the
iterations of the design. DHMs are beneficial for design ideas in the CAD environ-
ment, as they assist designers to visualize driver—machine interaction, driver engage-
ment, and aid in making design adjustments early on in the design process. DHMs
are generally utilized in tandem with CAD systems to allow designers to conduct
ergonomic analyses of driver-vehicle interactions and examine how vehicle design

factors affect human occupants [27, 28].

5 Conclusions

Ergonomics and driving environment design issues in heavy-duty drivers play a
significant impact in traffic fatalities. Several countries have not yet taken this issue
as a major concern and casualties are growing. Both driver and vehicle-related
ergonomic issues are prominently affected by heavy vehicle drivers. The different
ways to measure the ergonomic aspects of drivers were identified, and these methods
will help in finding the importance of the scenario. Choosing the most appropriate
technique or combination of methods from the vast array of current approaches would
help in assessing and determining the risks of musculoskeletal difficulties of drivers.
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Digital human modelling is found to be the optimum solution that integrates most of
the ergonomic assessment techniques.
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Abstract In this paper, the hydrophobic and modal proper-
ties of the graphene nanofiller-reinforced polymer compos-
ites are investigated using an experimental approach. The
graphene nanofiller-dispersed epoxy composite enhanced
hydrophobic properties compared to pure epoxy, as these
composites exhibited high contact angles and reduced water
absorption after the experimental testing for water absorp-
tion and contact angle analysis. The enhanced performance
of the graphene nanofiller composite was mainly attributed
to the formation of a passive film from uniformly dispersed
graphene nanofillers, which acted as a physical barrier
on the composite surface. The graphene nanofillers in the
epoxy composite surface during curing resulted in creating a
hydrophobic surface, thereby altering the surface energy and
intensifying the hydrophobicity of the epoxy surface. The
work of adhesion and spreading coefficients were also deter-
mined for the composites. This study also analyses and com-
pares the modal properties by performing an impact hammer
test. The results showed that the reinforcement of graphene
nanofillers in the composites significantly enhances the
modal properties of the composites.
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1 Introduction

In recent years, polymers containing nanomaterials such as
carbon nanotubes (CNT) and graphene have emerged as a
significant field of research in composite hybrid materials.
The need for composite hybrid materials in aeronautical,
mechanical, and civil systems is steadily increasing [1]. Gra-
phene gaining importance as filler which are held together
by van der Waals force, introduction of surfactants with sol-
vents may decrease the van der Waals interactions between
the graphene layers and hence increase the interlayer spac-
ing. Epoxy resins got superior mechanical properties and
resistant to chemical degradation. The behavior of epoxy to
get excellent compatibility to filler material embedded inside
thereby making good covalent bonds with epoxy matrix
given property enhancements. Intercalation and exfoliation
of the filler materials inside epoxy follow various protocols
such as use of solvent and dispersion techniques. The vari-
ous dispersion techniques like ultra-sonication, ball mill-
ing, mechanical stirring and magnetic stirring are commonly
adopted.

Graphene oxide (GO) is devoid of proper lattice structure,
thereby lacks the chemical and physical properties due to the
abundant functionalities on the structure [2] but upon reduc-
tion much of the surface functionalities get restored thereby
forming pristine graphene [3]. The solvothermal reduction of
graphene oxide yielding graphene-decorated graphene quan-
tum dots (GDGQD) enhances the mechanical and thermal
properties of the composite considerably which is due to the
interfacial interaction and also the dielectric performance

increases due to, the/higher charge accumulation [4]. For
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graphene oxide which has larger interlayer distance, upon
reduction the interlayer distance get reduced but can be
suited for attaching wide functionalities interaction on the
surface thereby eftectively tailoring the interlayer distance
[5]. In the case of CNT, thermal decomposition influences
final product characteristics like long, properly aligned CNT
composites [6] with vertically aligned CNT on graphene
with C-C bonding suits in 3D interconnect network for
three-dimensional load withstanding applications [7]. Even
though epoxy resins are superior in strength and stiffness,
resistant to high temperature, lower shrinkage, low volatility
and the absorption of the moisture degrades the performance
of the composites [8]. The reduction of graphene enhances
the various mechanical properties of the epoxy resins [9].
The study of the wetting phenomena of polymeric compos-
ites is an emerging research area [10]. The surface properties
measurement of solids by contact angle technique of liquids
on solid surfaces is a suitable experimental method thereby
quantifying the experimental results. The extent to which
a liquid spreads on a solid surface is determined by wet-
tability of the surface. The surface energies of the medium
and the contact angle subtended are crucial in determining
the interfacial properties linking the surface of the polymer
and liquid. The contact angle method is the basic tool and
extremely valuable technique in surface science to investi-
gate the interfacial phenomena. It is determined by the angle
made by the wetted solid surface and tangent to drop surface
in context of three-phase contact.

Recent research has revealed that nanoparticles may
dampen vibrations in aircraft structures. The composite
structure has a good damping response compared to other
monotonic materials [11]. CNT reinforcement has been
demonstrated to have a significant impact on the mechani-
cal behavior of CNT-reinforced epoxy composites in the
past [12]. Noor [13] developed three-dimensional elastic-
ity solutions for the free vibration of composite-laminated
plates that are isotropic, orthotropic, and anisotropic in
nature. According to research done by Sobhy [14] on the
vibration and buckling behavior of sandwich plates made
of exponentially graded material (EGM) resting on elastic
foundations under various boundary conditions, vibration
frequencies and buckling loads rise as side-to-thickness
ratios and aspect ratios decrease. Additionally, a plate in
uniaxial compression has a higher critical buckling stress
than a plate in biaxial compression. According to Natarajan
[15], the deflection decreases as the volume percentage of
the CNT dispersion increases. Helong Wu et al. [16] stud-
ied free vibration analysis of functionally graded graphene
platelet-reinforced composite (FG-GPLRC) beams where
the interaction reduces the fundamental frequency most, but
it hardly affects the first-order vibration mode GPL distribu-
tion pattern, weight fraction and dlmensxo ﬂmd depth and
density, beam geometry and end supppi*ts mﬂuence the free

@ Springer

vibration behavior. The hydrophobic and modal character-
istics of graphene nanofiller-reinforced polymer composites
have not been addressed in the studies mentioned above.
As a result, it’s crucial to know how graphene nanofillers
reinforcement affects polymer composites’ hydrophobic
and modal characteristics. Graphene nanofillers obtained
by reducing the graphene sheets by removing the oxygen-
containing groups thereby recovers the conjugated structure.
Residual functional groups and defects dramatically alter the
structure of the carbon plane. Graphene nanofillers in com-
parison with graphene has two important characteristics like
highly hydrophobic due to lack of polar entities and devoid
of defects retaining conjugated structure.

In this paper, the hydrophobic and modal properties of
the graphene nanofiller-reinforced polymer composites are
investigated using the experimental approach. The graphene
nanofiller-dispersed epoxy composite enhances hydropho-
bic properties compared to pure epoxy, as these composites
exhibit high contact angle, reduced water absorption after
the experimental testing for water absorption and contact
angle analysis. This study also analyzes and compares the
modal properties by performing experimental vibration test.

2 Fabrication of Epoxy/Graphene
Nanofiller-Based Composites

The graphene nanofillers obtained after solvothermal reduc-
tion was mixed in ethanol and sonicated for 30 min. Then
the DGEBA epoxy was added into the solution and then
ultrasonicated for 1 h while maintaining in ice bath. The
mix was kept on a magnetic stirrer with hot plate at 250 rpm
for 1 h at 50 °C so that the ethanol got evaporated com-
pletely. Degassing was performed in vacuum oven for the
mixture followed by the addition of the curing agent in the
ratio 1:10. The samples were prepared by open mold casting
with proper dimensions followed by post-curing for 24 h at
70 °C. The fabricated specimens are shown in Fig. 1. The
graphene nanofillers are obtained by solvothermal reduc-
tion of GO where the graphene quantum dot dimensions of
about~20 nm are found out in the magnified TEM image
(Fig. 2) and hence confirming the presence of graphene
quantum dots (GQDs).

3 Experimentation of Epoxy/Graphene
Nanofiller-Based Composites

ASTM D570 was adopted for the preparation of samples for
water absorption test. Initially specimen was kept in hot vac-
uum oven at 70 °C so that a constant weight gained. Followed
by samples dipped in water at room temperature. The weight
gained by the samples by water absorption was taken in proper
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Fig. 1 (A) Pure epoxy (B) graphene nanofiller-reinforced epoxy
composite

intervals of time for a duration of 1 month. The weighing bal-
ance got a precision of 0.1 mg. The percentage gain in water
retention at a specific time # (Mt) was evaluated by Eq. (1):

_ Ww - "V,]
W,

DEAS S

M, = 100[%] ¢)) )

d
where Wd and Wi denote the weight of specimen before and Fig.2 (0) TEM images of graphene nanofillers and (b) enlarged
after water absorption test, during a particular time period, image of graphene nanofillers

Contact angle measurcments test was uscd for measuring
the surface tensions of liquid on solid surfaces [17, 18]. The ; o .
experiment was conducted on the instrument named KRUSS :l‘ denoted !)y vy which is 72.8 mJ/m for' water, and y, is
ADVANCE with Sessile drop assumption. In order to evaluate e interfacial free encrgy between the solid and the lic

the solid interfacial tension between liquids and solid surfaces, The work of adhesion (WA) was evaluated by Eq_ ( :
the contact angle method was adopted casily with different W, = (1 +cos O)y, (q‘:‘:"/'"'",;;‘-n;(. ;
techniques [19, 20]. Thomas Young in 1805 formulated equa- ..“’:.J ﬁgt‘?-& \."d ;
tion for contact angle using the parameters such as surface The interfacial free cnergy was evaluate lsing the' - ox
energics of the solid and liquid that is given by Eq. (2) [21]: Dupre's equation [19] (4): \,3\ “[ . aab s

Yo~ Y Ya =Vt + W, NG
R @) i N i),

The spreading cocfficient (Sc) [22] between the polymer-
where the contact angle is denoted by 0, the surface energy  and the liquid was evaluated using Eq. (5):
of the solid is indicated by y,, the surface energy of the liquid

€) Springer

EERIM




=Y,t—7,:l—yl (5)

4 Water Absorption Test of Epoxy/Graphene
Nanofiller-Based Composites

Water intake by the pure epoxy and epoxy/ graphene nano-
filler composites is shown in Fig. 3. Three specimens each
were tested for water absorption from cach category. The
water intake by the composites reached a steady-state condi-
tion after 30 days that can be stated as a quasi-static state.
But the intake of water recommenced after quasi-static state
[23]. However, due to the polar behavior of water molecules
they can just remain in micro-voids and get clustered. The
oozing out of water cluster took place because of the enor-
mous size of water cluster that the void can accomodate. The
clustered water molecules got linked with oxygenated func-
tional groups of the epoxy. The water absorption tendency is
considered to rely upon free volume properties, polar group
density of the epoxy [24]. The water intake by epoxy/layered

0.7
—=— 15th day
—e— 30th day
0.6 4 —A— 40th day
[ ]
S, Al.
=x T ——
: 0.5 \.“0
K=
=
S
w
£ o4- e
k)
©
= J CER S
03 —_— .
0.2 T T T T T
pure 0.25 0.5 0.75 1wt

Graphene nanofillers wt.%

Fig. 3 Water absorption for various epoxy/ graphene nanofiller com-
posites

Table 1 Water absorption for the various graphene nanofiller-epoxy samples

silicate nanocomposites was reported Jower than pure €poxy
[24]. The water molecules could infiltrate through the epoxy
network and is credited by the type, nature, and behavior of
the thermoset which got strong affinity toward water,

The hydrophilic functional groups of epoxy such as
hydroxyl or amine groups got coupled with water mol-
ecules. The water molecules form hydrogen bonding with
hydrophilic entities of epoxy resin [25]. The water reten-
tion is credited by its greater attraction toward the functional
groups of the epoxies, having high polar behavior with water
molecules [26]. Water infiltration to the epoxy network hap-
pens by (i) free water prickling into the composites thereby
filling micro-voids, and (ii) bonding of the water molecules
with the polar group of epoxy matrix [27]. From Table 1,
it's clear that the resistance to water absorption of epoxy
was enhanced with the embedding of graphene nanofiller,

which could be attributed to the increased hydrophobicity
of the composites.

5 Contact Angle Test of Epoxy/Graphene
Nanofiller-Based Composites

The contact angle is a measure of the ability of a liquid to
wet the surface of a solid. The shape that a drop takes on a
surface depends on the surface tension of the fluid and the
nature of the surface. The surface tension between the drop-
let and atmospheric air leads to the curved shape of the drop-
let. Here due to the composites hydrophobic nature, contact
angle increased and this increased further with concentra-
tion of graphene nanofiller. The molecular force of attrac-
tion between the liquid and the composite surface reduced
as the surface energy of the composite reduced and thereby
an increase in hydrophobicity of the epoxy surface [28].
The contact angle got increased from 43.68 +0.873 for the
pure epoxy to 45.64 +0.912 for 0.25 wt.% graphene nano-
filler, 46.74 +0.934 for 0.5 wt.% graphene nanofillers, and
55.66+1.113 for 0.75 wt.% graphene nanofiller. However,
with 1 wt.% graphene nanofiller, the contact angle decreased
t0 45.99+0.919 as there was aggregation of fillers atthe .
epoxy surface. Here the oxygenated functionalities such

Samples 15th day % Reduction in 30th day % Reduction in 40th day % R& sh.fé i
Samples water absorption water absorption water absorp--.
tion i
Pure epoxy 0.314 0 0.574 0 0
0.25 w1.% graphene nanofiller 0.306 -2.54 0.543 -54 -1.09
0.5 wt.% graphene nanofiller 0.304 -3.18 0.526 -83 ~s.11
0.75 wt.% graphene nanofiller 0.301 -4.14 0.488 -149 —234
1 w1.% graphene nanofiller 0.287 -8.59 0.486 =153 ~299
pRIN
@_ Springer %
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h\ froxyl. carboxyl, groups of graphene sheets reduced and

neration of new C-N bonds, gained non-polar nature to
thc surface and a higher contact angle as there is a reduced
surface free energy for the composite [29]. A lower con-
tact angle was attained [30] when the cohesive interaction,
which aids in a drop's formation of a sphere, gained domi-
nance over the adhesive interaction, which causes the liquid
to spread. Cohesive and adhesive molecular forces act on
liquid molecules and on solid molecules, respectively. Adhe-
sive force strongly decides the free surface energy, while it
scarcely influences the high filler concentration due to the
agglomeration.

The work of adhesion (W),), for various samples, is shown
in Fig. 4. It's the work needed to set apart the solid and liquid
surfaces, when the liquid droplet is tried to displace over the
solid surface on account of graphene nanofiller variation in
epoxy composites. It's obvious from Fig. 4, which shows
the disparity of W, regarding change in graphene nanofiller
Toading in epoxy. The disparity can be closely linked to
the hydrophobic nature of the composites that is due to the
reduced oxygenated functionalities on the graphene nano-
filler surface. The solid surface free energy of the composites
decreased and thereby the work of adhesion got decreased.
The adhesion of dissimilar materials is determined by the
molecular force of attraction. The surface energy of the
substrate affects the attraction’s potency. Strong molecu-
lar attraction is indicated by high surface energy, whereas
lesser attractive interactions are indicated by low surface
energy. The interaction between the liquid and solid surface
got lower compared to the neat polymer. It's reported that
the work of adhesion is directly proportional to filler load-
ing into PVC films where it is significantly improved [31].

The spreading coefficient (Sc) for the various samples is
shown in Fig. 5. The S, gives the extent to which the liquid

I —8— Work of Acheson
5041254 4&7/4/ 99
43,68 4564 3 P12
s 1236 T 12338 o
8 404 122, L122 S
2 -
=) IS
3 H120
o2 =
g g 2
-] 20 5
g X
% 116 ‘;’
O 104
114
0 113.86
T T T T T T 112
0.0 02 04 0.6 0.8 1.0

Graphene nanofillers (wt.%)

Fig.4 Contact angle and work of adhesion for various graphene
nanofiller/epoxy samples
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Fig. 5 Spreading coefficient (S.) vs various graphene nanofiller/
epoxy composites

will wet and spread on the solid surface voluntarily for a
positive Sc value, while a negative Sc value implies the lack
of voluntary wetting and spreading thereby the existence of a
finite contact angle (i.e., 6> 0). Here the wetting due to water
comes down with increase in the graphene nanofiller in the
epoxy. The excess non-polar groups on the surface influence
the hydrophobicity [32]. The enhancement in the hydropho-
bicity of the surface depended on the filler particle’s fine
dispersion within the matrix. Here the graphene nanofiller
is solvothermally reduced form of GO, and hence lacks the
sufficient oxygen-containing functional groups [33], thereby.:
reducing the wetting behavior of the composit_evé." '
P}

6 Modal Analysis of Epoxy/Graphene
Nanofiller-Based Composites

Figure 6 shows an experiment on a small-scale model of
a graphene nanofiller-reinforced polymer composite beam
with dimensions of 70 mm in length, 70 mm in width, and
5 mm in thickness under a cantilever end condition to illus-
trate how the modal analysis of the nanocomposite is used
to explain the behavior of the composite material. DGEBA
epoxy resin and hardener were used to construct the poly-
mer composite beam and conduct the experimental test. The
graphene nanofiller-reinforced polymer composite beam was
excited using an impact hammer, and a sensor was installed
at the top layer of the composite beam to collect reaction
signals from the excitation. As observed in the Dewesoft
software display unit, the data acquisition system (DAQ) was
employed to transform the response signal to a frequency
response function [34, 35]. The modal responses of gra-
phene nanofiller-reinforeed polymer composite beam were

/
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Fig. 6 Modal analysis test setup
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Fig. 7 Damping factors at various modes for different graphene
nanofiller concentrations

measured experimentally, as shown in Fig. 6 and the results
have been presented in Fig. 7.

The modal characteristics such as damping factors of the
various weight percentages (0, 0.25, 0.5, 0.75, and 1) of gra-
phene nanofiller-reinforced polymer composite beams under
cantilever boundary conditions are given in Fig. 7. From the
experimental results, it can be seen that the polymer com-
posite beams with 0.75 wt.% of graphene nanofillers rein-
forcement has higher damping than those of the other com-
posite beams. The first mode defines the maximum loads
that the beam can withstand or how the structure will inter-
act with the rest of the system when vibrating. As the first
mode of damping is highest for the 0.75 wt.% concentration,
it is expected that this is due to the higher interfacial bond-
ing. The same concentration gains the highest hydrophobic
properties. Thus, 0.75 wt.% is the optimal concentration.

@_ Springer

7 Conclusions

The hydrophobic and modal characteristics of graphene
nanofiller-reinforced polymer composites are examinad in
this work. The wetting behavior exhibits remarkable varia-
tion in the case of graphene nanofillers embeddad into epaxy
composites. The enhanced hydrophobicity of composites is
observed with the increase in contact angle value with that
of pure epoxy. The non-polar nature of graphene nanofill-
ers is responsible for the increased hydrophobicity of the
composite thereby reducing water absorption. The GO is
hydrophilic in nature due to the presence of oxvgenated
functional groups on the surface but upon reduction of GO.
the oxygenated groups are reduced thereby the hydrophobic
nature persists in the epoxy with graphene nanofillers com-
posites. This study also analyzes and compares the modal
properties by performing experiments using impact hammer
testing. The results show that adding graphene nanofillers
reinforcement to the polymer composites improves their
modal characteristics. In summary, the effect of graphene
nanofillers in epoxy is that it abates the wettability as well
as water absorption and enhances the modal characteristics
of the polymer composites.
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Abstract Engine pistons manufactured from Al-Si are a

particular set of industrial alloys which requires excellent
characteristics at higher temperatures (nearly 400 °C). Con-
currently, such alloys persist in retaining the properties to
abrupt variation in temperature. As a result, the mechani-
cal, tribological and thermal strains needs to be seriously
examined unless ignoring the aggressive surroundings, in
which they are revealed through exploitation. For perform-
ing such a group of requirements, Al alloys allocated for
piston manufacturing requires an appropriate microstructure.
The alloy microstructure depends on the type and percent-
age of composition, the casting parameters and schedule of
the heat treatment cycle. Typical choices for few alloying
elements are in the range 11-23Si; 0.5-3 Ni; 0.5-5.5Cu
and 0.6-1.3 Mg.The author presents the benefits of squeeze
casting on the microstructure and its characteristics of alu-
minum-silicon piston alloys. Piston alloys with variable Ni
content was investigated experimentally. The role of the heat
treatment on the microstructure and properties of the alloys
was studied. The role of Sr on Al-Si piston alloy was also
examined. The present study aims to develop a novel alloy
for piston applications that operates at a higher temperature
and high peak firing pressure of the engine. It can be accom-
plished by adding an alloying element such as Ni to Al-12Si-
3Cu-1 Mg-xNi (x varies between 0.5 and 2.5Ni) alloy. Based
on mechanical properties and microstructural characteristics,
the ideal alloy composition is selected for further research.
Later, the role squeeze pressure on the microstructural
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features, tribological properties and mechanical character-
istics on the piston alloys are studied and correlated.
Keywords Aluminum alloy - Heat treatment process -

Microstructure characteristics - Mechanical characteristics -
Squeeze casting

1 Introduction

Engine pistons manufactured from Al-Si are a particular set
of industrial alloys which requires excellent characteristics
at higher temperatures (nearly 400 °C) [1-3]. Concurrently,
such alloys persist in retaining the properties to abrupt vari-
ation in temperature [3]. As a result, the mechanical and
thermal strains needs to be seriously examined unless ignor-
ing the aggressive surroundings, in which they are revealed
through exploitation [4]. For performing such a group of
requirements, Al alloys allocated for piston manufacturing
requires an appropriate microstructure. The alloy micro-
structure depends on the type and percentage of composi-
tion, the casting parameters and schedule of the heat treat-
ment cycle. The mechanical characteristics of cast parts
significantly depend upon the alloy’s microstructure [5].
Piston alloys consist of a varying number of alloying ele-
ments. Typical choices for few alloying elements are in the
range 11-23Si; 0.5-3 Ni; 0.5-5.5Cu and 0.6-1.3 Mg [4].
Representative Al piston is too complicated about its
chemical compositions and the attained microstructures.
The author observes a minimum of five chief elements,
Al Si, Cu, Ni and Mg that have considerable effect dur-
ing solidification [6, 7]. Reactions between themselves

generate different phases and different intermetallic com-
“|1pounds. The process parameters of the casting decide
I the size, shape and the distribution of the inte’_r{(n‘c_!allic
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compounds in both as-cast and heat-trcated alloys [8].
Regions exposed to larger strains requires a larger imped-
ance to plastic distortion, and a finer microstructure is
needed in these regions. Finer microstructures can accu-
mulate larger amounts of energy [2, 9]. The piston head
is exposed to higher temperatures, but minor mechanical
strains, coarse grains are essential. Larger temperatures
can stress out thermally triggered methods. The alloy has
the potential to pay off deformations and are developed
at a lower temperature. The microstructure of the alloy
right away influences the mechanical characteristics of the
alloy [10, 11]. At higher temperature, Al-Si piston alloys
must exhibit more strength. To improve the characteris-
tics of Al-Si alloys at higher temperatures, it is essential
to bring a novel thermally steady intermetallic phases
[1, 12]. At higher temperatures, thermally steady inter-
metallic delay the dislocation’s movements and therefore
improve the characteristics of the material. The strength
of the same intermetallic depends on their performance at
higher temperatures. Further thermally stable intermetallic
attain a role of improved strength [7, 14]. Copper com-
bines with Al a-(Al,Cu) intermetallic phase through Mg
combines with Si and forms an intricate intermetallic, and
the Mg,Si intermetallic mostly affects the alloy proper-
ties at atmospheric temperature [7, 14]. The Mg,Si phase
has been employed as strengthening phase in Al-Si piston
alloys. Higher mechanical characteristics of piston alloys
is again enhanced by selecting the best heat-treatment
process [15]. The existence of Cu and Mg in these alloys
causes the creation of Al,CuMg, the supposed S-phase,
and AlxMg,Cu,Si, [7, 14].

The concluding procedure of Al-Si alloy piston manu-
facture is the heat treatment stage. Keeping in attention
that the phase and structural deviations be subject to time
and temperature, it is consequently essential to accurately
describe its optimal temperature and holding time. The
usual heat treatment procedure comprises solutionizing,
quenching and aging. The core of solutionizing includes
heating the alloy to nearby eutectic melting temperature,
holding it for some time and then cooling. Concluding
step of heat treatment process is aging. Furthermore, the
equilibrium process is done to remove residual stresses.

The squeeze casting procedure is a unique method that
correlate the rewards of traditional gravity casting and
forging [16]. Here the exertion of pressure in the course
of solidification results in high integrity, near-net-shape
casting with a fine-scale microstructure caused by higher
cooling rates which enable to achieve excellent mechanical
properties [16]. The objective is to carry out research on
the microstructural and mechanical behavior of Al-12Si-
3Cu-1 Mg-xNi (x varies between 0.5 and 2.5Ni) in the
as-cast as well as heat treatment processes. In the present
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study, the above advantages of squeeze casting will be
exploited for developing high strength Al-Si piston alloy.

2 Melting and Casting

Billets of Al-17Si have been employed to cast the required
composition. Al-20 Mg, Al-30Cu and Al-75Ni have been
mixed into the molten melt for attaining the demanded alloy,
and Al-10Sr has been added to the melt to modify eutectic
Si particles. The melting process is achieved using an 18 kW
electric resistance pit furnace. Inside the furnace tempera-
ture of 760+ 5 °C has been preserved. A chromel-alumel
thermocouple has been utilized for the observation of the
temperature in the melt. Degassing of the molten melt has
been done by sparkle pure, dry N, gas into the molten metal
through a graphite shaft. Finally, the molten metal has been
transferred into the warm-up molds (Fig. 1). For squeeze
casting, liquefied metal has been shifted to a die. When the
liquefied metal is shifted to die cavity, pressure of 100 MPa
is employed on it for about 2 min.

3 Characterization of Alloys

Optical metallography and Scanning Electron Microscopy
evaluated the structural features of the castings. Chemical
analysis was performed using SPECTROMAXx Optical
Emission Spectrometer. The mechanical characteristics (ten-
sile strength and hardness) were assessed using an Instron
Universal Testing Machine (1195/8801) and Brinell Hard-
ness Machine (Indentec). Rotating beam bending fatigue test
was done on a Carl Schence fatigue testing machine. For
conducting a wear test on the optimum chemical composi-
tion, a reciprocating wear testing machine was used. Recip-
rocating wear testing machine is used to model tribological

BOTTOM POURING MOULD
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Fig. 1 Sizes of molds used for molding. (Units are in mm)
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behavior of the components which arc having a reciprocating
motion like a piston in the cylinder.

4 Results and Discussions
4.1 Chemical Examination of Different Alloys

Experimental alloys compositions, which was investigated
by a spectrometer, is specified in Table 1.

4.2 Hardness values and microstructural
characteristics of Al-12Si-3Cu-1 Mg alloys
by means of variable Ni

4.2.1 Alloys in the as-Cast Condition

Addition of Ni to Al-Si-Cu-Mg, further increases in hard-
ness values upon heat treatment. Amount of Ni content and
the insertion of Ni creates Al;Ni, which improves the hard-
ness of the alloy. This improvement in hardness is owing
to the existence of Ni carriage intermetallics that is caused
because of the high motive power for compound crea-
tion among Al and Ni (size factor, electronegativity) and
little solubility of Ni in Al (max approximately 0.05% at
the eutectic temperature) [17]. Ni combines with other ele-
ments forming Al;Ni, Al,Cu,Ni, Al;CuNi, Al,Cu,Ni and
AlgFeMg,Sig phases [17].

4.2.2 Alloys Behavior During Heat Treatment

The strength of said materials will depend on the amount
of interconnectivity and areas of the hard phases sur-
rounded by the Al matrix. The eutectic phase consists of
nearly soft eutectic Al, rigid eutectic Si and AI;Ni. To initi-
ate a hard-eutectic region, the rigid eutectic Si and Al;Ni
are three-dimensionally connected. Ni phase arrangement
with eutectic Si appear an intensely interconnected three-
dimensional arrangement, those area is powerfully con-
served during solution treatment. In the presence of Al3Ni,

of AljNi in the cutectic proportionally increases as the Ni
content increases. Adding Ni to the alloy increases the hard-
ness, which reaches maximum values when the amount is
increased up to 1.78Ni. However, further increasing the Ni
content decreases the values of hardness. It appears that con-
tingent on the quantity of the eutectic phase, comparatively
Ni would be essential to maintain the linkage of the eutectic
Si and Al;Ni network. Increasing the quantity of Al;Ni does
not further develop the contiguity, and the hardness of the
alloy decreases. It assumes that this is due to the connection
between the Mg,Si phase and Al;Ni skeleton in Mg-contain-
ing alloys, which could also contribute to the conti guity, and
as a consequence, a smaller amount of Ni would be required.
Figure 2 illustrates the variation of hardness for different
alloys with varying Ni content.

4.3 Role of Sr and Squeeze Casting

on the Characteristic of Al-12Si- 3Cu-1 Mg-1.78Ni
Alloys

4.3.1 Microstructural Analysis

The microstructure comprises of primary Si and a com-
bination of a-Al plus eutectic silicon. Primary Si is of
polyhedral shape. The shape of eutectic Si particles is
of needle-like shape. Due to the presence of alloying
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the volume content of the hard region increases. Therefore,
the system is considered to have achieved higher contigu-
ity (interconnectivity of the eutectic network). Subjecting ) ];:_)_,'1, WY
on the quantity of eutectic phase, Ni would be essential to Fig.2 Plots showing the variation of hardnes’sl'f’ij'g' different speci-
maintain the linkage of the eutectic Si network. The amount  mens Aol
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Table 1 Alloy composition Si Cu Mg Ni Fe Mn
with varying Ni
Alloy 1 12 3 1 0.3 0.17 0.04 0.01 Bal
Alloy 2 12 3 1 0.8 0.17 0.04 0.01 Bal
Alloy 3 12 3 1 1.8 0.19 0.04 0.01 Bal
Alloy 4 12 3 1 2.28 0.18 0.04 0.01 Bal

: a Springss,
CAPAL TN, d
PRIEE oF BNGS £t

COLLEC
NGRS u%\mmnﬂw’




Trans Indian Inst Met

i=3 M,Cu‘m e Al
L Al,CuyMg,s) = S|
sCuaMagsl,
¥ AlyCuNi A ahce
- B o O mg,si
€
2
o
e
= -
-
€
b=
5 =
o L]
4 J - X N
T T T y T
20 30 40 50 60 70 80
Angle (25)

Fig.3 X-ray diffraction model of Alloy 3
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Fig.4 SEM micrograph of Alloy 3
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Table 2 Phases by EDS

Spot No Phases

Spot 1 Eutectic Si
Spot 2 Al,Cu,Ni
Spot 3 a-Al

Spot 4 AlCu,Mg,Si

e-Alumiaium

Eutecticsilicon | Mgk

ALCuMeSi,  Primary silion

Fig. 9 Identification of phases for Alloy 3

Fig. 10 Microstructure of the
heat-treated alloys. a Al-12Si-
3Cu-1 Mg-1.7Ni (gravity). b
Al-12Si-3Cu-1Mg1.7Ni-0.04Sr
(gravity). ¢ Al-12Si-3Cu-1 Mg-
1.78Ni-0.04Sr (squeeze)

elements, various intermetallics are developed. Figure 3
illustrates the XRD pattern and Fig. 4 illustrates the image
obtained from SEM and the corresponding EDS spectra of
different spots are shown in Figs. 5, 6, 7, 8. Composition
of the different phases by EDS are shown in Table 2. All
the phases are identified and marked in the microstructure.
Figures 9 and 10 show the microstructure at diverse condi-
tions. Degree of modification also computes by computing
the aspect ratio of the eutectic Si particles (Table 3).

4.3.2 Mechanical Properties

The shape of eutectic Si particles determines its mechani-
cal characteristics of Al-Si piston alloy. Application of
pressure raises the freezing point, which increases the
degree of undercooling of the primarily superheated alloy.
The rate of nucleation rises that develops a finer micro-
structure. By the blending of Sr modifier, the eutectic Si
particles alter their shape into almost spherical ones. For
Sr-modified alloy the heat treatment takes a more influence
regarding the spheroidization of Si-eutectic and is the rea-
son for the betterment of properties (Table 4).
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qubled Eutectic i particle Alloys Cast process Length, pm Breadth, pm Aspect ratio
«ors at heat-treated state -
e Al-128i-3Cu-1 Mg-1.7Ni Gravity 26.4 1.47 1:;
Al-12Si-3Cu-1 Mg-1.7Ni-0.045r Gravity 19 3.8 1,8
Al-12Si-3Cu-1 Mg-1.7Ni-0.04Sr Squeeze 9 4.6 ;
i i Hardness (BHN,
Tuble 4 Mechanical Alloys Process Tensile properties ardness ( )

characteristics of piston alloys

UTS (MPa) Elongation As-cast T6 condition
(%)

Al-12Si-3Cu-1 Mg-1.7Ni
Al-12Si-3Cu-1 Mg-1.7Ni-0.04Sr  Gravity die cast
Al-128i-3Cu-1 Mg-1.7Ni-0.04Sr  Squeeze die cast 325 380 2 1.0

Gravity die cast 155 275 25 16 88
180 285 22 12 100 115
120 135

Fig. 11 SEM images of the
fractured surface subjected
to the tensile test a Al-12Si-
3Cu- 1 Mg-1.7Ni (gravity). b
Al-128i-3Cu-1 Mg-1.78Ni-
0.04Sr (gravity) ¢ Al-12Si-
3Cu-1 Mg-1.78Ni-0.04Sr
(squeeze)

4.3.3 SEM Analysis of Tensile Fracture Surfaces
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the squeeze casted modified is better than that of die-cast
alloy.

The scanning electron microscope (SEM) images of alloys Regular pits by excellent cleavage surfaces have been cre-
undergoing heat treatment are shown in Fig. 11. The unmod-  ated (shown in Fig. 10). Due to this the sample experiences
ified alloy illustrates a fracture which is in nature of brittle  substantial plastic distortion prior to the overload-triggered
t.ype. The form of eutectic Si particles and primary Si par-  crack. St modification decreases the area of the cleavage
nclc.s mainly controls the mechanism of fracture. Coarse Si  surfaces meaningfully, thereby the quantity of dimples inten-
pa.rl.xclcs control the beginning and dissemination sites of the  sifies significantly due to greater ductility. The pockets left
;‘:;2;1: rcer;csl;srr:::ss;rcn:ﬂfzi sg:zfzie-cast alloy the't?nsile by the small grains .lhat are pul%ed out can also be seen.

’ s why the ductility of  These changes resulting from grain refinement could be the
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vreason for the higher UTS and hardness exhibited by the St-

modified, squecze-cast specimen.

4.4 Fatigue Test

The microstructural characteristics comprise primary Si,
eutectic Si, intermetallic, slip bands and grain size. Defects
in the casting such as pores and oxides affect the fatigue
characteristics of Al-Si alloy. The outcome illustrates that
by the decrease in stress amplitude, the fatigue strength
of piston alloy rises considerably. The cause for greater
strength of the piston alloy is that, the precipitates are suf-
ficient enough to disperse in the Al matrix which fixes the
dislocation and reinforces the matrix. The structure of the
dislocation is rich in slip dislocation dipoles, and the dislo-
cations are gathered in the slip band structure because of the
interaction and pileup of dislocations. This shows that in the
early cycles, the plastic strain concentrates in the slip band.
The dislocation bands are mostly set up by dislocation lines
through clear direction. When the amplitude of stress rises,
which causes the decrease in the distance between the slip
bands and the slip bands becomes heavier and thicker and
also more and more slip system begins, and the density of
dislocation within the slip system increases thereby increas-
ing the interaction between the dislocations. By increasing
the density of dislocation, moving spaces of dislocations
become reduced, and the interaction among dislocations
quickly rises, thus resistance to deformation rises. Fatigue
test results are shown in Table 5, where the bending stress
value is varied from 300 to 90 MPa. Figure 12 shows the
stress amplitude versus the number of cycles.

4.5 Reciprocating Wear Analysis

The sliding rate was kept constant at 0.6 m/s, and the slid-
ing distance was 500 m. The modified squeeze-cast sample
exhibits a lesser wear rate to the die-cast sample (Fig. 13).
The needle-shaped eutectic Si act as stress raisers, that’s why
the unmodified specimen shows a greater rate of wear and

Table 5 Fatigue test outcomes

Stress MPa (S) No. of cycles (N)

300 7500

270 14,000

235 31,000

200 50,000

150 343,000

115 902,000

107 (Continued) 10,000,000

90 (Continues) 13,000,000

S-Ndata

350 -

300 4

250 - .

200 ¢ 4

150 - +

100
5 -
0-
1.00£400

#Stess

Stress Amplitude N{Pa

1.00£¢02 1008404  1.00£¢06 1.00£408
Noof Cycles (N)

Fig. 12 Stress amplitude versus number of cycles

leads to the presence of cracked eutectic Si phase in addition
to the primary Si phase.

4.6 SEM Analysis of Wear Surfaces

SEM micrographs of the wear surface of heat-treated die-
cast and heat-treated, squeeze-cast alloys are shown in
Fig. 14. The squeeze-cast alloys being in a decent situa-
tion so that they have better wear resistance and mechani-
cal characteristics. The better quality of the surface seen
in the squeeze-cast alloys takes a reduction in the friction
coefficient. Figure 10 illustrates the alloy surfaces, squeeze-
and gravity-cast samples possess paths corresponding to the
wear line and is due to abrasive wear mechanism. During
sliding, the applied stress is rigorously high; due to this,
plastic deformation of the fracture takes place. The wear
is metallic in nature because it shows smooth strips, and
it exhibits smaller grooves through plastic deformation.
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Fig. 13 Plots showing the deviation of wear rate versus load
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Fig. 14 SEM images of worn
surface of alloys, subjected

to reciprocating wear test

8 Al-12Si-3Cu-1MglL.7Ni
(gravity) b Al-12Si-3Cu-1 Mg-
1.78Ni-0.04Sr (gravity) ¢
Al-12Si-3Cu-1 Mg-1.78Ni-
0.04Sr (squeeze)

During the unmodified condition, the worn-out peripheral
reveals a type of wear called adhesive-type and is because
of the occurrence and violation of micro welds during slid-
ing. For Sr-modified, squeeze-cast specimen, the worn-out
surface does not show abrasion-linked furrows and strips. It
is concluded that the Sr-modified, squeeze-cast piston speci-
men shows a lesser rate of wear. The heat-treated alloys are
exposed to depthless and thin micro furrows than cast alloys.

5 Conclusions

From the experimental studies conducted on Al-Si piston
alloys, the following conclusions are derived.

1. Alloying Ni to Al-12Si-3Cu-1 Mg, the hardness val-
ues begin to rise with rise in Ni amount and reaches a
maximum of 1.78Ni and is due to the formation of AL;Ni
phase. Al-12Si-3Cu-1 Mg alloys that contain 1.78Ni has
the optimal hardness values compared to alloys having
a lower or higher content of Ni.

2. The mechanical properties of the as-cast Sr-modified
Al-128i-3Cu-1 Mg-1.78Ni specimens have been found
to be more than that of the unmodified specimen. The
presence of 0.04Sr alters the plate-like cutectic Si to
finer and is the reason for improving the propertics.

@ Springer

3. The Sr-modified squeeze-cast specimen shows better
properties and somewhat lesser elongation. The squeeze-
cast alloy shows higher properties related to the die-cast
one due to the occurrence of fine eutectic Si and a more
homogeneous microstructure.

4. Fatigue properties of squeeze-cast piston alloy is studied
by rotating-beam bending fatigue test resulting in the
fatigue limit of the alloy 107 MPa and 115 MPa at 107
number of cycles. AL -
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Abstract

The present study referred to the lightweight cenosphere filled, and epoxy composites (0, 7.5, 15, and 22.5 vol.%.) devel-
oped with the help of the hot compression moulding process. To ensure the strength of composites, the prepared system
was analyzed with tensile, flexural, impact properties, and dynamic mechanical characteristics discussed. Cenosphere-filled
composites attained the maximum tensile strength of 19.5 MPa, which is 60% better than the neat epoxy. Adding cenosphere
particles increases the tensile, flexural, and impact strength at a superior level. Dynamic mechanical analysis revealed that in
22.5 vol.% of cenosphere reinforced composites, energy dissipation and maximum storage modulus of 6 MPa was enhanced.
The surface morphologies of the fractured specimens were characterized using scanning electron microscope (SEM). The
morphological investigations indicate a good state of particle distribution in the epoxy matrix.

Keywords Epoxy composites - Cenosphere particle - FT-IR - Tensile - Flexural - DMA properties

1 Introduction

Power plants in India produce about 600,000 tonnes of fly
ash per day or 219 million metric tonnes of fly ash per year.
In India, the majority of power plants (70%), as of now, have
over 197 coal/lignite-based thermal power plants that run
with a coal base. The burning of coal in the thermal power
plant results in fly ash that generates 133 MTs of CFA (half
yearly) (2021-2022), which is expected to exceed more than
1000 MT in 2031-32 [1, 2].
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The majority of the fly ash that these thermal power
plants produce is considered to be industrial waste. Many
different research organizations’ primary focus is recycling
and discovering alternative applications for these types of
industrial waste. In India, 56% of all fly ash was used in
various engineering applications, the majority of which
were associated with the cement industry. The application
of fly ash covered in various sectors such as building and
construction accounts for 50%, low-lying area fills for 17%
of roads and pavement for 15%, dyke raising for 4%, and
brick industries for 10% [3]. They are also frequently used

~..-".-in pressure vessels, ship hulls, and automobile industries,
dWing to their specific strength, stiffness, shrinkage, war-

page reduction, and high-temperature resistance [4]. The
rcmammg 44% of fly ash is a source of concern because of

?RNF ‘E I"v @ Spﬁnger

els
3}& ‘L —’_ "\V
PGP e

e S S e

Saih



Biomass Conversion and Biorefinery

its negative environmental impact. Therefore, it is essential
to investigate the possibility of using fly ash in various other
industrial contexts (5, 6].

Even though the proper exploitation of fly ash, the remain-
ing amount of fly ash requires plenty of sq. m of land or ash
ponds, water, and energy to dispose of the fly ash. It is not
managed properly due to its very low density and can become
floating [3]. Sim et al. studied the effect of fly ash on epoxy-
based composites. Higher volume fractions (30%) showed
weak matrix/filler bonding. Large (90 mm) fly ash particles
reduced tensile strength [7]. High-temperature and-pressure
fabrication of fly ash/polystyrene composites improved filler-
matrix bonding and mechanical properties [8].

Cenosphere is an inert small hollow silicate sphere
obtained from a naturally occurring by-product of the burn-
ing process at coal-fired thermal power plants [7]. Fly ash
cenosphere contains silica, alumina, and iron oxides with car-
bon, calcium, magnesium, and sulphur. Fly ash’s lightweight,
thermal resistance, and acoustic properties make it a good
low-cost composite filler [9-11]. Cenosphere is widely used
in a variety of products, including cement, tiles, pavement
blocks and bricks, polymer doors and panels, geopolymers,
sports equipment, paints and enamels, insulation, automobile
bodies, marine craft bodies, agriculture, herbicide, fertilizer
and fire, and heat protection devices [5, 12]. Itis a lightweight,
inert, hollow sphere with a large amount of silica and alumina
filled with air and gases. It has a composition similar to fly
ash particles which constitute predominately metal oxides [7].
The natural properties of the cenosphere make it possible to
use them either in dry or wet slurry form. Cenosphere is easy
to handle and provides a low surface area-to-volume ratio.
Due to their inert properties, they are not affected by solvents,
water, acids, or alkalis [13]. The compatibility of cenosphere
with special cement and adhesives coating and composites
has been well identified. They are used extensively as filler
material to reduce the weight of cement and polymers such
as plastics, rubbers, and resins. Hence, they could be used as
lightweight fillers in polymers and are also better alternatives
to metallic and costlier fillers [12].

The cenosphere includes a hollow microsphere containing
silica and alumina [13]. They have employed fly ash to make
flame retardant panels, which were projected to use for fire pre-
vention in house doors and firewalls of structures in buildings.
Though, the maximum concentration of fly ash in polycarbon-
ate leads to a reduction in mechanical properties [13]. Further-
more, one possible way to properly utilize the cenosphere is to
disperse easily in various commercial polymers like polyeth-
ylene, epoxy, and polypropylene to produce particulate-filled
polymer composites for lightweight applications. Numerous
investigators used cenosphere as reinforcing fillers in polyester

[14], epoxy [15], and polyvinyl ester [6]. Willis and Masters"‘

[16] studied the outcome of filler concentration on the mccham-
cal properties of cenosphere/polyester com posites and egcpoxcd
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the hike in the flexural modulus with flexural strength reduc-
tion. Arijit Das [17] studied cenosphere filled polypropylene’s
structural, thermal, mechanical, and dynamic mechanical prop-
erties. Deepthi et al. investigated the mechanical and thermal
properties of composites made of high-density polyethylene and
cenosphere [18]. Due to the rigidity of cenosphere particles,
the tensile strength of composites increased. The mechanical
properties of jute epoxy composites with cenosphere filler were
investigated. The 5 vol.% cenosphere particles and 35 vol.%
jute fiber show better mechanical properties. But, increasing
the concentration of jute decreases thermal conductivity [19].
Chauhan and Sunil Thakur reported the wear and friction prop-
erties of Cenosphere particulate-filled vinyl ester composites
[20]. In this connection, structural, mechanical, and dynamic
mechanical and tribological studies have been conducted in an
epoxy filled with Cenosphere as the inorganic filler for light-
weight structural applications.

2 Materials and testing

2.1 Materials

Epoxy (HY 551) resin, polyamine hardener comprehending
a tetra-amine functional group used in this work, and other
solvents were purchased from Giba Energy Ltd, Tamilnadu,
India. The density of the epoxy resin was around 1.36 g/cm’,
and the melt flow index was 1.8 g/min. The filler used in this
investigation, a cenosphere less than the particle size of 60
pm and a bulk density of 0.4-0.5 g/cm?, was bought from
Cenosphere India Pvt., Ltd., Kolkata, India. The fabrication
procedure of epoxy is depicted in Fig. 1. An epoxy resin

with a hardener 10:1 ratio was prepared with the cenosphere
as a filler (Table 1).

2.1.1 Compression molding of epoxy/cenosphere polymer
composites

The cenosphere-reinforced polymer (CRP) sheets have
been produced using a hot compression molding tech-
nique for varying particle percentages of 0, 7.5, 15 and
22.5 vol.%. The epoxy-cenosphere mixture was prepared
by mixing a definite proportion of the cenosphere with
epoxy resin by hand stirring until all the cenosphere
was evenly dispersed [21]. The prepared mixture is then
poured into a mold having a dimension of 300 x 300 x 3
mm of steel die with an applied pressure of 15 MPa and
a temperature of 140 °C for a curing time of 24 h. After

- the curing process, test samples were cut to the required
pe size&prescribed in the ASTM standards [22]. The com-
~,posite dcbxgnatlon and composition of CRP compos1tes
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Fig. 1 Development of epoxy-
cenasphere composites

Table 1 Composite designation and composition of CRP composites

Composite designation

Epoxy (vol.%) Cenosphere
(vol.%)
EP 100 0
CRP-17.5 92.5 7.5
CRP-15 85 15
CRP-22.5 715 225

2.2 X-ray fluorescence spectroscopy (X-RF)

The elemental composition (vol.%) and the peak of ceno-
sphere particles were analyzed with X-ray fluorescence
spectroscopy with an XGT diameter of 100 and a current
of 1 mA.

2.2.1 Fourier transform infrared spectroscopy (FTIR)
analysis

FT-IR spectra of cenosphere-reinforced epoxy composites
were recorded by an FTIR (Perkin Elmer Spectrum) to deter-
mine the chemical structure. CRP composite samples were
combined in KBr with a 1:10 ratio, and the mixed samples
were dried at 60 °C. Each FT-IR spectrum was captured with
a resolution of 2 cm™ and a dynamic range that extended
from 4500 to 500 cm™’,

2.2.2 Microstructure and fracture analysis (SEM)

Analyses of cenosphere microstructure and fractured sur-
faces of composites were executed using scanning electron

microscopy (SEM). Each sample was given a thin layer of
gold coating to make the conductive sample using a Quick
Coater Metalizer Sanyu Electron SC-701.

2.3 Mechanical testing

Tensile and flexural measurements of the CRP compos-
ites were determined using Tinius Olsen (Model H 10,
Capacity 10 KN) Universal tensile testing machine at
a constant crosshead speed of 5 mm/min. The tensile
and flexural test was conducted per the standard proce-
dures of ASTM: D638 and ASTM: D790, respectively.
The CRP composite samples were subjected to the Izod
impact test, which was carried out using a Tinius Olsen
impact tester following the standards of ASTM D256.
Five specimens were evaluated in each set of composites,
and the average data were reported.

2.3.1 Dynamic mechanical analysis (DMA)

Dynamic mechanical analysis (DMA) was incorporated to
characterize the dependency of elastic modulus (E") and
loss modulus (E”), and tan delta of the CRP composite
specimen based on the temperature and frequency of the
testing environment. The temperature dependence of the
tan 6 was measured in the temperature range from —40
to 150 °C with a heating rate of 3 °C/min at a frequency
of 30 Hz. The frequency dependence of the tan § was
measured in the frequency range from 10 to 800 Hz at Tg
in an argon atmosphere. Dynamic mechanical analysis
of compression moulded specimens was measured using
DMA Q800 (TA Instruments, USA) in tensile mode.
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3 Results and discussion

3.1 X-ray fluorescence Spectroscopy (X-RF)
of cenosphere particles

Figure 2 shows the various particles in the cenosphere and
the number of elements detailed in Table 2. Silica and alu-

minium are the major peaks and max vol.%

in the ceno-
sphere particle.

3.2 FTIR spectroscopy

Figure 3 shows the FTIR spectra of cenosphere-filled epoxy
composites. The broad, strong peak lying in 3490 cm™ is related
to the flexible vibration of the hydroxyl group (~OH), which
specifies that the quantity of hydroxyl group (-OH) reduces,
with similar results observed in fly ash-filled epox
[15]. The three characteristics® peak around 2950 cm™! is related
to the —~C-H- stretching vibration of the propyl group, a similar
peak observed in high-density polyethylene-fly ash cenosphere
composites [14]. —NH, deformation mode is witnessed at 1550
cm™!. The CH, deformation modes of propyl amine is observed
at 1300 cm™!. CRP composites having a peak of 1030 and 1085
cm™! are caused by the -OH hydroxyl group and are associated
with the Si-O bond asymmetric stretching vibrations. In addi-
tion, the bands at around 441.6 cm™! show the presence of Fe—Q
stretching vibrations in cenosphere composites [15].

Y composites

3.3 Mechanical properties

The tensile strength of cenosphere-reinforced €pOoXy compos-
ites is shown in Fig. 4. It is noticed that the tensile strength of

VFS  10.000 cps

0.60keV  Macker 1H  Cursor 0.000keV 0.000 ps 40,96 keV

Fig.2 X-RF image of cenosphere particles

Table 2 Composition of cenosphere powder obtained by X-ray fluorescence spectroscopy (XRF)
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Fig.3 FTIR spectra of cenosphere—epoxy composites

neat epoxy is 12 MPa; with the addition of cenosphere content
(7.5 vol. %), the tensile strength increased marginally, and the
maximum of CRP composites was attained at 19.5 MPa of
22.5 vol.%, when compared to pure epoxy it is ~ 60% higher
than it. Incorporating cenosphere into the epoxy matrix modi-
fies its nature from brittle to tough, which is the affidavit for
the hike in tensile strength [19].

The flexural strength of cenosphere-reinforced epoxy com-
posites is exposed in Fig. 5. The values of CRP composite flex-
ural strength are increased with the addition of particle content
7.5 vol.%. Further loading of filler content to 15 vol.%, the
flexural strength increases to 54.5 MPa, which is ~ 91.2 times
higher than the neat epoxy. Still, adding cenosphere particles
into the epoxy matrix reduces the flexural strength due to the
agglomeration of cenosphere particles into the matrix, which
leads to cluster formation and restricts the melt flow and more
slippage of layers took place while the bending test [16].

The impact strength of cenosphere-reinforced epoxy
composites is exposed in Fig. 6. From impact test results,
the energy observed by epoxy is much less than the other
CRP composites. The trend indicates an increase in impact
strength with increasing cenosphere content. Including
cenosphere particles (7.5 vol.%) in €poxy resin increases
the impact strength. It increased particle content from 7.5
t0 22.5 vol.%, and the impact strength :fé}iched the maxi-
mum level of 19.68 kJ/m” because éboxy"sﬁb;i&léngture
transformed into a tough state. /'~ kO ;

Elements Al Si S

K Ca

Composition 22.7 49.16 0.37

11.03 3,55
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Tensile strength (MPa)

&

CRP22.5

CRP 7.8 CRP 15
Specimen identification

Fig.4 Variations of tensile strength with volume fractions of ceno-
sphere particle

Flexural strength (MPa)

CRP 7.5
Specimen identification

CRP 15 CRP 22.5

Fig.5 Variations of flexural strength with volume fractions of ceno-
sphere particle

3.4 Fractured surface morphology

The SEM micrograph investigations have demonstrated the
state of cenosphere particle dispersion and distribution at
the micro-structural level (Fig. 7). The surface morphol-
ogy showed that the cenosphere content increases, and the
number of visible cenosphere particles on the scanned sur-
face increases, indicating good distribution (Fig. 7b—d). The
presence of the cenosphere tightly embedded and mechani-
cally interlocked by the resin indicates good dispersion of

the particles in the bulk of the matrix at higher loadings of
cenosphere content.

Impact strength (kJIm’)
>
1

EP CRP7.5 CRP 1
Specimen identification

Fig.6 Variations of impact strength with volume fractions of ceno-
sphere particle

Figure 7b and ¢ corresponds to CRP 7.5 and CRP 15;
more cenosphere is distributed across the fractured surface.
The surface characteristics also indicate that shear deforma-
tion has been substantially stopped, possibly due to increased
mechanical constraints imposed by cenosphere particles.
More intense filler dislodging was observed on increasing
the cenosphere loading to 22.5 vol.% (PPC-20) (Fig. 7d).
Dislodging of cenosphere particles is also discernible on the
surface, indicating a poor state of polymer—filler adhesion.
Additionally, a broken cenosphere indicates a shift from duc-
tile plastic deformation to brittle failure in moderately filled
composites. Increasing cenosphere content decreases inter-
particle distances, limiting the polymer phase’s contribution
to fracture mode via homogeneous deformation [23, 24].

A higher amount of cenosphere particles reduces the
inter-particle distance and incompatibility of filler/matrix,
restricting the epoxy matrix to contribute to fracture mode
(homogenous deformation), as shown in Fig. 6b and c. The
bulk morphological feature shows up to 15 vol.% of loading
(CRP 15 vol.%), matrix-controlled deformation, whereas
beyond that, basically on cenosphere controlled as clearly
shown in the micrograph, massive deboning of particle into
matrix Fig. 7d.

3.5 Dynamic mechanical analysis .
3.5.1 Storage modulus

The solid-state dynamic mechanical results with the varia-
tion of storage modulus are shown in Fig. 8 at a frequency
of 1 Hz. The storage modulus increases dramatically by
implying cenosphere into the epoxy matrix over the com-
plete temperature. The E' increased from 3.8 GR&??&\S GPa
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Fig.7 SEM micrograph of
tractured surfaces. a Tensile
tractured specimen of EP. b
CRP 7.5 vol.%. ¢ CRP 15 vol.%.
d Tensile specimen of CRP 22.5
vol.%

W0OW  SgMATNIIBD  Dete 13.n 2017
Time 143349

WOs §0mm  Migs 300X

7 £
D00 SgwAsNTSESD  Ose 1342017

Omm  Mage 300X Teme 124738

Ve .
O 20000  SgrwAsATIESD  Ose 13n 017
V0. 0sem  Wege 30X Towe 143720

CRP 7.5

CRP 22.5

Storage modulus (GPa)
=
1

0.0

T T T T T T
40 60 80 100 120 140 160 180
Temperature (°C)

Fig.8 Storage modulus vs. temperature

with 22.5% cenosphere concentration, followed by other
compositions. This effect can be ascribed to the high intrin-
sic stiffness of cenosphere particles. This reflection agrees
with the theorectical expectation that is characteristic of
rigid spherical particle-filled composites. A similar trend
was noticed with the addition of cenosphere in epoxy foams
[19]. Further increment of temperature E’ decreased gradu-
ally due to softening of the composites, and a sharp, deep
fall occurred between 50-85 °C, corresponding to glass

@ Springer

transition temperature (Tg). E’ can be preserved above an
increased temperature range at a higher moderate level.

3.5.2 Loss modulus

The dependence of cenosphere content on the loss modulus
of CRP composites at a frequency of 1 Hz is shown in Fig. 9.
The magnitude of E’ increased substantially with incorporat-
ing of cenosphere particles on the epoxy matrix, reaching the
peak value of 0.45 GPa. Further loading of the cenosphere
reduced the loss modulus slightly. Still, all reinforcement had
close loss modulus values. The loss modulus increased over
the entire temperature and attained a maximum value; the
further increase in temperature reduces the loss modulus due
to the free movement of polymer chains [25, 26]. The loss
modulus also increased around 60-70 °C in the glass transi-
tion region; this is in agreement with the storage modulus.

14 . L

3.5.3 Complex modulus

The effect of the tan delta on CRP comﬁds;kgffs‘? W)
Fig. 10. The tan delta, which displays variations if the vis-
coelastic behavior of the materials, seems to be a ratio of a
loss modulus to a storage modulus. Cenosphere incorporation
reduces the tan delta due to greater restriction in the appropri-
ate movement of the molecules in the CRP composites. The
interfacial bonding will be accelerated, and slippage will occur
when the composites undergo high temperatures, which may
indicate energy loss between the two phases. The tan delta

X
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Fig. 10 Tan delta curves for CRP composites

peaks for epoxy (EP) are around 78 °C and are not significantly
shifted to all other reinforcements, that confirm the addition
of cenosphere will not affect the Tg. The growing trend of E’
and decreasing the tan delta at elevated temperatures ensures
the solid interface between the cenosphere and epoxy matrix
and interaction among cenosphere.

4 Conclusion

qsing cenosphere as the filler material, the present research
aimed to develop a sustainable, new epoxy-based polymer
material for lightweight applications. On specimens fabri-
cated from an epoxy matrix material reinforced with 7.5,15

and 22.5% cenosphere by volume, tensile, flexural, impact:

and dynamic mechanical tests were conducted, and the fol-
lowing conclusions were drawn.

The better interfacial adhesion between cenosphere and
epoxy and this result enhanced the mechanical properties.
An increase in the volume percentage of the cenosphere in
the specimens increased the tensile strength. As a result of
the incorporation of a spherical cenosphere into the matrix
material, crack growth along the matrix material was slowed
during tensile loading. During tensile loading, the interac-
tion of crack fronts with the cenosphere, as opposed to the
matrix material, improved the tensile properties of epoxy
specimens relative to those of unmodified epoxy specimens

The flexural strength of the epoxy matrix increased with
the volume percentage of the cenosphere because ceno-
sphere fillers can absorb compressive loads during.point
loading. The impact properties of the epoxy matrix are
dramatically increased by adding a higher percentage of
cenosphere.

DMA investigations showed that the damping proper-
ties of cenosphere-filled composite is enhanced. The tan 6
value of the composite filled with 7.5 and 15 vol.% ceno-
sphere decreases slightly higher than the matrix. But the
tan & value of the composite filled with 22.5 vol.% Ceno-
sphere decreases slightly lower than the matrix. Thus, add-
ing a cenosphere certainly enhances the damping capacity
of epoxy resin. As a concluding remark, cenosphere-filled
epoxy composites are preferred for lightweight applications
and various applications.
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ARTICLE INFO ABSTRACT

Koywords:

GFRP panel

Graphene

Mechanical characterization
Vibration analysis

Static bending

The present study investigates the material, mechnanical, static bending and vibratfon characteristics of glass fiber
reinforced polymer (GFRE) compasites relnforced with graphene nanofillers. The erystallinity, functional groups,
morphology, and tensile and flexural st rengths of GFRP and graphene teinforced GFRP composiles were exam-
ined using a variety of material and mechanlcal characterization techniques, including X-ray diffraction (XRD),
Fourier transform infrared spectroscopy (FT-IR), scanning electron microscope (SEM), and tensile and flexural
tests. The first-order shear deformation theory (FSDT) based finite element (FE) model was developed to gbuain

the static bending and vibration characteristics of the graphene reinforced GFRP composite panels. The validiry
of the FE model is matched with numerical data published in the lterature, Further research is conducted Into
the effects of the wids of graphene, end conditions, curvature ratio, and aspect ratlo on the statle bending and vi-
bration characteristics of graphene reinforced GFRP panels, The findings of this study indicate that graphene re-
inforced GFRP panels could be utilized in a varlety of applications, particularly for parts used in the aeraspace

and automotive Industries,

1. Introduction

Cemposite structures are frequently used in the military, marine,
and aviation industries because of their exceptional stiffness-to-weight
ratio, high shear strength, and lower density [1.2]. The fiber-matrix in-
terfacial adhesion of composites with fiber reinforcement greatly en-
hances their mechanical performance. These composite structures' stiff-
ness is frequently decreased by dynamic loads in various environments,
To enhance the mechanical characteristics of such structures, nano par-
ticles such as carbon nanotubes (CNT) 3] and graphene [4] have been
incorporated into laminated composites. Compared to CNTs, graphene
has a greater surface area, which makes it less expensive to synthesize
[5]. Graphene is renowned for its higher strength and stiffness, and as a
result, it acts as a matrix filler, increasing the interfacial surface area for
matrix bonding and thereby increasing the matrix's strength and modu-
lus [5-8). The flexura) and tensile strength of the composites were im-
proved by an effective load transfer achieved with graphene in epoxy
due to the wrinkled structure and increased interfacial bending [9]. Ac-
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cording to Netkueakul et al, [10], increasing graphene In epoxy re-
duced particle aberration, which was further reduced as the fller parti-
cle surface area was reduced, Han et al, [117 showed higher mechanical
and thermal performance employing graphene In epoxy over CNT-
epoxy due to the high specific surface area offered by the graphene for
adhesion and Interlocking process between wrlnkled graphene and
epoxy.

Surface roughness is created by functionalizing graphene, which al-
lows graphene to interlock with epoxy, Improving mechanical charac-
teristics and allowing for effective stress transfer [12]. Sharma et al,
[13] found that the polar functionalities at the n argins of graphens ox-
Ide (GQ) and epoxy chains interact to cause interfacial adhesion bo-
tween carbon fiber relnforced polymer (CFRP) and graphene. At the
fiber matrix interface, there is an Inherent weak 2one that can be im-
proved by boosting reaction sites or triggering surface energles with
chemicals. As a result, graphene functionalization enhances Interfacial
adhesion. The mechanieal characterlstics of epoxy composites were sig.
nificantly improved by using fillers like graphene nanoplatelets (GNP}

Dr. K. PRATHEESH
Head of Department .
Department of Mochznical Engineering

INon-; Low-resolution images were used {g_gr:‘gﬁfij"tﬁ'ig PDF. The original images will be used in the final composition.
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Fig. 1. Preparation of graphene reinforced GFRP compaosites (a) raw materials (b) dispersion (g} fabricailan [dl specimen.
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Fig. 2. FTIR spectra for GFRP compogiiés with various wi% of graphene.

or GO [14-16). Wu et al. (171 looked inio the interaction of GO's oxy-
gen functions with epoxy and discovered that a wrinkled shape im-
proved the interfacial strength of Aramid fisers. According ta Qin etal.
[18]), GNP coated CFRP/epoxy composites had 52 % higher flexural
strength and 19 % higher Interlaminar shewr strength than yncopied
CFRP/epoxy composites, The compressive and flexural propertios of
compasites were reported to be improved by the impregnation of car-
bon nanofiber with CNT-epoxy by Iwahori etal. [19]. Kim et al. [20]
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found that 0.3 wiff CNT iﬂﬂdlnﬁ h ;pq.q ﬁm‘lqmuy Increased flex-
pral modplus, srre;';gtm_am!,{mqm i l]‘l yhe.q gampared to unfilled
CERP compoises, EXpes s wu wsed By Sbankar et al.
i'Zi] to gxamjine lhl: hyd .k *nL gl [‘l-l.!ll-‘[-ﬂl‘hﬂﬁ af the
praphenq reinforep epoxy | |mn§iq|£¢i __91#!. o;{ ol (23] proposed that
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tion to the ingreage in m ﬂﬁl ﬁ;pr. This was per-
formed by ohtalg!,ng bighér wiinals’ tchule rengih #od Nexura)
strength valuea wi{.h pn* 5 ﬁql im‘ﬂ I & duratlon of
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Table 1
d-Spacing of GFRP compasites with various Wit of graphens

XRI} paranmieter 025 wite

05 wits DTS witsy
2Thetal”) GERP 2591 2
- 2601 3
o inm) GFREP 0340 42 2;4;:'1

60 min sonication, but after 4 wi% of GNP, i1 considerably decreased
due to the particle agglomeration, Wang et al. [23] found that the
3 Wit GNIY GFRP improved flexural strength by 16.20 %, Also, the
flesural modulus of the GNP/GFRP was 26.3 % Increased with 5 wi%
GNP reinforcement,

The vibration and buckling analysis of functionall y graded graphene
platelets (FG-GPL) reinforeed beam using Timoshenko beam theory was
carriedd out by Kitipornchal et al. [21]. They suggest that using
graphene platelets (GPL) with larger surface areas but fewer single
graphene layers o achieve higher fundamental frequencies and critical
buckling stresses. The non-linear vibrational properties of FG-GPL
plates with a piezoelectric layer were examined by Thanh et al. [25] us-
ing classical plate theory. Ghasemi et al. [26] obtained a higher fre-
quency for symmetnically reinforced CNTs/fiber/polymer/metal hybrid
cylindrical shells than asymmetrically reinforced shells. Qin et al. [27)
investigated the vibration characteristics of functionally graded (FG)
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Fig. 4. Tensile strength for GFRP compuosites with various wi% of graphene,
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nanocomposite shells reinforced with GPL based on first-order shear de-
formation theory (FSDT). They reparted thar various parameters such
as filler layers, weight fraction, and aspect ratio influence the frequency
response of FG graphene shallow shells. Bidgoll et al. [24] Investigated
the vibration characteristics of sandwich shells with CNT.reinforced
piezoelectric face-sheets using the inverse hyperbolic shear deforma-
tion theary (IHSDT). Rahimi et al. [27] reported higher natural fre-
quencies for simply supparted condlitions than the cantilever boundary
conditions of FG-GP'L reinforced shells. While increased GPLs and de-
creased porosity Increased the natural frequencies. Mellouli et al. [30]
used modificd FSDT 1o analyze the free vibration of a FG-CNT
nanocompaosite shells, Zhang et al. 1111 | used FSDT to analyze the bend-
ing, buckling, and vibration of graphene oxide powder (GOP)-
reinforced nanocompaosite beams. They found that the GOP performed
better than CNTs al enhancing the mechanical behaviours of nanocom-
posites.

The bending and dynamics of a nanocomposite shell panel rein-
forced with FG-CNT were examined by Zhang et al. [32] using FSDT.
They discovered that the non-dimenslonal deflections reduced as the
CNT concentration increased. The bending properties of composite
plates reinforced with FG-CNT were examined by Soni et al. [33] using
the IHSDT. Arefi [34] observed a decrease in in-plane and transverse
displacement components for a doubly curved piezoelectric shell with
an increase in small-seale parameters. The bending and vibration analy-
sis of FG-GPL shell using ispgeometric analysis (IGA) combined with
higher order shear deformation theory (HSDT) was carried out by Van
Do et al. [33] and they found that the GPL reinforcement pattern, and
weight fraction improved dynamic behavior of graphene embedded

_cylindrical and spherical panels. Wuite and Adali [36] characterized

the impacts of CNT volume percentage and diameter on deflection and
made comparisons with CFRP composites, finding that CNTs had a stiff-
ening impact when employed in structural applications like beams.
Tomabene et al. [37] examined the effect of agglomeration by altering
particle concentrations and using a variety of functions to reflect the
volume fraction distribution acress the shell thickness. Numerous para-
metric investigations have demonstrated that the aggregation of CNTs
significantly affects the static response of composite structures. The
bending analysis of laminated composite shells carried out by Sharma
et al. [38] using IHSDT.

Althaugh most of the research on the vibration and bending behav-
ior of CNT and graphene reinforced nanocompesite structures without
fiber reinforcement has been published in the literature review, the dy-
namic and bending characteristics of grapheme reinforced GFRP com-
posite panels has not been investigated. Initially, the flexural and ten-
sile properties of GFRP laminates containing 0-0.75 wi% graphene
were assessed using ASTM standard tests. A FE model based on FSDT
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Fig. 5. SEM images of GFRP composites (a) Neat GFRP (b) Graphene reinforced GFRP composites,
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has been formulated to evaluate the vibration and bending responses of
graphene reinforced GFRP composite panels. In terms of natural fre-
quencies and deflection, the validity of the FE data is compared to nu-
merical studies in the literature, and it demonstrates an incredibly high
level of agreement for composite panels, A parametric study of the in-
fluence of graphene weight percent, end conditions, and aspect ratios
on the vibrarion and bending responses of graphene reinforesd GFRP
composite panels was also performed.

2. Material and mechanical characterization of graphene
reinforced GFRP composites &

Fig. | depicts a flow chant of the manufacturing process. The
graphene nanofiller was mixed in ethanol and scnicated for 30 min,
After that, the DGEBA epoxy was added to the solution and sonicated
for 1 h in a cold bath. The mixture was stirred at 250 pm for 1 h at
50 *C on a magnetic stirrer with a heated plate until the ethangl had
fully evaporated. The mixture was degassed in a vacuum oven, then
the curing agent was added in a 1:10 ratlo. Furthermore, 2 hand layup
approach was used o thoroughly fill twelve-layer glass fiber with (he
epoxy-graphene matrix, and the manufactured composites were cured
in a vacuum oven at 70 "C for 12 h.

2.1. FIIR analysis

A Fourier transform infrared {(FTIR) spectrum was used to track the
interaction of a functional group of graphene reinforced with GFRP
composite. Fig, 2 shows the graphene reinforced GFRP composite's
FTIR spectrum. The peaks at 1072 am-!, 1236 cm-!, 1506 em-1,
1606 em-!, and 2924 cm! are due to the C—N, C—0, N—0, C=C¢,
and C—H stretching respectively. The stretching vibration of the
N=H group, which is missing in the neat GFRP composite, js attrib-
uted to the peak at 3369 cm~1., The peaks at 3381 cm-), 2926 cm, and
1606 em-! show N—H stretching when the graphene interacts with
the GFRP. The nitro group's C—N stretching is represented by the new
peaks at 1230 cm~! and 1031 cm-1, and the N—0O stretching is repre-
sented by the peak at 1506 cm~). The interaction of the filler and the
epoxy Is indicated by the peak shift from 711 em-' for GFRP to
825 em™! for C=C stretching, The N—H and C—N siretching peaks
are missing in GFRP, but their existence in the graphene reinforced
GFRP demonstrates graphene-epoxy interaction with GFRP, The fune-
tional group interaction may be seen in the peak changes for the methyl
and nitrile groups when filler/epoxy is added to the fiber.
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2.2, XRD analysis

A Bruker DB advanced diffractometer was used for the X-R:Y}g-g
fraction experlment, which was adjusted at 40 kV and :!l]‘m..ﬂ.. Td.iz[frac-
diffractograms of the GFRP composites are shown in Fig. 3. Th:o e
tion specira from 0" to 60° were displayed at a scan rate © & [aF:r-
minute, and the d spacing was calculated using Braggs Jaw:
An = 2dsing, where 4 Is the Incident ray wave-length, 0 is the incident
angle, and 'n' is an Integer denoting the order of mﬂet_-dun from the
solids. Table 1 shows the d-Spacing data of graphene reinforced GFRP
composites. The hexagonal primitive structure was represented by the
diffraction crystal planes (002) and (100). For GFBP‘wIth 0.75 wi%%
graphene, 2theta = 25.66° was achieved. The composites had a maxi-
mum Interlayer spacing of 0,34 A for specimens with 0.5 WI%. and
0.75 w1% graphene and a tiny diffraction peak at 2theta = 26.01 anl:l
25.66", respectively. This suggested that the GFRP composites had ei-
ther an intercalated or an exfoliated structure.

2.3, Tensile characteristics

The tensile characteristics of the graphene reinforced GFRP compos-
ltes were tested (Instron machine, Model 8801) according to ASTM
D3039 with a sample dimension of 130 mm x 13 mm % 2.5 mm. The
average stremgth values are shown in Fig. 4, The GFRP reinforced with
filler obtained a maximum Increase in ultimate tensile strength (UTS) of
31.39 % compared 1o neat material. The tensile strength enhancement

. was due to the well dispersed and non-agglomerated nanoparticles that
led to better interfacial bonding with the composite surfaces. The supe-
rlor strength of composites is due to this interfacial interaction with the
stretching of surface functionalities of graphene/epoxy and GFRP,

The fractographic analysis of the graphene reinforced GFRP com-
posites was performed with SEM (ZEISS-EVO18). Fig. & (a) shows neat
epoxy with more debonded fibers, The fiber pullout is visible in Fig. 5
(b) and shows the interfacial Interaction between ductile hackles and
the matrix material on the fiber surface, indicating a superior interac-
tion due to the fine dispersion of filler, These observations depict matrix
toughening and a strengthened fiber-matrix interface with graphene re-
inforcement, where the functional group interactions {methy! and ni-
trile] at the nanoscale led to the improved com posite stiffness.

2.4. Flexural characteristics

The flexural characteristics of the graphene reinforced GFRP com-
posites were tested according to ASTM D-790 with a sample dimension
of 128 mm % 13 mm % 4 mm, Fig. 6 depicts the GFRP compasites’
flexural strength values, The GERP reinforced with filler obtained a
maximum increase in flexural sirength of 13.08 % compared to neat
material. The flexural strength enhancement was dus to the incredible
rigidity offered by the filler that enhanced the load bearing ability, Fig.
7 (a) shows pristine epoxy-fibers on the surface, as well as longer length
projecting fibers free of matrix, which are evident due 1o podr interfa-
cial adhesion, The matrlx Impregnated GFRP, which was filled with
filler, was hardly projected out, Fragmented fiber surfaces, on the other
hand, developed matrix traces on the surface without disrupting the in-
terfacial layer (Fig. 7 (b)), The superior flexural strength of composites
is due to this interfacial interaction of graphene/epoxy and GFRP.

3. Mathematical formulations

A laminated panel made of graphene reinforced GFRP composite
was featured in this work for the development of the FE model, Fig. 8
(a) shows a schematic illustration of 2 composite panel. The mechanical
loading details are shown in Fig, 8 (b) and (c). The composite panel's
length is L, thickness is H, while the radius of curvature and subtended
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(c)

Fig. 8. (a) GFRP panel (b) Sinusoidal distributed load (SSL) (<) Uniformly varying load (UVL)

Table 2
Vertical deflecton of clamped cylindrical panel subjected to UDL 2758 Pa.

Mesh size  Vertical deflection (mm)

Present FSDT  Van Doetal [35]  Aghdam etal [41]  Reddy [42)

2x2 0.2914 0.2885 0.281 0385
4 x4 0.2596
6 x 6 0.2891
Bx8 0.2587
10 x 10 02886
12 x 12 02886

Table 3
The non-dimensional deflection of the CNT reinforced coumposite sructunes
under UDL.
Valume fraction of CNT Nomdimensional deflection  eny
Sond et all [33] Preseat FSDT
ol Q03s08 [IRLEA ] QT
o4 [Ny | QO asr
ol 0.02330 QiZss (L]

angle are R and, 6, respectively. The FSDT displacement fleld compo-
nenis are shown in |32],

w(ry.z) =, (W) + 24, () W
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Table 4

Stresses and non-dimensional deflection of laminated compesite sinicture un-
der SSL.

Relerences s W J S ¥ LY
ror
Pagano | 11] Q4388 1285 033  0de 006 2m
Sahooand Singh {41 04M1 o3 05482 178 00216 M
Present FSDT 04130 . 05365 - oom -
Table 5

The non-dimensional frequencies of the cylindrical panels,
End eonditions. Rl

Non-hmensional narural frequentcies

% errar
Van Do et al, {15 Present FSDT
[snd 5 142 Har =-0.26
10 118449 1189 =0.24
20 1w 11245 =124
50 11.0295 11.058 =0.24
100 11002 11028 =-0.%3
5588 5 78361 7.798 048
1a 5.5434 6.529 022
20 6177] 6,170 011
50 60705 6.065 0.08
100 6.0551 6.051 07
vty = o+ =4, (o) (2
wWv o) = w, (ny) (3

where u and v denote the displacement field elements of the GFRP
panel with respect to the x and y axes, The mid-plane displagements of
the GFRP layers aleng the x and y axes are U, and v, The rotational dis-
placements are denoted by A.and 4. The transyerse displacement gn
the z axes is denoted by w. :

The strain energy equation is as follows:

U=%f{:a|"(e;)m

A

()
The kinetic energy equation is stated ag

T= 31Ul () (&3]

Nine-noded isoparametric elements with 5 degrees of freedom (8ig,
Yo, W, &, A, by, 8} at each node were cvolved to develop the equatipns
of motion. The deformation fleld veetor {d) and shape functions (NJ are

used te describe deformations of the GERP panel at any point.
9

=3 [¥){ ()} (6)
=1

The Lagrange's equation is used to obtain the governing equation for
dynamic analysis of the GERP panel, which is written as [39]
{"'TI {d}+ [k;-} ) = (£} @

where & and m are the element structurat stiffness and mass magri-
£e%, Tespectively. The displacement fald veetor is d, and the force yec-
tor is £ The system EOverning equation is written as

B e d e s o
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)
(U =W)m0 2

where U s the total straln energy; W is the ‘:;rk done; 5 is the varla-
tion symbol; and I = I/ - Wis the tolal potential energy,

Th{- governing cquatlons for static bending analysis of the GFRF
pancl In the FE form are represented as

IK)(q) = [F] (10)

4, Validaton

This section compares the cutcomes of the current FSDT formula-
tlon with those mentioned In the literature by taking lato account a
range of numerical instances. A convergence study was first performed
te determine the {deal mesh size for fine-tuning solutions. The results of
composite panels in this numerical analysis have converged with a
mesh slze of 12 % 12, Dye (o the faster processing time, the entire nu-
merical research was carried out with the same mesh size for all the
paramelric conditlons. The numerical solutions given in Van Do et al.
135] for a composite panel are used as a comparison in this validation
study, For the simulation, the following properties are taken Into ac-
count: L/R = 02, R = 254 m = IL46% h/R = G.00125,
E=2310GPa and v = 0.3. Table shows the vertical deflection of the
panel, A significant level of tonsistency can be seen between the Van Do
et al. (35 results and those abtained using the present FSDT.

The developed FSDT madel is further validated for CNT reinforced
nanocomposite plates under 5553 conditions. The geometrical and ma-
terial detalls of the structure are Laken from Soni et al, (33]. Table 3
contrasts the non-dimensional deflections caleulated
plate using the current ESDT with those documented in the literatyre,
They are confimed to be i good agreement.

The correetness of the FspT formulatien Is further confirmed by

with the various propenties  considered  ag; Ey/E, = 25
G2 = Gy3 = 0.5E, G,y = 6.28, v12 = 0.25, L/h = 100 and ply orien.
Lation = [0%/900,902/09], The findings are shown in Table 4, The find-
ings of the current ESDT formulation an

hoo and Singh [44] are in good agreement,

The reliability of the FSDT is further confirmed by matching the oyt

comes produced with the current FEM te those found In the literature,
Subramani and Ramamoorthy {39] provided the material ang geomet-
rical details for the CNT reinforced GERp Cylindrical panel, such as:
Ey = 3029 GPa, E; = .93 GPo, 1); = 02813 G,; = 279 Gpg,
Gy = 252 GPa, p = 1697 kg/mt, L = g3 mB=03m
H = 0.0013 m and, ply erientation = {90‘!(?!90‘!0‘/90‘]. Table 6
confrasts the natural frequencies calculated for the CNT reinforceq
GFRP panel using the current FSDT with those documented in the liter-
ature [39]. They are confirmed to be i excellent agreement,

5. Struetpral et i el ooy s el = 4 g v
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Table 6

Nawral frequencies of the CNT reinforced GERP camposite eylindical panel wnder CYFE end comithon

kel of M g Pasessen vy (v A

Mo Natural frequencies (He)
() P S— -
Subranumu and Ruwuneuthy | 9] Fiewend Finl
Exp resules Curvatue ratio (R1) PRI yoaudiy vt gatin (LY
5 10 20 Flaty 5 10 0 Wate
L1 6.3 [ 630 6as (1] a2 [RE B3] ()] L]
L2 13,27 1336 13 (EE [RRE (| (AR} (RIL 108 naor
2.1 a2 39,70 39T 7L 200 RERT] A0 ELTY) An Bl an e
22 47.60 5137 SLoa 5173 8178 4011 RO A 0O sand L L

() Clamped-clamped-

clamped-clamped (CCCC)

(b)Y Clamped-tree-clamped-
free (CFCF)

(¢} Clamped-[ree-tiee-five

(CYEF)

N

() Simply supported-tfree-simply supported-
free (SISFY

(c) Simply supported-simply supported-

simply supported-simply supported (S555)

Fig. 9. Various end conditions considered for the analysis,

taken into consideration in this investigation, The considered panel has
the following geometrical properties: length (L) = 600 mm,
@ = 25.66°% radius of curvature (R) = 1200 mm, ply thickness (h) =
0.2083 mm and thickness (H) = 5 mm. The material detalls for the
graphene reinforced GFRP compasite are taken from Section 2 such as:

E, = E = ~-LI126° + 3624Gr + 6.861 GPa
L E] = —0.008Gr3-0.065Gr + 0.2998,
Gz = -04001G* + 14052Gr + 263 GRe,  and

p o= 24.86r7 + 13.4Gr + 17181 kg/m', where Gr is the wt% of
graphene.

5.1, Static bending behavior of GFRP compasite panels

The effect of welght percent of graphene (0, 0.25, 0.5, and 0.75) on
the static behavior of the graphene reinforced GFRI' composite panel
under different end conditions is analyzed, including two types of me-
chanical loading conditions (UVL and $SL) and shown in Figs. 10 and
11. For comparison, the deflections for the neat GFRP compasite panel,
which has no bearing on the graphene addition, are also shown. As ext
pected, the deflection significantly decreases after the graphene Is in-
corporated into the composite panels, and steady deflection reduction
is observed as the graphene weight percentage luereases, which {s due
to the resulting increased stiffness of the composite panel. The deflec-
tion of the graphene reinforced GFRP compaosite panel is 24,42 % less
than that of the neat GFRP panel under CCCC conditlons. This is caused
by the greater stiffness of GFRI' panels with graphene reinforcement, A

o

similar pattern of behavior was reported by Van Do et al, 135] for FG-
GPL reinforced nanocomposite panels. It can also be seen that as the
curvature matlo increases, the non-dimenslonal deflections Increase,
From the results, It Is observed that the starle bending of GERP comypos-
ite panels appears to be reduced more eflectively by the graphene refi.
forcement,

The influence of the aspect ratio on graphene relnforced GERP com-
posite panels under CFCF end conditlons has Been studied and the e
sults are presented In Fig 12 The deflections increase with the (nflu-
ence of the aspect ratio. As a result, it can be Inferred that the dtellec
tions are less for thick GFRE panels as compared o thin GFRP panels,
Fig, 1.3 demonstrate the analysis of the effects of eurvature ratlo on the
stresses of the graphene reinforeed GERF compaosite panel under CFCF
end conditions, The In-plane and transverse stresses of the graphene e
infarced GFRP composite panel are significantly (nfluenced by the cur-
vature ratio, [t appears as an increase In fneplane and transverse stresses
as the curvature ratlo rises, This may be because Nat structures are less
stY than panels with the least amount of curvature since they supply
less bending and stretching energy,

5.2, Vibration behavior of the GFRP composite panels

The effects of increasing the welght percentage of graphene on the
dynamic behavior of the GFRP composite panel under varlous end con-
ditions are examined. Vig. 14 shows that the natueal fresquencles were
higher in GFRF composite pancls with graphene relnforcement than in
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Fig. 10. The non-dimensional deflection of the GFRP panels with various wi% of graphene reinforcement under UVL. {a) CCCC {b) CFCF (c) SFSF (d) 555&

neat GFRP panels. The fundamental frequency of the graphene rein-
forced GFRP composite panel is 14.13 % superior to those of the GFRP
panels without graphene reinforcement under CCCC conditions, This is
because graphene and glass fiber have a high interfacial interaction,
which helps to enhance the stiffness of the GFRP composite panels rein-
farced with graphene.

The findings of an investigation into the impact of altering the as-
pect ratios on the vibration behavior of the GFRP panel under CFCF end
conditions are shown in Fig. 15, It has been discovered that the natural
frequency of the GFRP composite panel decreases as the aspect ratio
rises. This might be because the rigidity of the panel is decreased when
the aspect ratio rises. The impacts of increasing curvature ratios under
CCCC end conditions are explored on the vibration characteristics of
the GFRP composite panel, and the outcomes are shown in Fig. 16, The
findings demanstrate that increasing curvature ratio decreases the nat-
ural frequency in all the modes investigated. This may be due to the fact
that the composite panel with the least amount of curvanure produces
greater natural frequencies since it offers more bending and stretching
energy than flat structures,

6., Conclusions

In this study, the material, mechanical, static bending and vibration
properties of graphene reinforced GFRP composites were investigated.
XRD, FT-IR, and SEM were used to analyze the material characteristics
of GFRP compaosites reinforced with graphene. According to the XRD
analysis of graphene reinforced GFRP composite, the increased d-

spacing of graphene facilitates the dispersion of particles in the matrix.

Peak shifts for the methyl (—CH2) and nitrile (—C—N) groups of the
graphene filler with fiber are shown in the FTIR spectra, demonstrating
a functional group interaction. For graphene reinforced GFRP compos-
ites compared to pristine GFRP composites, the tensile strength and
flexural strength increased by 31.39 % and 13.08 % respectively. Ac-
cording to the numerical findings, GFRP panels with graphens rein-
forcement have lower non-dimensional deflections than GERP panels
without graphene reinforcement, The deflection of the graphene rein-
forced GFRP panel is 24,42 9% less than that of the neat GFRP panels un-
der CCCC end conditions. It was found that the deflections decreased
along with the weight percentage of graphene. The fundamental nat-
ural frequency of the graphene reinforced GERP panel is 14.13 %
higher than that of the GFRP panel under CCCC end conditions. Further
findings from the parametric investigations have shown that the wid6 of
graphene, curvature ratio, aspect ratio and end condition have notable
effects on the static bending and vibration behavior of the GFRP com-
posite panels, Consequently, the current study may serve asa guide for
the efficient design and development of GFRP panels reinfarced with
graphene for aerospace applications,
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INTRODUCTION

Abstract

This study examined how the diameter and length of corn husk fiber affects
the mechanical, fatigue, and DMA properties of epoxy-based composite mate-
rial. As filler, biosilica, which is made from wheat husks, was used to make
composites. By hand layup process, the composites were created and then
characterized as per the ASTM standards. Results revealed that the N21 com-
posite designation offered improved tensile and flexural strength, Izod impact
and hardness up to 94 MPa, 137 MPa, 3.62 J, and 86 shore-D. But compared to
all composite designations, the composite designation N23 has the highest ten-
sile and flexural strength, Izod impact, and hardness values, which are
134 MPa, 182 MPa, 4.84 J, and 88 Shore-D, respectively. Similarly, the compos-
ite designation N21 gives improved fatigue life counts of 21,629 by adding 1vol.
% of biosilica and fiber length of 70 mm and diameter of 200 pm. In the same
way, the highest storage modulus and loss factor of 5.5 GPa and 0.3 were noted
for composite N23. The fiber diameter of 200 pm and a length of 70 mm dem-
onstrate effective load shearing phenomenon and bonding between the fiber
and matrix. Overall, the lesser diameter fiber with a higher length outper- -
formed and it is recommended for high-performance composite making. :

KEYWORDS
dynamic mechanical properties, fatigue, natural fiber, SEM, WHA biosilica

possible to conduct research on com husk, a cellulosé rich

Natural, renewable, and biodegradable products have been
developed as a result of growing public awareness of envi-
ronmental issues worldwide since they do not release any
harmful pollutants during production, use, and disposal.[”
Businesses in the textile and other fiber-using industries
have been searching for new natural fiber sources that
might be compared to the performance characteristics of
important natural fibers like cotton and linen for years.
This could reduce the dependency on land and other
resources needed to produce fiber at a profit.l It may be

fiber that is generally discarded as garbage, as a textile
fiber. The second-most significant crop in the world is
corn, also referred to as maize. Stover (stalk, leaves, and
husks), which is produced during corn farming, has been
studied for a variety of reasons by researchers.”) A more
environmentally friendly material for cleaner production,
Hassan et al.""! studied the mechanical, fatigue, and DMA
behavior of corn husk fiber and orange peel biochar epoxy
composite. Developing a high-toughness bio composite
cleaner manufacturing material for cutting-edge engineer-
ing applicatiqn§ was the_aim™of this study. According to

Polymer Composites. 2023;1-8.
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the study, a significant toughening was produced by the
cellulosic fiber, which also reduced the €poXy's excessive
brittleness. The composite also has outstanding mechani-
cal properties, such as tensile and flexural strengths of 166,
191 MPa, impact toughness of 6.64 J » hardness of 91shore-
D, and fatigue life counts of 28,554. Similarly, Madueke
etal B investigated the limitations of natural fibers and
composites, concentrating on tensile strength using coir as
a comparison. The author discovered that these fibers,
although exhibiting beneficial properties such as low den-
sity and environmental compatibility, have the common
property of non-uniformity along their length, resulting in
variable diameter and cross-sectional area, Thus according
to the results the composites made using the coir have
inferior properties. Similarly, Alsaadi et all! investigated
the influence of pistachio shell particle concentration on
the mechanical characteristics of polymer composite. The
maximum tensile strength, flexural strength, and impact
strength were recorded at 10, 5, and 5 wt%, pistachio shell
particle concentration, respectively.

However, due to its size-to-strength ratio, versatility,
and low cost, fiber-reinforced €poxy composites with high
toughness and strength are much sought for engineering
applications.!”! High-toughness composites are crucial in a
wide range of technological applications, such as the auto-
motive, aerospace, and structural industries, Fiber-rein-
forced epoxy composites have strong tensile, flexural, and
impact characteristics in general because of their fiber-
matrix interface adhesion.[®! Composites with extraordi-
narily high fiber-matrix interfaces have better mechanical
properties. Chemical surface treatment of fiber improves
adhesion by changing the fiber's surface, because they
have better specific mechanical properties than metallic
alloys.”” It is noted that high performance areca-reinforced
polyester composite were prepared by Thilagham et al.l%
using wheat husk bio silica. This study aims to investigate
the effects of varied wheat husk ash (WHA) bio silica par-
ticle concentrations on the mechanical and wear proper-
ties, fatigue, and hydrophobic behavior of polyester
composites made from areca fiber. Results revealed that
the addition of areca fiber and biosilica improved the load
bearing properties of composite.

So based on the previous literatures there was no simi-
lar combinations of reinforcements were researched by
researchers. But the need of this research is much essential
in the process of making waste turned to wealth and its
composite application. Thus in this study the combined
effect of the corn husk fiber infused into the bio-silica
toughened epoxy resin composite could investigate to fill
the research gap. The study aims to investigate the
mechanical, fatigue, and DMA properties of the aforemen-
tioned hand layup composite. Prior to the development
composite, the fiber could treat with silane to improve the

| YY)

bonding with resin. Wide range of applications, including
structural, automotive, clectrical and home infrastructure
products may benefit from these propertics improved com-
posites with higher cost concern factor,

2 | EXPERIMENTAL PROCEDURE

2.1 | Materials

To develop composites, a density of up to 1.2 g/cm?,
LY556™, HUNTSMAN India Pvt. Ltd. liquid diglycidyl-
ether of Bisphenol A resin was used as matrix. This resin
can be cured using the curing catalyst tricthylenetetra-
mine (HY 951). Maize husk short fiber of length 50 and
70 mm as well as diameters 300 and 200 pm were pro-
cured from Metro Composites, Chennai, India in raw
condition. The fiber density was aboutl.48 g/em?,
Figure 1A,B shows the photographic and optical macro-
scopic view of corn husk fiber, similarly, Figure 1C,D
shows the Scanning Electron microscope (SEM) images
0f 200 and 300 pm fiber.

2.2 | Biosilica preparation

The extraction of biosilica from wheat husk has steps
followed in Figure 2. Using thermochemical process the
wheat husks were converted as biosilica. During the
combustion process, WHA is prepared and purified. The
created WHA was again mixed with NaOH and stirred
at 80°C for 1 h to obtain silicate solution. Using What-
man grade-41 filter paper, the generated sodium sili-
cates were filtered and separated. The resulted
precipitations were further treated with 1 N HCI having
pH of 7 at ambient temperature. The silica gels were
aged for 24 h after stirring to generate xerogel silica.
Further, the slurry was heated in an oven for. 20 h at
70°C to achieve a fine wheat husk biosilica’particles of
size 60-80 nm.[!!] (< '

2.3 | Surface modification of fiber.and
biosilica &

Separate silane treatments are used to improve the surfaces
of corn husk fiber and bio silica. In a glass beaker, carefully
blended 95% of ethanol and 5% of distilled water has taken
to produce the silane solution. Second, acetic acid is added
to the resulting solution, which has a pH range of 4.5-5.5,
to adjust the pH. The ethanol-water solution must be grad-
ually filled with silane drops until the’: necessary»igturz.mon
level is obtained. The methoxy\g{%ﬁeﬂr the silane

T )
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- F1G URE 1 Cross section
images of corn husk fiber (A)
/ photographic, (B) optical
microscopic, (C, D) SEM
micrographic views.

FIGURE 2 Biosilica
preparation route from
wheat husk.

Component was then removed and the solution was gently
agitated until all silano] groups had been dissolved. To cre-
ate a Si—0—Si structure, the fiber and cellulose are
removed from the silane solution after soaking for 10 min
and then oven-dried for 20 min at110°c.l2

2.4 | Composite laminate Pbreparation

Before creating a composite, the lay-up surface s cleaned
as part of the mold preparation process. Wax is then used
after washing to make jt easier to remove the laminate, If
any edge gaps are discovered, silicon-rubber is applied to

the laminate's Perimeter to mark the lamination region.

f fof=Y e Pol 3
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Biosilica

The epoxy resin, bisphenol A (LY556), is collected in a
cleaned glass beaker that has been supplemented with

biosilica after the preparation of the mold is \‘comple‘té. N
Stirring was continued until the mixture‘-xi(as well-
blended and free of lumps.[*1 The catalysts :}@j?ddgd up”

to 10% of weight after that the biosilica madg from wheat
husk and epoxy has been completely mixed. Kfiét}placing'
the chopped corn husk fiber on the mold, the resin mix-
ture is slowly poured and the mixture was left to cirre.
Due to the slow polymerization generated by the 10:1
resin-hardener mixture ratio, the cure time at room tem-
perature is about 24 h. After that, the composite is post-
cured by being heated for 4 h in a hot air oven.at 120°C
(Table 1).14] e\t
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ABLE 1 Composite designation with different combinations.
ey : o  Fiberlength (mm)/ |

" Composite designations Epoxy (vol%) Corn husk fiber (vol%) : }Biosilica (vql%) fiber diametc: (um)
“No 100 = ‘ ’ - ' o o

N1l 70 30 e 50/300

N12 69 30 1 50/300

N13 67 30 3 ; 50/300

N21 70 30 - 70/200

N22 69 30 1 70/200

N23 67 30 3 70/200 »

TABLE 2 Characterization details with machine specifications.
i Tests ASTM ' i g
i perforincd» : standaxjds_ ~ Machines used
Tensile D-3039 INSTRON 4855, UK
Flexural D-790-17 Traverse speed of 1.12 mm/min
Izod D256-10 Ms. Rathnakar machine tools Pvt.
impact Ltd.;:257
Shore-D D 2240 Blue steel Durometer
Hardness
Fatigue D 3479 MTS Landmark, USA, 370 load
behavior frame series
DMA D 4065 Dual cantilever mounted DMA
analyzer with sweep mode
SEM

HITACHI, S-1500, JAPAN

3 | CHARACTERIZATION OF
COMPOSITE

To find any noticeable surface faults, the epoxy-based
wheat husk biosilica dispersed with corn husk fiber com-
posite is visually inspected. According to the ASTM specifi-
cations three test specimens are cut out of the laminate
using abrasive water jet machine (Maxiem Water Jets, 1515
KENT). The machine runs with a maximum 220 psi jet
pressure, 0.3 g/s abrasive flow rate, 1.1 mm nozzle diame-
ter, and 3 mm SOD throughout the processes.') Table 2
presented the load bearing, mechanical, fatigue, apd DMA
process parameters and its testing machinery detzulsr SO,

/19/ %

/«

4 | RESULTS AND DISCUSS}O

|u

NONE
By, A 9"/ \
\\é*! f“
The mechanical characteristics of a biosilica toughened
epoxy composite with corn husk fiber reinforcement are
shown in Figure 3. Due to the lack of reinforcing ele-
ments, the composite designation NO exhibits the lowest

41 | Mechanical properties

Mr\

mechanical parameters, measuring 62 MPa, 98 MPa,
0.33J, and 86 Shore-D for tensile and flexural strength,
Izod impact, and hardness, respectively.[“] This com-
posite designation exhibits brittle fracture with shear
cups and river markings on its fractured surface, as seen
in Figure 4A, because it is made of pure matrix. How-
ever, adding an additional 30% of maize husk fiber to
the composite material results in improved mechanical
qualities for designations N11 and N21. In comparison
with N21, the composite designation N11 exhibits
higher values of 94 MPa, 137 MPa, 3.62 J, and 86 Shore-
D for the properties such as tensile, flexural, Izod
impact, and hardness, respectively. This is because of
highly fibrillated maize husk fiber, which distributes the
applied load uniformly throughout the composite. (17.18]
As shown in Figures 4B,D,E, the presence of NH, func-
tional group chemically reacts with the free OH group
of the epoxy resin to generate a strong reaction and
improved the toughness. Moreover different fiber length
and diameter are the cause of the small variations in
values because a matrix with a shorter length and a big-
ger diameter can debone more readily with fiber,"*) as
seen in Figure 4C. Figure 4D illustrates the relationship
between the improvement in mechanical properties and
the decrease in fiber diameter as a result of the loss of
hemicellulose in the fibers caused by the silane treat-
ment.?®! The reason behind is as the diameter of fiber
increases, the possibility of the presence of defects

increases. Additionally, adding biosilica in amounts of 1

and 3 vol% improves the mechanical properties of com-

. posnes with the designations N12, N13, N22, and N23.
“Ho\wever when compared to all composite designations,

co posxte designation N23 exhibits greatest tensile and
ﬂexural strength, Izod impact, and hardness values of

,4\'\‘&134 MPa, 182 MPa, 4.84 J, and 88 Shore-D. As compared

"to pure the composite designation N23 shows the decre-
ment in tensile and flexural strength, Izod impact, and
hardness by 53%, 49%, 93%, and 2%. This improvement
is due to the inclusion of biosilica. The micro load shar-

ing mechanisms inside the matrix Wbetter by
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FIGURE 3 Mechanical properties of various composite designations.

FIGURE 4 SEM fractured
portions of tensile tested
samples.

the addition of biosilica, which also increased the €poXy  contains and the thinner the fiber, the fewer flaws and
composite’s resistance to rapid impacts.?' However, the irregularities or defects present.?2! For variable length

thicker the fiber, the more the flaws and irregularities it and diameter reinforcements, the -hardnéss values of
{f N | o —
{
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FIGURE 5 Fatigue life counts for various composite
designations.

both composite designations in all categories show the
same value.

4.2 | Fatigue behavior

Figure 5 shows the fatigue life counts of various compos-
ites tested. It is noted that the composite designation NO
has the lowest measured cycle of 476. This lesser fatigue
life is the result of its extreme brittleness and absence of
reinforcements. The life of the composite decreases as the
applied load is repeated and the stress intensity reaches
higher level.”*] This is due to the fact that the rate of
microcracks creation and transmission accelerates with
increasing stress applied, causing the composites to
deform plastically.®! For composite designations N11
and N21, additional inclusions of maize husk fiber
amounting to 30 vol% enhanced the fatigue life cycles by
97.01% and 97.39%, respectively. The dispersed reinforce-
ments are distributed uniformly throughout the compos-
ite as a result of this increase in values caused by the
matrix.>*! Due to the variation in fiber length and diame-
ter, the composite material with the designation N21
exhibits significantly longer fatigue life cycles than N11.
This is because, compared to 5 cm corn husk fibers, the
7cm corn husk fibers in the epoxy matrix showed a
higher efficiency of load transfer from matrix to fiber. 28]
desnaons N3 N1 . o, SRR i
biosilica is furthe; inco; orat;:dl‘] 23‘ o wh.en
forced epoxy compositepwhich l}?qf [hl? W i
and fiber diameter, This’i i e LAY gl

However, the composi ;
J posite designator ; i
1 vol% biosilica 3 4 N22, which contains

FIGURE 6 SEM micrograph of particle agglomerations in the

composite.

has a higher fatigue life cycle of 21,629. The equal disper-
sion of biosilica particle throughout the matrix and
improved load absorption behavior of the composite with
proper length and diameter of the fiber are the causes of
this increase.’*”” However, a further increase in biosilica
shortens the fatigue life cycles for composites with the
designations N13 and N23, because the aggregation of
particle at one location makes the composite brittle by
nature® as shown in Figure 6. From this, high irite
microcracks are developed and led the com osite”

early.

ysis:i
Y

PN,
N R

43 | Dynamic mechanical an

Figure 7 shows the DMA values for various composite
designations. It has been noted that the plain epoxy resin
has a storage modulus of 2.3GPa and a loss tangent of
0.5. This decreased storage modulus is a result of the sec-
ondary molecules' fast mobility and high stretch ability in
the primary C—C linkages of epoxy resin.?*) Because the
epoxy molecules cannot store the energy delivered as
sFress and are rotating at high temperatures and frequen-
cies, the loss tangent is similarly significant for simple
epoxy matrix.[3%! Furthermore, the DMA values for com-
posite designations N11 and N21 are improved by the
addition of reinforcement by 30 vol%. The higher values
for DMA with longer lengths and smaller diameters of
fibers significantly improved the load bearing effect. The
Improved storage modulus and loss factor, which are
around 4.1 GPa and 0.4, respectively, are indicated by the
composite designation N21. The damping _ t@h}*ﬁiﬁch
depends on the interface and adhesion-’;'bigweéh the fibers
\e
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and the matrix, is used to express the energy loss of a
material under cyclic stress.*!! However, due to the pres-
ence of too much hemicellulose on the fiber, the 70 mm
long and 200 pm wide fiber has a stronger bonding with
the matrix than the 50 mm long and 300 pm wide fiber.
This improved storage modulus is the cause of presence
of surface modified corn husk fiber, which holds many of
the epoxy molecules as reacted form and hinders the
rotation of epoxy molecules. Thus large temperature
input and vibration is needed to activate the secondary
molecules of epoxy primary C—C chain.[** Any material
that is ductile exhibits a low damping value, whereas any
material that is rigid exhibits a high damping value.
Additionally, adding 1 and 3 vol% of biosilica enhances
the DMA values for the composite designations N12,
N13, N22, and N23. The composite designation N23
exhibits the highest storage modulus and the lowest loss
factor compared to other composite designations since it
has fibers that are 70 mm long and 200 pm long com-
bined with 3 vol% of biosilica.** Biosilica has been
added, and as a result, the voids have been filled and the
secondary epoxy molecules are being adheres strongly. In
the presence of biosilica, the inertia of the C—C main
chains spins more slowly, which requires greater heat
energy to activate them.**! The inclusion of biosilica
improves the storage modulus because it reduces the
degree of rotation of epoxy molecules.**! Thus improved

storage modulus is observed.

5 | CONCLUSIONS

In this study, the mechanical, fatigue, and DMA charac-
teristics of an epoxy composite reinforced with corn husk
fiber and wheat husk biosilica were investigated. Follow-
ing is a summary of the study's findings: In terms of ten-
sile, flexural, Izod impact, and hardness, the fiber and
biosilica reinforced composites show improved results.
The composite designation N23 exhibits improved tensile

120

Temperature (OC)

and flexural strength, Izod impact, and hardness of about
134 MPa, 182 MPa, 4.8 J, and 88 Shore-D. For the com-
posite designations N11 and N21, the addition of maize
husk fiber by 30 vol% extended the fatigue life cycles by
97.01% and 97.39%. Higher fatigue life cycles were seen
up to 21,629 by adding 1 vol% biosilica and using fiber
that was 70 mm long and 200 pm in diameter. The
improved storage modulus and loss factor, which are
about 4.1 GPa and 0.4, respectively, are indicated by the
composite N21. The deboned fiber from the matrix sur-
face is visible in the SEM fractography of mechanically
tested samples reveals that the diameter of 200 pm and a
length of 70 mm fiber in the matrix produced high tough-
ness. Overall the lesser diameter of fiber with higher
length produced better results in all properties investi-

gated. Thus it is recommended to use lesser diameter
fiber with high length for makmg -high’ _toughness
composite.
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Abstract

The piston in the automobile engine must withstand high stress and temperatures and also have
low weight. The alloy of Al-Si is the most commonly used in the piston. The reinforcement using
ceramics, fibres or nanoparticles will increase the properties of the piston alloy. In this work, the
piston alloy is fabricated as a metal matrix composite of Al-Si reinforced by TiC-MoS, using the
squeeze casting method. The squeeze casting effect on the matrix and the reinforcement is
studied using tensile testing and microstructure analysis. The strength hardness obtained from the
experimentation gives the highest tensile strength of 330 MPa and the hardness of 1 10HBN. The
fractography and morphology are investigated using SEM (scanning electron microscope),
resulting in the lowest porosity of 3.21% obtained in the composite material. The tribological
behavior was also investigated at the condition of dry Sliding using pin on disc tribometer gives
the lowest coefficient friction of 0.31 and the wear rate of 0.0051 mm?*m. The experiment is
numerically designed and optimized using the response surface methodology (RSM). The
obtained value is predicted and validated using a hybrid approach of deep belief network-reptile
swarm algorithm (DBN-RSA). The regression of the parameters is about 99.97% showing that
the model is very accurate to the experimental results. The RMSE of the proposed method .
implies less error and shows the accuracy level of the parameters. The result shows ‘tgat \t\gq\ﬁ“
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designed model is best fitted for the tribological and mechanical

properties investigation of metal
matrix composite.
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Abstract: The adoption food traceability system in dry fish supply chain
deserves attention. For implementing a food traceability system, it is essential
to identify the variables and analyse their inter-relationships that impact its
adoption. This research aims to model the major drivers and barriers and their
interrelationships in the dry fish supply chain in India’s micro and small
enterprises (MSEs) using interpretive structural modelling (ISM) and Matrices
d’Impacts Croises Multiplication Appliqué a un Classement (MICMAC)
analysis. Data were collected from 226 stakeholders of dry fish supply chain
through a cross-sectional survey (both online and offline) located in Kerala and
Tamil Nadu, two major maritime states of India. The finding shows that quality
and safety concerns are the most eritical drivers in implementing the

“iraceabilily system. The government's lack of support, high cost of traceability

ystemn, absence of unified standards, limited awareness and lack of a
coordinator are identified as significant barriers,
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2 A. Jose and S.P. Venkatesan
1 Introduction

The Indian fisheries industry is now a substantial business sector, shifting from its
traditional function to subsistence and supplementary activity. More than 16 million
primary fishermen depend on the seafood industry for their living, and the number is
double that throughout the entire supply chain (Rajeev and Bhandarkar, 2022). Fisheries
products should be processed as quickly as possible after being caught since the
preservation or processing methods determine the shelf life and quality of the final
product. Drying is thought to be the most cost-effective method for fish preservation,
reducing actual post-harvest by catch loss and increasing value addition in India, where
the consumption of dried fish accounts for roughly 32% of all marine landings and about
17% of all fish used to produce dry fish (Bharda et al., 2017). Micro and small enterprises
(MSEs) are the main stakeholders of the dry fish supply chain in India. Also, these MSEs
depend mainly on a paper documentation system for traceability where the information
sharing is limited to tier one up-steam and downstream partners (Marchante et al., 2014).
Identifying the first actor in the seafood products supply chain is one of the major issues
because of the lack of records for all fishing vessels which further leads to a lack of
transparency in the seafood supply chain. Consumer confidence in the seafood industry
has been harmed by several outbreaks of food-borne diseases and incidences of food
fraud. Customer concerns regarding the origin of food products, production processes,
raw materials, and environmental impact have increased in recent years etc. (Kamble
et al., 2020; Moovendhan et al,, 2019). The increasing awareness is helping the dry fish
supply chain to establish a traceability system positively. Since it decreases the likelihood
of a recall, traceability is acknowledged as a tool for safety and quality, enhancing
sustainability and lowering the overall cost of the food product (Jose and Shanmugam,
2020). Fishery enterprises must use traceability systems in order to guarantee the supply
chain’s quality and safety for dry fish (Wang et al., 2009).

Identifying the factors and analysing their interactions are crucial for implementing a
traceability system in a food supply chain. In order to develop a traceability framework in
the dry fish food production network, it is necessary to look into the drivers and barriers.
Recent studies tend to identify and summarise the drivers and barriers to implementing
the food traceability system of agri-food, meat, fish, drinks and cheese products (Jose
et al.,, 2022; Jose and Prasannavenkatesan, 2023).However, there is still no evidence in
the literature that a scientific article has examined and determined the interdependency of
the factors that promote and inhibit the adoption of traceability in India’s dry fish supply
chain networks. The research questions of the present study are:

1 What are the significant drivers and barriers that affect traceability adoption in the
dry fish supply chain?

2 What are the contextual relationships among these variables?
3 How to establish a multilevel hierarchy structural model of the drivers/barriers?

Interpretive structural modelling (ISM) and Matrices d’Impacts Croises Multiplication
Appliqué a un Classement (MICMAC) analysis are used to model these variables and
their contextual relationships. The ISM technique is used since it is a precise and helpful
model for several purposes based on the contextual relationships among the factors of the
systems (Khaba and Bhar, 2018). The remaining sections of this paper are organised as
follows: Section 2 presents the literature review. The various steps associated with the
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ISM are highlighted in Section 3. The result and discussion are reported in Scction 4.
Finally, in Scction 5, conclusions and areas of further research are discussed.

2 Literature review

2.1 Dry fish supply chain

The leading players in the supply chain for the dry fish sector are fishers, processors, and
traders. Fishermen, commission agents, processors, traders, wholesalers, and retailers are
the dominant players in the north-cast region of India’s dry fish supply chain (Upadhyay
et al,, 2017). Kaminski et al. (2020) proposed a mixed-methods study to determine the
fish losses encountered by male and female value chain actors in a fishery in western
Zambia. Neranjala et al. (2022) identified that the Sri Lankan dry fish supply chain
comprises the producers, wholesalers, retailers, and consumers as the key stakeholders.
Dry fish supply chain typically includes the activities such as collecting raw fish,
washing, salting, dressing and splitting raw fish, solar drying/open drying, sorting,
packaging, storage, transportation and marketing, and each link includes much
information (Donnelly and Karlsen, 2010).

2.2 Traceability of food products

Food traceability connects with where and how food products are produced, processed
and distributed (Dediu et al., 2016). The Codex Alimentarious Commission (CAC)
defines food traceability as the ability to follow the movement of food through certain
stages of production, processing, and distribution. Traceability is the capability to access
information related to things to be considered throughout their whole life cycle using
recorded identification (Jose and Prasannavenkatesan, 2023). RFID, internet of things
(IoT), blockchain and quick response (QR) code-based traceability systems have been
proposed to track food products and provide information to customers, which might
diminish unhealthy practices and the hazard of food extortion and upgrade the level of
food quality and safety (Jose et al., 2022). The term “traceability’ includes both ‘tracking’
and ‘tracing’ (Dandage et al., 2017). Tracking is a forward process where the location in
the supply chain network recognises the end clients, and tracing is an opposite process
wherein the origin is distinguished. Traceability gives continuous information about the
raw material sources, the process involved, logistics and the location of products along
the supply chain. The more precise the tracing system, the faster a producer can identify
and undertake food safety and quality problems,

2.3 Drivers of traceability system

To implement the food traceability system, it is necessary to identify the drivers and their
inter-relationships that impact traceability in the value chain (Faisal and Talib, 2016).
Drivers are factors that cause a system to be the way it or guide decisions around a
framework (Mattevi and Jones, 2016). The perceived drivers can emphatically impact a
firm’s capacity to execute a new practice and promote another drive (Ali and
Aboclmaged, 2022). Besides, identifying the drivers helps food enterprises assess their
initiatives to exccute a traceability framework (Haleem et al., 2019). The main drivers for
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implementing the traceability system identified from the litcrature are shown in Table 1.
Quality (Aung and Chang, 2014; Pant et al., 2015; Mai et al., 2010) and safety (Aung and
Chang, 2014; Pant ct al,, 2015) concern, food safety regulation (Dandage et al,, 2017;
Lewis and Boyle, 2017; Pant et al, 2015), and to obtain competitive advantage (Bosona
and Gebresenbet, 2013; Canavari et al., 2010) received much attention in the previous
literature.

Table 1 Drivers of food traceability identified from the literature
Drivers References
Quality concem[A1] Aung and Chang (2014), Pant et al. (201 5)and
-4 Mai et al. (2010)
g Safety concern[A2] Aung and Chang (2014) and Pant et al. (2015)
& Food safety regulation[ A3] Dandage et al. (2017), Lewis and Boyle (2017)
8 and Pant et al. (2015)
9;; g Technological advancements[A4] Pantetal. (2015)
%_ ;:;\ Reduced recall expenses [A5) Aung and Chang (2014)
;E _; To obtain competitive advantage Bosona and Gebresenbet (2013) and Canavari
ot = [Aq] etal. (2010)
15
s § Suppliers/consumers request[A7] Mai etal. (2010)
= o«
A 5 Product information [A8] Pant et al. (2015)

2.4 Barriers of traceability system

The execution of traceability in the food supply chain is challenging because of numerous
barriers. Alserhan et al. (2022) conducted a study to identify different barriers in the
Halal industry. Sandhu et al. (2011) distinguished that apparent obstruction adversely
affects entrepreneurial inclination. High costs of application of the traceability system
(Dediu et al.,, 2016; Aung and Chang, 2014), lack of unified standards (Bosona and
Gebresenbet, 2013; Storoy et al., 2013; Zhang et al., 2011), privacy and security concerns
(Zhang and Zou, 2017; Hardt et al,, 2017), lack of infrastructure (Dediu et al., 2016;
Zhang et al.,2011), uncertainty about the future benefits (Dediu et al., 2016; Zhang
etal, 2011), limited awareness of traceability and its benefits (Mattevi and Jones, 2016;
Pant et al., 2015), lack of support from the government (Dandage et al., 2017; Mai et al,,
2010; Dana, 2000) and lack of a traceability coordinator (Canavari et al,, 2010; Rombe
etal., 2018) are the commonly listed barriers of traceability.

2.5 ISM approach

ISM is an interpretive learning process that provides a fundamental understanding of
complex situations and suggests a strategy for dealing with a problem in network or
graph theory representation of intricate patterns of contextual relationships among
distinct components (Faisal and Talib, 2016). The 1SM approach transforms uncertain
and poorly articulated mental models of frames into explicit, well-defined models,
Additionally, it enables researchers to build a matrix of the intricate connections between
various factors directly or indirectly related to a challenging choice while minimising the N
number of queries represented by a digraph. ISM is the best method for identifying the ((?B
3
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structure within the framework (Khaba and Bhar, 2018
vendor sclection (Sharma, 2022), identifying sustajna
green maintainability (Mathiyazhagan et al,, 2013), p

drivers (Kavilal et al,
etal, 2022) and so on.
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). Researchers have used ISM for
bility enablers (Raut et al, 2017),
rioritising supply chain complexity

2018), analysing the varjous factors of financial sectors (Kaur

Table 2 Barriers of food traceability identified from the literature

Barriers References
High costs of the traccability system [B1] Dediu et al. (2016) and Aung and Chang

No unified standards jn the markets [B2]
Privacy and security concems [ B3]

Information limitation [B4)]
Capacity[infrastructure] limitation [B5)
Uncertainty about the future benefits [B6]
Reluctance to change [B7]

Limited awarencss of traceability and its
benefits [BS]

Inadequate Practices [B9]
Lack of support from government [B10]

Barriers of implementing effective traceability system

(2014)

Bosona and Gebresenbet (2013), Storoy
ctal. (2013) and Zhang et al. (2011)

Zhang and Zou (201 7) and Hardt et al.
(2017)

Mattevi and Jones (2016)
Dediu et al. (201 6) and Zhang et al. (2011)
Dediu et al. (2016) and Zhang et al. (201 1)
Dediu et al. (2016)

Mattevi and Jones (2016) and Pant et al.

(2015)
Dandage et al. (2017)
Dandage et al. (2017) and Mai et al.

(2010)
Lack of a coordinator for traceability Canavari et al. (201 0) and Rombe et al.
practices [B11] (2018)

3 Dryfish supply chain in two major Indian states

In order to get information along the value chain and recall it in the instance of public
health hazards, food products must be traceable (Oliveira et al., 2021; Thota et al,, 2020).

each stakeholder: ‘who are your direct/ immediate customers?’ and ‘who are your
direct/tier] suppliers?’ Data were gathered from 226 stakeholders in Kerala and Tamil
Nadu, two central maritime states of India, through a cross-sectional survey to understand
the dried fish supply chain (Kumarran, 2012). Fishermen, brokers/first receivers,
distributors, wholesale/retail stores, consumers, and government authorities are among

fisherman and the processor. The processor is responsible for storing, processing,
preserving, and subjecting them to steps that deem the dry fish healthy and fit for
consumption. Additionally, the processor ensures that the dried fish are packaged into

different boxes according to characteristics
processing processes. After purchasing the dr
or retailer distributes the products to custome

, including variety, size, shelf life, and
ied fish from the processor, the wholesaler
rs. Furthermore, the traders also collect the

e o st e 5 e s b+ e

s e
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processed dry fish produets from processors and transport them to their establishments
located nearby the processing centre (Upadhyay et al., 2017; Haque et al., 2015).

Figure 1 Itlustration of dry fish supply chain in two major Indian states (see online version
for colours)

Wholesala Shop

[ ] Y Small retall §
\ﬁ‘) Am o
1 hw § )
Fisherman First Receiver Processor

" Dry fish Traders ___,}uild

4 Methodology

This research proposes the ISM-based approach to visualise the interrelationships among

dry fish supply chain traceability drivers and barriers. The steps associated with the ISM
are explained below.

a  Identification of variables: drivers and barriers are identified through an extensive
literature review. A cross-sectional survey was conducted among 226 dry fish supply
chain stakeholders in Kerala and Tamil Nadu, two central maritime states of India.
Four specialists from the fisheries department (Central Institute of Fisheries
Technology) and three from the academic sector were consulted to validate these
drivers and barriers.

b Contextual relationship: a logical relationship is made among the factors regarding; . l\
which pairs of variables would be investigated from the factors indicated instep 13\
For each factor, a structural self-interaction matrix (SSIM) is created, displaying N
pair-wise relationships among the system’s variables.

¢ The self-interaction matrix for the drivers and barriers is structured and pair-wise
relationships between the systems are developed.

d The SSIM is used to construct the reachability matrix, which is then checked for
transitivity. A crucial assumption in ISM is that the contextual relation is transitive.
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Ifa variable A is connected to B and B is connected to C, then A is essentially tied to
C. which is what it expresses.

e A directed graph is drawn usin g vertices and lincs of the edges from the canonical
matrix form of the reachability matrix, and the transitive links are removed. The

resulting digraph is converted into an ISM model by replacing variable nodes with
statements,

4.1 Structural self-interaction matrix

An cxtensive literature review identified cight food traceability drivers and eleven
barricrs. Four specialists from the fisherics department and three from the academic
sector were consulted to validate these drivers and barriers. These industry and academia
experts are very familiar with issues with implementing a traceability system. They were
requested to remark on the sufficiency of drivers and barriers and to add or delete any
other variables. Based on personal conversations, the selected drivers and barriers from
the literature were finalised for analysis. The same specialists’ perspectives were
considercd when establishing contextual links between the identificd drivers and barriers.
Each expert received an SSIM sheet to help them determine the contextual relationships
between various drivers and barricrs, The experts examined the outcome, and a final
matrix was created that reflected their consensus on the findings. The symbols used for
constructing SSIM and resultant SSIM (Kavilal et al., 2017) are given in Table 3, and the
SSIM for the drivers and barriers are shown in Tables 4 and 5, respectively.

Table 3 Symbols used 1o build the SSIM

Symbols Rules for constructing SSIM

v If driver i leads to driver j, and driverj and driver / are not related.
A If driver / connects to driver i but is unrelated to driver i,

X If driver i and driver j share a relationship.

0 If there is no relationship between driver i and driver j,

Table 4 SSIM [for drivers]

Variables " A8 A7 A6 A5
Quality concern [A1] v v v o
Safety concern [A2] v v v (o]
Food safety regulation [A3] v v o
Technological advancements [A4] v 0 v v
Reduced recall expenses [A5] o '
Gaining competitive advantage [A6] A v

Suppliers/consumers request [A7] v
Product information [A8]
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4.2 Development of initial reachability matrix (K)

The initial reachability matrix is derived from SSIM matrix by substituting V, A, X and
O by the digits 1 and 0, The rules for replacement are given below.

a  Ifthe (4, /) entry in the SSIM is V, then the (i, /) entry in the reachability matrix
becomes 1, and the (7, 1) entry becomes 0,

b Ifthe (i, ) entry in the SSIM is A, then the (4,/) entry becomes 0 and the (/, ©) entries
becomes 1.

¢ Ifthe entry in the SSIM is X, then both (i, j) and (j, ©) entry become 1.

d  Ifthe entry in the SSIM is O, then the (4, ) entry in the reachability matrix becomes
0 and the (j, i) entry also becomes 0.

Following these rules, the initial reachability matrix for the drivers and barriers is formed,
as shown in Tables 6 and 7.

Table 5 SSIM [for barriers]

Variables Bil BI0O B9 B8 B7 B6 B5 B+ B3 B2 B

High costs of the traceability \% A O O V Vv v v o X
system [B1]

No unified standards in the A A V X V Vv o0 v v
markets [B2]

Privacy and security concerns A A A A O A O vV
[B3]

Information limitation [B4] A A A A O A A
Capacity (infrastructure) A A A A A A
limitation [B5)

Uncertainty about the future A O X A X
benefits [B6]

Reluctance to change [B7]

Limited awareness of
traceability and its benefits
[B8]

Inadequate practices [B9]

Lack of support from o
government [B10]

> >
> >
< =%

>

>
>

Lack of a coordinator for
traceability practices [B11]

4.3 Development of final reachability matrix (H)

The transitivity rule is incorporated into the formation of the final reachability matrix, as

reachability matrix (K) with the unit matrix [ and raising it to its power until the condition
in the equation H = (K + D)= (X + y=_x>1is satisfied. The final reachability
matrix, along with dependence and driving power, is shown in Tables 8 and 9,
respectively.
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Table 7

Initial reachability matrix for the barriers
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Table 8

Final reachability matrix of drivers

Variables

EN
~

S
N

I
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A5

A7

A8 Driving power

Al
A2
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A4
AS
A6
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A8

Dependence power
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Note: 1*

entries are comprised to incorporate transitivity.
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Table 9 Final reachability matrix of barriers
Variables Bl B2 B3 B4 BS B6 B7 BS B9 B9 gy Driving
power
Bl 1 1 1+ 1 1 1 1 1* 1* 9 1 10
B2 1 1 1 I 1> o1+ 0 o 10
B3 0 0 1 1 0O 0 0 o0 o 0 0 2
B4 0 o0 o 1 0 0 0 o0 o 0 0 1
BS 0 0 o0 1 1 0 0 0 o 0 0 2
B6 0 0 1 1 1 1 1 0 1 0 0 6
B7 0 0 1* = 1 1 1 0 1 0 0 6
B8 ™ 1 1 1 1 1 1 1 1 0 1* 10
B9 [ 1 1 1 1 1 0 1 0 6
Bl10 1 1 1 1 1 1* 1 1 1 1 1* 11
B11 1* 1 1 1 1 1 1 1 1 0 1 10
Dependence power 5 5 9 11 9 8 8 5 8 1 5 74/74
Note: 1* entries are comprised to incorporate transitivity.
Table 10  ISM analysis (iteration method) for drivers
Level  Elements Reachability set Antecedent Intersection set
1 1 1,2,3,4,5,6,7,8 1.2 152
2 1,2,3,4,5,6,7,8 1,2 1,2
3 3,4,5,6,7,8 1,2,3 3
4 4,5,6,7,8 ,2,3,4 4
5 56,7,8 1,2,3,4,5 3
6 6,78 1,2,3,4,5,6,7,8 6,78
7 678 1.2,3,4,5,6,7,8
8 6,78 1,2,3,4,5,6,7,8
2 1 1,2,3,4,5 L2
2 1,2,3,4,5 1,2
3 3,4,5 1,2,3
4 4,5 1,2,3,4
5 5 1,2,3,4,5
3 1 1,2,3,4 1, 2,
2 1,2,3,4 1,2
3 3,4 1,2,3
3 4 1,2,3,4 4
4 1 ,2,3 1.2 1,2
2 1,2,3 I;2 1,2
3 3 1,2,3 3
5 1 L2 1,2
2 1,2 1,2

Note: Italic denotes similar values (level partitions).
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4.4 Carrying out level partitions

The final reachability matrix is used to construct the reachability set (R) and antecedent

set (C) for cach identified driver and barrier. The eclement i

tself, plus the other

components it might assist in achicving, make up the reachability set R. On the other
hand, the drivers, barriers, and other components that could aid their removal are
included in the antecedent set (R). All drivers and barriers are considered while
calculating the intersection of these elements (RC). The top level items in the ISM
hicrarchy were those for which the reachability and intersection sets were equal. The

top-level element is recognised, and then it is climinated

from the remaining elements.

Each driver and barrier level is located, and then they are highlighted once more. These
iteration procedures arc continued until all the layers are achieved, as shown in Tables 10

and 11 for the drivers and barriers.

Table 11 ISM analysis (iteration method) for barriers
Level Elements Reachability set Antecedent Inrer;eetction
1 1 1,2,3,4,5,6,7,8,9, 11 1,2,8,10,11 1,2,8,11
2 1,2,3,4,5,6,7,8,9, 11 1,2,8,10,11 1,2,8,11
3 3,4 1,2,3,6,7,8,9,10,11 3
4 4 1,2,3,4,56,7,8,9,10,11 4
S 4,5 1,2,5,6,7,8,9,10,11 5
6 3,4,5,6,7,9 1,2,6,7,8,9,10, 11 6,7,9
7 3,4,5,6,7,9 1,2,6,7,8,9,10, 11 6,7,9
8 1,2,3,4,5,6,7,8,9, 11 1,2,8,10,11 1,2,8,11
9 3,4,5,6,7,9 1,2,6,7,8,9,10, 11 6,7,9
10 1,2,3,4,5,6,7,8,9,10, 11 10 10
11 1,2,3,4,5,6,7, 8,9, 11 1,2,8,10,11 5 1,2,8,11
2 1 1,2,3,56,7,8,9,11 1,2,8,10,11 1,2,8,11
2 1,2,3,56,7,8,9,11 1,2,8,10,11 1,2,8,11
3 3 1,2,3,6,7,8,9,10, 11 3
5 5 1,2,5,6,7,8,9,10,11 5
6 3,56,7,9 1,2,6,7,8,9,10, 11 6,7,9
7 3,56,7,9 1,2,6,7,8,9,10, 11 6,7,9
8 1,2,3,56,7,8,9,11 1,2,8,10, 11 1,2,8,11 |
9 3,56,7,9 1,2,6,7,8,9,10,11 6,7,9 :
10 1,2,3,5,6,7,8,9, 10, I1 10 0
11 1,2,3,5,6,7,8,9,11 1,2,8,10,11 1,2,8, 11
3 1 1,2,6,7,8,9,11 1,2,8,10, 11 1,2, 8,11
2 ,2,6,7,8,911 1,2,8,10,11 1,2,8,11
6 6,79 1,2,6,7,8,9,10,11 6,79
7 679 1,2,6,7,8,9,10, 11 679
8 1,2,6,7,8,9,11 1,2,8,10,11 1,2,8,11

oo R
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Table 11 ISM analysis (iteration method) for barriers (continued)

Level Elements Reachability set Antecedent I"tef:’“io”
3 9 679 1,2,6,7,8,9,10,11 679
10 1,2,6,7,8,9,10,11 10 10
11 1,2,6,7,8,9,11 1,2,8,10,11 1,2,811
4 1 1,28 11 1,2,8,10,11 1,28 11
2 1,28 11 1,2,8,10,11 1,28 11
8 1,28 11 1,2,8,10,11 1,28 11
10 1,2,8,10, 11 S0 10
11 1,28 1 1,2,8 10,11 1,28 11
5 10 10 10 10

Note: Italic denotes similar values (level partitions).

Figure 2 Diagraph of drivers

4.5 Development of digraph

The name ‘digraph’ comes from the directed graph and refers to the graphical depiction |-

of the elements, contextual links, and hierarchical levels. The final reachability matrix,
combined with the levels of the drivers and barriers of food traceability mentioned in the
previous section, is used to draw down the digraph. Here, the first level is used to set the
top-level drivers and barriers, followed by the second-level drivers and barriers. Similar
to this, further drivers and barriers are added to the hierarchical structure until the
bottom-level drivers and barriers are shifted to the bottom of the graph. The digraph for
drivers and barriers is drawn after removing the transitivity and is shown in Figures 2 and
3, respectively. Quality [A1] and safety [A2] concerns, positioned at the bottom of the
hierarchy, are the drivers with the highest driving power leading to food safety
regulation. The results agree with the findings of Pant et al. (2015) that traceability is
primarily considered a tool for food safety and quality by offering a mechanism for recall
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and confirmation of food authenticity. Also, lack of support from the government [B10]
is identified as the most critical barrier to implementing the dry fish traceability system.
Gaining competitive advantage [AG], suppliers/consumer’s requests [A7], and product
information [A8] are the drivers positioned at last, with no driving power to drive any
other barricrs above their level. Similarly, information limitation [B4] is the least
essential traceability barrier since it occupies the first level of the digraph. The digraph of
drivers and barriers is then converted into the ISM model, as shown in Figures 4 and 5,

respectively.

Figure 3 Diagraph of barriers

Figure4 Multilevel hierarchy structure through ISM model for drivers (see online version
for colours)
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Figure 5 Multilevel hierarchy structure through ISM model for barriers (see online version
for colours)
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4.6 MICMAC analysis

The MICMAC analysis aims to analyse the driving power and dependence variables. In
this research, the drivers and barriers of the MSE dry fish traceability system are
classified into four clusters, as shown in Figures 6 and 7. The first cluster consists of the
‘autonomous variables’ that have poor linkages and are disconnected from the system, In
this work, the barriers, high cost of the traceability system [B1] is in cluster one, and due
to its weak power and dependence, it is relatively disconnected from the system. The
‘autonomous variables’ are considered as those having weak driving power and
dependence. The second cluster consists of “dependant variables’ with a weak driving
power and strong dependence. In the second cluster, the research identified the drivers
such as gaining competitive advantage [A6], supplier’s/consumer’s request [A7] and
product information [A8] with strong dependence and weak driving power. Also, the
barriers, privacy and security concerns [B3], and information [B4] and capacity [B5]
limitations are coming in the second cluster. They are located at the top level of the
hierarchy and are considered essential dry fish traceability drivers. Their strong
dependence illustrates that they need all other drivers to minimise the force of these
traceability drivers.

Figure 7 Driving power and dependence diagram of barriers
10
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The third cluster contains ‘linkage variables® that include the traceability driver reduced
recall expenses [AS5], which has strong dependence and high driving power. Furthermore,
the third cluster includes the barriers such as uncertainty about the future benefits [B6],
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reluctance to change [B7] and inadequate Practices [B9]. These drivers and barriers are
considered fluid in nature since any changes will affect the others and be fed back into
themselves. These traccability drivers and barriers are essential in forming linkages
between two layers of the hierarchy. The fourth cluster comprises ‘independent variables’
having a solid driving force and weak dependence and includes quality and safety
concerns and food safety regulations. Also, the barriers such as high costs of the
traceability system [B1], no unified standards in the markets [B2], limited awarcness of
traceability and its benefits [B8] and lack of a coordinator for traccability practices [B11]
are in the fourth cluster. These traceability drivers and barriers are at the bottom of the
hierarchy, which is of considerable importance. The obtained results agreed with the
findings by Choi et al. (2008) that to create the maximised system’s profit and successful
strategics, the interests of individual members, should be coordinated by a supply chain
coordinator. These independent drivers form the bottlenecks for traceability
implementation and must be addressed cautiously.

5 Results and discussion

This research’s findings offer several insights into adopting a traceability system in the
MSE dry fish supply chain. The findings also imply that the drivers and barriers to
implementing the dry fish traceability system in MSE sectors are of crucial relevance and
will increase the significance of the traceability system in the dry fish supply chain if
effectively handled. This study will assist business strategists and supply chain managers
by providing first-hand knowledge on the factors that have a larger driving power so that
they can be instantly addressed, as the research on traceability systems in India is still in
its early stages. This study ranked the eight most important drivers and the eleven most
significant barriers to dry fish traceability systems according to the strength and
dependability of each one. Quality and safety concerns come out as the most critical
traceability drivers. These findings align with those of Mattevi and Jones (2016), who
assert that quality and safety concerns are the drivers that best describe the concept of
traceability of a product in a supply chain. Furthermore, the most vital barrier to the dry
fish traceability implementation is identified as the lack of support from the government.
According to Dediu et al. (2016), providing a policy guarantee for the adoption of a
traceability system by the government is crucial for adopting traceability system. The
government can also support the MSEs by providing training, essential financial support,
and promoting capability building on traceability requirements and designs (Jardon,
2022; Harel and Kaufimann, 2022).

The drivers, gaining competitive advantages [A6], supplier’s/consumer’s requests
[A7] and product information [A8] do not have much importance because of their weak
driving power and high dependence on other traceability drivers. Similarly, information
limitation [B4], privacy and security concerns [B3], and capacity limitations [B5] are the
barriers that are not very important while designing a traceability system. The driver,
reduced recall expenses [AS] is relatively more important with high driving power and
low dependence, which is considered a linkage variable, influencing the middle of the
hierarchy. Also, the barriers such as uncertainty about the future benefits [B6], reluctance
to change [B7] and inadequate practices [B9] are the linkage variables and should give
more attention when designing a traceability system for the dry fish MSE sectors. This
research offers several implications while implementing the traceability system in the ;Qs\&
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MSE dry fish supply chain, The most significant finding of this rescarch is that drivers,
quality [A1] and safety [A2] concerns of the stakeholders in the dry fish supply chain and
the barrier Jack of support from the government [B10] have a high driving power and
therefore need 1o be addressed in the supply chain primary. This barrier further leads to
other barriers, such as high costs of the traccability system [B1], no unified standards in
the markets [B2], limited awareness of traccability and its benefits [B8] and lack of a
coordinator for traccability practices [B11],

3.1 Theoretical and practical implications

This rescarch has both theoretical and managerial implications and is as follows:

1 This article contributes to the literature on supply chain traccability by proposing a
framework to address the MSEs dry fish supply chain in India. From the MSE
perspective, this study illustrates the need to implement traceability practices by
identifying the most critical drivers and barricrs.

2 The practitioners could explore the contextual relationships among these drivers and
barricrs in order to develop a traccability system for dry fish supply chain,

3 Implementation of a dry fish traceability system will become a reality in the MSE
scctor if these drivers and barriers arc addressed adequately.

4 Insights from the multilevel hicrarchy structural model of the drivers/barriers
obtained in this study can be helpful to analyse the supply chain traceability for other
industry sector,

6 Conclusions

Increasing concern for food safety and quality issues at national and international levels
puts pressure on organisations to implement the traccability system. This research
proposes an ISM approach to analyse the variables and their inter-relationships that
impact the adoption of traceability in the Indian MSE dry fish supply chain. The drivers
and barricrs to traceability implementation have been identified through an extensive
literature review. Their relevance is ascertained through a questionnaire survey and
expert interviews. ISM and MICMAC analysis have been used to model the contextual
relationships among the drivers and barriers. The finding shows that the most critical /
drivers in implementing the traceability system are quality and safety concerns. Also, the .
lack of support from the government is identified as a significant barrier.

The unique contribution of this rescarch is that it offers factors that the fishing
industry, programmers, and the government can take into account before planning to
develop a traccability system for the supply chain of dry fish. The practitioners must
figure out how to customise their supply chain strategics by putting the traceability
system in place, which will set them apart from their current and potential competitors.
There are a few limitations to this research. Although the established model aids in
identifying important drivers and barricrs to adopting traceability in the dried fish supply
chain, it does not quantify the magnitude of each driver’s and the barrier’s influence.
More drivers and barriers can be included in the future study using various methods, such
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as fuzzy total interpretive structural modelling (fuzzy-TISM), to incorporate the

m 1ate effects of each dI'IVCl and arrier (ot i i y
mmed bar 1er o hc ﬂd()pllon of traceabilit n "lc f‘u]’])‘y
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Abstract.

The illegal harvesting of scafood and the mislabelling of dry fish products have become more

prominent in recent years. Traceability in the dry fish supply chain deserves research attention. espevially :m:-o.-y
small and medium enterprises (SMEs) in a developing country like India. To implement the traceability systen

it is necessary to identity the variables and their inter-relationships th

at influence traceability na fowd sup ?h

chain. This rescarch aims to identify the awareness. benefits. drivers. and barriers that affect traceabality

adoption in the dry fish supply chain. Data were collected from 226 dry fish supply chain stakeholders through a
cross-sectional survey (both online and offline) in Kerala and Tamil Nadu, two central mantime states of ladia.
A conceptual model is developed, and the inter- -telationship among the factors underdying the traceabihty
implementation is analysed through correlation matrices and multiple regression modelling. The results show
that the Indian dry fish stakeholders moderately understand the traceability system. Product safery and qualiy
are identified as the primary benefits of traceability, while quality concerns and food safery regutadons. are:s

observed as primary drivers. The significant barriers are the cost of a traceability system, lack of a oe—erdm.mzr
‘!Q~

and lack of government support.

Keywords. Traceability; food safety; dry fish supply chain: Indian SME; multiple regressic

1. Introduction

India ranks second in the world in fish production, with
14.16 million metric tons produced during 2019-20 and
provides livelihood to more than 28 million people [1].
Fisheries have become a significant socio-cconomic force
in the Indian economy owing to their massive coastline of
over 8,000 km and vast river network. However, fish are
perishable and should be processed within a couple of hours
of being caught because no handling or processing can
improve the quality of spoiled fish. Ahmad and Bhuimbar
[2] assessed that for onc ton of fish consumed, an equiva-
lent volume is disposed of either as waste or a low-value
product. In India, the consumption of dried fish is about 32
percent of the total marine landings and about 17 percent of
the total catch used to produce dry fish [3]. Sun drying is
considered the most economical method for fish preserva-
tion [4] and an elective aspect of decreasing the actual post-
harvest loss of bycatch and further improving value addi-
tion [5]. Salted and sun-dried fish products are most com-
mon in the country’s coastal region, wherein the population
is around 560 million. Several studies have evaluated the
economics and marketing of dry fish production in India
(4, 6]. Christian et al [7] analysed the busingss periommmc
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- determinants of dry fish distribution during CoN

spread incidents in the food supply

fow research articles are focussad on the nypes of fsh usad
for drying (3], drying methods [8], and the vield of dned
fish [3]. Pradhan ef al [9] conducted a study on an SME-
based dry fish supply chain that focuses on the sovial well-
being of dried fish workers.

The illegal harvesting of seafood and the mislabelling of
dry fish products have become more prominent in rocent
years [10, 11]. Typically, seafoed products change hands 6
to 10 times before reaching the consumer. Since most
fishing vessels lack adequate reconds, the pamary challenge
is identifying the first toceiver in the seafood supply chain
[12]. A survey of the authenticity of fresh and provessad
fish from the domestic market showed that 22 percent of
seafood samples in India are mislabellad [13]. Boad snd
Drug Administration found the presence of salmoaella in
sampling strips of frozen fish products exportad from lndia
and recalled them [14]. Traceability in the dry fish supply
chain deserves research attention, as food scandals and
scares worldwide have mduced consumer  confidence.
Numerous incidents like misinterpreting food characteris-
tics, food adulteration, and recently the Covid-19 pandemic
chatn have shaken
consumer’s trust [13, 16}, Traceability is rovognirad as a
mechanism for quality and safety, reducing the overall cost

WO «zm“.ut\pm\ ing the sustainability of the food product sinee it
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reduces recall [17]. The consumer’s increased demand for
complete visibility of food quality and history along the
supply chain also supported traceability adoption in the
food supply chain. However, most of India’s dry fish supply
chain stakeholders are Small and Medium Enterprises
(SMEs), have very poor affordability, and often rely mainly
on paper documentation at the distributors and wholesalers
level [18]. Bharda et al [3] identified that SME:s in the dry
fish supply chain make less profit due to poor product
quality, safety and hygienic conditions and lack of market
access. Adopting the traceability system is one of the main
factors that significantly influence the quality of the SME
food scctor [19]. A recent survey by Rao et al [14] iden-
tified a low awareness of the importance of food trace-
ability, especially among India’s micro and small-scale
food industries. Hence, awareness, benefits, drivers, and
barriers must be explored to implement a traceability sys-
tem in the dry fish supply chain. Literature has yet to
provide evidence of a published work that identifies and
explores the awareness, benefits, drivers and barriers to
traceability adoption in dry fish supply chain SMEs in
India. This research aims to understand the awareness,
benefits, drivers, and barriers to effectively implementing
the traceability system in dry fish SMEs in India.
The research objectives are as follows:

e To identify the awareness, benefits, drivers and barriers
that affect the traceability adoption in the dry fish
supply chain.

e To develop a conceptual model that formally states the
relationship among perceived benefits, drivers, barriers
and awareness to implement the traceability system.

e To test the conceptual model using the data gathered
from 226 stakeholders in India’s dry fish supply chain.

‘e To present the results and research implications.

Table 1. Recent studies on the traceability adoption in the food supply chain.

Sadhana (2023)48:19

The rest of this paper is organized as follows. Sec-
tion 2 narrates the literature review. Section 3 presents
the conceptual model and hypotheses. The illustration of
the dry fish supply chain and the survey methods
employed in this research are highlighted in section 4.
The result and discussion are reported in section 5.
Finally, in section 6 the conclusions and areas of further
research are discussed.

2. Literature review

Donnelly and Karlsen [20] identified the critical points for
traceability during the production of wet and dried salted
fish and its practical challenges. To implement the food
traceability system, it is necessary to identify the drivers
and their inter-relationships that impact traceability in the
value chain [21]. The recent literature on traceability
adoption in the food supply chain is shown in table 1.
Among the reviewed articles, it is observed that Agri-food
products have received significant attention, followed by
fishery products. Also, most studies tend to identify and
summarise the barriers [12, 22-26] to implementing the
food traceability system. Research about the awareness of
food traceability [27-31] also has received considerable
attention. It is noted that the drivers [12, 23, 32] and ben-
efits [23, 33] of the traceability system have yet to receive
much attention. From table 1, it is clear that none of the
previous literature has paid attention to the Indian dry fish
SMEs’ awareness, benefits, drivers and barriers and their
intention to implement it.

From the published literature, the identified benefits,
drivers and barriers of food traceability are llsted below in
tables 2, 3 and 4, respectively.

Traceability adoption

References Awareness Benefits Barriers Drivers Product Country
[22] O Agri-food Indonesia
[27] [m} Agri-food Sri Lanka
[24] a Fish Norway
[23) (m} m} a Agri food Ttaly

28] O Agri-food China
[29] [m} Cheese Brazil
(32] (@ Agri-food India

[1 2] O a Fish Indonesia
[30] O Meat Malaysia
[24] O Fish America
[25]) 0 Ice cream Africa
[26] m] Fish Romania
[31] m] Drinks UK
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Table 2. Denelits of food traceability identi
! entifi : i g
T ———— y 1 ied from the ;Ii‘:zel:;fu 4. Bariers of food traceability identified from the
re.

Benefits 4

e its e References  Barriers References
rsiness benefits of implementin ti 7 i i i

e e P ing cffective f;r'::':rs of implementing effective traceability

:::pn:u pmd‘ucf safcl.y [A4] [34, 35] High costs of the traceability system C1) [26, 34]

3 pro ;t product quality [{\2'] [34, 36] No unified standards in the markets [C2] (39, 41, 42]

entify product characteristics [A3] [35]) Privacy and security concerns [C3] 24, 43)

Increase access to overseas markets [A,] [37] Information limitation [C4] [31i
A!truct n?w customers [As] [18, 38] Capacity[infraslructure] limitation [C5) [26, 42]
Differentiate your products from others [A6] [39] Uncertainty about the future benefits [C6] [26, 42]
Increase profit '[ff\7] o [38] Reluctance to change [C7] [26]
Increase the ability to retain cxisting customers [Ag] [35] Limited awareness of traceability and its benefits  [31, 35]
Reduce customer complaints [Ag) [40] [C8]

Reduce liability claims and lawsuits[ A o] [31] Inadequate Practices [C9] [19]
lfcducc thc. cost of product recall [A,;] [41] Lack of support from government [C10] [19, 371
Enable rapid recall of food product [A,,] [34] Lack of a coordinator for traceability practices [C11] [12, 45, 56]1
Reduce the probability of product recall [A}3] [31]

Table 3. Drivers of food

traceability identified from the
literature. ’

Drivers References

Drivers of implementing effective traceability
system

Quality concern [B1]

[34, 35, 37, 46, 47]
Safety concern [B2]

[34, 35, 37]
Food safety regulation [B3] [19, 35, 44]
Technological advancements [B4] [35]
Reccall expenses [B5] [34]
Gaining competitive advantage [B6] [41, 45]
Suppliers/consumers request [B7] [37]
Product information [B8] [35]

The benefits of traceability include improved food safety
and quality [34-36], which differentiate traceable products
from others [18, 39]. Traceability increases the profit by
retaining the existing customer and attracting new cus-
tomers [18, 38] and reduces the cost associated with a
product recall.

Also, regarding the drivers of food traceability, the most
noticeable drivers are quality and safety concerns
[34, 35, 37], food regulation [19, 35, 44] and getting
competitive advantages [41, 45].

Furthermore, high costs of application of the traceability
system [26, 34], lack of unified standards [39, 41, 42],
privacy and security concerns [24, 43], lack of infrastruc-
ture [26, 42], uncertainty about the future benefits [26, 42],
limited awareness of traceability and its benefits [31, 35],
lack of support from the government [19, 37], and lack of a
traceability coordinator [12, 45] are the commonly listed
barriers to traceability systems from the various literature.

ANGALAY

RINCIPAL
¢ EGE QF
Eit Lrnaneor

3. Theoretical framework and hypotheses
development

A conceptual model that formally states the relationship
among the perceived benefits, drivers, barriers and aware-

ness to implement the traceability system is shown in
figure 1.

3.1 Perceived benefits and intention to implement
the traceability system

The rational choice theory states that firms are rational
actors, and before decision-making and taking action, they
evaluate the costs and benefits of a process [38]. Previous
studies show that perceived benefits influence attitudes and
behavioural intentions [48]. Furthermore, empirical
research proposed the constructive outcome of perceived
benefits on intention toward online self-exposure. The
above arguments exhibit how perceived benefits influence
preferences and function in different contexts. Thus it is

)
77" Perceived Benefits
e ——— - ™) - Intentionto
4 Perceiv vers' - .
[B1, B2...B8] = | implement
© the
| ' Perceived Barriers ili
i [C1,C2...c11) e, traceablhty
system
WA I 1 (8]
- Awareness | j o)

Figure 1. The proposed research framg;w Sta
among benefits, drivers, barriers and.‘a?}rmncs‘s.z‘,. 1
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postulated that H1, the higher the perceived benefi
traceability system, the higher their readiness
it

Mgz Perecived benefit will have a positive influence on
the intention to implement the traceability system.

ts of a
to implement

3.2 Perceived drivers and intention to implement
the traceability system

Drivers are factors that cause a system to be the way it is or
guide decisions around a system [31]. The perceived dri-
vers can positively influence an organization’s ability to
execute a new practice and promote a new initiative [50].
Furthermore, the identification of the drivers assists the
food industries in assessing their initiatives to implement a
traceability system [51]. Thus the following hypothesis is
developed. ¥

H,: Perceived drivers will have a positive influence on
the intention to implement the traceability system.

3.3 Perceived barriers and intention to implement
the traceability system

Implementing traceability in the food supply chain is
challenging due to many barriers. Perceived barriers have a

Sddhana (2023)48:19

significant relationship  with entreprencurial  intention.
Sandhu et al [52] identified that perceived barriers have a
negative impact on entrepreneurial inclination. The study
between perceived barriers and a firm's intention reveals
that based on anticipated barriers, people who wish to start
their businesses decide to Wail to start it anymore or even
postpone until they can manage these barriers [53]. Doern
[54] reported that perceived barriers could hinder, postpone
and even slow down the process of realizing growth
intentions. Therefore, it is hypothesized that:

H3: Perceived barriers will have a negative influence on
the intention to the traceability system.

3.4 Awareness of traceability and intention
to implement it

Awareness is the degree to which a target population is
cognizant of innovation and frames a general perception of
what it entails. Identifying food traceability awareness
among stakeholders is essential, and lack of awareness is
one of the significant negative factors towards improved
traceability [27]. Awarcness about traceability is a pre-
condition for deciding it [55]. In addition, if a stakeholder is
aware of the problems and precautions to take, they are
more likely to have a favourable attitude toward using
protective technologies. Thus, awareness is an antecedent

Wholesale Shop
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Table S Demographic data of survey respondents.
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Variables Categorics Frequencies Percentage
Gender Male 192 84.96
‘emale 34 15.04
Age Under 20 4 . 1.77
20-35 96 4248
36-50 70 30.97
51-65 50 22.12
66 or older 6 2.65
Educational Background Elementary School 65 28.76
High School 130 57.52
Diploma 2 0.88
Undergraduate (i.e. Bachelor) 6 2.65
Postgraduate (i.e. Master) 5 2.21
Doctoral or equivalent 18 7.96
Demographic data excluding Customers and Government employees
No. of employee lto$ 132 94.29
6 to 50 8 5.71
51 to 100 0 0.00
Year of establishment Less than 3 years 19 13.57
3 to 5 years 86 61.43
6 to 10 years 35 s 25.00
Graeter than 10 years
Status of firm Locally owned 82 58.57
Partnership 58 41.43
Export status Yes 0 0.00
No 140 )
Yearly turnover < or = Rs. 25 lakh 135 /,‘{@
> Rs. 25 lakh, < or = Rs 5 crore 5 /.:‘3}57
> Rs. 5 crore, < Rs 10 crore 0 J /_:'!000 Y
‘\\’ry

for the attitude formation stage of innovation diffusion.
Based on the statements mentioned above, the following
hypothesis is developed.

Hy: There is a significant positive relationship between
traceability awareness and intention to implement it.

4. Methodology

The food supply chain possesses unique characteristics of
products and processes, whose data recording and infor-
mation flow are essential for all the stakeholders to ensure
transparency of the products [35]. Data were collected
through a cross-sectional survey (both online and offline)
administered in Kerala and Tamil Nadu, two central mar-
itime states of India, to a sample of 226 stakeholders in the
dry fish supply chain network shown in figure 2. It starts
with the fisherman carrying their fish to the first receiver,
who acts as a delivery agent between the fisherman and the
processor. The processor is responsible for storing, pro-
cessing, preserving, and subjecting them to steps that deem
the dry fish healthy and fit for consumption. The processor
also ensures that the dried fish are packaged into separate

NG
boxes based on the features such as variety, size} shelf e
and processing methods. Open or sun drying is one of the
world’s oldest and most widely practiced methods [57].
Meanwhile, more than 50 percent of the time can be saved
by using solar drying methods [58]. Although most of the
fish processors belong to the private sector, by identifying
the potential of dry fish products, the government of Kerala
initiated dry fish processing and marketing units under the
brand name “DRISH Kerala”. Furthermore, to ensure
safety and quality ICAR-Central Institute of Fisheries
Technology (CIFT), Cochin has developed low-cost and
energy-efficient solar dryers for the hygienic drying of fish.
The wholesaler/retailer/distributor collects the dry fish from
the processor and makes the products available to
customers.

The demographic data are shown in table 5. The
sample covered fishermen (15.5% of the sample), first
receivers  (7.1%), processors (12.4%), distributors
(10.6%), wholesale and retail shops (16.4%), government
agencies (10.2%) and finally, consumers (27.8%). This
research employs a survey strategy as it is found to be
the best method to gather information from a population
such as SMEs in India, which is too large to observe
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dircetly [31]. 'The authors identified awarencss levels,
benefits, drivers, and barriers to adopting a traccability
system in Indian dry fish SMEs through the extensive
literature review. As the initial step, a preliminary survey
Questionnaire in - English s prepared and further, to
minimize any colloquialism wording and maintain a high
degree of consistency of the original questionnaire, a
back-translation technique [61] was employed to translate
the questionnaire into Malayalam and Tamil, two Indian
languages. Sccond, the scale items included in the
questionnaire, their relevance, wording and directions,
and the format were refined based on comments from
rescarchers and practitioners. Third, to further assess and
refine the survey instrument, it was pre-tested through a
pilot study among 21 dry fish stakeholders in Kerala and
Tamil Nadu. The pilot survey was carried out in
November/December 2019. The expert’s comments were
incorporated into the final version of the questionnaire.

The survey is conducted in two parts; online and
offline mode. The study managed an online survey for
government employees and customers, and 750 ques-
tionnaires were sent via e-mail. The initial mailing and
three follow-ups from February 20 2019-January 31,
2021 (Delayed due to Covid-19) generated 106 usable
responses, yielding a relatively high response rate of
about 14.13 percent. For other stakeholders, an offline,
face-to-face survey is conducted due to their need for
more technical knowledge and infrastructure to respond.
Furthermore, Szolnoki and Hoffmann [61], recommended
that face-to-face surveys deliver the most representative
result and are structured, flexible and adaptable. The total
number of responses received through offline mode is
120. The main questions included are related to the topic
of this paper and are reported below. It should be noted
that some background questions are asked at the begin-
ning of the survey to understand whether the stakeholders
(except government agencies and customers) belong to a
small and medium sector. Also, to identify the dry fish
supply chain shown in figure 2, two questions are
included for each stakeholder: “Who are your direct/
immediate customers?” and “Who are your direct/tierl
suppliers? To understand the level of awareness of the
traceability system, we included two questions for the
stakeholders following Mattevi and Jones [31], as shown
in table 6. Furthermore, the respondents were asked to
rate the benefits, drivers, and barriers that impact
implementing the traceability in the Indian dry fish SMEs
on a 5- point Likert scale.

Data were statistically analysed using IBM SPSS version
20. In order to enhance the robustness of the results, cor-
relation matrices are generated for the traceability system’s

- perceived benefits, drivers and barriers. Furthermore, mul-

tiple regression modelling was used to assess the effect of
these variables for the intention to implement the dry fish
traceability system.

ira g W \)
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Table 6. Questionnaire (o understand the level of awareness of
the traceability system.

Are you familiar with the word "traceability“ of a dried fish
product? (Tick v one)

O Know very well

O Know well

O Know

O Some information

O No Information
[IF YES] Which of the element below best describe the concept
of traceability of a fish product? (Tick ¢ one or multiple
choices)

O Tracking (Follow downstream path of a product)

DOTracing (Determine the origin of a product)

O Safety control

O Quality control

O Information (capture, and/or store, and/or transmit)

5. Results and discussion

A correlation matrix enables reproducing (and confirming)
a study’s results or conducting secondary analyses. The
correlations among the perceived benefits, drivers and
barriers were examined individually, and the results are
shown in the correlation matrices (tables 7, 8 and 9). Prior
to this, the scales of measurement for the variables were
tested using a Cronbach reliability test. They were 0.9720,
0.9840 and 0.9680 for the benefits, drivers, and barriers,
respectively, indicating a high level of reliability. From
table 7, it is identified that the perceived traceability ben-
efits ”increase profit and attract new customers*® (r=0.420,
p = 0.00), "reduce liability claims and lawsuits and reduce
customer complaints* (r = 0.433, p = 0.00), reduce the
probability of occurrence of product recall and reduce lia-
bility claims and lawsuits* (r = 0.441, p = 0.00), and "in-
crease the ability to retain existing customers and increase
profit (r = 0.423, p = 0.00) have a high positive correlation.
Similarly, table 8 shows that the traceability drivers “re-
duced recall expenses and technological advancements”
have a very high correlation value (r=0.725, p=0.00). This
finding aligns with Karlsen et al [49], who assert that better
product documentation and lower recall costs result from a
willingness to invest in the technology. Table 9 indicates
that barriers “inadequate practices and reluctance to
change” (r = 0.504, p = 0.00) and “uncertainty about the
future benefits and reluctance to change” (r = 0.445, p=
0.00) are strongly correlated. When multiple independent
variables exist in a regression, the regression coefficient B
shows how much the dependent variable is expected to
change when one of those independent variables changes
while the other independent variables stay constant. The
R-squared value (Rz) of the regression is the fraction of the
change in the dependent variable that is accounted for by

 independent variables. The.t-value is used in regression to

(‘i\?ﬁme whether the)fe’?:pyonseE ind - predictor variables
Sf o\t |
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Table 8, Correlation m |

atrix (f
(for the perceived drivers for tra aceability implementation in dry fish SME).

correlati 10N ¢ cnts d lgnl cance le cls (“ ted tOp to bollom In cach l)
lt"‘l\()l\ rTelat ocffici nts and s fi Vi § cel
1

Quality concern 1 7 :

2 Safety concem 452" 1
0
3 Food i i wa
safety regulation 335 448 1
4 Teck i y 8
echnological advancements 428" 395" 445 1
5 Reduced recall expe ; = . o Y
penses 360 314 324" 725 1

Y ; o 0 0 0 0

To obtain competitive advantage .250"" Ja71° 269" 369" 3017 1

. 0.001 0.025 0 0 0

7 Suppliers/consumers request 208" 410" 0.149 266" 287" 0.09 1
8 § . 0.00‘6 0 0.052 0 0 0.243

Product information 327" 495°* 413" 394 353" 331° 405" 1

0 0 0 0 0 0 0
*Significant at the p = 0.05 Jeve], ** Significant at the p = 0.01 level
Table 9. Conelaliqn matrix (for the perceived barriers for traceability implementation in dry fish SME).
Pearson correlation coefficients and significance levels (listed top to bottom in each cell)
1 2 3 4 5 6 7 8 9 10 11

1 High costs of application of the traceability system 1
2 No unified standards in the markets 206" 1
0.007
3 Privacy and security concerns 209" 296" 1
0.006 0
4 Information limitation 0.133  .408™ 402" 1
0.083 0 0
5 Capacity[infrastructure] limitation 0.081  .202" -0.075 .268™ 1
029  0.008 0327 0 e
6 Uncertainty about the future benefits 0.067 .297°* 228" 267" 371" 1 N
0383 0 0.003 0 0 v R T
7 Reluctance to change 182 340° 383%™ 355" 239" 445* | \\él&&

0017 0 0 0 0.002 0

8 limited awareness of traceability and its benefits ~ 0.122  .352™ 166" .347"° .350™ 267" 369°* 1
0111 0 003 0 (] 0 0
9 Inadequate Practices 190 297" 199" 326" 245" 356" 504" 0.142 1
0012 0 0.009 0 0.001 0 0 0.063
10 Lack of support from government — 0003 .315™ 0.041 .207™ .161" .286™ 356" 315™ 272" 1
0964 0 0.594 0.006 0.035 0 0 0 0
11 Lack of a coordinator for traceability practices 1507 220° 0.127 260" 357" 319" 358" 225°* 389" 381 |
0.05 0.004 0.097 0.001 0 0 0 0.003 0 0

* Significant at the p = 0.05 level. ** Significant at the p = 0.01 level

have a linear correlation. In the structural model, R? values  level is equal to 1 percent), 1.96 (significance level is equal

0f 0.75, 0.50, or 0.25 for endogenous latent variables can be
explained as substantial, moderate, or weak, respectively.
Critical t-values for a two-tailed test are 2.58 (significance

to 5 percent), and 1.65 (significance level is equal to 10
percent). The correlation matrix of perceived benefits, dri-
vers and barriers arc shown in tables 2, 8 and Do

% colve
(e

v 00‘
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Table 10. Regression results, Hypothesis 1-3.

Page 9 of 13
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Intention to implement the traceability system

H1: Benefits of traceability

Improve product safety

Improve product quality

Identify product characteristics

Increase access to overseas markets

Attract new customers

Differentiate your products from others
Increase profit

Increase the ability to retain existing customers
Reduce customer complaints

Reduce liability claims and lawsuits

Reduce the cost of product recall

Enable rapid recall of food product

Reduce the probability of occurrence of product recall

H2: Drivers of traccability

Quality concern

Safety concern

Food safety regulation
Technological advancements
Reduced reccall expenses

To obtain competitive advantage
Suppliers/consumers request
Product information

H3: Barriers of traceability

High costs of application of the traceability system
No unified standards in the markets

Privacy and security concerns

Information limitation

Capacily[inl‘rastructure] limitation

Uncertainty about the future benefits

Reluctance to change

limited awareness of traceability and its benefits
Inadequate Practices

Lack of support from government

Lack of a coordinator for traceability practices

H4: Awareness of traceability

R* = 0.808

F=55.69 (000)

Standard f t Significance
0.597+* 9.021 0.000
0.275+* 3.233 0.001
0.012 0.279 0.781
—0.001 —0.021 0.983
0.521%* 8.445 0.000
0.501** 8.287 0.008
0.175 2.536 0.221
0.009 0.188 0451
0.111 1.343 0.181
0.010 0.267 0.790
0.227 6.889 0.120
0.010 0.250 0.103
—0.131 —1.535 0.127
R? = 0.631

F=32.68(000)
Standard p t Significance
0.588** 8.942 0.000
0.245* 1.871 0.023
0.404* 5.986 0.028
0.031 0.277 0.782
0.071 0.646 0.519
0.337** 4.437 0.000
0.065 0.781 0.436
0.050 0.546 0.586
R? = 0473
F=13.148(.001)
Standard f t Significance
-0.343* —4.597 0.012
-0.012 -0.179 0.858
0.02 0.296 0.768
—0.063 —0.888 0.376
—0.402%* -5.303 0.000
0.009 0.148 0.883
0.021 0.285 0776 -
—0.604** —8.482 )
=0.102 -1.507

—=0.514+* =7.65

—0.216** -3.001
R? = 0.765
F= 47.76(.000)
Standard t
0.604** 9.887

* Significant at the p = 0.05 level. ** Significant at the p = 0.01 level

respectively. The regression models had significant (p <
0.05) F-values, as shown in table 10.

Hypothesis 1 holds that perceived benefit will positively
influence the intention to implement the traceability system.
The results in table 10 provide support for this hypothesis.
The results are solid for the benefits of the traceability
system, with the model R-squared implying that the

independent variables explain 80.8 percent of the variation
in intention to implement the traceability system. Exam-
ining the individual model results yields some additional
insights. The benefits such as improved product safety [Al]
(B =0.597, t = 9.021, P = 0.000), quality [A2] (B = 0.275,
t=3.223, P =0.001), attracting new customers [AS]
(B =0.521, t = 8.445, P =0.000) an ?ffcrcnnatc,_.

e "
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products  from others [A6) B = 0.501 =82

F’=0:(X)8) have a significant poEitive im})ac: og.bg;]e‘
tention to implement the traceability system. Contrarij

apart l‘rm}\ the benefits outlined above, none of the (()thg,r’
faclors“mgniﬂcantly affect the implementation of the
traceability system. The result of reducing the cost of
product recal] [Al1] (B = 0227, t = 6.889, p = 0.120) js
fou-nd to be less significant. While the authors expected thi;
variable positively impacts the intention to implement the
traceability system, the results Suggest otherwise. One
poslsible explanation is that most stakeholders in Indjq

the recall, the cost of shipping the recalled product and the
cost of holding the recalled product is relatively high. In our
survey, most dry fish supply chain stakeholders are small
and medium sectors, market a limited quantity of products,
and deal with few recalls. Memon et al [59) reported that a
minor product recall would not affect the profit and sales of
firms.

Hypothesis 2 argues that perceived drivers will positively
influence the intention to implement the traceability system.
The results in table 10 support this hypothesis. The model
R? implies that the independent variables explain 63.1
percent of the variation in the intention to implement the
traceability system. The traceability drivers such as quality
concern [B1] (B =0.588, t = 98.942, P = 0.000), safety
concern [B2] (B = 0.245,t = 1.871,P = 0.023), food safety
regulation [B3] (B =0.404, t = 5.986, P = 0.028) and to
obtain competitive advantage [B6] (ff = 0.337, t = 4.437,
P =0.000) have a profoundly favourable effect on the
decision to implement the traceability system. The results
agree with the findings of Pant ef al [34] that traceability is
primarily considered a tool for food safety and quality by
offering a mechanism for recall and confirmation of food
authenticity. Several nations over the past few years have
established specific regulations or policies for domestic
products and implemented mandatory regulations for food
traceability systems, excluding India Dandage et al [19].
India must cooperate with these nations and adhere to their
established standards in order to export goods to those
countries where a traceability system is required and get
competitive advantages.

Hypothesis 3 holds that perceived barriers will negatively
influence the intention to adopt the traceability system. The
results in table 10 support this hypothesis, albeit not as
strongly as for Hypotheses 1 and 2. High cost[C1] (=
—0.343, t= —4.597, P=0.012), capacity limitation[C5) (B=
—-0.402, = —5.303, P=0.000), limited awareness[C8] (B=
—0.604, t= —8.482, P=0.000), lack of government sup-
port[CI0] (B= —0.514, t= —7.65, P=0.000) and lack of a
coordinator[C11] (P= —-0.216, t= —3.001, P=0.003) are the
independent variables with a significant, negative impact on
the intention to dry fish traceability system implementation
and all other barriers have no significance. Not surprisingly,

Sadhana (2023 H8:19

;’1; lhc:takcl.mldcrs belicve that financial support for building

.-nepﬂf;by;: r’:r;i_r‘:;s;mc,'um development by the governmen; s

al s govemment support has o high negative p

Value (B=-0.5] 4)..Furlhcmmrc. while the authors expected

t?]e lz.lck of a coordinator for traceability practices to have

little impact on Implementing the dry fish traceability system,
_lhe resqll Was surprising. The regression models yield some
Interesting insights. In India, most dry fish supply chain
members are located jn coastal area and prone to Jow literacy
and technical knowledge Ievels, Therefore, they need support
from external sources to provide training and support ser-
vices and work closely with the supply chain team. The
results validated the findings by Choi ¢t a/ [60] say that to
create the maximised system’s profit and successful strate-
gies, the interests of individual members, should be coordi-
nated by a supply chain coordinator. Additionally,
coordinating the traccabj lity system positively impacts
quality in food industry value chains since most entities act
based on their activity and integration of these units is pos-
sible only through a coordinator [12].

Hypothesis 4 states a significant positive relationship
between the level of traceability awareness and the inten-
tion to implement it. It is crucial to gauge stakeholders’
awarcness of food traceability, and a lack of awareness is
one of the critical barriers to adopting traceability. Trace-
ability awareness is a requirement before choosing it
Blaauboer et al [55). Indeed, the more knowledgeable a
stakeholder is about issues and how to protect against them,
the more likely they will develop a positive attitude toward
using protective technologies. Therefore, awareness is a
prerequisite for the innovation diffusion stage of attitude
formation. The results in the table support this hypothesis,
with the awareness of traceability explaining 76.5 percent
of the variance in the implementation of the traccability
system. The findings agreed with Samarasinghe et al [27]

that poor awareness is a limiting factor for implementing AT

traceability system since a lack of awareness implies 1 lack:
of consciousness of something. FO7 WA
Finally, the overall result suggests that the m‘:i.in'bcnijms; e
are to improve product safety [Al], attract new: chistomers”
[AS5] and differentiate your products from othe ‘ [A6]. The s,

main traceability drivers are the quality concent B;}]\';'\f\d

food safety regulation [B3]. The significant barriery S‘hﬁi}i*a >

cost[C1], limited awareness[C8], lack of government supﬁﬁfr'

[C10] and lack of a coordinator [C11]. To overcome the
barriers, the Indian government must establish specific reg-
ulations or policies for food traceability and define the roles
and responsibilities of stakeholders and regulators, The
researchers and decision-makers must focus on developing
an inexpensive traceability system to promote food trace-
ability. The suggested recommendations can help to resolve
the significant barriers and also helps to achieve the benefits
of traceability implementation, such as food safety and

quality. 5
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6. Conclusion

Tmccnbilily ir.'n the dry fish
n:s‘carch attention, especially am
enterprises R )
review Kenifid he warenes eyl

. awareness levels, benefits, drivers
and barriers to adopting a traceability system in Indiar;
dry ﬁsh SME::s. Also, a conceptual model that formally
explains lhe: impact of these variables to establish a dry
fish traccability system was constructed. In order to test
the model, data were collected through a cross-scctional
survey of 226 stakeholders in the dried fish supply chain
network from the central maritime Indian states of Kerala
and Tamil Nadu and were statistically analysed using
IBM SPSS version 20 software. Correlation matrices are
developed for the traceability system’s benefits, drivers,
and barriers to emhance the robustness of the findings.
Additionally, the impact of these variables on the deci-
sion to deploy the dry fish traceability system was
evaluated using multiple regression modclling.

The findings revealed that barriers to implementing a
traceability system in the dried fish industry are nega-
tively correlated, while perceived benefits, drivers, and
awareness are positively correlated. The benefits, such as
improving product quality, attracting new customers and
differentiating your products from others, have a signif-
icant positive impact on the intention to implement the
traceability system. As far as the perceived driver’s effect
on the traceability system is considered, the leading
elements are quality and safety concerns, food safety
regulations, and to obtaining competitive advantages.
Finally, the critical barriers to traceability are identified
as high cost, capacity limitations, limited awareness, lack
of government support and lack of a coordinator. From
the survey, it is found that Indian dry fish stakeholders
appear to have a moderate understanding of the definition
and meaning of traceability as provided by the literature,
like tracking, tracing, safety, and quality. A few minor
contradictions remain, such as the low number of supply
chain members who have chosen “information” as a
concept associated with traceability.

The unique contribution of this research is that it
developed a supply chain network for the SME dry fish
sector in India. Furthermore, it provides information that
may be considered by the government, programmers, and
the fishing sector before making plans to create a
traceability system for the supply chain of dry fish. This
research can help to understand the various elements to
implement traceability practices within dry fish SMEs
and can be extended to any other food industry. Before
developing a prototype of the traceability system for dry
fish SMEs, this work offers several points to consider.
Implementation of a dry fish traceability system will
become a reality in the SME sector if these drivers and
barriers are addressed adequately.

supply chain descrves
ong small and medium
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The following are the limitations of the present research.
The findings and the business implications presented in this
study arc based on a sample size of 226 stakcholders in two
states of India (Kerala and Tamil Nadu), which may restrict
the generalisation of results. Therefore, future research can
expand the sample size and improve representativeness
from other coastal states. Notwithstanding its limitation,
this study delivers a starting point for several future
research streams. This research is limited to SME dry fish
sector and may be extended to other food sectors such as
fruit and vegetables, meat, live fish etc, Future research
may utilise methodologies, such as interpretive structural
modelling (ISM) and Decision making trial and evaluation
laboratory (DEMATEL), to incorporate the direct effects of
each driver and barrier to the adoption of traceability in the
supply chain.

Acknowlegement

The authors thank the editors/associate editors and review-
ers for their constructive comments.

Funding The authors did not receive the financial support from any
organization for the submitted work.

Declarations

Conflict of interest The authors declare that ﬂlcyf’fﬁv\ no kncwn
competing financial interests or personal relationshipsstiyat coukl Alg@\('c
appeared to influence the work reported in this pap&f [ s
o it
-
o

References

[1] Ministry of Fisheries, Animal Husbandry & Dairying
Year Ender review 2021 on highlight key Initiatives and
achievements pertains to Department of Fisheries , Ministry
of Fisheries, Animal Husbandry and Dairying for the year
2021, available at https:/pib.gov.in/PressReleasePage.
aspx?PRID=1786303
Ahmad W and Bhuimbar S 2019 Current status of fish waste
management in Karwar City. Int. J. Res. Appl. Sci. Eng.
Technol. 7(4): 3663-3568
Bharda S, Desai A Y, Tandel Rutvik Kumar P and Tandel
Jitendra Kumar 2017 Production of different type of dry fish
and its yield measurement at Veraval, Gujarat, India. Res.
J. Recent Sci. 6(7): 28-32
Payra P, Maity R, Maity S and Mandal B 2016 Production
and markeling of dry fish through the traditional practices in
‘West Bengal coast: Problems and prospect. Int. J. Fisheries
Aquat. Stud. 4(6): 118-123
Madan M S, Radhakrishnan K, Ranjith L, Narayanakumar R,
Aswathy N and Kanthan K P 2018 Economics and marketing
of dry fish production in Thoothukudi District, Tamil Nadu,
India. Indian J. Fish. 65(4); 135-141
[6] Ngasotter S, Panda S P, Mohanty U, Akter S, Mukherjee S,
Waikhom D and Devi L S 2020 Current scenario of fisheries
.~and aquaculture in India with special reference to Odisha: a

T NG
£6 oot

[2]

3

—

[4

flna}

[5




19 Page 12 of 13

review on its status, issues and prospects for sustainable
development, Int. J. Bio-Resour. Stress Manag. 11(4):
370-380
{7] Christian M, Dewi D, Rembulan G D, Indriyarti E R,
Wibowo § and Yuniarto Y 2021 Business performance
determinants of salted fish distribution in Kapuk during the
COVID-19. J. Distrib. Sci. 19(6): 29-39
{8] Kallon A, Lebbie A, Sturm B, Garnett T and Wadsworth R
2017 Comparative studies of fish smoking and solar drying
in the Sierra Leone artisanal fishing industry. J. Stored Prod.
Postharvest Res. 8(3): 4048
[9] Pradhan S K, Nayak P K and Armitage D 2022 A social-
ecological systems perspective on dried fish value chains.
Curr. Res. Environ. Sustain. 4: 100128
[10] Rajeshkannan R, Alamelu V, Vijayarahavan V and Vima-
ladevi S 2021 DNA authentication of fish products: a tool to
reveal the risk of mislabeling/fraudulence associated with
seafood trade. Biotica Res. Today 3(7): 637-641
[11] Agyeman N A, Blanco-Fernandez C, Steinhaussen S L,
Garcia-Vazquez E and Machado-Schiaffino G 2021 Illegal,
unreported, and unregulated fisheries threatening shark
conservation in african waters revealed from high levels of
shark mislabelling in ghana. Genes. 12(7): 1002
[12] Rombe E, Mubaraq R, Hadi S, Adriansyah R and Vesakha G
2018 Barriers and drivers for applying fish traceability
system in emerging market. Int. J. Eng. Technol. 7(4.15):
262-264
[13] Nagalakshmi K, Annam P K, Venkateshwarlu G, Pathakota
G B and Lakra W S 2016 Mislabeling in Indian seafood: an
investigation using DNA barcoding. Food Control. 59(Jan-
uary): 196-200
[14] Rao E S, Shukla S and Rizwana 2022 Food traceability
system in India. Meas. Food. 5(November): 100019
[15] Aday S and Aday M S 2020 Impact of COVID-19 on the
food supply chain. Food Qual. Saf. 4(4): 167-180
[16] Patidar A, Sharma M and Agrawal R 2021 Prioritizing
drivers to creating traceability in the food supply chain.
Procedia CIRP 98: 690—695
[17] Jose A and Shanmugam P V 2019 Supply chain issues in
SME food sector: a systematic review. J. Adv. Manag. Res.
17(1): 19-65
[18] Marchante A P, Melcon A A, Trebar M and Filippin P 2014
Advanced traceability system in aquaculture supply chain. J.
Food Eng. 122(1): 99-109
[19] Dandage K, Badia-Melis R and Ruiz-Garcia L 2017 Indian
perspective in food traceability: a review. Food Control 71:
217227
[20] Donnelly K A M and Karlsen K M 2010 Lessons from two
case studies of implementing traceability in the dried salted
fish industry. J. Aquat. Food Product Technol. 19(1): 38—47.
[21] Faisal M N and Talib F 2016 Implementing traceability in
Indian food-supply chains: an interpretive structural model-
ing approach. J. Foodserv. Bus. Res. 19(2): 171-196
[22) Gunawan 1, Vanany I and Widodo E 2021 Typical
traceability barriers in the Indonesian vegetable oil industry.
Br. Food J. 123(3): 1223-1248
[23] Corallo A, Latino M E, Menegoli M and Striani F 2020 What
factors impact on technological traceability systems diffu-
sion in the agrifood industry? An Italian survey. J. Rural
Stud. 75(March): 30-47

i

Sddhana (2023)48:19

[24] I’:?r(jt MIJ. Flett K and Howell C J 2017 Current barriers to
ge-scale interoperability of traceability technology in the

seafood sector. J. Food Sci. 82: 3-12

[25] Allata S,. Valero A and Benhadja L 2017 Implementation of
traceability and food safety systems (HACCP) under the 150
22000:2005 stun(llard in North Africa: the case study of an ice
cream company in metho. Food Control 79: 239-253

[26] Dediu L, Moga L M and Cristea V 2016 The barriers for the
adoption of traceability systems by Romanian fish farms,
AACL Bioflux. 9(6): 1323-1330

[27] Samarasinghe Y M P, Kumara B A M S and Kulatunga A K
2021 Traceability of fruits and vegetables supply chain
towards efficient management: a case study from Sri Lanka,
Int. J. Ind. Eng. Oper. Manag. 3(2): 89-106

[28] Chen M, Zhang W, Zheng Y and Lu J 2020 Food traceability
system awareness and agricultural operation: a study of tea
farms in Fujian, China. Future Food J. Food Agric. Soc.
8(3): 1-12

[29] Pelegrino B O, Silva R, Guimardes J T, Coutinho N F,
Pimentel T C, Castro B G and Cruz A G 2020 Traceability:
Perception and attitudes of artisanal cheese producers in
Brazil. Journal of Dairy Science. 103(5): 4874—4879

[30] Mohd Nawi N, Basri H N, Kamarulzaman N H and
Shamsudin M N 2018 Factors influencing consumers’
preferences towards meat and meat products with traceability
systems in Malaysia. Int. Food Res. J. 25(December): S157—
S164

[31] Mattevi M and Jones J A 2016 Traceability in the food
supply chain: awareness and attitudes of UK Small and
Medium-sized Enterpriscs. Food Control. 64: 120-127

[32] Kamble S S, Gunasekaran A and Sharma R 2020 Modeling
the blockchain enabled traceability in agriculture supply
chain. Int. J. Inf. Manag. 52(April): 1-16

[33] Borit M, Olsen P 2020 Beyond regulatory compliance—
Seafood traceability benefits and success cases. In: FAQ
Fisheries and Aquaculture Circular. 1197:52. https://doi.org/
10.4060/ca9550en

[34] Aung M M and Chang Y S 2014 Traceability in a food
supply chain: safety and quality perspectives. Food Control
39(1): 172-184

[35] Pant R R, Prakash G and Farooquie J A 2015 A framework
for traceability and transparency in the dairy supply chain-
networks. Procedia Soc. Behav. Sci. 189: 385-394 ]

[36] Karlsen K M, Sgrensen C F, Foras F and Olsey){:‘P/ 201“ >
Ciritical criteria when implementing electronic ﬁhﬂ“ t.racé:\
ability in a fish supply chain. Food Contr,e’!( 22(8)
1339-1347 AT

[37] Mai N, Bogason S G, Arason S, Rnason S

W AKamda-8:3 53/1/ Y
Matthi“asson T G, 2010 Benefits of traceability in\ﬁ\i‘g}g%y __-\,’;):_'ff/'
chains—case studies. Br. Food J. 112(9): 976-1002 3/ UMANCY-

[38] Abd Rahman A, Singhry H B, Hanafiah M H and Abdul M
2016 Influence of perceived benefits and traceability system
on the readiness for Halal Assurance System implementation
among food manufacturers. Food Control 73: 1318-1326

[39] Storoy J, Thakur M and Olsen P 2013 The tracefood
framework—principles and guidelines for implementing
traceability in food value chains. J. Food Eng. 115(1): 4148

[40] Alfaro J A and Rabade L. A 2009 Traceability as a strategic
tool to improve inventory management: a case study in the
food industry. Int. J. Prod. Econ. 118(1); 104-110

R et

e\ EO
FNGF\\MJ\;&OL}\KNM\"\O‘“




Seddhandg (2023)48: 19

[41] Bosona T and Gebresenbet G 2013 Food traccability as an
integral part of logistics management in food and agricultural
supply chain. Food Control 33(1): 32-48

[42] Zhavg X, Feng J and 1y J 2011 Modeling traceability

i ctionality requirement in export-oriented
tilapia chain. J. Sci. Food Agric. 91: 1316-1325

[43] Zhang Y and Zou T 2017 A review of food traceability in
food supply chain. In: Proceedings of the International
MultiConference of Engineers and Computer Scientists.
2(March): 797-800

[44] Lewis S G and Boyle M 2017 The expanding role of

traceability in scafood: tools and key initiatives. J. Food Sci,

82: A13-A21

Canavari M, Centonze R, Hingley M and Spadoni R 2010

Traccability as part of competitive strategy in the fruit supply

chain. Br. Food J. 112(2): 171-186

[46] Patidar R, Agrawal S and Pratap S 2018 Dcvclopm.cnt of
novel strategies for designing sustainable Indian agri-fresh
food supply chain. Sadhana Acad. Proc. Eng. §ci. 43: 16?

[47] Ajzen T 1991 The theory of planned behavior. Organiz.
Behav. Hum. Decis. Process. 50: 179-211 .

[48] Karlsen KM, Donnelly K A M and Olsen P 2011 Granularity
and its importance for traceability in a farmed salmon supply
chain. J. Food Eng. 102(1): 1-8 .

[49] AliIand Aboelmaged M G S 2021 Imp]ementam?n of su.pply
chain 4.0 in the food and beverage industry: perceived drivers
and barriers. Int. J. Product. Perform. Manag. 71(4):

443 B

[50] Il-lt‘?l‘:;r:l A, Khan S and Khan M I 2019 Traceability
implementation in food supply chain: a grey-DEMATEL
approach. Inf. Process. Agric. 6(3): 335-348 -

[51] Sandhu M S, Sidique S F and Riaz S 2011 Entrepreneurs!np
barriers and entrepreneurial inclination among Malaysian
postgraduate students. Int. J. Entrep. Behav. Res. 17(4):
428-449

(45]

Page 13 of 13 19

[52] Malecbana M J 2015 P
formation of entreprencu
12: 881-905

[53] Doern R 2011 Unders(anding how perceived barriers infly-
ence growth intentions and behaviours. Ins. J, Entrep. Behay,
Res. 17(5): 488-514

[54] Blaauboer F, Sikkel K and Aydin M N 2007 Deciding to
adopt requirements traceability in practice, /ns, Conf. Ady,
Inf. Syst. Eng. 4495: 294 30g

[55] Jose A, Venkatesan S p and Kumar B 2022 A QR code based
traceability system for dry fish supply chain of micro and
small enterprises in India. Int, J, Indian Cult, Bus.
(In press)

[56] Paul P C, Reza M S, Islam M N and Kamal M 2018 A
review on dried fish processing and marketing in the
coastal region of Bangladesh. Res. Agric. Livestock Fisher.
5(3): 381-390

[57] Sengar S H, Khandetod Y P and Mohod A G 2009 Low cost
solar dryer for fish. Sci. Technol. 3(9): 265-271

[58] Memon M S, Lee Y H and Mari S I 2015 Analysis of
traceability optimization and shareholder’s profit for efficient
supply chain operation under product recall crisis. Math.
Prob. Eng. 2015: 1-8

[59] Choi T M, Li D, Yan H and Chiu C H 2008 Channel
coordination in supply chains with agents having mean-
variance objectives. Omega. 36(4): 565-576

[60] Szolnoki G and Hoffmann D 2013 Online, face-to-face
and telephone surveys—comparing different sampling
methods in wine consumer research. Wine Econ. Policy
2(2): 57-66

[61] Tingchi Liu M, Chu R, Wong I A, Angel Zifiiga M and
Meng Yand Pang C 2012 Exploring the relationship among
affective loyalty, perceived benefits, attitude, and intention to
use cobranded products. Asia Pacific J. Market. Log. 24(4):
561-582

creeived barriers influencing the
rial intention, J, Contemp, Manag.

Manag.




rerierw,

Int.J. Indian Culture and Business Management, Vol. X, No. Y, xxxx 1

A QR code based traceability system for dry fish
supply chain of micro and small enterprises in India

Arun Jose*,

Shanmugam Prasanna Venkatesan and
Brijesh Kumar

Production Engincering Department,
National Institute of Technology,
Tiruchirappalli, India

Email: arun3459@gmail.com
Email: prasanna@nitt.edu

Email: kbrijesh299@gmail.com
*Corresponding author

————

Abstract: This research proposes a quick response (QR) code-based supply §
chain traceability system to control the quality and safety of Marine Dry Fish in £
India. Micro and small cnterprises (MSEs) are the main stakeholders of the dry
fish supply chain in India. These MSEs rely mainly on paper documentation for
traceability, and technology adoption is still in an carly stage due to poor
affordability. The proposed QR code stores information such as source/origin,
product/variety, location and time of processing, and packaging into a real-time

stakeholders in Emakulam, one of the marine districts of Kerala-India. The
results showed significant benefits to dry fish value chain members and
customers by integrating information collected along the supply chain and
tracking the products from fisherman to the end consumer.

Keywords: supply chain traceability; MSE; QR code; dry fish; quality and
safety.

Reference to this paper should be made as follows: Jose, A., Venkatesan, S.P.

and Kumar, B. (xxxx) ‘A QR code based traceability system for dry fish supply ucESH
chain of micro and small enterprises in India’, Int. J. Indian Culture and Dr. K. PRATHEES
Business Management, Vol. X, No. Y, pp.xxx—xxx. Head of Depart ment

anical Engine
Biographical notes: Arun Jose is a PhD Research Scholar in the Production > .nartment of Mechanical €08
Engineering Department under the supervision of Dr. S. Prasanna Venkatesan :

at the National Institute of Technology Tiruchirappalli, India.

ering

Shanmugam Prasanna Venkatesan is an Associate Professor in the Production
Engineering Department at the National Institute of Technology
Tiruchirappalli, India. His areas of interest include supply chain management,
healthcare simulation and e-waste management.

Brijesh Kumar completed his MS (Research) from the Department of
Production Engineering, National Institute of Technology, Tiruchirappalli,
India.

€ 5

" clcant
Copyright © 20XX Inderscience Enterprises Ltd. \\G\?r A (,“G\\\”"
) olk

}3%




2 A. Jose et al.
1 Introduction

Indian fisheries and aquaculture are essential food production sectors, providing
nutritional security, and employment to around 14 million people. India is the
second-largest fisherics maker after China, with a total fish production of 12.59 million
metric tonnes (Fisheries Statistics Division, 2019). Over 11,40,000 MT (metric tons)
worth 5.96 billion US dollar fisheries were exported in the last financial year 2020-2021,
despite the market uncertainties raised by the COVID-19 (Ivanov and Das, 2020). The
processing of fisheries products should be done within a few hours of being caught as the
preservation or processing methods determine the shelf life and quality of the final
product. The drying technique is admitted as the most common and affordable technique
for preserving fish (Payra et al, 2016) and decrease the post-harvest loss due to
contamination (Madan et al., 2018). In India, the dry fish consumption is about 32% of
the marine landings and about 20% of the total catch used to produce dry fish (Bharda
etal., 2017). Also, the contribution of the Indian dry fish export sector is 8% of all forms
of fish exports and acquired a value of 1148.38 crores (INR) during 2020-2021
(mpeda.gov.in). However, the implications of illegal harvesting of seafood and the
mislabelling of dry fish products have become more prominent in recent years. A survey
conducted among the Indian domestic fish market to examine the authenticity of fresh
and processed fish showed that 22% of seafood samples are mislabelled (Nagalakshmi
et al, 2016). The food safety issues are concealed in many countries and arc frequently
overlooked (Hoque et al., 2022). In India mandatory regulations or policies for food
safety are not completely enforced resulting in the occurrence of fraudulence incidents
(Dandage et al,, 2017). Poor supply chain visibility is one of the critical factors that
influences the effectiveness of product quality and safety assurance (Wang et al., 2017).
From a consumer perspective quality refers to both the properties of the food products
and how those properties have been achieved (Aung and Chang, 2014). Nowadays
consumers are being concerned about the origin of food products, production methods,
raw materials, environmental impact, etc., (Kamble et al., 2020; Wolfert et al, 2017;
Moovendhan et al., 2019). The increased awareness is positively contributing towards
developing traceability in the dry fish supply chain. In order to assure the quality and
safety of the dry fish supply chain, fishery companies need to adopt the traceability
systems (Wang et al., 2009). The lack of regulations and serious enforcement in the
traceability of fishery products in some countries is one cause of food fraud (Panprommin
and Manosri, 2022). Traceability and product quality in the dry fish supply chain deserve
research attention, as food scandals and scares worldwide have resulted in reduced
consumer confidence. Singh et al. (2021) reported that proper traceability is essential
along the supply chain to improve the quality, safety, and minimise the wastage of food
products.

Traceability is defined as the capability to access information related to things that are
to be considered throughout their whole life cycle using recorded identification (Olsen
and Borit 2013; Mattevi and Jones, 2016; Dandage et al,, 2017). The term ‘traceability’
includes both ‘tracing’ and ‘tracking’ (Dandage et al.,, 2017; Khan et al., 2018). Tracing
is a reverse process in which origin is identified, and tracking is a forward process where
the location in the supply chain identifies the end-users. Traceability is recognised as a
mechanism for quality and safety, improving sustainability and reducing the overall cost
of the food product since it reduces the recall’s probability (Jose and Shanmugam, 2020).
Traceability gives continuous information about the raw material sources, the process
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involved, logistics and location of products along the supply chain. The more precise the
tracing system, the faster a producer can identify and undertake food safety and quality
problems. Food traceability has long been a focus among scholars in different countries.
The traceability framework for food products has been created using various methods,
among which radio frequency identification (RFID) is the most well-known technique
(Alfian et al., 2020). Although the members in the supply chain can trace back data
about the food products through RFID technology, the tags are costly (Fan et al., 2019).
Blockchain, a type of distributed ledger, is another modem traceability technology
through which different institutions functioning on a distributed network can
share information (Kamble et al., 2020; Leong et al., 2018). Due to its distributed,
decentralised, and changeless characteristics, blockchain is considered as a curer of
traceability issucs in the supply chain. Although very promising, the RFID and
blockchain technologies may not be economically sensible, particularly in India, where
most dry fish supply chain stakeholders belong to the micro and small enterpriscs (MSEs)
and have poor affordability and nominal awareness (DasGupta and Sarkar, 2022). People
involved in dry fish production at MSEs add less value and make less profit due to poor
product quality, safety and hygienic conditions and lack of market access (Bharda et al.,
2017). Also, these MSEs depend mainly on a paper documentation system for traceability
where the information sharing is limited to ticr one up-steam and downstream partners
(Marchante et al., 2014). The e-traceability empowers information sharing along the
entire supply chain as it goes beyond the traditional ‘one step forward, one step
backwards’ paper documentation approach to track and trace fish products (Srivastava
and Kavya, 2021). This research aims to develop an economically viable traceability
system to improve the quality and safety of the dry fish supply chain in India.

The remaining paper is organised as follows: Section 2 presents a literature review on
the supply chain traceability system. Section 3 and 4 describes the existing dry fish
supply chain and the design and architecture of the proposed traceability system
respectively. The developed traceability system is validated and the findings are
presented in Section S. Finally, section 6 concludes the paper with future research.

-2 Literature review

Food supply chain networks are getting more complex and fragmented which makes the
identification of the products and processes along the networks more difficult (Casino
etal., 2020). In this context, traceability system is inevitable for ensuring not only safety
and quality but also better understanding of the food product’s life cycle, regulatory
compliance and conscientious consumption. The increasing number of food scandals and
wastage events have called the attention of both scholars and practitioners to devise the
methods to improve the traceability and food safety (Maity, 2021; Vardhan and Gupta,
2022; Subramanian et al,, 2022; Théolier et al., 2021). This section enriches the present
study of food traceability solutions from an implementation perspective, The literature is
categorised based on the proposed traceability system, product category and country as
shown in Table I. Among the reviewed articles, the highest number of publications
belongs to the authors that are affiliated with institutions in China. It is also observed that
fishery, beef and fruit and vegetables have received significant attention for traceability
applications. RFID, internet of things (10T), Blockchain and quick response (QR) code
based traceability systems have been proposed to track food products such as fishery
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(Larissa and Parung., 2021; Zhang et al., 2019; Cruz and Cruz, 2020), meat (Shew et al.,
2022; Chen et al., 2020; Lin et al.,, 2020; Fan et al., 2019; Peng et al., 2018), coffee
(Miatton and Amado, 2020), wine (Biswas et al., 2017), and fruit and vegetables
(Tharatipyakul and Pongnumkul, 2021; Qian et al., 2021; Yang et al., 2021; Alfian et al.,
2020; Gautam et al., 2017) along the supply chain. Traceability system based on
Blockchain (Shew et al., 2022; Tharatipyakul and Pongnumkul, 2021; Larissa and
Parung, 2021; Yang et al,, 2021; Cruz and Cruz, 2020; Miatton and Amado, 2020;
Biswas et al., 2017), RFID (Alfian et al.,, 2020; Fan et al., 2019; Zhang et al., 2019;
Gautam et al., 2017) and QR codes (Qian et al., 2021; Chen et al,, 2020; Peng et al.,
2018) have received considerable attention as shown in Table 1.

Table 1 Recent studies on the traceability system in food supply chain

Traceability system proposed Product
Author and year Country
RFID Blockchain IeT  OR code category

Shew et al. (2022) v Beef USA

Tharatipyakul and v Fruit and Thailand

Pongnumkul (2021) vegetable

Qian et al. (2021) v Fruit and China
vegetable

Larissa and Parung v Fishery Indonesia

(2021)

Yang et al. (2021) v Fruit and China
vegetable

Alfian et al. (2020) v v Kimchi Korea

Chen et al. (2020) v Pork China

Cruz and Cruz v Fishery Portugal

(2020)

Miatton and Amado v Coffee Colombia

(2020)

Lin et al. (2020) v Beef China

Fan et al. (2019) v v Beef China

Zhang etal. (2019) v v Fishery China

Pengetal. (2018) v Pork China

Biswas et al. (2017) v Wine Australia

Gautam et al. (2017) v Fruit and New Zealand
vegetable

Although blockchain technology is a promising innovation for traceability systems, its
reception is still in the beginning phase, particularly in MSEs. Similarly, RFID labelling
enjoys several benefits that assist companies with working on the speed of the data
stream and reduce fraudulence, but many labels are required along the inventory network,
which increases the expense (Aung and Chang, 2014). The traceability system in the dry
fish production and distribution process is significant as every actor in the supply chain is;
responsible for ensuring the quality and safety through processing, handling, packaging,
and transporting. It is seen from the literature that the traceability system for dry fish have 1}°
not been considerably advanced since partners in the supply chain are mainly MSEs
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(Kaushik and Singh, 2022; DasGupta and Sarkar, 2022; Vijayakumar, 2021; Singh et al.,
2021) and have poor affordability (Bharda et al,, 2017). Smartphones and the internet
could be used to solve the issue of high cost associated with the traceability system
(Aung and Chang, 2014). Motivated by this research gap, a QR code-based, cost-

effective traceability system for the dry fish supply chain in India. The major
contributions of this research are:

1 To identify and analyse the dry fish supply chain of MSEs in India,

2 To design and develop an architecture of a simple, inexpensive, and easy to use QR
code-based, traceability system of dry fish supply chain

3 To validate the developed traceability system using the real-time data obtained from
the supply chain stakeholders.

3 Modelling the fisheries value chain

3.1 Dry fish supply chain in two major Indian states

The traceability of dry fish is essential to get information along the value chain to
consumers and recall it in case of threats to public health (Oliveira et al., 2021; Thota
et al,, 2020). To understand the dry fish supply chain, data were collected from 226
stakeholders in Kerala and Tamil Nadu, two major maritime states of India (Kumarran,
2012), through a cross-sectional survey. The stakeholders include fishermen, brokers/first
receivers, distributors, wholesale/ retail shops, consumers, and government supervisors.

Figure1 [lllustration of dry fish supply chain in two major Indian states (see online version
for colours)

Wholesale Shop
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The typical dry fish supply chain is shown in Figure 1. It starts with the fisherman
carrying their fish to the first receiver, who acts as a delivery agent between the
fisherman and the processor. The processor is responsible for storing, processing,
preserving, and subjecting them to steps that deem the dry fish healthy and fit for
consumption. The processor also cnsures that the dried fishes are packaged into separate
boxes based on the features such as varicty, size, processing methods and shelf life. The
wholesaler/retailer/distributor collects the dry fishes from the processor and makes the
products available to customers. The proposed traceability system is designed to be
compatible with the existing supply chain and enables the stakeholders to adapt the
traceability framework for exchange of information.

3.2 Various information included in the dry fish supply chain

Indian dry fish supply chain includes the activities such as collecting raw fish, washing,
salting, dressing and splitting raw fish, solar drying / open drying, sorting, packaging,
Storage, transportation and marketing, and each link includes much information.
However, practically, every information collected from the supply chain members is not
connected with safety and quality and cannot impact customers’ safety perceptions. In a
traceability system, identifying critical information ensures quality and safety (Chen
et al.,, 2020). In general, product and process information are captured (Thakur and
Donnelly, 2010). The following information should be collected for an effective
traceability system (Lavelli 2013):

a  who is the responsible person or firm at that stage? (supplier, transporter, or
company)

b what is the definition of that product?
¢ What kind of business transactions are going on?

d  when does the stage (eg., processing, packing, distribution/retail) occur? (date and
time) :

€ where does the stage occur? (Name of the plant in which the product is processed?)

In the proposed traceability system, QR code is used for tracking and tracing the dry fish
products along the supply chain since the costs of using the QR codes are affordable to
MSE:s involved and they do not incur additional costs to the price of a single product
(Tarjan et al., 2014). Compared to 2D barcodes, QR Code was chosen because of its
merits such as large capacity, small size and high scanning speed, etc. (Yang et al., 2016).
Information like origin of the product, variety, packaging date and other relevant
information can be stored in the QR Code. In order to achieve referential integrity and
accurate traceability, the traceable units shall be uniquely identified and later on, this data
may be accessed through a unique identification number (Storoy et al., 2013).

In this research, a 15 digits ID is proposed as a product code, as shown in Figure 2.1t
consists of five sections, of which the first six digits identifies the location of supply
chain partners, and the following three digits classify the fish. There are twelve variety of
fish included in this study as shown in Table 2. The last three sections consist of two
digits each for the date, month and year on which the fish was captured/processed. For

example, the information of a fisherman who captured Butter Fish at Kannur (670013) on_

21st April 2021 is coded as 670013004210421.




A4 QR code based traceability system for dry fish supply chain 7

Figure 2 Illustration of product identification code

XXXXXX XXX .8 XX

X
| | I
Type of fish Month

Location Date Year

Table 2 Classification of the fish for product identification

SL no. Fish name Fish code
1 Nethili /Indian Anchovy 001
2 Rawas/Indian Salmon 002
3 Bhetki/Barramundi 003
4 Butter Fish/Pomfret 004
5 Surmai/Seer Fish 005
6 Bangda/Indian Mackerel 006
7 Tarali/Indian Oil Sardine 007
8 Bangus/Milkfish 008
9 Mangrove Red Snapper 009
10 Bombay Duck ) 010
11 Tuna Fish 011
12 Pangas Catfish 012

4 Design and architecture of the proposed traceability system

The architecture of the proposed traceability system is shown in Figure 3. The traceability
system framework comprises all the possible stages in the dry fish value chain, where the
potential  participants are: fisherman, first receiver, processing  industries,
retailer/wholesaler and the end-consumer. Each participant in the supply chain signifies a
specific stage in the transformation of dry fish products. In this system a firebase
real-time database server is used to store the complete information from the initial to final
stages of processing. The mobile application is developed with Android Studio platform,
the official integrated development environment for Google’s Android operating system
(Esmaeel, 2015).

The proposed traceability system requires a signup process from each stakeholder by
providing mandatory information such as name, email address, contact number, role in
the supply chain and postal code. The signup and login screen is shown in Figure 4.
Using the developed mobile application partners in the dry fish supply chain can submit
information about their internal processing or view information submitted by other
entities. When a new fish product is registered, the server generates a unique ID for that
particular fish product, which facilitates further tracking and tracing. All information

o5
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related to that fish product will be associated with that unique ID. The developed mobile
application includes a ‘receive’ function to scan the previous member’s user code and
receive all the information submitted by them. Similarly, a and “dispatch’ function allow
the participant to view their product user code and transfer it to the other participants
along the value chain who need to receive product information.

Figure3  Architecture of the proposed dry fish supply chain traceability system
( FISHERMAN N

'L_Q
\. 4 :
L ® ) )
<
ﬁFIRSTRECENER \
J\
= \




A OR code based traceability system for dry fish supply chain

Figure 4 Snapshot of sign up and login screens (see online version for colours)
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After catching the fish, the required information such as preduct category, date and time
is fed as input into the mobile application and registered in the firebase real-time database
server, and the server generates a unique ID number. The mobile application installed
with the fisherman receives the ID number and generates a QR code for the ID, as shown
in Figure 5. This QR code can either be printed onto a label and put on the fish crates, or
sent to the following supply chain partner through digital media. The first receiver upon
receiving the fish crates reads the QR code tag using the mobile application scanner, and
the application sends the code to the database server. The server checks the validity of the
code and records all the necessary information such as location, date, time, and name of
the first receiver. Similarly, information from the processor, wholesaler and retailer at
each stage is updated and sent to the server, where the transit information is registered by
validating the code. After the supply chain members store the information about the
traceability, a consumer who buys the dry fish can access the database server by scanning
the QR code, as shown in Figure 6. Generally, the dry fish packs in low-density
polypropylene or polythene in the consumer market and packets of different sizes and
weights ranging from 50 grams up to 2 kilograms are available. Reduced oxygen
packaging techniques such as vacuum packaging (maintaining vacuum inside the packet)
and modified atmosphere packaging can be used for storing the dry fish for a long time.

The traceability system is designed in such a way that all supply chain partners can
access and update the required information through the central information system using
a mobile application. A governing partner of the supply chain (e.g., a processor) or an
application service provider is responsible for handling and operating the centralised
information system. With the help of an IP network, the information collected through a
QR code scanner/reader installed in supply chain partners’ mobile phones is transferred
to the central information system. After filtering and organising the data, the required
traceability information is made accessible to all supply chain partners.
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Figure § Snapshot of fishermen screen (sce online version for colours)

(000 " ne gre v
test fisherman l:_) test fisherman E'"

Fisherman Fisherman
Foee 8 Cice
44190200420021
The Procluct ID is ;
@ 441902004200321
Aad Product

M ] I )
Figure 6 Snapshot of customer screen (see online version for colours)
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Using the proposed traceability architecture, only producers in the chain (e.g., processor)
are responsible for handling complex information about the product and process and
organising the complete information system. On the other hand, other dry fish network
partners (e.g., distributors, retailers) need to furnish the location and time data of the fish
products held at their sites. Information is passed down from one supply chain member’s
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to another’s in an efficient, authentic, and reliable manner utilising QR code. In this way,
both efficient information management and information security are achieved. Also, in
the developed traceability system there is no scope for altering the data previously
entered by the supply chain members regarding the product; hence, data manipulation is
eliminated.

5 Validation of the devcloped traceability system

The developed traceability system is validated in Ernakulam, one of the marine districts
of Kerala-India where all the processes along the supply chain are carried out. The pilot
study was deployed with an existing dry fish distribution network that includes five
fishermen, one first receiver/broker, two processors, three distributors, five retailers and
ten customers. After a brief training on the proposed traceability system they were asked
to register and log in to the traccability mobile application, and pilot findings are
promising. The application results of this program have been well-recognised by supply
chain members. However, a practical difficulty encountered in the mobile application
during the validation experiment is that some fisherman goes deep-sea fishing and returns
only after one or two weeks. During that period, they do not have either a mobile phone
or network, and as a result, they may not be able to enter the data on time. An automatic
updating facility of date and time in the fisherman’s window is changed to a manually
operating system to solve this issue.

Throughout the experiment, application installed in the mobile phone was tested for
receipt registration. It was observed that the mobile phone-based receipt system is
sufficient for practical use. Also, it is concluded that smartphones presently available in
the market have sufficient capabilities to combine their regular operation while
simultaneously performing as gateways to transmit traceability information to the server.
Furthermore, the traceability system was evaluated by consumers and allowed them to
check fish traceability data on their smartphones during the demonstration at the point of
sale to get feedback. Customer perceptions show rising anxiety about the safety and
ingredients of the dry fish they purchase and consume. The different information and data
obtainable from the existing labelling conventions are limited and do not always make
much confidence to the consumers. Indeed, an raising demand is there for clear
information on the quality and safety of the entire dry fish supply chain, assisted by
modem tracking and tracing methods. %

The initial deployment results of the proposed framework indicate that it can convey
various advantages to partners in the supply chain. First, , it enables the fulfilment of
market requirements through building customer trust and brand image and complying
with regulations. Second it decreases spoilage and contamination of the dry fish supply
by identifying hazards before affected products make it to end consumer markets. When
insecure dry fish slip through the cracks and enter the system, traceability systems allow
market actors to identify and isolate the source to mitigate the consequences immediately.
In the event of a recall, traceability simplifies a targeted withdrawal of the dry fish most
likely to have been affected, thereby reducing wastage and market distortions. Third, the
successful implementation of the proposed system in the dry fish supply chain motivates
other supply chain members to adopt a traceability framework and adhere to required
quality standards through which the additional expense for quality management can be
avoided. Finally, it empowers the provision of quality guaranteed dry fish products at a -~
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decreased price along with additional information for customers facilitating higher
customer satisfaction, which brings additional profits through improved customer loyalty.

6 Conclusions

Based on QR code technologies, this paper proposed an integrated tracking and tracing
platform for dry fish products and validated it to examine the practical usability of the
traceability system. The system can provide information regarding all aspects of the dry
fish supply chain, from the fisherman to consumers. The proposed QR code stores data
such as origin, product/variety, location and time of processing, and packaging into a
real-time database server.

This research contributes to the supply chain traceability literature in the following
aspects: First, a mobile solution based on QR technology is developed, which
significantly reduces the user’s costs; second, the developed application enables
information sharing among all the stakeholders, which will further facilitate their
cooperation on guaranteeing the quality and safety of the dry fish; third, it could realise
fine-grained tracking and tracing and is flexible to adapt in many other areas.

In addition, this paper has both theoretical and managerial implications. This article
contributes to the literature on MSEs and food supply chain management by proposing a
theoretical framework to address the dry fish product traceability issues. This novel
framework fills the research gaps by designing a QR code-based dry fish traceability
system, which supports cost-effective and secure product information sharing. From MSE
owners’ perspective, this study illustrates the need to implement traceability practices to
minimise challenges such as product contamination, high cost of traceability system
implementation, and decreasing consumer confidence in dry fish products.

The proposed research has a few limitations. The developed traceability system is
validated in Ernakulam, one of the marine districts of Kerala-India, which may restrict
the generalisation of results. Also, the proposed traceability framework is based only on
the context of MSE sectors. Notwithstanding its limitation, this study delivers a starting
point for several future research streams. Future research can expand into developing a
traceability system for large-scale industries using other platforms such as RFID or
blockchain technology. In addition, an adequate warning system can be developed to

prevent the occurrence of food incidents.
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