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PAPER INFO ABSTRACT

The resilient supply chain considers many capabilities for companies to overcome financial crises and
to supply and distribute products. In this study, we addressed the allocation of inventory distribution for
a distribution network, including a factory, a number of potential locations for distribution centers and a
number of retailers. Customers demand is assumed to be certain and deterministic for all periods but
time varying in the limited planning horizon. The proposed model in this research is a linear complex
integer programming model with two-objective functions. The first objective function minimizes the
total costs of the entire distribution system in the planning horizon, and the second objective function
seeks to minimize the difference between the maximum and minimum distances traveled by vehicles
over the planning horizon. Therefore, the model tries to satisfy the demand and at the same time reduce
costs using the best route transportation option configuration and transportation option. The routing
problem is developed, and as the problem is a NP-hard problem, a meta-heuristic method is used to solve
it. In this model, the demand volume for each customer in a period of the network, vehicle capacity,
factory capacity, constant transportation cost, variable transportation cost, etc., are considered as factors
affecting the model. The results show that the model proposed in the network can be used as a lever to
improve the performance of the financial economic supply network through saving in routes.
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1. INTRODUCTION location, may lead to large-scale disturbances [4].

Disruptions are sudden and unexpected deteriorations

The socio-political, economic and cultural parameters
affecting the business environment in today's world face
many turmoils and developments [1]. These turmoils
increase the likelihood of the occurrence of effective
events on supply chain performance. Therefore, if supply
chain managers are incapable of well managing
unforeseen disruptions, they will face dangerous negative
consequences, and this will increase the risk of business
continuity and result in financial losses [2]. Supply chain
is a consecutive network of business partners involved in
manufacturing processes and converting primary raw
materials into final products or services to meet customer
demand on due time with high quality and the least cost
[3]. The occurrence of the events that interrupt the flow
of materials, even if these events occur in a remote

*Corresponding Author Institutional Email:

M_Navabakhsh@azad.ac.ir (M. Navabakhsh)

caused by a variety of factors such as natural disasters,
arson, loss of vital supplier, war, cyber attacks, economic
recession, sanctions and economic shocks, terrorism, etc.
[5]. Although the occurrence of these events is unlikely,
they will have a lot of consequences for business if they
occur [6]. Under such conditions, the need to design a
resilient supply chain model becomes more evident
because such a chain is ready to face any event; and in
addition to providing an efficient and effective response,
it is capable of returning to its original or more desirable
state after disruption i.e., supply chain resilience. Melnyk
et al. [7] believed that now, resilience is at the heart of
current supply chain management thinking. Today, any
one organization is incapable of establishing its existence
without a resilient supply chain and effective

Please cite this article as: S. Shafaghizadeh, S. Ebrahimnejad, M. Navabakhsh, S. M. Sajadi, Proposing a Model For a Resilient Supply Chain: A
Meta-heuristic Algorithm, International Journal of Engineering, Transactions B: Applications, Vol. 34, No. 11, (2021) 2566-2577
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communication because managing a company always
requires having a dynamic supply and communication
sector. Currently, goods supply from a secure supplier at
the minimum cost and highest quality is the most
important bridge between manufacturers and goods
owners, exporters, importers, and consumers. This is
while there are still challenges despite the importance of
this issue. Offering a fair and affordable price and
continuous follow-up of operations from loading to
delivery are among these challenges in the network. In
Inventory Routing Problem (IRP), the goal of
optimization is to find the best strategy for product
inventory management and determine the best vehicle
configuration, routes, product types and their quantities
to deliver to each customer, while minimizing the total
cost of inventory and transportation [8]. As the problem
of allocating and routing using a network is a hard
problem, meta-heuristics are used to solve it. By
proposing a mathematical model of inventory routing via
a hypothetical network for the meat products industry in
this study, we want to reduce the costs associated with
the distribution, transportation, and storage of protein
products. We use a small example to solve the problem
using MATLAB software, and then develop the problem.
As the routing problem is a hard-problem, meta-
heuristics are used to solve it. The research structure is
shown in Figure 1.

2. LITERATURE REVIEW

In this research, Internet network and scientific databases
are the most important sources and data are obtained by
searching among articles published in scientific journals
because the present study is based on the scientific
articles and previous works.

Reviewing the inventory routing literature for dairy industry
Explaining the problem and proposing the mathematical model
Solving the proposed model using one of the meta-heuristic
Generating small-scale problems
Implementation of the proposed algorithm

Comparison of the algorithm results

Conclusion and proposing suggestions

Figure 1. Research structure

2. 1. Transportation Definition Any problem
that seeks to generate a tour or a set of tours on a network
or sub-network aiming to optimize one or multiple
objectives is called a routing problem.
A routing problem includes the following components:

e Network
The network can be symmetric, asymmetric or hybrid. It
can be displayed by a graph. The nodes in this graph
represent cities, customers, or terminals, and the edges
represent real connectors, such as roads, pipelines, etc.

e Demand
Demand can be constant or variable. It can be related to
nodes and edges. The debate of demand is proposed in
distribution problems in which a certain amount of goods
must be transported and delivered to that node given the
demand of the related node or edge. Moreover, these
problems are observed in harvest and delivery problems.

o Fleet
Fleet creates constraints in the problem. Fleet can be
homogeneous or heterogeneous. It can be generated by
one or more vehicles, and can be affected by the vehicles
capacity (limited or unlimited), time, or distance.

e Cost
Cost is often constant for vehicle and varies for the way
of using it based on the passed distances and/or the travel
time. It means that if a customer receives late or
incomplete service, this type of service will result in a
penalty. Moreover, here, it can propose the profit from
the harvest when meeting the customer (node) or
choosing the best edge for navigation.

e  Objectives
Obijectives can be multiple and different. The objective
function can be calculated for one time interval or several
time intervals. In this case, vehicles and appointments
should be allocated to different intervals. Therefore,
better results can be considered using multiobjective
optimization [9].

2. 2. Resilience Resilience defined as an
organization's ability and capacity to face and overcome
crises and challenges and to return to normal business
conditions is a very important feature that organizations
must be equipped with for the survival and continuity of
their business [10]. However, the concern is not only
restricted to disasters, but small deviations and
uncertainties challenging the organizations are also
considered [11]. In this regard, there are various
businesses that are incapable of managing vulnerabilities
such that they may be eliminated or taken in ownership
by powerful organizations against business turmoils [12].
Therefore, all businesses' flexibility and adaptability
have become an important necessity in today's rapidly
changing environment, and the need to develop a strong
attitude towards them is severely felt in all businesses
[11]. Resilience literally means to spring back, being
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reversible, and resilient [13]. The term "resilience” has
been defined in different forms: Masten [14] defined
resilience as "a process, ability, or the outcome of
successful adaptation in the face of threatening
conditions”. In fact, resilience is the positive adaptation
in response to the adverse conditions [15]. Resilience is
not the mere passive resistance against damages or
threatening conditions, but the resilient person, is a
participant who constructs his surrounding environment.
Resilience is a person's ability to establish biological-
psychological-spiritual balance when confronted with
risky circumstances [11]. It is a kind of self-healing that
is accompanied by positive emotional and cognitive
consequences [16]. Thus, resilience cannot be regarded
equivalent to recovery because in recovery, the person
experiences negative consequences and emotional
problems [10]. Resilience is a person's ability of
successful adaptation in the face of a changing
environment,  stubbornness, invulnerability, and
successful adaptation in the face of high levels of stress
and adverse conditions [17]. Overall, resilience is a
psychological concept explaining how individuals deal
with unexpected situations. Resilience is defined as the
resistance against stress, the ability to return to normal
state and survive, and to make attempts in adverse
circumstances [18].

The supply chain resilience is the adaptability of a
supply chain for being ready for disruptions and
responding to them, timely and cost-effective recursive
recovery, and thus making progress toward post-

disruptions situation, which in the ideal state is better
than before the occurrence of disruption. It means that the
supply chain resilience can be assessed based on four
aspects: 1. The supply chain readiness to face a disruptive
event; 2. Responding to that event; 3. Improvement and
return; and 4. Growing and achieving a competitive
advantage after the occurrence of the event. However,
strategies and supply chain resilience capabilities should
be directed toward ensuring that these aspects achieve
their maxim possibility on due time by spending the least
cost. In addition, adaptability is the basis of these four
aspects. By adaptation we mean that the supply chain has
a latent capability to develop different responses that are
consistent with the nature of the threats that are faced by
it. It means that the supply chain components are capable
of changing themselves in such a way that at any time
and on due time they can appropriately respond to
disturbing events, rather than referring to an existing
certain set of responses and selecting their responses
among them whenever a disturbance occurs [19].
Tavakoli et al. develped a model for closed-loop supply
chain network design with disruption risk by two factors
including extra inventory and lateral transshipment are
used as resilience strategies [20]. Table 1 summarized
literature review for the comparative studies.

The transshipment option not only can be used to
increase the economic supply network performance but
also it can help the system to avoid risky routing when
the cargos are categorized in decaying hazardous
materials.

TABLE 1. Comparison of the recent articles

Solution Limitations Objective Topic Year  Authors
Meta- . . Reducing transportation Carbon emission reduction in road .
- CO, emission, transportation costs, - - - Wei and
heuristic - . - costs and decreasing freight transportation sector based 2020 -
driving duration, rate of accidents, etc. . L Liu [21]
method CO, emission on route optimization model
Serial and Traffic flow, balance of entry and exit The proper weII_- being Serial _apd parallel _duopoly Kuang et
parallel and price of traffic flows competition in multi-segment 2020
and, etc. . - al. [22]
structure and operating costs transportation routes
Auvailability, balanced flow, vehicle . . Scheneke
branch-and- L : . . Two-echelon inventory-routing
cut algorithm capacity, malr!tenance cost, clean Reducing logistics costs problem with fleet management 2020  mberg et
vehicle, etc., al. [23]
H(_eurlstlc Cust_omgr storage cap_acny, vehicle Integrz_itgd Optlmlzatlon Inventory routing under stochastic Alvarez
mixed capacity, inventory maintenance, cost of decisions in a Supply sunply and demand 2020 etal. [24]
solution of customer loss, etc. PPl :
Tif;i:ggungg ) E))tr;t):i(:uigteShul21)Iptec()j }r:ze Maximization of the Demand management to cope with
Genetic demandr};or goods the ?naximum total profit of the suppl routes disruptions in location- 2020 Yavari et
algorithm Y ' P PRly inventory-routing problem for al. [25]

number of selected routes is not more
than the number of vehicles, etc.

Satisfying the demand, the
distribution capacity of the cold
Gurobi storage warehouse is less than its
programming maximum inventory capacity; the
algorithm time spent by the delivery routes is
less than the time, maximum
durability of their products etc.

Costs minimization

perishable products

A mixed integer programming for
two-echelon inventory routing 2020
problem of perishable products

Wang et
al. [26]
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Place of loading and unloading, the
amount of loading / unloading cannot
be greater than the floating capacity . - Load-dependent speed optimization Eide et
CPLEX and the capacity of the port, the Reducing sailing costs in marine inventory routing 2020 al. [27]
amount of loading and unloading must
be equal, etc.
Mata-heuristic search techniques for
Service provision time, vehicle Reducing routing the consistent inventory routing Ortega et
CPLEX SO . S - 2020
capacity, inventory capacity, etc. problems problem with time windows and al. [28]
split deliveries
Perfect inventory flow balance, A robust optimization approach for Golsefidi
Genetic inventory flow balance of defective Reducing the inventory the production-inventory routing 2020 and Jokar
algorithm products, production launching, and transportation costs problem with simultaneous pickup [29]
vehicle capacity, etc. and deliver
. . Minimizing the fuel . .
VaNSAS The sh_opplng center capacn_y, factory consumption depending Var_lable nelghborhoo_d strategy Pitakaso
- capacity, the rubber collection route . adaptive search for solving green 2- 2020
algorithm on the road distance and - . et al.[30]
from a farm, etc. s echelon location routing problem
conditions
Firefl Each node is visited at most once, Maximizing the prize The firefly algorithm for the Trachana
Y vehicle capacity, integrity of and minimizing CO2 environmental prize-collecting 2020  tzietal
algorithm - . L . "
variables, covering demand emission vehicle routing problem [31]
The ant All equipment sent to a warehouse
colon does not exceed their storage capacity, Reducing the time it
ony each route must start and end in the takes the relief aids to A location-routing problem with Wang et
optimization h h King ti £ h th di lief distributi 2020 1132
algorithm same warehouse, the working time o reach the damaged area post-disaster relief distribution al.[32]
(ACO) each vehicle cannot exceed the and reducing the costs
defined limit
hybrid Carrier expenses, vehicles capacity pr(!g:feenqt?;)r/ I:Z;;Irr(]j%us Proposing a model for a resilient Shafaghi
genetic PR ; - . - - supply chain: A meta-heuristic - zadeh et
algorithm limitations, and/or long lead time. items with transshipment algorithm al.

option

Despite the existence of a rather wide variety of studies
on IRP problem for deteriorating items the transshipment
option has been studied for hazardous items a little. The
challenging research question in this context, therefore,
is to identify the linkage between the deteriorating rate
and the benefit brought by the transshipment policy in
terms of economic gain.

3. MATHEMATICAL MODEL

Suppose a supply chain composed of a set of retailers
({1, 2, ..., N}) that provides the factory products to the
public as a supplier of this type of product. For products
such as protein products, the passage of time may lead to
the loss of product health benefits and the irreversible
health effects on consumers. Transportation vehicles
must have particular equipment. There are
predetermined routes between suppliers and retailers. To
control and get access to the product more easily, a
retransmission option has been embedded in the model to
meet the demand directly from major suppliers or other
retailers. The optimization problem is the ideal
configuration of routes, pickups, deliveries, and
transportation in each period in order to minimize the
total cost of the supply chain (including ordering cost,

inventory maintenance cost, constant and variable
transportation costs, shortage cost, and pickup cost) and
to minimize the perished products cost in distribution,
while all retailers' demand is satisfied as much as
possible. It should be noted that spoilage is allowed, but
the demands must also be met in each period. In the
proposed model, the "partial reorder shortage" is
included in the model by introducing a parameter (),
which can be estimated on the basis of the customer time
data in retail stores. When a retailer faces shortage, two
possible states are identified in real situations.f % of
individuals can wait until the next period(s) to receive the
product. A period can be defined as the day, week, etc.
Therefore the individuals' demand on the balance sheet is
considered as saving. 1-8 % of customers, who can not
wait, either used the alternative products or left the retail
store and referred to other centers.

3. 1. Problem Formulation The two-objective
mixed integer programming for the IRP re-shipment
problem given the spoilage is formulated as follows:

Constraint (3) Models the equation of the retailer
inventory and determines that the product inventory
status in retail store i in the current period (t) equals 1 —
0 % of previous inventory level (I._;) plus the amount
delivered in period t (transportation by vehicles) minus
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the amount collected by the vehicle in period t minus the
current period demand and 8 % of the previous period
shortage. It is supposed that only 8 % of the buyers, who
face the product shortage, wait for the next period and the
demand for the remaining (1 — )% is definitely
removed. Moreover, it is supposed that the inventory
reduces at a rate of 8 and only (1 — 8) % of the previous

inventory remains for future use. Constraint (4) dictates
that no supplier gets input. Constraints (5) and (6) ensure
that each retailer must not be visited by a particular
vehicle more than once per period. In these conditions,
split distribution means that the retailer can be visited by
different vehicles more than once in a period. If the split
distribution is banned, then the constraint can be changed
to., Yir: < 1. Constraint (7) is the inventory equation of
the vehicle that visits the edge i, j in period t and ensures
that the amount of the product transported by the vehicle
from node i to node j in period t is equal to the amount of
product sent to node i. In addition, the amount picked up
by the vehicle from node i minus the amount delivered to
this retailer in the current period. Constraint (8)
guarantees that the vehicle capacity should not be
exceeded and it means that only when x; ;. variable gets
a value the vehicle can visit the edge(i,j). Constraint (9)
ensures that the vehicles cannot take the delivery of
products from the retailer more than the amount of their
inventory in the previous period. This constraint also
guarantees that the inventory capacity of the retailer
cannot be exceeded. Constraint (10) ensures that a
journey must start at the center node (node 0) and end at
the same point. Constraint (11) is the classic constraint of
sub-tour removal. Constraint (12) prohibits product
return and determines impossible edges, and finally,
constraint (13) defines different types of variables. It
should be noted that in constraints (3) and (9), the
variable I;._1) is replaced with the initial inventory (1)
in a particular case.

4. THE PROPOSED MODEL TO SOLVE THE
PROBLEM

To solve this problem, we use the genetic algorithm-
based method. In the following, this method is briefly
explained. The reason why we use the genetic algorithm
is that the decision variables include two binary matrices
(X andy) and three matrices consisting of integers
(Q,Qd, and @Qp); which are very consistent with the
discrete nature of the genetic algorithm and do not lead
to unacceptable solutions, and there is no need to add a
stage to test the accuracy of the algorithm solutions.

minZy = Yicoue fCk Xoike +

Yien Lkt Vi dij. Qijie + Yicwt hi- I +
Yicawt Wi Bi-Sit + Vicwe Wi (1 — B)-Sie +
YicwktPCi- QDike

@)

MinZ, = Mgzx Y jeni(c Qijie + fie) X Xije )
Lit = Sit = (1 = 0) X Ijie—1) — B X Sie-1) + 3)
Yk Qdige — X QDike — Dir Vi€ w,t

Qdy: =0 Vieo 4)
Yico Xjike = Xjeo Xijke = Yire Vi€ Q,k,t %)
Yir <1 Vieow,tk (6)
Yjea Qjike — @ikt + QDike = Xjeq Qijke Vi € 7
w, k,t )
Qijkt < C'Uk.xijkt Vi € .Q, k,t (8)

2kQPiue <1 -0,y <(1-0)Ic; View,t (9)

4. 1.Genetic Algorithm Genetic algorithm (GA)
is a meta-heuristic method in computer science to find
approximate solutions for optimization and search
problems. GA is a special type of evolutionary
algorithms that use biological concepts such as
inheritance and mutation. This algorithm was introduced
by John Holland for the first time. In GAs, first, multiple
solutions are generated for problem randomly or
intelligently. This set of solutions is called the first
population and each solution is called a chromosome.
Then using the GA operators, we combine chromosomes
after selecting the best chromosomes and create a
mutation in them. Finally, we combine the current
population with the new population obtained from the
combination and mutation of chromosomes. Figure 2
displays the GA flowchart.

4. 1. 1. Generating The Problem Solutions As
Chromosomes To solve this problem, all the

Initialization

Fitness function calculation

No Selection of the best
members + crossover+
mutation

Investigati
on of quit

Figure 2. GA flowchart
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problem decision variables need to be turned into
chromosomes and move towards the optimal answer
during the algorithm run. Two variable I;;and S;; are
calculated using other variables.
Xijkt,Yiee,Qijie,Qdixe, QDike, and X Qyjxe are variables to
be determined and are considered components within the
chromosome. Xis a binary four-dimensional matrix, Yis
a binary three-dimensional matrix, Q is a four-
dimensional matrix of positive integers, Qdis a three-
dimensional matrix of positive integers, and Qpis a three-
dimensional matrix of positive integers. At each stage of
the GA, these variables are updated by operators and the
result of changing them is reflected in the objective
function.

An example of the first dimension of X variable in the
GA chromosome of the proposed method is shown in
Figure 3.

4. 1. 2. Introduction of Fitness Function
Equation (3) is the first fitness function of the proposed
model whose aim is to minimize the total cost of the
supply chain, including the constant and variable
transportation cost, inventory maintenance cost, shortage
cost, and transportation costs. The second objective
function is the Equation (2)-(3) that seeks to minimize the
maximum path traveled by each product during
distribution among all periods. The final fitness function
is considered to be a combination of two objective
functions to solve this problem: The final fitness function
to solve this problem is considered to be combined of two
objective functions:

F =aZ, + BZ, (14)

where the two sub-functions existing in this function are
obtained from relations (1) and (2) and « and g are two
parameters in this relation showing the importance of
each objective function. The nature of the problem
requires the minimization of this function value.

4. 1. 3. Initialization To start the algorithm, we
randomly initialize these chromosomes' genes and
generate a population with n chromosomes. Each
chromosome is regarded as a solution to the problem. We
can calculate the value of the objective function using
chromosomes. Here, the important issue is to preserve the
constraints of the problem by chromosomes. In the
following, we will discuss this issue.

4. 1. 4. Using Selection Operators In the next
step, the chromosome selection is discussed. Considering
the theories in the genetic area, to create the next

generation from the current population, we should select
some chromosomes from this population for integration
and replication that have higher optimality (each
chromosome optimality is calculated using the fitness
function). The better the chromosome, the greater its
chance of being selected. The important point is that we
should select a number of chromosomes from the current
population and create the next generation accordingly.
The most important point in this process is the way in
which the chromosome is selected. There are different
methods to select chromosomes, and each of which has
its own advantages and disadvantages. These methods
are as follows:

1. Elitist selection

2. Roulette selection

3. Scaling selection

4. Tournament selection

4.1.5.Using Reproduction Operators combine
the genetic information of two parents and generate their
offspring. Crossover can be used to stochastically
generate offspring from an existing population by
combining the information of parents like what happens
in sexual reproduction. The resulting offspring usually
undergoes a mutation (stochastic change in the genes of
offspring's chromosome) after the crossover operator to
achieve the final result. Different genetic-based
algorithms use various data structures to store genetic
information, and using different types of crossover
operators, new combinations can be created in each of
these genetic representations.

Usually the crossover operator is used on bit array data
structures, vectors of real numbers, and trees. There are
different types of crossover as follows:

1. Single point crossover

2. K points cross over

3. Flat crossover

4. Crossover for ordered lists

4. 1. 6. Observing the Problem's Constraints
Two techniques are used to observe the problem's
constraints. The first technique is observing the
constraints implicitly using the algorithm design method.
Calculation of I;and S;.after initialization or updating
chromosomes leads to the implicit observation of the
constraint (3). After each genetic operator is executed,
the dimension of X matrix becomes symmetric in terms
of the two first dimensions, and Y also becomes updated
accordingly to observe the constraint (5).Y is binary and
this leads to the observation of constraint (6). By

calculating the amount of matrix Qp from relation (7),

8 7 6 5 4 3 2

N N1 N-2 .. 100 9
o [ 1 [ 1 [ .. [ o [ 1 ]

1
| 1 JoJ1JToJofJof1T]o]

Figure 3. An example of the first dimension of Xvariable in the GA chromosome of the proposed method
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this constraint can also be observed. In the first

dimension of Y, if the first gene is zero, the other genes
are also considered to be zero to meet the constraint (10).
We substitute the main diagonal of the first and second
dimensions of X and the first gene of the second

dimension of Q with zero. Therefore, the constraint (12)
is also true. Due to the way in which the chromosomes
are defined, constraint (13) is also always true. If
constraints (8), (9), and (11) are not observed by a
chromosome, then we consider the fitness value to be
infinite to gradually get distance from solutions and
create solutions by observing all constraints.

The proposed model flowchart is illustrated in Figure 4.

5. NUMERICAL REPRESENTATION

In this part, we present a small example for optimal
solution. Suppose that a supply chain is composed of 5

Production of the initial
population of chromosomes

Estimation of the fitness
function of chromosomes
using the mixed function

Crossover operator

Mutation operator

Selection of the next
generation from the best
of the previous and new

oenerations

Fitness function
calculation and updating
the chromosomes to meet

constraints

Stop

condition? No

Figure 4. The proposed model flowchart

retailers. The travel distances are given in Table 2. The
routes' matrix is an asymmetric directed graph. It means
that the roads can be one-way. The deterioration and
reorder ratios are supposed to be 0.05 and 0.2,
respectively. Table 3 shows the unit maintenance cost,
unit repayment and lost sales cost (LSC) (in terms of the
monetary unit per period per product), initial inventory
(product unit) and predicted demand (product unit) for
each retailer within five periods. The constant and
variable costs (in terms of the monetary unit per product
per Km), capacity (product unit), and the value of each
vehicle (monetary unit) are shown in Table 4. Due to
practical reasons, the delivery lots (Qd) and vehicle (Qp)
are assumed to be multiplayers of 50 and 5, respectively.
The unit pickup cost for all vehicles is set at 0.1
(monetary unit). The price of each unit of product is equal
to 1000 (monetary unit). Additionally, it is assumed that
the orders can be ordered at most until the last period. The
proposed model and formulation should be applied based
on these data.

TABLE 2. Distances between nodes d;; (Km)

node 0 S1 S1 S1 S1 S1
0 - 31 - 73 21 31
S1 31 - - - 13 62
S2 78 - - - 90 -
S3 73 - - - 62 96
S4 21 13 90 62 - -
S5 31 62 - 96 - -

TABLE 3. Retailers' data

Demand in time period t

1 2 3 4 5

1 300 O 0 470 310 100 0 200 20 22
2 500 0 500 0 120 480 120 100 10 12
3 300 O 0 150 320 0 390 400 40 25
4 500 0 210 0 230 0 115 200 20 30
5 300 0 330 120 0 180 0 100 10 15
TABLE 4. Retailers' data
Vehicle i fei vy cvy,
1 50000 400 0.1 120
2 70000 600 0.08 210
3 90000 700 0.06 270
4 100000 800 0.04 380
5 150000 900 0.02 530
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As the proposed model is a multi-objective IRP and
the calculation time to determine the solution severely
depends on the dimensions of the problem, we develop
the proposed algorithm using a compromise
programming (Ip-metrics) algorithm that enables the
proposed GA to generate Pareto solutions. In GA, the
fitness function is a criterion to assess the quality of
solutions (chromosomes). As the proposed model is a
two-objective programming, we have two unaligned
fitness functions. As explained before, we merge both
objectives to create a single fitness function called Ip-
metrics. This fitness function is the weighted sum of the
normalized deviation of each objective function from its
optimum value. The optimum values are separately
obtained by running GA and the fitness function is set on
its corresponding objective function.

The proposed model and formulation are solved
under the MATLAB programming language using
CPLEX and the proposed algorithm. By considering only
three periods and solving the provided example twice for
objective functions, the optimum values are obtained for
each of them and allow you to build the Ip-metric model:

2,-14509

2|+ (1-w) x
326070-14509

l, — metrics = w X |
2,-6696 |

28551-6696

(15)

Here (1-w) means that how much the decision maker is
concerned over the second objective function in
comparison to total costs. After that, we solve the Ip-
metric problem under w=0.8 (as a clear example) and
show the results in Tables 5, 6 and 7 report the details of
the optimal solution of the problem for w=1 and w=0.8.

For w=0.8, the economic performance of the system
forms 80% of the priority of the decision makers and the
route reduction accounts for 20%. Under this value of w,
according to Table 5, the values for Z1 and Z2 are equal
to 29612 and 8406, respectively. By changing the relative
weight (w), different solutions can be obtained.

TABLE 5. Result of the example problem
Min Ip-metric (w=0.8) Min Z, (w=0) Min Z; (w=1)
29612 325690 14509 Z;
84.6 6451 2891 Z,

TABLE 6. The best solution for w=1
Period 1 Period 2 Period 3

X(i,j,k,t) Value X(i,j,k,t) Value X(i,j,k,t) Value
X(0,4,2,1) 1 X(0,4,2,2) 1 X(0,4,2,3) 1

X@4,2,2,1) 1 X(4222 1 X4223 1
X(2,021) 1 %2022 1 X2023 1
X(0,4,41) 1  X(0,4,32 1 X01,43 1

2573
X(4,0,4,1) 1  X(4332 1 X(1,443 1
X@©,1,5,1) 1 X(3,5,3,2) 1 X(4,0,4,3) 1
X(@1,5,5,1) 1 X(5,0,3,2) 1 X(0,1,5,3) 1
X(5,0,5,1) 1  X(0,1,52) 1  X(,4,53) 1
- X(1,0,5,2) 1 X(4,3,5,3) 1
- - X(3,5,5,3) 1
- - X5,053 1
Qdi k) Value Qdi k) Value Qdi ko) Value
Qd(2,2,1) 200 Qd(2,2,2) 200 Qd(4,2,3) 50
Qd(4,4,1) 350 Qd(3,3,2) 150 Qd(2,2,3) 150
Qd(5,5,1) 400 Qd(5, 3,2) 50 Qd(1,4,3) 300
- Qd(1,5,2) 500 Qd(4,4,3) 50
- - Qd(4,5,3) 150
- - Qd(3,5,3) 350
QP ko QPG k) I
Qp(4,5,1) 140 - Qp(1,5,1) 15
TABLE 7. The best solution for w=0.8
Period 1 Period 2 Period 3
XGijo Value Xijko Value Xijko Value
X(0,4,3,1) 1  X(0,1,42 1  X04373 1
X(4,1,3,1) 1  X(,5472) X(4,0,3,3) 1
X(0,5,4,1) 1 X(5,0,4,2) 1 X0,1,43 1
X(5,0,4,1) 1  X(0,1,52 1 X(1,443 1
X(0,4,51) 1  X(,452 1 X243 1
X4, 2,51 1 X(4,352) 1 X043 1
X(2,0,51) 1  X(3,052 1  X0353 1
- X@3,553 1
- X(5,1,5,3) 1
- X(@,453 1
- X(@4,253 1
- X(2,0,5,3) 1
Qd k) Value Qdirxy Value  Qdgrn  Value
Qd(4,3,1) 250 Qd(1,4,2) 150 Qd(4,3,3) 250
Qd(5,4,1) 350 Qd(5,4,2) 100 Qd(1,4,3) 300
Qd(2,5,1) 500 Qd(1,5,2) 350 Qd(2,4,3) 50
Qd(3,5,2) 150 Qd(3,5,3) 350
- Qd(2,5,3) 100
QPG k0 QPG k0 QPG o
Qp(4,5,1) 40 - Qp(1,5,1) 15
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5. 1. Evaluation of the Performance of the
Proposed Method As we observed in the fitness
relation, there are two objective functions that must be
minimized. At first, the proposed algorithm calculates the
fitness function of the initial population. In each iteration,
the best chromosomes are selected for the next generation
and if in up to 10 consecutive chromosome replications
no chromosome with better performance than the best
chromosome in the previous step was generated, the
optimization algorithm is stopped. Another stopping
condition is to pass a certain amount of iterations. We
considered the number of iterations to be 1000.
Obviously, the minimum amount of fitness is zero, and if
a chromosome can be found with this fitness, the
algorithm must be terminated as its continuation is
meaningless.

5. 2. Performance Evaluation By changing the
GA parameters, the obtained amount for fitness also
changes. We seek the most optimum possible case i.e.,
the minimum value. In Table 8, we examined the amount
of the system fitness for the possibility of different
crossovers and obtained the best value.

Another important parameter of GA is the possibility
of mutation. As the mutation increases, scanning
increases in algorithm such that, as compared to before,
the algorithm generates different solutions and may reach
the better or even worse solutions than parents.
Therefore, the following change is observed.

Figure 5 shows the process of achieving the best filter
using the proposed algorithm. It is necessary to mention
that in running the GA, the probability of crossover and
mutation was 0.8 and 0.3, respectively (Tables 8 and 9).
We used a single-point crossover such that 80% of the
best chromosomes are combined. In this combination,
two chromosomes are broken from a random point and
linked together, and two new chromosomes are
produced. To select chromosomes, the tournament
selection operator was used for performing crossover in
which a sub-set of the people in a population is selected
and the members compete with each other. Finally, only
one person from each sub-group is selected for
production. In the proposed method, the number of the
members within each set was considered 3.

TABLE 8. Fitness per the possibility of different crossovers
Crossover possibility

Fitness value

0.5 27869
0.6 26412
0.7 25893
0.8 25370
0.9 2601

TABLE 9. Fitness for the possibility of different mutations
Mutation possibility

Fitness value

o 26231
°0 2610
. 25760
0.2 25632
0.25 -
0: 25370
0> 25422
108
32"‘!
Il
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Figure 5. The process of getting access to the near optimal

solution using the proposed algorithm

As shown in Figure 5, the proposed algorithm goes
through a very good process to acquire a more
appropriate solution, and finally in the iterations above
90, it reaches the value of the fitness function for the best
member.

5. 3. Comparison To show the efficiency of the
proposed meta-heuristic method, 15 testing problems
with different dimensions were generated and solved
using the proposed algorithm in the previous chapter, and
compared with the lower bound of CPLEX. The
proposed method was coded in MATLAB R2018a and
all computations were run under Microsoft Windows 10.
The number of retailers and periods range from 5, 2 (in
problems with small sizes) to 50, 12 (in large problems),
respectively. At first, each problem was solved using the
Ip-metrics method via CPLEX, and then was solved
using the proposed GA. The variable cost and demand
were respectively generated between (0-130) and (0-
500). Table 10 displays the best values of the first
objective  function of the two algorithms
(AOV'p,AOV1Ga) and the second objective function of
the two algorithms (AOV?.p,A0V?ca).
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TABLE 10. Fitness of methods
GA CPLEX

#  Retailers Period

AOV! AOVZ AOV! AO0V?
1 5 2 67752 1235 84976 1821
2 5 3 68012 1935 92577 3171
3 6 3 74213 2781 76852 4144
4 10 5 78201 4331 80434 5323
5 12 6 84102 5651 85957 7377
6 15 6 91110 6381 93207 10354
7 18 9 96555 9152 996312 10731
8 20 9 111445 10242 121605 10921
9 22 9 112606 11245 123763 11638
10 24 10 119024 14524 145867 15531
11 26 10 130417 15241 153808 15431
12 28 10 139907 16324 163475 16645
13 30 11 203447 17542 211913 18445
14 30 12 294103 21321 351621 22172

15 30 12 366211 22457 386841 24132

In the experimental results, we saw that the proposed
method excels over CPLEX in all cases.

5. 4. Concluding Remarks It is seen that the
obtained fitness value also changes by changing the GA
parameters. We seek the most optimum state i.e., the
minimum value. The value of fitness for the crossover
probability of 0.8 was obtained to be the best fitness. The
other important parameter of GA is the probability of
mutation. The algorithm with mutation probability of 0.3
generated the best solution using a single-point crossover
and the tournament selection operator for performing
crossover.

The number of retailers and periods range from 5 to
50, in 15 test beds. At first, each problem was solved
using the Ip-metrics method via CPLEX, and then was
solved using the proposed GA. In this comparison, the
proposed method showed a better performance in both
objective functions.

6. CONCLUSION

There are still major challenges in resilient supply chain.
Following up transportation operations from beginning to
end is one of the challenges in this area. Products
inventory management, routes determination, vehicle
selection, etc., are among the problems to be considered
in network design. In its traditional state, IRP minimizes
the total inventory costs, but it does not take many items
into account. The routing problem is a NP-hard problem,
thus meta-heuristics should be used to solve it.

Distribution systems include all transportation stages.
Research studies indicate that using up-to-date methods
in distribution process planning leads to a significant
amount of saving in all transportation costs. Making
progress in technology whether in terms of hardware or
software, and enhancing correlation in information
systems in production and trade lead to success in the
operation of the distribution network. The development
of modeling instruments over recent years has also acted
as a factor leading to further development. A proper
model must take all the characteristics of the network in
the real world into account and develop algorithms that
find proper solutions for real instances within logical
time. Meta-heuristics such as GA are a very suitable
option for this issue.

The mathematical model of this research is of integer
type that solves the perishable inventory routing problem.
The proper route selection and the reduction of the
improper transportation options are among the features of
this model that reduce the total costs of the supply chain.
The efficiency of the GA was assessed in the results. In
fact, the time of finding the solution depends on the
problem's dimensions because the proposed model is
considered a multi-objective IRP. The GA-based method
proposed here should preserve the constraints. The
comparison in 15 problems showed a better performance
by the proposed method compared to Cplex. It is
suggested that reaserchers propose and compare other bi-
objective algorithms and meta-heuristics to solve the
problem using the formulation.
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Cutting fluids are frequently aimed to enhance machinability through cooling, lubricating and flushing
actions. However, their use in machining creates major concerns in terms of health footprint and
environmental effects throughout their lifecycle. Alternative methods, such as dry cutting and minimum

Accepted 25 August 2021 quantity lubrication, were used to mitigate these issues. This research also will investigate the effect of
swept angle selection, 30% and 60% of tool diameter step over under different cutting conditions during
Keywords: milling of aluminium alloy material. Their impact on tool wear, surface roughness, burr and chip

Milling ) o formation were compared. Results pointed that the application of lower swept angle in conjunction with
Minimum Quantity Lubrication minimum quantity lubricant system has significantly reduced tool wear, decreased burr and chip

?&;:ﬁ;i formation, as well as improved surface quality as compared to dry machining. The work clearly shows
Tool Wear how the importance of swept angle selection and cutting condition in refining machining performance
could improve the machinability of the material.
doi: 10.5829/ije.2021.34.12c.02

NOMENCLATURE

L¢ length of chip Ra surface roughness arithmetical mean

Vs flank wear W, burr width

le cutting edge radius

1. INTRODUCTION

In machining processes, cutting fluids are commonly
used for cooling, removing metal particles, reducing
friction, and protecting the tool, workpiece and machine
tool [1]. In addition, it is also responsible for a variety of
secondary functions, such as transporting chips, cleaning
of tools, workpieces, and fixtures. However, some
drawbacks have also been correlated with the use of
cutting fluids because of their cost, environmental
impact, and hazards to workers [2]. Additionally, this
cutting fluid also has a harmful impact on health such as
leukemia, skin cancer, lung cancer, asthma etc. [3].
Therefore, numerous substitutions to the conventional
cutting fluids are currently being explored in the industry.

*Corresponding Author Institutional Email: zailani@unimap.edu.my
(Z. A. Zailani)

New methods have been developed over the past
decades to address the major difficulties of cutting fluids.
The key alternatives such as dry machining and minimum
quantity lubrication (MQL) were commonly evaluated
from a technical point of view and have been found as
viable substitutes in optimizing machining performance
as well as diminishing hazards [4]. To avoid risky cutting
fluids during the machining process, dry machining is
appointed. This owing to its benefit that translated into
zero pollution when no need a cost for coolant, its
maintenance, and disposal [5]. Nevertheless, dry
machining causes excessive temperature increases which
leads to poor tool life and damage to the machined
surface [6]. Wherever it is not possible to completely
remove cutting fluids, a very small amount of lubrication,
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pulverized only at a required point, which is known as
Minimum Quantity Lubrication Machining (MQL), is
used [7]. This method helps to improve surface finish
quality and tool life, minimize lubrication costs, and
decrease tool wear and cutting temperature.

Aluminium makes up about 70% of the whole Boeing
777 [8]. The main factor for its use is its high strength-to-
weight ratio. However, the use of aluminum, whose high
thermal conductivity combined with extreme adherent
tendency causes excessive heat generation at the cutting
zone, and difficulties in heat dissipation [9]. Common
issues in the machining of aluminum alloys are built- up
edge and adhesion of the material to cutting tool due to
high ductility and thermal conductivity of the work
material [10].

Milling is one of the most popular common
manufacturing processes to remove material from a
workpiece with a rotary cutter by moving towards an
angle with the machine axis [11]. Due to the various
degree-of-freedoms in the milling process, complex
structures could be produced. In milling, cutting speed,
spindle speed, depth of cut, and feed rate are the main
governing parameters [12]. The relationship between the
cutting tool and surface quality is also closely related. In
addition, cutting parameters, tool life, machine tool
characteristics, process variables, and workpiece
materials all played a role in mechanical machining. It is
a key performance metric that monitors surface integrity
and ready-to-use consumer aesthetics [13]. Although the
swept angle is one of the main parameters that determine
the tool wear, surface roughness, burr and chip formation
characteristics, its importance has not been well
investigated and documented in the literature.

Swept angle or tool engagements are identified as part
of the tool involved in the workpiece during the process
of machining which the swept angle is an important
factor that affects the tool wear, surface roughness, chip
formation, and burr formation during slot milling. Hence,
when the cutting tool and workpiece are fully engaged,
the resulting effect would be greater [14]. Therefore, the
purpose of this research is to perform an experimental
study on the effect of the swept angle selection under the
different cutting conditions in the milling process. The
following sections will provide a detailed explanation for
the study.

2. EXPERIMENTAL DETAILS

2. 1. Experimental Setup and Machining
Conditions The workpiece material selected to be
machined was a rectangular aluminium alloy 7075 with
dimensions of 150 mm width, 150 mm length, and 4 mm
height. 4-flutes end mill high speed steels (HSS) cutting
tool with 4.0 mm diameter was used. This experiment

was conducted using Tongtai EZ-5A CNC Milling
Machine. A constant cutting velocity of 63 m/min, table
feed rate of 440 mm/min, and depth of cut of 1 mm were
used as established from pilot tests.

Two different cutting conditions were studied,
namely dry and minimum quantity lubricant (MQL) with
base lubricant (Solcut oil). For MQL, the nozzle was
placed at the tool entry point to enhance oil entrapment
[15]. The flow rate was 40 ml/h with a compressed air
pressure of six bar. In this experiment, two values of
swept angle were used for each condition; 30% and 60%
of tool diameter stepover. Each condition was repeated
three times using new cutting tools.

2.2.Swept Angle Selection A swept angle refers to
the percentage of the tool that engages in the machining
process with the workpiece. The values will be chosen
using Equation (1):

tool step over (%)

x tool diameter 1)
100

Swept angle =

Figure 1 shows the swept angle of the cutting tool on the
workpiece which consists of 66.4° (30% tool diameter
stepover) and 101.5° (60% tool diameter stepover). Both
stepovers were selected to signify high and low angle of
engagement.

2. 3. Tool Wear, Cutting-edge Radius, Surface
Roughness, Burr Formation and Chip Length
Every tool and workpiece for each cutting condition was
then examined using Xoptron XST60 Stereo Microscopy
System to capture tool wear, burr and chip formation.
Flank wear (Vg) were measured on the side flank face,
and cutting-edge radius (r.) was determined by placing
the best-fitting circle at the tool flank face intersection.
While a width of burr formation (W) was measured for
top burr. Then, the length of chip formation (L) was also
quantified. For all measurements, a Java-based image
processing, Image J software was used concurrently. A
Mitutoyo F-3000 surface roughness tester was used to
measure surface roughness using arithmetical mean (Ra)
value. Systematic uncertainties were minimalized by first
calibrating the equipment to be used. In addition, random
vagueness was addressed by performing each
measurement at least five times.

Step over

1 1
Workpiece material Workpiece material

Figure 1. Swept angles of the cutting tool on the workpiece



2580 Z.A. Zailani et al. / IJE TRANSACTIONS C: Aspects Vol. 34, No. 12, (December 2021) 2578-2584

3. RESULT AND DISCUSSION

3. 1. Tool Wear Modes Optical images were used
to identify the wear modes after milling ten consecutive
slots. In this experiment, several types of wear were
found i.e. outer corner wear, crater wear, chipping, and
flank wear. Among all wear modes, the most dominant
was flank wear. Figure 2 shows examples of wear modes
that could be witnessed on the cutting tools. The main
reason for these occurrences is due to high force and
continuous contact between the tool and the workpiece
during penetration that lead to heat generation through
frictional action. It is pertinent to note that the thermal
property (i.e. conductivity) of the HSS cutting tool is
significantly lower than aluminum workpiece, therefore,
most of the heat that generated in all shear zones are
likely to circulated in the workpiece. This situation would
soften the workpiece material thus resulting in welded
chips or material adhesion that cause build-up in the flute
area specifically under dry cutting. This phenomenon
could drive to premature process disturbances.

3. 2. Tool Flank Wear For the flank wear
measurements, the tools were imaged from the bottom
face. The results have shown that the flank wear (VB)
was significantly affected by the swept angles and cutting
conditions. Figure 3 shows the average flank wear
growth for different swept angles and cutting conditions.

It can be seen clearly that machining under dry cutting
condition shows a substantial amount of wear on the
flank surface, as shown in Figure 4. Meanwhile,
machining under MQL confronts lesser values under
similar parametric settings condition. This is due to the
fact that the oil which acts as a cooling and lubricating
agent could significantly reduce the temperature and
frictional forces between the cutting tool and workpiece.

It can be observed that under MQL condition the
cutting-edge shape was relatively sharper compared to
dry cutting which was rounded in shape.

Chipping

Outer corner
Crater wear
wear

174 ' J{i
&)

T N, TN

Flank wear ccumulated material

Figure 2. Tool wear modes
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66.4° 101.5°
Swept Angle, (©)
Figure 3. Average flank wear under different swept angles
and cutting conditions

Minimum Quantity

Dry Cutting Lubricant

66.4° 66.4°

Figure 4. Tool wear growth for both different swept angles
and cutting conditions

The highest flank wear was attained under swept
angle 101.5° for both cutting conditions. This has
happened for the reason that an increase in swept angle
leads to excessive tool loading and deflection, thus
resulting in an increase in tool wear. As a result, the both
cutting condition (dry and MQL) display a slight
increment. With 66.4° swept angle, the average flank
wear was lowered by 15% and 25% respectively under
dry and MQL condition. Despite a significant difference
in flank wear values, both conditions are acceptable
according to 1ISO 8688-2 [16], which is below 0.3 mm. It
is also noted that the flank wear in the cutting process
with both swept angles 66.4° and 101.5° under MQL
condition is significantly lower compared to dry
condition. In addition, the use of the smaller value of
swept angle also contributes to lesser flank wear.

3. 3. Cutting Edge Radius Cutting edge radius
was also used to monitor the tool condition since it is an
appropriate indicator of the amount of tool wear. The
edge corner radius of the tool was measured by fitting a
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circle tangent line to straight lines. In this experiment,
edge radius (re) deterioration was found on the tool
cutting edge. Figure 5 shows the changes of cutting-edge
deterioration for both conditions after machining
processes.

Figure 6 shows the changes of cutting-edge radius for
both swept angles and cutting condition. In this figure,
more effective cutting-edge radius occurred when using
the swept angle of 66.4° compared to the swept angle of
101.5°. But, the values for dry and MQL (after
machining) shows prominent changes, especially under
dry condition. Furthermore, as expected, the higher swept
angle implied a higher value of re, which increased by
90% and 68% under dry and MQL conditions,
respectively, when compared to the lower swept angle.
Dry cutting contributed to higher Re due to lack of
lubricating and cooling action that led to higher specific
cutting energy. In general, the result showed that the use
of a lower swept angle has resulted in lowering tool wear
by retaining the sharp edges for both conditions.

3. 4. Surface Roughness Surface roughness (Ra)
is a measured parameter that can be used to analyze the

Before

Figure S. Cutting-edge deterioration under (a) Dry cutting and
(b) MQL condition

OAs-received ©Dry mMQL
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Figure 6. Changes of cutting-edge radius for both swept
angles and cutting conditions

quality of the machining process. It should be noted that
roughness quality sturdily depends on feed per tooth and
tool edge radius. In this experiment, average surface
roughness was measured at three main points, i.e. entry,
middle, and exit. Figure 7 shows the variations of average
surface roughness under different swept angles and
cutting conditions.

The roughness has been evaluated using the
arithmetic average deviation of profile, Ra. These bar
graphs give an insight into how the surface responds to
change in swept angle for both dry and MQL
environments. From these results, it can be seen that the
101.5° of swept angle produces the higher Ra as
compared to the 66.4° of swept angle. Besides, under dry
condition, machined surfaces appear rougher, especially
with adhered or sticky material. It is obviously seen in
Figure 8. In contrast, it was found that the adhered
material was completely removed when MQL was
applied. This could be due to the application of MQL
reduces the temperature effect and hence; the adherence
propensity.

8 - 6.088
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g |
£ 6
=2 3.806 J
€ =
s E 4 i BDRY
J_; 5 I BMQL
[%2)
® 2
g 0.474 0.718
S
(5]
I o0

66'4°Swept Angle, (9)101'50

Figure 7. Average comparisons for surface roughness, Ra.

Dry Cutting

Minimum Quantity
Lubricant
66.4

Figure 8. Surface pattern for both swept angles and cutting
conditions



2582 Z.A. Zailani et al. / IJE TRANSACTIONS C: Aspects Vol. 34, No. 12, (December 2021) 2578-2584

The results also appear that Ra grows rapidly under
dry condition when compared to MQL method. This is
due to more intensive stress and temperature at the
workpiece and tool interface that lead to quick tool wear.
Under MQL method, the pressurized air with oil to the
cutting zone promotes rapid removal of the chips whilst
retaining the tool shape. Higher tool wear and chipping
could create valleys and marks on the machined surface.
Also, it is important to note that due to the high ductility
of aluminium, it could promote roughness on the surface.

Overall, it is concluded that the lower swept angle by
varying machining under MQL condition provide
superior surface finish than dry condition as step-over
reduced the interruption in cutting process. In addition,
lubricant used in MQL would lessen adhesion and
interaction of tool and workpiece thus reducing friction
as well as tool wear.

3. 5. Burr Formation There were four types of
burr created which were top burr, exit burr, entrance burr,
side burr, and bottom burr. They were designated through
their cross-sectional area. It was found that the most
dominant burr was the top burr which formed on top of
the workpiece surface. Figure 9 shows the top burr
formation under different swept angles and cutting
conditions where different features could be identified.
Wider top burrs with large curvature were created under
dry cutting, in comparison with those obtained in MQL
which was thinner. Under MQL, the use of oil makes the
shearing process became smoother and easier, and hence
resulting in reduced burr size.

) Minimum Quantit
Dry Cutting LubricQant ’

66.4°

Figure 9. Burr formation under different swept angles and
cutting conditions

Figure 10 shows the average burr width under differe
nt cutting conditions. It can be seen that a significant red
uction in burr width values was obtained with MQL syst
em. This improved performance was possibly due to the
enhanced lubrication that retained the sharpness of the to
ols. The reason why the tool wear rate under dry cutting
is high is due to the ploughing effect, which happens wh
en the cutters are not removing the material but pushing
it off to the slot side instead to create burr. In addition, a
larger swept angle also plays a significant role by increa
sing the width of burrs.

Based on Figure 10, it shows that burr width (W) for
after 10th slots produce bigger and wavier burrs compare
to burr width for first slot. For a swept angle of 101.5°,
the result shows an increasing pattern for both cutting
conditions compared to the swept angle of 66.4°. It can
be seen that the W, was lessened under MQL method
compared dry method for both swept angles. This is
because the effect of the cutting fluid on tool wear and
due to the amount of sweep subtended by cutting edge
which makes them engages and leaves the workpiece
during the slot milling process. Overall, the observed
phenomenon is directly related to each other, where the
swept angle will cause the tool wear and increase in the
cutting-edge radius that would significantly increase the
ploughing effect that would finally result in the formation
of the top burr.

2000 - @) EDRY
—_ 1391.36 BMQL
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2 538.75 392.42
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Figure 10. Average burr width under different cutting
condition after (a) 1% slot; and (b) 10% slot
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3. 6. Chip Formation The mechanism of chip
formation is a major strain deformation method, with
partial fracturing is caused by internal cracking or
voiding in or near the primary shear zone and likely crack
formation around the cutting edge. So, it is important to
measure the length of chip formation for each chip
collected from these experiments. Figure 11 displays the
average comparisons between swept angles for the length
of chip formation under different machining conditions.

The result shows that machining in dry condition
formed longer chips than in MQL condition. This is
particularly evident when a higher swept angle was used.
In principle, the higher value of swept angle applied
during operation, the longer the chips.

Microscopy images of chip formation in different
swept angle and cutting conditions is shown in Figure 12.
It shows a typical chip pattern when machining
aluminum alloy under various cutting conditions. It is
important to note that small well-broken chips are
desirable in machining. A shorter chip was observed

20 1 1756

€
E 15 J
o
a
= 10 -
O 5.86 ODRY
S ZMQL
I
o 5 A
c
3 0.68 1.26
0

42 1Q1.5°
66 Swept Angle, (9% 3
Figure 11. Average comparisons in length of chip formation

Minimum Quantity
Lubricant
66.4°

Dry Cutting
66.4°

Figure 12. Chip pattern under different swept angles and
cutting conditions

under MQL condition for both swept angles. While,
continuous non-uniform with severe curled chips were
found under dry cutting. This had happened due to the
fact that the chips were exposed to intense heat and hence
leading to huge plastic deformation. Under MQL
condition, flat morphology of chips was formed owing to
the reduction in cutting temperature. All the findings
confirmed that lubrication action through MQL system is
desirable in terms of chip formation as it produces shorter
chip as compared to dry machining.

4. CONCLUSION

From this study, it was obvious that the significant used
of minimum quantity lubrication (MQL) as an alternative
method to substitute the used of conventional metal
working fluid in machining operations was proven.
Besides, the impact of swept angle selection and their
influence under the different cutting conditions was also
demonstrated. The result showed that the lower swept
angle applied, the better result in the form of reduced tool
wear and burr formation, improved surface roughness
and chip formation. This is confirmed in both dry and
MQL condition. Swept angle and cutting condition plays
an important role in determining tool wear (flank wear
and edge radius), surface roughness, burr, and chip
formation. For that reason, the results established that a
parametric combination between lower swept angle of
66.4° under MQL condition have demonstrated minimal
tool wear and better surface quality.
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ABSTRACT

Given the importance of supply chain and environmental issues, this paper presents a new mathematical
model for a green closed-loop supply chain (GCLSC) network with the objectives of maximizing profits,
maximizing the number of jobs created, and maximizing reliability. Due to the uncertainty on some
parameters such as demand and transportation costs, the new method of robust fuzzy programming
model was utilized. Multi-objective Grey Wolf Optimizer (MOGWO) and Non-dominated Sorting
Genetic Algorithm 1 (NSGA 1) were used to tackle the problems for larger sizes. A number of instances
of the problem in larger sizes were solved. The results from comparing the algorithms considering some
criteria including means of objective functions, spacing index, distance index from ideal point, maximum
amplitude index, Pareto response number index and computational time showed the fast convergence
and high efficiency of MOGWO algorithm for this problem. Finally, the implementation of the model
for a real case study in Iranian engine oil industry, showed the efficiency of the obtained solutions for

this network.

doi: 10.5829/ije.2021.34.12¢.03

1. INTRODUCTION

In today's world, economic and industrial change is
happening faster than ever before. The goal of
organizations and companies is to maintain and increase
profits as well as greater survival and durability in the
market. The globalization of economic activities, along
with the rapid growth of technology as well as limited
resources, has put companies in an intense competition.
One of the competitive advantages for companies is to
make activities such as supply chain more efficient and
effective. The term supply chain management (SCM)
was coined in the late 1980s and became more widely
used in 1990s. In this view, in order to survive in
competitive markets, organizations must not only
manage and optimize their organizational units, but must
integrate all the organizational units in the network,
including the suppliers and the customers. However, in
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recent years, increasing competition in the global market
to quickly meet customer needs and provide quality
products has led to negative environmental effects,
including an increase in greenhouse gas emission.
Government laws, environmental pressures, and growing
public awareness have forced companies to collect
discarded products and goods and to consider more
environmental factors in future products. This has led to
the creation of a new management concept called green
supply chain, which is actually a new paradigm for
environmental protection along with SCM [1].

Supply chain is an attitude that has been considered
by organizations and companies in recent years. In this
approach, all components and circles that are together to
provide a product or service to the customer, are
considered and try to make strategic, tactical, and
operational decisions in such a way that the entire supply
chain is more efficient and effective against competing
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chains. A supply chain is not limited to components and
places of production, but includes all components of
production and services from the initial suppliers to the
final customers [2]. Lack of coordination and integration
between different parts of the supply chain result in to an
increase in the cost of goods and consequently an
increase in price, failure to deliver products on time, etc.,
which ultimately cause to an increase in consumer
dissatisfaction. A supply chain is a flow of materials and
information between different levels of a manufacturing
or service network that includes suppliers,
manufacturers, distributors, wholesalers, retailers, and
end customers. In recent years, organizations and
companies have taken responsibility for waste products
based on the nature of the products, legal and
environmental requirements, as well as the re-acquisition
of value. In view of the above, the supply chain network
is broader and includes product collection, inspection,
repair, recycling and destruction centers [3].

Since the introduction of the first supply chain design
ideas in the late 1970s, nothing has attracted the attention
of governments, corporate executives and the public as
much as green supply chain design, which is the most
important tool for organizations to adapt their activities
to the environment. It should be noted that the concept of
green supply chain is not just a general slogan for
idealistic people, but in many countries, organizations
have made every effort to implement it. Today, some of
the leading companies are already actively implementing
green projects, for example IKEA, the world's largest
furniture maker, has set up a train network emphasizing
green train operations. In addition, General Electric,
IBM, and HP have all considered green products with the
adoption of new energy-saving technologies, and in
addition to product design, they have considered SCM to
relieve environmental concerns [4].

On the other hand, government regulations and
increasing customer awareness of the environment have
made environmental aspects important in the work of
researchers, building models and working frameworks
for the effectiveness of the ecosystem in the supply chain
networks. China, for example, has set a target of reducing
carbon emissions by 10% in the Ninth Eleventh
Development Plan, and the central government is
studying and preparing for environmental protection
oversight policies which are expected to play a positive
role in solving the environmental problems. To
implement a green supply chain network, it is not just
enough to pay attention to being green; on the other hand,
it is important to implement the green factors when
designing the physical facilities and operating the supply
chain. Furthermore, a good design can reduce CO;
emissions all over the supply chain network.

Due to the importance of the GCLSC (which is a
combination of forward and reverse supply chain), this
paper presents a new model of multi-objective GCLSC

which incorporates some real-world features. The
importance of implementing new models to reduce
operational costs as well as pollution has been
emphasized in this article by addressing a three-objective
model including maximizing network  profits,
recruitment rates and reliability. Considering the
governmental restrictions and laws on the amount of
greenhouse gas emissions, the addressed restrictions
have implemented in the given mathematical model.
Uncertainty on demand and some other cost parameters
has also led to the use of the new fuzzy robust method.
Finally, for the assessment of the model performance in
the real world, a real case study in the Iranian engine oil
industry has been studied.

The structure of the paper is as follows: In section 2,
the literature review is given and the research gap is
presented. In section 3, the initial version of the uncertain
multi-objective GCLSC model is proposed and then its
converted version is given. In this section, a solid fuzzy
optimization method is used to control the uncertainty of
the model. In section 4, the solution algorithms, the
design of the primary chromosome, as well as the
comparison indicators of the algorithms are presented. In
section 5, the results from model implementation in an
Iranian engine oil industry are discussed. Finally, in
section 6, the conclusions from this research together
with further research ideas are presented.

2. LITERATURE REVIEW

In this section, some of the most important researches in
the field of closed-loop supply chain (CLSC) network
design are reviewed. Kim et al. [5] established a multi-
cycle CLSC with the objective of maximizing factory
profit. The network was designed to start with the return
of used products and return by the customer and then
accumulated and dismantled in the collection center.
Some of the returned products were sent to the
reproduction department and the usable parts were
transferred to the renovation department and repaired.
Finally, the parts were assembled, reproduced and
classified for sale to foreign suppliers as new products
[5]. Ahmadi-javid and Hoseinpour [6] modeled a
distribution network considering location-inventory
decisions and pricing with limited inventory capacity.
They used Lagrange release algorithm to solve their
problem [6]. Kaya and Urek [2] developed a definitive
CLSC network model with simultaneous location-
inventory and pricing decisions. They used the
refrigeration and forbidden search simulation algorithm
to tackle the problem [2]. Ahmadzadeh and Vahdani [7]
presented a model for integrated location-inventory and
pricing decisions in the CLSC network. Their main
purpose was to decide on the optimal locations of
facilities, taking into account inventory costs and product
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pricing. They used genetic algorithms, firewalls and
colonial competition algorithms to solve their problem
[7]. Amin et al. [4] in their research, designed and
optimized a CLSC network with tire remanufacturing
based on tire retrieval options, with the objective of
maximization of the total profit. The application of this
model based on a realistic network in Toronto, Canada
has been discussed using a geographical map. In this
model, he uses a new decision tree-based method to
calculate the net present value of the income over several
periods under various sources of uncertainty, such as
demand and return. In addition, discount cash flow in this
method was considered as a new innovative approach.
This method can be used to compare the profitability of
different design options for a CLSC [4]. In a study,
Hajiaghaei-Keshteli and Fard [8] developed a new
mixed-integer programming model to create a multi-
purpose stable CLSC network scheme for the first time,
assuming a reduction in transportation costs. To address
the problem, not only traditional and recent metaphors
are used, but also algorithms are combined according to
their strengths, especially in intensification and
diversification. To evaluate the efficiency and
effectiveness of these algorithms, they are compared with
four evaluation criteria for optimal Pareto analysis [8].
Mardan et al. [9] provided a comprehensive
mathematical model for the multi-cycle, multi-product,
multi-model, and two-objective GCLSC. The purpose of
this model was to minimize the total cost and emission of
ambient gases by deciding on the locations of the
facilities, the amount of transportation and the inventory
balance. The results showed that the proposed solution
approach reduced the total cost by more than 13 percent
and can even be used for larger and more complex
industrial applications in the real world [9]. Yadegari et
al. [10] developed a memetic algorithm (MA) with
priority-based coding/decoding method based on a
flexible neighborhood search (NS) strategy to improve
strategies for simultaneous configuration of the chains. In
addition, to avoid the time-consuming repair process in
the discrete solution dealership, it provided a way to
convert the discrete dealership to a continuous method,
and finally, to accelerate the proposed algorithm, the
multi-stage simulation (MSA) re-embedding was
embedded into the MA [10]. In a study, Yavari and Zaker
[11] examined the design of a GCLSC network for
biodegradable products under uncertain conditions.
Demand, rate of return and quality of returned products
were considered as uncertain parameters of the model
[11]. Saedinia et al. [12] proposed a nonlinear mixed-
integer programming model to consider the price and
position of facilities in a CLSC in the information and
communication technology (ICT) industry to obtain the
total profit generated by the sale of new ICT products.
The structure of this network included suppliers,
collection and distribution centers (C-D centers),

disassembly centers and customer areas. In C-D centers,
an inventory policy of continuous review was applied and
it was assumed that the ordering time is random.
Numerical results showed how to allocate facilities to
each other, inventory management and pricing of ICT
products; therefore, the proposed models and methods
could help ICT companies in determining their policies
for maximum profit [12]. In a research, Nayeri et al. [13]
presented a robust multi-objective fuzzy optimization
model in the design of a stable CLSC network. In this
study, they considered parameters such as demand and
transportation costs to be uncertain [13]. Prakash et al.
[14] presented a model of a CLSC network in which
parameters such as risk and demand were considered.
They optimized the developed model using the combined
robust method [14]. Fatollahi fard et al.[15] presented a
model for CLSC network system in case of uncertainty
for water reverse purification and developed a multi-
objective stochastic optimization model with triple
bottom line optimization. Fazli-Khalaf and Hamidieh
[16] designed a reliable multi-echelon CLSC network
model which maximized the social responsibility while
minimized the fixed establishing and variable processing
costs of the network. To cope with the uncertainty of
parameters, stochastic programming was applied and an
effective reliable modelling method was employed to
appropriately control unpleasant economic impacts of
disruptions. On the uncertainty in supply chain,
Hamidieh et al. [17] proposed a robust reliable bi-
objective supply chain network design model which was
capable of controlling different kinds of uncertainties,
concurrently.  Stochastic  bi-level scenario based
programming approach was used to model various
scenarios related to strike of disruptions. Tables 1 and 2
give some abbreviated forms of employed terms and
comparison of the GCLSC researches.

TABLE 1. Abbreviated forms of employed terms

Abbreviation Term

SPR Single Product
MPR Multi Product
SPE Single Period
MPE Multi Period

QN Quantitative

QA Qualitative

FS Forward Supply Chain
RS Reverse Supply Chain
CSs Closed-Loop Supply Chain
L Location

A Allocation

R Routing

SH Shortage
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SS Supplier Selection MRE Max Reliability
Discount MQL Min Queue Length

Queueing System MSC Max Supply Chain Responsiveness
FP Fuzzy Programming MNV Max Net Value
SP Stochastic Programming MPR Max Profit
RP Robust Programming MSL Max Service Level
RFP Robust-Fuzzy Programming MDL Min Number of Days Lost
RSP Robust-Stochastic Programming MDT Min Delivery Time
FSP Fuzzy-Stochastic Programming MCO Min Cost
RFSP Robust-Fuzzy-Stochastic Programming MLR Min Loss of Raw Materials
DE Deterministic MNV Min Number of vehicles
CS GAMS-Lingo MCE Min Co2 Emission
MO Multi Objective Decision Method MSH Min Shortage
MH Meta-Heuristics Algorithm MNJ Max Number of Jobs
FO Fuzzy Optimization Method MRI Min Risk

TABLE 2. Comparison of the GCLSC researches

Research Year Model Objective Variable Uncertainty  Solution S(iﬁtsjey
Alshamsi and Diabat [18] 2018 SPR, SPE, QN MPR L, A, DE CS
Rad and Nahavandi [19] 2018 MPR, MPE, QN MCO, MCE L, A, SH, D DE MO *
Fakhrzad et al. [20] 2018 MPR, MPE, QN Mco, I\IC/IDR-II—E MCE, L, AR, SS DE MH
Pourjavad and Mayorga [21]  2019a MPR, MPE, QN MCO L, A, SH DE CS *
Yadegari et al. [10] 2019  SPR, MPE, QN MCO L, A DE CS *
Polo et al. [22] 2019 SPR, MPE, QN MPR L, A, SH RP CS
Ghahremani Nahr et al. [23] 2019 MPR, MPE, QN MCO L, A SH, SS, D RFP MH
Pourjavad and Mayorga [24] 2019  MPR, MPE, QN MCO, MCE, MNJ L, A, SS FP MO
Darestani and Hemmati [25] 2019 MPR, MPE, ON MCO, MCE L, A SH,SS, D, Q RP MO
Zhang et al. [26] 2019 SPR, SPE, QN MDT, MDL L, A RFP MO
Fazli khalaf et al. [27] 2019 MPR, MPE, QN MCO, MDT, MRE L, A, SH, R RFP FO *
Alkhayyal [28] 2019  MPR, SPE, QN MCO, MCE L, A DE MO *
Mardan et al. [9] 2019 MPR, MPE, QN MCO, MCE L, A R,SS DE CS
Ghahremani- Nahretal. [29] 2020b MPR, MPE, QN MCO, MCE L, A, SH, D RP MO
Jiang et al. [30] 2020  SPR, SPE, QN MPR, MSL L, A DE MO
Gholizadeh et al. [31] 2020 MPR, MPE, QN MPR AR RP MH
Prakhash et al. [14] 2020 SPR, SPE, QN MCO L, A RP CS *
Pourmehdi et al. [32] 2020 SPR, SPE, QN MCE, MPR, MSL L, A SP FO *
Mohtashemi et al. [33] 2020 SPR, SPE, QN MCO, MCE L, A SS Q DE MH
Liu et al. [34] 2021 MPR, MPE, QN MCO, MCE L, A RFP CS *
Zahedi et al. [35] 2021 MPR, MPE, QN MNV, MSL L,A R DE MH *
Boronoos et al. [36] 2021 MPR, MPE, QN MCO, MCE L, A RFP MO *
Habib et al. [37] 2021 SPR, MPE, QN MCO L, A RFP CS *
This paper MPR,MPE,QN  MPR, MRE, MNJ - A R/ SH, SS,D, RFP MO *

Q
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As a research gap, according to the given literature, a
comprehensive uncertain model which includes three
aspects of economic, social and environmental with
uncertainty on some key parameters of the model has not
been studied. Furthermore, the application of the model
in engine oil industry has not been studied. The major
novelties and features of this paper are:

- Developing a three-objective model for CLSC design of
engine oil industry

- Using robust fuzzy programming to tackle with the
uncertainties in demand, transportation costs and
capacity levels of facilities

- Development of two meta-heuristic algorithms in order
to solve the problem for large sizes

- Solving the model for small and large sizes of the
problem

- Solving the model utilizing the real data of engine oil
industry

3. PROBLEM DESCRIPTION AND MODELING

In this paper, a GCLSC network is modeled under the
uncertainty of some of the most important parameters of
the problem (i.e. demand and transportation costs).
Figure 1 shows the under-study GCLSC network in
which the main purpose is to supply engine oil products
to customers in the primary market and to increase the
energy recovery and to meet the secondary market
demand of returned products. In this case, the suppliers,
who are actually in charge of supplying the raw materials,
send the raw materials to the manufacturers who produce
the final products. Manufacturers produce the final
products using a combination of some predetermined
materials and send them to distributors. Distributors
distribute the final products according to the uncertain
demand of customers for each product, taking into
account the shortage. In the given model, the reverse
supply chain is also considered. The main purpose of
designing such a network is to properly manage and reuse
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Figure 1. The under-study GCLSC network

returned products from customers. In this network,
according to various issues, a percentage of products are
collected at the collection center and after inspection are
sent to one of the specified centers for energy recovery,
recycling or disposal in the landfill. Recycled products
can be reused in the primary market or sold to the
secondary market as lower level quality product by
adding some raw materials or changing the structure of
the product. In the meantime, some returned products
may no longer be reusable, even after recycling because
of the poor quality; In this case, they are sent to the
landfill for disposal.

There are three types of strategic, tactical and
operational decisions in this model. At the strategic level,
the problem is to determine the number and capacities of
potential network facilities including production,
distribution, recycling and collection centers. At the
tactical level, the optimal flows of materials, products
and returned items are determined between different
facilities of the network. At the operational level, the
appropriate vehicles between facilities are selected.
According to the following assumptions, the model of the
problem can be formulated.

1. The objective functions of the problem include
maximizing the profit of the entire supply chain
network, maximizing the number of created jobs and
maximizing the reliability of the CLSC network.

2. Demand, supply capacities, transportation costs and

some operating costs are considered to be uncertain.

Shortage is permitted.

The transport fleet is considered heterogeneous.

The cost of greenhouse gas emissions is considered

as part of the first objective function.

6. Establishment of facility capacity at different levels
has different costs.

According to the mentioned assumptions, the
set, parameters and decision variables of the model are as
follows:

a ks~ w

3.1.Sets
A Set of customers fixed points a = {1,2, ..., A}
K setof potential distribution centers k = {1,2, ..., K}
] set of potential manufacturing centers j =

{1,2,...]}

I set of raw material supply centersi = {1,2, ..., I}

L set of disposal centers [ = {1,2, ..., L}

N set of potential recycling centersn = {1,2, ..., N}

M setof potential collection centersm = {1,2, ..., M}

E set of energy recovery centerse = {1,2, ..., E}

B Set of secondary market fixed pointsh =
{1,2,...,B}

G Set of potential facility capacity levelsg =
{1,2,...,G}

P Product range (i.e. engine oil and its products in the
case study) p = {1,2, ..., P}

set of raw materials h = {1,2, ..., H}

set of vehicles v = {1,2, ..., V}

<=
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3. 2. Parameters

Demy,,

CapJjpg
CapKy,,
CapM,,
CapNyy,
Caplin
CapLyy

Capw,
Capv,

Demand of customer a for product p

The amount of raw material h required to produce
one unit of product p

Percentage of product p returned by customer a
Percentage of product p transferable to energy
recovery center by collection center m

Percentage of product p transferable to recycling
center by collection center m, B, + Vimp <
1, Ym,p

Percentage of product p transferred to disposal
center by recycling center n

Percentage of product p transferred to production
center by recycling center n 8, + 0y <
1, Vn,p

Capacity for producing product p at Manufacturer
center j at capacity level g

Capacity allocated by distributor k to product p at
capacity level g

Capacity allocated by collection center m to
product p at capacity level g

Capacity allocated by recycling center n to product
p at capacity level g

Capacity of supplier i for replenishment of raw
material h

Capacity allocated by disposal center | to product
p

Weight capacity of vehicle v

Volume capacity of vehicle v

Weight of one unit of raw material h

Weight of one unit of product p

Volume of one unit of raw material h

Volume of one unit of product unit p

Selling price of one unit of product p to customer
a

Selling price of one unit of product p to energy
recovery center e

Selling price of one unit of product p to secondary
market b

Fixed cost of constructing manufacturing center j
at capacity level g

Fixed cost of constructing distribution center k
with capacity level g

Fixed cost of constructing collection center m with
capacity level g

Fixed cost of constructing recycling center n with
capacity level g

Fixed cost of utilizing vehicle v

The variable cost of vehicle v per unit distance
between two facilities

Distance of distribution center k from customer a
Distance of production center j from distribution
center k

Distance of supplier i from manufacturing center j
Distance of recycling center n from manufacturing
center j

Distance of customer a from collection center m
Distance of the collection center m from energy
recovery center e

Distance of collection center m from recycling
center n

Pejp

Cemp

Rey,

Lelp

RPe]-p

JOB;,

JOByg

JOByy

Distance of collection center m from disposal
center |

Distance of recycling center n from disposal center
|

Distance of recycling center n from secondary
market b

Shortage cost of product p at customer a
Production cost of product p in manufacturing
center j

Cost of supplying raw material h by supplier i
Shipping Cost of one unit of product p from
distribution center k

Cost of collecting one unit of product p at
collection center m

Cost of recycling one unit of product p in recycling
center n

Disposal cost of one unit of product p at disposal
center |

Cost of remanufacturing
remanufacturing center j
Amount of carbon dioxide emission by vehicle v
per unit distance

The acceptable amount of carbon dioxide
emissions in the supply chain network determined
by government

Amount of carbon dioxide emissions due to
construction of manufacturing center j with
capacity level g

Amount of carbon dioxide emission due to
construction of distribution center k with capacity
level g

Amount of carbon dioxide emission due to
construction of collection center m with capacity
level g

Amount of carbon dioxide emission due to
construction of recycling center n with a capacity
level g

Amount of carbon dioxide emission due to
producing one unit of product p in the production
center j

Amount of carbon dioxide emission due to
collection of one unit of product p in collection
center m

Amount of carbon dioxide emission due to
recycling one unit of product p at recycling center
n

Amount of carbon dioxide emission due to
disposal of one unit of product p at disposal center
|

Amount of carbon dioxide emission due to
remanufacturing product p in manufacturing
center j

Fixed cost of excess carbon dioxide emission
Number of job opportunities created by
constructing manufacturing center j with capacity
level g

Number of job opportunities created by
constructing distribution center k with a capacity
level g

Number of job opportunities created by
constructing collection center m with capacity
level g

product p in
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Number of job opportunities created by
constructing recycling center n with capacity level
g

Average number of days lost because of work
injuries due to construction of manufacturing
center j with capacity level g

Average number of days lost because of work
injuries due to construction of distribution center k
with capacity level g

Average number of days lost because of work
injuries due to construction of collection center m
with capacity level g

Average number of days lost because of work
injuries due to construction of recycling center n
with capacity level g

Significance factor of the total number of lost days
due to injuries in the workplace

Significance factor of the number of job
opportunities created

Reliability of shipping raw material h from
supplier i to manufacturing center j

Reliability of shipping product p from
manufacturing center j to distribution center k
Reliability of shipping product p from distribution
center k to customer a

3. 3. Decision Variables

Qkap
Q Jjkp
Qijn
anp
Qamp
Qmep
anp
lep
inp
anp

Sap

Uj

The amount of product p shipped from distribution
center k to customer a

The amount of product p shipped from
manufacturing center j to distribution center k

The amount of raw material h shipped from
supplier i to manufacturing center j

The amount of product p returned from the
recycling center n to production center j

The amount of product p returned from customer a
to collection center m

The amount of product p returned from collection
center m to energy recovery center e

The amount of product p returned from collection
center m to recycling center n

The amount of product p returned from collection
center m to disposal center |

The amount of product p returned from recycling
center n to disposal center |

The amount of product p returned from recycling
center n to secondary market b

The amount of shortage of product p at customer a
If manufacturing center j is established with
capacity level of g, it takes 1 and otherwise it takes
0.

If distribution center k is established with capacity
level of g, it takes 1, otherwise it takes 0.

If collection center m is established with capacity
level of g, it takes 1, otherwise it takes 0.

If recycling center n is established with capacity
level of g, it takes 1, otherwise it takes 0.

If vehicle v is assigned for shipping to customer a
from distribution center k, it takes 1, otherwise it
takes 0.

Yijv

Ynjv

Yamv

Ymev

Ymnv

lev

Ynlv

anv

If wvehicle v is assigned to the rout from
manufacturing center j to distribution center k, it
takes 1, otherwise it takes 0.

If vehicle v is assigned to the rout from supplier i to
manufacturing center j, it takes 1 and otherwise 0.
If vehicle v is assigned to the rout from recycling
center n to manufacturing center j, it takes 1 and
otherwise 0.

If vehicle v is assigned to the rout from customer a
to collection center m, it takes 1 and otherwise 0.
If vehicle v is assigned to the rout from collection
center m to energy recovery center e, it takes 1,
otherwise it takes 0.

If vehicle v is assigned to the rout from collection
center m to recycling center n, it takes 1, otherwise
it takes 0.

If vehicle v is assigned to the rout from collection
center m to disposal center |, it takes 1, otherwise it
takes 0.

If vehicle v is assigned to the rout from recycling
center n to disposal center |, it takes 1, otherwise it
takes 0.

If vehicle v is assigned to the rout from recycling
center n to secondary market b, it takes 1, otherwise

it takes 0.

3. 4. Proposed Model
maxZy = Yy g Xp PrapQrap +
Yom 2ie 2p PrepQumep + 2n 2b 2p PopQnpp —
Zi Zg FigUjg = Yk Zg FigUyg = Lm Zg FingUmg
—2n2g FagUng — Li Xj 20 FCyYijy —
2 Lk 2o FCYjky — X 2o Zw FCoViean —
Yo Lom 2w FCYamp — Xom X1 20 FCo Yoy —
YmLe Lv FCo¥Ymey — Xom X Lov FCoYimmny —
Y 21 2w FC Yoy — Xon Xp Lo FCoYnpy —
Yn X Yo FCoYnjy — Xi X Yo FV, Dy Y0 —
Y Xk X FV, DYy — 2k Xa Xo FVy DieaYieaw —
Yo Xm Zo FVyDamYamo — Zm X1 Xo FVy Dyt Yoy —
YmZe Xv FVyDmeYmey = Zm Zn Lo FVy Dy Yinnw
=20 20 X0 FV, D Yiy = B 2o Xo FVy Dy Yo
=202 X0 FU, Dy Yy — X 2 X5 SinQujn —
Y 2k 2p PCipQiip — Xk La Zp DCip Quap —
Y0 Ym Xp CompQamp — Zm X Xp Renp Qurnp —
Y 21 Zp L1y Qmip — Zon X1 Xp L1y Quip —
Y X Xp PRy Qnjp — 9 X 2 Xy C02,Dy;Yi
—0 3 X X €02, Dy Yieyy
=9 X Xoa X €024, Dy Yieaw

@
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=09 Xa Zm 2w €024 DgmYamy

=0 X 21 2 €02, Dy Yoty

=9 Ym Le Ly C02,DmeYmey

=9 Xn Zp 2w €024 Dy Ynpy

=9 Xn X1 2y €02, Dy Vg

=0 Xom Ln 2w €024 Dy Yiny

=0 X Xj Xy €02y D ¥njp — 9 X X g EjgUsg
0k XgExgUkg — 9 Xm2g EmgUmg —

9 ¥n XgEngUng — 9 2 Xk Xp PejpQjkp

=9 Za Zm Zp Cemp Qamp -
9 Zm Zn Zp Renp anp

=9 Zm Zl Zp Lepomlp -9 Zn Zl Zp Leponlp -

9%n XYY, RPejpQnjp + 9C05°
—XaXpTapSap
maxZ, =

9, {ZJ' ZQJOBJQLIJ!) + 2k ZQJOBngkg +}
TP \Zm ZgJOBrmgUmg + X XgJOBngUng

~ {zj Ny ALD;yUjy + Y4 3y ALDy Uy g +
PaLD S 3 g ALD g Upg + Sin g ALDygUpg

maxZs =1—-[I;[l.] 1 -

1 —
RegjnYijy *
[T MR I I | 1 -

Rejip Yiky *
Rekap ykav

s.t.:

Yk Qkap + Sap = Demapr va,p

2a Qkap = Zj ijp; Vk,p

2i2n OnpQijn + 20 Qujp = 2k Qjkp,  ViiD

Xap 2k Qkap =2m Qampr va,p
ﬁmp Ya Qamp =Y Qmepr vm,p
Ymp 2a Qamp =2n anpr vm,p

2a Qamp =2 lep +2n anp +
Ye Qmep, VYM,p

}

@

®

4)
®)
(6)
U]
®)
©)

(10)

6np Zm anp = Zl inpr vn,p

Onp Xm anp = Zj anpr vn,p

Zm anp = Zl inp + Zj anp + Zb anp'

Zk ijp < Zg Cap]jpg Ujg: erp

Za Qkap < Zg CapKkpg ng: Vk: p
Za Qamp = Zg CapMmpg Umgr vm, p
Zm anp < Zg Capang Ungr vn, p

¥ Qijn < Caplip, Vi,h

Ym Qumuip + X Qrup < CapLy,, Vip
YgUng <1, Vn

YgUmg <1, Vm

YgUg <1, Vj

YoUg <1, Vk

2 Qijnwh < Xy Capwy, Yijy, Vi j,v

Yp QirpWp < Xy Capwy, Yy, Vi kv
2p QkapWp < Xy Capwy, Yiaw, Yk, a,v
Yy QumpWp < X Capwy, Yoy,  Va,m,v
2p QuupWp < 2o Capwy Yoy, VM, Lv
2p QmnpWp < Xy Capwy, Vi,  VM,m,v
Yp OmepWp < Xy Capwy, Ve,  Ym,e,v
Yp QuipWp < Xy Capwy, Yoy, Y, v
2p QnjpWp < Xy Capwy Yojy, Vv
2p QnopWp < Xy Capw, Yopy, VN, b,v
Yh Qijrvn < Xy Capv, Yijpy,  Vi,j,v

2p QjkpVp < 2o Capvy Yy, Vi, kv

2p QrapVp < Xy Capvy Vg,  Vk,a,v
2p QampVp < Yo Capvy, Yomy,  Va,m,v

vn,p

2592

(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)
(31)
(32)
(33)
(34)
(35)
(36)

37)
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Yp QmipVp < Xy Capv, Yoy, VM, Lv (38)
2p QmnpVp < 20 Capvy Yipny,  VM,n,v (39)
Yp QmepVp < X Capvy, Yiey, VM, e, v (40)
2p QupVp < Xy Capvy Yoy, Y, Lv (41)
2p QnjpVp < X Capvy Ynjp, Vv (42)
Y0 QnopVp < Xy Capv, Yopy,  Vn,b,v 43)
Qkap Qjikp Qijns Onjpr Qamp, Qmepr @mnp» Qmips “4)
Qnip» QnbprSap = 0

Ujg» Ukg» Umg» Ung: Yiavs Yiiews Yijor Ynjur Yamus Ymev, (45)

Ymnvr lew Ynlvr anv € {0,1}

Equation (1) gives the first objective function of the
model which maximizes the profit of the supply chain.
The income part of the addressed profit is composed of
the total sale amount of final products to the customers in
the primary markets, the total sale amount of lower
quality recycled products in the secondary market and the
energy from lower quality returned products. The cost
part of the addressed profit is composed of fixed
construction costs, fixed and variable costs of using the
vehicle, costs of producing excess carbon dioxide greater
that the accepted amount, and operating costs of
producing the final products. Equation (2) gives the
second objective function which maximizes the number
of jobs created by the establishment of new potential
centers. In this regard, the average number of lost days
because of work injuries is also included. Equation (3)
gives the third objective function which maximizes the
reliabilities of the routes of the final products from the
supplier to the customers of the primary markets.
Equation (4) shows how to meet the customers’ demands
at the primary markets considering the possible
shortages. Equation (5) guarantees the equality of input
to and output from each distribution center for each
product. Equation (6) shows the equality of input to and
output from each manufacturing center. Equation (7)
calculates the fraction of products which are discarded by
customers due to lower quality. Equation (8) gives the
fraction of low quality products which are converted into
energy and new products. Equation (9) gives the fraction
of low quality products which are remanufacture or sold.
Equation (10) gives the equality relation of collecting
returned products in the collection center. Equation (11)
gives the fraction of low quality returned products which
cannot be used in any way and should be disposed.
Equation (12) shows the percentage of returned products
which can be remanufactured at the manufacturing
centers. Equation (13) gives the equality relation at the

recycling center. Inequalities (14) to (19) give the
capacity constraints and ensure that if any potential
center is opened with a specific capacity level, the
corresponding capacity level is observed. Equations (20)
to (23) ensure that a maximum capacity level for each
potential center can be used. Inequalities (24) to (33) are
related to weight capacity constraint of vehicles for
shipping raw materials and products. Inequalities (34) to
(43) are related to volume capacity constraint of vehicles
for shipping raw materials and products. Constraints (44)
and (45) give the status of the decision variables of the
model.

3. 5. Possibilistic Fuzzy Programming Method for
Uncertain Numbers Suppose that a parameter
a;jis an uncertain parameter with mean of u;;and
standard deviation of g;;. It is also assumed that all
considered uncertain parameters are independent from
each other; therefore, the mean and standard deviation of
the estimated set of possible random numbers can be
shown as follows [38]:

Sij = {xk|x € assumed dustribution; k =

1,..,N} (46)

In the above relation x;is a possible random data
value. Value of N is a sufficient number of random sets
that state all the conditions necessary to generate a
possible random data. Also, for accurate estimation of the
probabilistic data, the fuzzy constraint coefficient of the
numbers T = A = (A~,A°, A") is defined. As a result,
the function of the triangular fuzzy distribution is as
follows:

Represents the most reliable
value of set S;;. When a value of
1is assigned to it as membership

A° A0 = Z?’:1xi
degree of a fuzzy number, then N
it is equal to mean of S;; random
distribution function.
4- Represents the minimum value 4= inf (x;)
of set S;; “i=1,..,N
4+ Represents the maximum value A4+ = Sup (xi)
of set S;; i=1,...,,N

As a result, according to the above-mentioned
definitions, the following equation is used to control the
possible parameter of a;jwith mean u;; and standard
deviation of g;;.

max CTX

s.t.

a0 47

AT+4A +A+XS (47)
6

X>0

3. 6. Probabilistic Planning Method Consider
the following linear programming model given in
Equation (48):
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minE =cx + fy

s.t.

Ax Zf d

Bx =0 (48)

Sx <f Ny

Ty <1

y€{0,1},x=0

In the above model, the fixed cost of constructing new

centers and the variable costs of transportation and
operation are represented by f and c. Parameters related
to constraint coefficients are represented by h 4, B, S and
T. N and d represent the capacity of the facility and the
customer demand for the products, respectively.
Furthermore, x and y represent the continuous and binary
variables, respectively. Capacity and demand parameters

are assumed to be possibly fuzzy. Therefore, the model
can be stated as in Equation (49):

minE =cx+ fy

s.t.:

Ax >d—-t(1—-a)

Bx =0 (49)

Sx < Ny + [f(1 = B)]y

Ty<1

y€{0,1}, x>0

In which, £ and 7 are two fuzzy numbers representing

to deal with the given soft constraints. In the above
model, o and P represent the minimum level of
satisfaction index of flexible constraints. It is also
assumed that £ and # are considered as triangular fuzzy
numbers shown as £ = (tP,t™,t°) and # = (r?,r™, r°).
Consider that a and g are parameters between zero and
one; i.e. 0 < a, B < 1. To ensure that the considered
constraints with uncertain parameters are feasible, it is
necessary to control them using the flexible robust

programming method. Thus, we use the penalty
technique to prevent from non-feasibility as follows:

minE =cx+ fy+0[t(1 —a)] + Alr(1 — B)]y

s.t.

Ax=z2d—-t(1—a)

Bx=0 (50)
Sx<Ny+[r(1-Bly

Ty<1

y€{01}, x>0

where A and 6 are the penalty coefficients. The final
model of the problem is given as in Equations (51)-(95):

maxZy = Y Ya Xp PrapQkap +

Ym2e p PrepQmep + 20 2b Zp PropQnpp —

Z] Zg Jjg Jg z:k Zg Fkg ng z:m Zg Fmg Umg
=X 2g FagUng = Xi 2j Xv FCpYijw —

22k 2w FCoYjry — Xk Xa 20 FCoYyq —

Ya Xm 2w FCo¥amy — Xom 21 2o FCo Yoy —

Yim Xe 2w FCo¥mey — Xom Xn Yoo FCoYomnw —

2n 21 2w FCo Yoy = Xon X Xv FCoYopw —

Y2 2w FCoYnj —

Fvy +4Fvd+Fvg
Xi2j 2y (%) DYy —

% B By (P b

Zm Ze Zv Fv, +4F1i,, +Fv,, ) Dme Ymev _
i Ta o (2 +4Fvv v DyaYrav —
Za Zm Zv (F +4FUV+FU ) DamYamv _
EXmZiZy
Xn2p 2y

Fvy +4Fv3+Fvf
ZanZv( . . . D Ynjv_

Fv, +4Fvy +Fv,
Zm Zn Zv (%) DmnYmnv -

Fv, +4Fv,, +Fv}
m lev -

l
nb anv
(51)

()
(F o +4FVg +Fw)
)

Fv, +4Fvi+Fv}
Zn Zl Zv (%) DnlYnlv -

Scip+4ScS+Sct,
ZiZth (M) Qijn —

6

Pc;,+4Pc? +Pc},

Zj Zk Zp ( ip 6110 JP) ijp —
Za Zm Zp (Ccmp+4Ccmp+Ccmp) Qamp _

Rcpp+4Rchy+RC
Zm Zn Zp ( =2 - np) anp -

Lclp+4-Lclp+Lclp>

Zm Zl Zp

lep

Qkap -

(e
2 ZaZp

Dckp+4Dckp+Dckp)

Ley, +4Lcl +Lcy
Zn ZlZp ( £ - p) inp -

Prcy,+4PTC, +Prc

YnZiZp ( p ) Qnjp —
-9 %2y C02,D;;Yj,

=03 X X C02, Dy iy,

=9 X Xa 20 €024 Dy Yieaw
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—9 Y0 2im 2w C02, D Y,
asmew vramtamy 6np Zm anp = Zl inpr vn,p (61)
=9 Zm Zl Zv Coszml lev
=9 Zm Ze Zv Co2,DmeYmer Inp Zm anp = Zj anp' vnp (62)
-9 Zn Zb ZV Cozanb anu Zm anp = Zl inp + Zj anp + Zb anp ’ vn, p (63)
=9 Zn Zl Zv CosznlYnlv
< . . i
=9 Zm Zn Ev C02yDinYimny Zk Q]kp B Zg Cap]}pg U]g' v (64)
9% Zj h Coszannjv -V Zj Zg Ejg Ujg Ya Qkap < Zg CapKkpg Ukg vk, p (65)
-9 Zk Zg Engkg -V Zm Zg EmgUmg -
9 Xn Zg EngUng — v Zf 2k ZP Pej, Qikp Ya Qamp = Zg CapMmpg Umgr vm,p (66)
=9 Za Zm Zp Cemp Qamp -
9 YmZn Zp Renp anp Zom anp s Zg Capang Ung' vn,p (67)
=0 Yo Xy 2p Ly Quup — 9 Xn Xy Xp Leyy Quuip — % Qijn < (Caplfy + [Caply; (1 - BD]),  Vi,h (68)
I%n XYY, RPejpQnjp + 9C05°
neler penp 2 Zm lep + Zn inp < Calepr VI:p (69)
- Za Zp Tfapsap - Za Zp B[Dem;p(l - al)] -
Zi Zh A[Capl;l(l - Bl)] Zg Ung =< 1' vn (70)
maxZ, = YgUnmg <1, Vm (1)
Zj Zg]OngUjg + Zk ZgJOBngkg +
0100 15 50 JOBmgUng + S 5.0 JOBrgU. -
mlg mgUmg n g ngYng (52) Zg Ug=<1 vj (72)
Z}- Zg ALD;, Uy + Yk Zg ALDy Uy +}
PaLp {Zm Zg ALDmg Umg + Zn Zg ALDny Uny Zg ng <1, vk (73)
Xh Qijpwi < 2y Capw, Yijp,  Vij,v (74)
maxZs; =1—-[[;Il,| 1— Zp ijpr < Y, Capw, ijw vj, k,v (75)
(53) Zp QrapWp < Xy Capwy Yiqy,  Vk,a,v (76)
Reijh Yij,] * Zp Qampr = Zv Capw,, Yamv, va,m,v (77)
1= ke p [T | 1= | RejrpYiiw *
Rekapykav Zp lepr < ¥, Capw, Yo, vm,l,v (78)
. Zp QmnpWp < Yo Capwy Yingy, VMM, 0 (719)
S.t.:
> w, < Y, Capwy, Yey, VM, e, v 80
o Qkap + Sap = (Demgp + [Demz{p(l _ - » QmepWp v LAPWy Iimey (80)
al)])' va,p Zp Quipwp < Xy Capwy, Yy, YR LY (81)
YaQxap = XjQjkp» VK, (55) 2p QnjpWp < Xy Capw, Yy, V1, j,v (82)
220 OnpQijn + X Qnjp = Lk Qjkp, VD (56) Yo QuppWp < Xy Capw, Yopy, Vb, v (83)
Xap Yk Qkap = Xm Qamp, Va,p (57) >h Qijnvn < Y., Capv, Yijpr  Vijv (84)
ﬁmp 2a Qamp = Ye Qmep, YmM,p (58) Zp QjkpVp < 2 Capyy, Yikwr V), k,v (85)
Ymp Ya Qamp =2%n anp' vm,p (59) Zp Qkapvp < Xy Capvy, Vi, Vk,a,v (86)
ZaQamp = 2t Cmip + 2 Qrnp + (60) 5 QampVp < o Capvy Yoy, Va,m, v (87)

Ze Qmep ’ vm,p
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Yp QmipVp < Xy Capv, Yoy, VM, Lv (88)
2p QmnpVp < 20 Capvy Yipny,  VM,n,v (89)
Yp QmepVp < X Capvy, Yiey, VM, e, v (90)
2p QupVp < Xy Capvy Yoy, Y, Lv (91)
2p QnjpVp < X Capvy Ynjp, Vv (92)
2p QubpVp < X Capvy, Yopy, VM, b,v (93)
Qkap Qjikp Qijns Onjpr Qamp, Qmepr @mnp» Qmips @)
Qnip» QnbprSap = 0

Uig» Ukg» Umgs Ung: Yiavs Yiiev: Yijor Y jvr Yamo, (95)

ymeur Ymnvr lew Ynlvr anv € {Orl}

4.SOLUTION ALGORITHM

In this section, the solution representation and the major
solution algorithm are presented.

4. 1. Designing Solution Representation The
complexity of supply chain network models has been
demonstrated in many researches. The CLSC network
models are studied to tackle the two problems of facility
location and flow optimization [39]. The complexity of
these models can be reduced to the complexity of the
location problems; on the other hand, Np-Hard nature of
these problems has been proven by many researchers
[40]. As a result, meta-heuristic algorithms such as
NSGA 1l and MOGWO can be used to tackle them. The
first step is to design solution representation, which is the
same in both algorithms. This coding is known as
priority-based encryption, introduced by Gen et al. [41].
In this encoding, the supply chain network is divided into
its constituent levels, and each level is considered in the
design of the solution structure according to the capacity,
demand, type of vehicle, and etc. Figure 2 shows an
example of a two-tier supply chain network with three
sources and four depots. In this structure, sources have
been selected and replenish the demand of depots

Figure 3 shows a sample of the original solution and
its decoding. The priority-based decoding modified in
Figure 3 is in accordance with the following four steps:

Step 1. First, the largest priority (number) is selected
from the chromosomes related to the sources. If the
source is able to supply all the depots, the priority of other
sources reduces to zero. In this case, location is done for
sources which do not have zero priority.

Step 2. The highest priority (humber) from the whole
chromosome is selected as the first level of allocation

Source Depot

Transportation cost

4 3 1 6
(2 5 3 1)
3 7 5 2

Figure 2. An example of a two-level supply chain network
structure

Sources Depots
node 1 2 3 1 2 3 4
v+ [ 1 ‘ 7 | 2 ‘ 5 ‘ 3 | 6 | 1 ‘ Source

node

v(K+])

Transportation cost

Update solution 4 3 1 6
node 1 2 3 1 2 3 4 (2 5 3 1)

LJ(’\’+J)- ;‘2 3 3‘6‘1 ‘ 3 7 5 2
Figure 3. How priority-based encoding and decoding
Modified

Step 3. Based on the shipping cost, the lowest
shipping cost is obtained from the allocation level
selected from step 2 (source/depot), with the new
allocable level (depot/source), and the second allocation
level is determined.

Step 4. After determining the source and depot, the
minimum amount of depot demand and source capacity
is considered as the optimal amount of allocation. After
the allocation operation, the amount of depot demand as
well as the capacity of the source is updated.

4. 2. Performance of Mogwo Gray wolves are
predators at the top of the food pyramid or the food chain.
Gray wolves mostly prefer to live in groups. The average
group size is 5-12 wolves. Wolves have a very precise
and orderly social dominant hierarchy shown in Figure 4
[42].

Leaders consist of a male and a female called Alpha.
Alpha is primarily responsible for decisions about
hunting, where to sleep, when to wake up, and so on.
Alpha decisions are communicated to the group;
however, some democratic behaviors have also been
observed in which an Alpha follows the other wolves in
the group. In communities, the entire herd endorses
Alpha. Alpha Wolf is also known as the dominant wolf,
because the commands must be executed by the group.
Alpha wolves are only allowed to mate in the herd.
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N

Bata

AT AN
AT

Figure 4. Gray wolf social hierarchy

It is important to note that Alpha is not necessarily the
strongest member of the herd, but the best member in
terms of management in the herd. The second level in the
gray wolf hierarchy is Beta. Beta is the wolf that help
Alpha make decisions or other herd decisions. The Beta
wolf can be male or female, and he is the best
replacement for Alpha in the event of his death or aging.
Beta executes Alpha commands across the herd and gives
feedback to Alpha. Omega wolf is the foot of the lowest
class in the gray wolf hierarchy. Omega wolves usually
have to follow all the high-level and dominant wolves.
They are the last wolves allowed to eat. If the wolf is not
an Alpha or Omega, it is called a Delta. Delta wolves
must be subject to Alpha and Beta. However, they
dominate Omega. In this paper, the behavior of gray wolf
hunting is applied to solve the problem of CLSC. When
designing the gray wolf algorithm, in order to
mathematically model the social wolf hierarchy, Alpha
(o) is considered as the most appropriate solution.
Subsequently Beta (B) and Delta (8) are the second and
third most suitable solutions. The rest of the candidate
solutions are assumed to be Omega (X). Gray wolves
must find and surround their prey in order to hunt.
Therefore, the following equations (96)-(97) update the
positions of the wolves around the prey.

D = |C.X,(®) — X (1) (96)

X(t+1)=X(@)-AD (97)

In the above equations, Cand A are the coefficient
vectors. XT, represents the hunting position vector and X
is the gray wolf position vector. This is an equilibrium
equation between siege and hunting. Therefore, the
search radius must be optimized during the process; for
this purpose, the equations for the two coefficients used
in the above equations are as (98)-(99).

T —d (98)

u

A=2

C =271 (99)

As a result, the following equations (100)-(102) are
used to perform the hunting.

Dy = |Cy. Xy — X|, Dg = |C,. Xg — X|, Ds = (100)
|Cy. X5 — X|

f= = Aoy =Ky - A By o= K= 0
A3.Ds

X(t+1) =4h (102)

3

5. COMPUTATIONAL RESULTS

In this section, initially, some numerical examples in
different sizes are designed and solved. Due to the NP-
Hard nature of the problem, the two algorithms of
MOGWO and NSGA Il were used in order to tackle the
problem. At the end, we will implement the model for a
real case study in Iranian engine oil industry.

5. 1. Solving the Problem for Small Sizes In this
section, small sized numerical examples are designed as
the given structure in Table 3. Furthermore, the required
data are randomly generated as in Table 4.

All parameters generated in Tables 4 are randomly
based on uniform distribution.

TABLE 3. The structure of the designed numerical examples
for small size

St & I N L PV H B E M J] K A
3 3 2 3 3 3 3 3 3 3 4

Values 3 3

TABLE 4. Limits of problem parameter intervals based
on uniform distribution

Approximate range Parameter
~U(0.03,0.05) Wy
~U(0.08,0.1) Wp
~U(0.3,0.5) Uy
~U(0.5,0.8) Up

~U(10000,12000) Fig: Figs Fngs Frg

~U(1000,1200) FC,
~U(10,100) Dias Djk» Dij, Dyjy Dagn
~U(10,100) Dies Dinns Dyt Dty Dy
~U(5,8) Co2,
~U(50,100) Ejg, Exgr Emgr Eng
0.5 Y

1 Parps Bjon
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~U(0.1,0.4) Re;jn, Rejip, Reyqyp
~U(1,2) Onyp
~U(0.1,0.2) ®ap
~U(0.3,0.4) Bnps Ymp
~U(0.2,0.3) Onps Onp
~U(1000,1200) Ptap, PTep, Py, CapLyy,
~U(5000,6000) CapJjpg, CapKypg
~U(2000,3000) CapM,ppg, CapNyp g
~U(500,700) Capw,, Capv,
~U(50,80) Tap

10000 Co§%"
~U(1,3) Pejp, Cepmp, Repy,
~U(1,3) Ley,, RPej,

~U(500,1000)

JOB;4,]OByg,]OByg,JOByg

~U(10,20) ALD; 4, ALDyg, ALDyy 5, ALD,,
Level 3 Level 2 Level 1 Parameter
~U(2000,3000) ./(1500,2000) ~U(1000,1500) Demg,
~U(8000,9000) ~1(7000,8000) ~U(6000,700) Capl;,
~U(8,10) ~U(7,8) ~U(5,7) ,
~U(3,4) ~U(2,3) ~U(1,2) Rcy,, Leyy, RPcy,
~U(3,4) ~U(2,3) ~U(1,2) PCjp, Scip, Dy, Cpy

After generating the values for the small size sample,
the three-objective problem is solved utilizing
optimization package of GAMS. For this purpose, the
comprehensive criterion method has been used.
Therefore, the optimal value of the first objective
function turns out to be 18838690, the optimal value of
the second objective function turns out to be 9683 and the
optimal value of the third objective function turns out to
be 1. As a result, with the same weight for all three
objective functions, the efficient solution obtained from
solving the problem includes the value of 18266820.14
for the first objective function, 9683 for the second
objective function and 0.998 for the third objective
function. Table 5 gives the optimal location of the
facilities resulting from the addressed solution.

A set of efficient solutions using the comprehensive
criterion method is given as in Table 6.

According to the results from Table 6, by increasing
the number of facilities, including suppliers and
manufacturing centers, the amount of total costs
increases and at the same time the number of jobs created
and the reliability rates increases due to increasing the
number of facilities.

In the following, the sensitivity analysis of the CLSC
network model is given under the parameters of the solid
fuzzy optimization method. Figure 5 shows the changes
of the values of the objective functions for different
parameters ol and 1, assuming that the values of 6 and
A are constant and equal to 1.

TABLE 5. Optimal location of selected facilities along with
capacity level

Selected location

Selected location

Facilities along with Facilities along with
capacity level capacity level
Center 1 with Center 1 with
capacity level 2 capacity level 2
Production Center 2 with Collectio Center 2 with
center capacity level 1 n center capacity level 3
Center 3 with Center 3 with
capacity level 3 capacity level 3
Center 1 with Center 1 with
capacity level 3 capacity level 3
Distribution Center 2 with Recyclin Center 2 with
center capacity level 2 g Center capacity level 3
Center 3 with Center 3 with

capacity level 1 capacity level 2

TABLE 6. A set of efficient solutions obtained from solving
the small size instances

Efficient Objective Objective Objective
solution function 1 function 2 function 3
1 18081104.67 9455 0.986
2 18135294.68 9459 0.988
3 18223710.81 9501 0.990
4 18266820.14 9683 0.998
5 18329116.28 9726 0.992
6 18338314.06 9737 0.994
7 18364072.99 9772 1.000
8 18369916.05 9784 1.000
9 18440417.30 9847 1.000

Figure 5. Changes in the values of the first objective
function for stable fuzzy optimization parameters
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According to the results of sensitivity analysis, by
increasing the values of al and B1, the first and third
objective functions increases. This indicates that the
amount of demand increases as the uncertainty increases
and as a result, shipping costs increase and reliability to
meet customer demand decreases. On the other hand, by
increasing the uncertainty rate, the amount of supplier
capacity decreases and therefore the amount of
transportation costs increases. As transportation costs
increase, the profit of the chain decreases.

5. 2. Comparing Solution for Small Size Problem
In order to evaluate the performances of NSGA Il and
MOGWO algorithms, some indicators are considered for
comparing the Pareto front solutions Table 7 shows the
indicators obtained from NSGA Il and MOGWO
algorithms in comparison with the comprehensive
criterion as a benchmark method. According to the
results obtained from this table, the comprehensive
criterion method outperforms other algorithms
considering the average values of the objective
functions. NSGA 1l works better consideirng maximum
expansion index and metric distance index and finally
MOGWO outperforms other algorithms considering the
number of Pareto-optimal front (NPF) and computational
time (CPU time).

5.3.Solving The Problem for Larger Sizes The
following 15 sample problems are designed according to
the data given in Table 2 for larger sizes. Each instance
of the problem is run five times using MOGWO and
NSGA 1I algorithms. The addressed indicators’ values
are given as in Table 8.

Table 9 shows the output results of the T-Test on the
means of the objective functions and comparison results.
According to Table 9 and considering the value of P test
statistics, there is no significant difference between the
means of the obtained objective functions and also the
comparison indices of meta-heuristic algorithms.

TABLE 7. Indicators obtained from solving the problem for
small size using different methods

LP Metrics

Indicator NSGA Il MOGWO

The average of
the first objective  18283196.33  18242715.39  18280678.07
function

OBF1 9662.66 9598.56 9583.89
OBF2 0.994 0.992 0.993
NPF 9 16 19
MSI 359312.84 367355.83 336298.71
MID 157221.08 204193.5 170039.61
SM 0.6272 0.495 0.684
CPU time 14.67 8.16 5.99

TABLE 8. The indicators’ values for comparing the algorithms
for large size instances

Problem O°F L 0222 or3 npE YO SV Mip CPY
NSGA Il
1 2022 170 0986 15 25 30 063 182
2 3549 305 0994 17 39 28 088 540
3 3801 381 0993 25 35 46 050 851
4 4156 632 0991 12 30 53 064 1212
5 6032 729 0994 23 31 33 055 1677
6 7675 729 0993 20 39 51 079 217.2
7 8214 812 0984 16 28 47 084 272.8
8 8564 865 0983 13 45 20 077 3345
9 8806 1118 1000 16 41 44 071 4098
10 10266 1318 0983 17 49 35 082 4798
11 11736 1527 0981 11 49 46 082 5200
12 15242 1546 0991 19 47 20 084 6629
13 17290 1806 0998 13 26 38 082 7636
14 18009 2022 0993 16 27 36 097 905.1
15 18249 2329 0984 19 36 38 06 13381
MOGWO
1 2003 169 0982 14 48 43 085 1123
2 3534 312 0987 14 51 29 062 12.99
3 3770 406 0984 19 45 43 056 1688
4 4139 635 099 14 55 34 080 3145
5 6006 735 0987 23 52 21 073 4346
6 7688 752 0999 25 59 25 073 9188
7 8580 824 0998 21 48 41 083 11871
8 8651 875 0981 15 43 34 089 16512
9 8744 1093 0995 19 37 24 068 24144
10 10711 1330 0985 11 50 30 083 32588
11 12306 157.6 0989 24 54 38 071 442.66
12 15405 1585 0991 24 45 25 092 618.78
13 17079 1768 0999 23 37 42 092 77456
14 17974 2017 0988 14 41 27 063 993.45
15 18407 2488 1000 19 38 47 081 13344

Therefore, other multi-criteria decision making methods
should be used to select the most efficient algorithm in
terms of comparable indicators.

5. 4. Selecting the Most Efficient Algorithm
using TOPSIS Method In the previous section,
significant comparisons were made to determine the
significant difference between the averages of the
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computational index obtained by solving the problems
using NSGA 1l and MOGWO algorithms. The results
showed that there was no significant difference between
the results. In this section, TOPSIS multi-criteria
decision making method has been used in order to select
the most efficient algorithm. Table 10 shows the total
averages obtained from the solved 75 instances of the
problem.

After scaling the results of Table 10, the result shows
the efficiency of MOGWO algorithm with an obtained
weight of 0.9675.

5. 5. Implementation of the Model for a Real Case

problem for a real case study in Iranian engine oil
industry. The system of raw material supply, distribution
as well as product recycling and disposal has been
studied. 31 provinces of Iran are considered as suppliers,
manufacturers, distribution centers and also the final
consumers of the products. The main goal in solving such
a problem is to select each province of the country as the
main center of manufacturing, distribution, collection
center, etc. The data used are estimated from the
consensus of experts in the engine oil industry.
According to the results, the efficient solutions obtained
from problem solving are shown as in Table 11. The
Pareto front is shown in Figure 6.

Study MOGWO algorithm is used to solve the
TABLE 9. T-Test results on the means of the objective functions
Indicator Algorithm Number of Average Stand§1rd 95%_ confidence T Fes_t P Fes_t
instances deviation interval statistics statistics
Mean of Object NSGA Il 75 96345248 13904657 (-41422359 005 0061
Function 1 MOGWO 75 97320641 13966932 39453573)
: NSGA I 75 10864 1681
Mean of 2”9“ (-5136 4766) 0.08 0.939
Function MOGWO 75 11049 1731
- NSGA Il 75 0.989 0.0015
';"ea’:.(’f Cg’bJeCt (-0.0051 .00417) 0.21 0.838
unction MOGWO 75 0.990 0.0017
NSGA Il 75 16.80
Number of (-5.02 1.42) 115 0.261
efficient answers MOGWO 75 18.60 1.2
- NSGA I 75 37002 2202
Maximum (-16087 4529) 1.24 0.197
Expansion MOGWO 75 47310 1748
- NSGA Il 75 38805 2896
!?;Stf‘”ce. bl (-2526 12347) 1.36 0.186
1deal point MOGWO 75 33895 2157
NSGA Il 75 0.751 0.032
Metric distance (-0.1045 0.0725) 0.37 0.714
MOGWO 75 0.767 0.029
- NSGA I 75 423 95
Somp“ta“"”a' (217 367) 053 0.601
Ime MOGWO 75 348 106

TABLE 10. Average values of the indicators for the two algorithms

Algorithm Objective function 1 Objective function 2 Objective function 3 NPF MsI MID SM CPU-Time

NSGA 11 96345248 10864 0.989 16.80 37002 38805 0.751 423

MOGWO 97329641 11049 0.990 18.60 47310 33895 0.767 348
TABLE 11. Efficient solutions from the case study in Iranian 3 7857645842071.79 22921 0.84
engine oil industry

Efficient Obijective function Objective Objective 4 7881325572261.93 28900 087

solutions 1 function 2 function 3 5 7999451000125.68 29678 0.87

1 7387708657310.84 20873 0.81 6 8256810244200.38 30959 0.89

2 7439665190205.53 22619 0.83 7 8351376182362.55 31184 0.90
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8 8446676226610.35 36302 0.92
9 8773999647463.98 37314 0.95
10 8796633076821.11 37407 0.96
11 8953631688404.11 39097 0.96
12 9145413649915.65 41468 0.97
13 9415968260535.70 42790 0.98

o0 o & » ®
00

%
“E
o

Figure 6. Pareto front solutions from solving the problem in
Iranian engine oil industry

® Manufacturing centers
® Distribution centers
) Collection and destruction centers

Figure 7. Provincial centers selected for the case study of
Iranian engine oil industry

Based on the obtained results, the implementation of
such a network in Iran has a profit of 8362023479869.43,
which can lead to job creation for 32424 people.
Furthermore, the reliability of implementing such a
system is equal to 90%. Figure 7 shows the provincial
centers for selecting the manufacturing, distribution and
collection centers.

6. CONCLUSIONS AND FURTHER RESEARCH IDEAS

Global economic conditions and environmental issues
importance leads to excessive attention of governments

to the design of CLSC networks. In this paper, by
presenting a mathematical model, an attempt was made
to design a comprehensive network of supply,
manufacturing, refining and supply of products to
customers in which social, economic and environmental
issues were observed. Due to the uncertainty of some
parameters such as demand and cost factors, the robust
fuzzy optimization method was used to tackle the existed
uncertainty. The results showed an increase in total costs
of the chain and decrease in reliability when the
uncertainty rate increases. MOGWO and NSGA I
algorithms were used to solve the problem. The results of
solving the problem for larger sizes showed the
performance of the MOGWO algorithm against the
NSGA Il algorithm. In order to compare the two
algorithms, some indicators including means of objective
functions, distance index, distance index from ideal
point, maximum amplitude index, Pareto solution
number index and computational time were applied.

As further research, it is suggested to consider a
competitive chain for the problem under study. Other
methods of uncertainty can also make the model closer to
the real world situations. The results help the managers
of the engine oil industry to analyze the results of the
designed network for the most pessimistic and optimistic
situations in product demand, and to be able to properly
manage the construction of different facilities in the
supply chain. Managers can also make good decisions
about social and environmental issues which have
become so much important in industries like engine oil
from the viewpoint of international and national norms.
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ABSTRACT

Edge identification is a technique for recognizing and detecting sharper breaks in an image. The halt is
caused by a rapid change in the value of the pixel force dark level. Convoluting the picture with an
administrator (Two-Directional channel) that is set to be noise sensitive is the standard approach for edge
location. Edge finder is a method for locating precisely adjusted intensity esteem alterations that
incorporate many significant neighborhoods image preparation methods. Edge recognition is a
fundamental method in a wide range of image processing applications, including movement analysis,
design identification, object recognition, clinical picture creation, and so on. It's recently shown up in a
variety of edge detection systems, demonstrating both the advantages and disadvantages of these
computations. The Kalman Filter with ANN method has two benefits that make it suitable for dealing
with improvement issues: quicker merging and lower calculation rates. In this study, The ANN method
was used to improve object localization accuracy. Kalman filtering is used to object coordinates acquired
using the ANN method. Using ANN + Kalman Filtering increases localization accuracy and lowers
localization error distances, according to the findings.

doi: 10.5829/ije.2021.34.12c.04

1. INTRODUCTION

One of the most challenging challenges in image

isn't currently a large enough execution file to evaluate
the edge detection algorithms' presentation.
Many computer-aided imaging systems employ

processing is edge detection in advanced images. In
image processing and computer vision, it is critical [1, 4].
Separating things from their experiences is one of the
most difficult issues, equivalent to the usage of machine
vision and example recognition. Edges define the zone of
interest for items of interest, allowing them to be legally
identified in low-level handling situations. Later stages
of the processing were impacted by the precision with
which the picture was appraised.

The ability of the edge detection approach to remove
the precise edge line with great direction in the thought
about image is a major characteristic of the technology,
and much writing nerve identification has been
disseminated in the last two decades. In any case, there

*Corresponding Author Institutional Email: dilipsaini@gmail.com
(D. K. J Saini)

Artificial Neural Networks (ANN) [2]. In addition,
picture segmentation and edge detection remain a
significant issue for all imaging applications, with edge
recognition and other approaches such as shake
modeling, watershed, contour detection and area growth
being required by every computer-assisted system [2].
ANN has also been used to achieve segmentation and
edge detection by utilizing its learning capabilities and
training methods to categories pictures into content
consistent areas. Because various users have different
criteria for the similar image, edge detection algo are
always assessed subjectively.

Despite the development of various image
recognition methods, both the processing cost and the
abstract image quality may be improved. In this vein, the
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goal of research is to present a efficient Artificial Neural
Network based edge detection solution for a variety of
images. Here you'll find highlights with flat, vertical, and
skewed contrasts. At that time, the preparation yield will
be a cunning edge detector. Finally, as updated
parameters, we'll get the number of concealed layers and
the yield edge. In terms of computation time, several
well-known methods such as Canny, Sobel, Prewitt,
Roberts, and the Laplacian of Gaussian will be compared
(LoG) [3]. The proposed approach, according to the
findings, enhanced image quality while lowering
preparation time by several times. Currently, we feel that
the solution to a development problem will be referred to
as a Kalman Filter, which will excel in a high-quality
issue environment [4]. As a result, the Kalman Filter
attracts a larger number of collaborators, allowing for a
more thorough examination of the search space.

We provide a new edge detection technique with the
use of Kalman Filter algo and an Artificial Neural
Network in this paper, along with comparisons to the
Canny [5], Sobel [6], LoG, and Prewitt [7] techniques.

1. 1. Kalman Filter Algorithm (KFA) Kalman
filtering is used to filter noisy data, produce non-
observable states, and forecast future states. Because
many sensor outputs are too noisy to use directly,
filtering noisy signals is required, and Kalman filtering
allows you to account for the signal/uncertainty. State’s
one of the most common applications of creating non-
observable states is estimating velocity. On various
joints, position sensors (encoders) are commonly
employed; however, isolating the position to get velocity
produces noisy results. Kalman filtering may be used to
compute velocity to rectify this. The Kalman filter can
also be used to predict future occurrences. This is critical
if your sensor feedback has significant time delays, since
this might cause motor control system instability [8].

Kalman filters provide the best approximation for a
linear system. As a result, a sensor or system must have
(or be close to having) a linear response in order to use a
Kalman filter. We will go through how to work with
nonlinear systems in the next sections. The Kalman filter
has the benefit of requiring no prior knowledge of a long
state history because it just utilizes the most recent state
and a covariance matrix to estimate the likelihood of the
state being accurate [9].

Remember that a covariance is merely a measure of
how two variables correlate (that is, how they change in
relation to one another) (the values aren't always clear),
and that a covariance matrix simply gives you the
covariance for a particular row and column value.

Before we get into the mechanics of the filter, let's go
through some terminology to make sure we're all on the
same page. The positions/velocities/values associated
with the system are known as states. The components that
you may modify to impact the system are known as

actions or inputs. For the Kalman filter, there are two
sorts of equations. The prediction equations are the first.
Based on the prior state and the needed action, these
equations predict the present state [10]. The update
equations look at your input sensors, how much you trust
each sensor, and how much you trust the overall state
estimate in the second set of equations. This filter uses
prediction equations to forecast the current state, and then
uses update equations to assess how well it predicted.
This procedure is repeated endlessly to maintain the
existing condition [11].

The prediction equations are

X=AXk-1+BUk1 (1)

p=APAT+Q )
And the update equations are

K=pHT (HpH™+R)* ©)]

Xk = X+K(z-HX) Q)]

Pxk = (1-KH)p 5)

1. 2. Artificial Neural Network A neural network
is a conceptual framework that uses connection weights
to link important multi-processing features. The
connection weights, which are changed throughout the
training time, demonstrate understanding. The two forms
of neural network training are unsupervised learning and
supervised learning [12]. Both the input and target values
must be used in the initial sample of the training set. Back
propagation, which is employed in the Multi-Layer
perceptron (MLP), is the most frequent technique in this
category, although it also covers most of the training
methods for thrust basis networks, recurrent neural
networks (RNN)and time delay neural networks. When
the objective pattern is not entirely understood,
unsupervised learning is utilized [13].

2 PROPOSED METHOD

Traditional modeling methods, such as response surface
technique, have been shown to be unsuccessful in

IMeasurements

Prediction Update

Equations

Equations

State Estimate

Figure 1. Kalman filter repeating process
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accurately forecasting all QV values. For example, using
a quadratic model to account for all interactions requires
44 terms, significantly complicating the procedure.

To complete the job, a multi-layer perceptron (MLP)
artificial neural network (ANN) is used. After this phase,
a recently found stochastic optimization technique must
be used with the planned ANN to reduce QV and find the
best set for each cutting condition [14].

2. 1. Artificial Neural Network A neural network
is a logical structure made up of several processing units
connected by connection weights. The connection
weights, which are changed throughout the training time,
demonstrate understanding. Unsupervised learning and
supervised learning are the two methods for training a
neural network. Both the input and target values must be
used in the initial sample of the training set. Back
propagation, which is employed in the Multi-Layer
Perceptron (MLP), is the most frequent technique in this
category, although it also covers most of the training
techniques fortime delay neural networks, thrust basis
networks andrecurrent neural networks [15]. When the
objective pattern is not entirely understood, unsupervised
learning is utilised [13].

2. 2. Kalman Filter Algorithm (KFA) The
Kalman filter was created to address the problem of
predicting the state of XER", a discrete time regulated
process using a linear differential equation as its
controller. The process measurement connection is not
linear in most real-world scenarios. Using something like
the 'l'aylor series, we may linear the estimation around
the current estimate of the process and measurement
functions of the non-linear process [16]. The process can
be represented using a non-linear difference equation.

Xk = F(Xk-1, Uk-1, Wk-1) (6)
with a measurement zxeR™ that is:
Zk = h(sk,Uk) (7

Using wk-1 as the driving function, the measurement
Equation (7) connects the wk-1 measurement and
measurement noise. The measurement equation's non-

Output

Figure 2. ANN architecture

linear function h connects the state xk to the measurement
z_k. For this sort of edge detection challenge, a variety of
filters have been investigated. For the past three decades,
Kalman filters have been used to solve the problem of
target tracking. In 1960, the Kalman filter was proposed
for the first time as an optimum linear estimator [17].

The best aspect of a filter is calculating the gain using
a minimal variance equation, which gives the highest
weight to the data (observation or predicted data) with the
least volatility. The Kalman filter is a linear predictor.
The filter is optimal only when the process to be assessed
is linear. In nonlinear circumstances, the Kalman filter
works poorly. When missile velocity and range were
lower, Kalman filters could manage the problem, but as
technology has evolved, missile velocity and range have
increased, and air drag has become a key factor. As a
result, their voyage has taken an unexpected detour.
Before the Kalman filter can be utilized for tracking, it
must undergo several changes. Several filters have been
created to solve non-linear tracking problems in various
applications, and research is now continuing to identify
the best filter performance [18].

The kalman filter offers the following benefits over
another well-known filter.
1. Although the kalman filter method may be
implemented on a digital computer, when it was initially
presented, analogue circuitry was used to estimate and
operate the kalman filter.
2. The kalman filter's stationary characteristics aren't
necessary for deterministic dynamics or random
processes. Non-stationary stochastic processes are used
in many important applications.
3. The kalman filter may be used to design state space
optical controllers for dynamic systems. It benefits both
the estimation and control characteristics of these
systems.
4. The kalman filter requires minimum additional
mathematical instruction for a modern engineering
student.
5. The kalman filter offers information for recognizing
and rejecting abnormal data using mathematically
accurate, statistically based decision-making approaches.
The complete flowchart is given as follows,

3. EXPERIMENTAL RESULTS

In the figures below, you'll find comparisons of the
performance of KFA and KFA+ANN on various
pictures, as well as comparisons of the two approaches:

Figure 4(a) KFA edge detection is shown in (a),
proposed method (KFA + ANN) edge detection is shown
in Figure 4(b), and suggested algorithm (KFA + ANN)
edge detection is shown in Figure 4(c).

The original grayscale image of "Maodiji" is shown in
Figure 5(a), whereas Figure 5(b) exhibits edge detect
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Output Image

Figure 3. Proposed algorithm flow chart
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Orginal Gray mage Edgn Dotection by canny

Edge Detecton by sobel Eage Detoction by prewit

Figure 5. Result Comparison of classical edge detection
methods and novel method

The original grayscale picture of ‘Lena’ is seen in
Figure 6(a). Figure 6(b) KFA edge detection is shown,
and Figure 6(c) recommended algorithm (KFA + ANN)
edge detection is shown.

Figure 7 (a) depicts "Lena's" original grey picture,
whereas Figure 7(b) depicts edge detection using the
Cannymethod. The edge detection by the Sobel methodis
shown in Figure 7(c), whereas the edge detection by the
Prewitt methodis shown in Figure 7(d).

Figure 8 shows the grey image(a), KFA edge
detection Figure 8(b), and proposed algorithm (KFA +
ANN) edge detection Figure 8(c).

The original grey image of the 'building' is shown in
Figure 9(a), whereas Figure 9(b) features Canny method.
Figure 9(c) shows the edge detection by the Sobel
method, whereas Figure 9(d) shows the edge detection by
the Prewitt method Figure 9(d).

Figure 7. Result Comparison of classical edge detection
methods and novel method

using the Canny method. The edge detect by the Sobel
method is shown in Figure 5(c), whereas the edge

detection by the Prewitt method is shown in Figure 5(d). Figure 8. Edge detection using KFA and KFA+ANN
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Figure 9. Result Comparison of classical edge detection
methods and novel method

Figure 10(a) illustrates the ‘Baboon's' original grey
picture, Figure 10(b) KFA edge detection, and Figure
10(c) recommended algorithm (KFA+ANN) edge
detection.

Figure 11(a) depicts the 'Baboon's' original grey
picture, whereas Figure 11(b) depicts edge detection
using the Canny edge detector. The edge detection by the
Sobel edge detector is shown in Figure 11(c), whereas the
edge detection by the Prewitt edge detector is shown in
Figure 11(d).

We utilized the peak signal to noise ratio (PSNR)
approach to objectively evaluate our findings; the higher
the PSNR value, the better the reconstructed picture
quality.

@L-1?
PSNR =10 10g1oi ML E(r.0) -0 (r.O)]? (8)

MN ~7r=0

Figure 11. Result Comparison of classical edge detection
methods and novel method

where E(r,c) stands for the original image, o(r,c) for the
result, L for the number of grey levels equal to 256,
[M,N] for the number of rows and columns of pictures,
and L for the number of grey levels equal to 256.

In addition, the root means square error (rmse) As
seen below, the lower the rmse value, the higher the
reconstructed picture quality:

RMSE= |S< Bt SN EG, ©) — o(r, T2 ©

Tables 1 and 2 show the results of the PSNR and
RMSE methods used to analyse the image. The
assessment findings reveal that in the great majority of
situations, edge detected pictures are superior. It also
demonstrated the suggested technique's capacity to
identify edges.

4.PROS AND CONS

The "layers” of an ANN are rows of data points that all
neurons in the same neural network share. ANN uses
weights to learn. After each cycle across the neuron, the
weights of ANN are changed. The weights are
subsequently adjusted by ANN according to the accuracy
assessed by a "cost function." Using the image input,
several features are discovered and connected to the n-
dimensional output. The user can then receive the
classification output. To test the efficacy of the models
created to improve learning, ANN methods employ error
measures and epochs. A good approach for dealing with

TABLE 1. The recommended technique is compared to the
Kalman Filter Algorithm, the 'Canny’, 'Sobel', and 'Prewitt'
approaches using PSNR and RMSE criteria

Proposed

PSNR Work Aﬁg;?;% Canny  Sobel Prewitt
(KFA+ANN)

Modiji 13.4481 6.2853 48506 4.8475 4.8547

Lena 13.6274 9.1830 7.6232 7.6597 7.6595

Aktu 15.4916 9.5200 8.0088 7.9867 7.9977

Baboon 14.7841 8.2100 7.0728 6.9720 6.9676

TABLE 2. The recommended technique is compared to the
Kalman Filter Algorithm, the 'Canny', 'Sobel’, and Prewitt'
approaches using RMSE criterion

Proposed Kalman
RMSE Work Filter Canny  Sobel Prewitt
(KFA+ANN)
Modiji 0.1330 0.3895 0.4831 0.4833 0.4828
Lena 0.1295 0.2522 0.3187 0.3170 0.3170
Aktu 0.0979 0.2398 0.3008 0.3018 0.3013
Baboon 0.1089 0.2919 0.3461 0.3514 0.3516
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data-related difficulties is artificial neural networks
(ANN). Forward-facing algorithms can be used to
process image, text, and tabular data. You'll need to use
a variety of data augmentation strategies to widen the
scope of your data in order to achieve the same level of
data processing accuracy as an ANN. Indirectly, ANN
may discover complex nonlinear relationships between
dependent and independent variables. ANN still reigns
supreme in instances when there are few datasets and no
requirement for image inputs.

5. CONCLUSION AND FUTURE SCOPE

In this paper, we used the Kalman Filter technique to
provide an unique filter, KFA+ANN, for edge detection
of grey level images. In the recommended approach, we
employ a basic photo and its edge map to construct a new
filter. The projected filter may be used on a range of
images and evaluated using a number of different criteria.
The obtained results, as well as subjective and objective
assessments, indicate the usefulness of the recommended
filter in edge detection. In this work, shown that using the
ANN method, object localization accuracy was shown to
improve. Kalman filtering is used to object coordinates
acquired using the ANN method. Combining ANN with
Kalman Filtering increases localization accuracy and
decreases error distances, according to the findings.

Despite the fact that there are various methods for
recognizing image edges, deciding which one is
appropriate for the image content can be difficult due to
the numerous elements that impact the selection. The
proposed technique should be utilized to verify edge
detection algorithms' evaluations if pictures with varying
content have high criterion values and weights. More
artificial neural network approaches will be used in the
future to investigate the indoor localization of moving
persons. To increase positioning accuracy even more, the
object coordinates of these approaches will be subjected
to Kalman filtering.
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Most of the energy was being lost through the cooling system and exhaust gas, to utilize that energy and
convert it to a useful job thermal barrier coatings is widely used. Tests were conducted on a four stroke,
single cylinder diesel engine for which its piston crown was coated with a thickness of 100/100 microns
YSZITiO, over 100 microns NiCr bond coat with plasma spray coating technology and then the results
were juxtapose with uncoated piston. Thermal barrier coating was used for better performance, emission

Keywords: and combustion characteristics. The tests were performed at different load conditions using both the
Coating pistons and compared the results. At maximum load there is a rise in Brake Thermal Efficiency (BTE)
Emissions and reduction in Brake Specific Fuel Consumption (BSFC), CO,hydrocarbons (HC) emissions compared
Engine to uncoated piston at maximum load. With use of coated piston NOx emissions were increased and the
Piston smoke opacity is decreased compared to uncoated piston. Finally, the results convey that thermal barrier

Performance Characteristics

- coated piston is more efficient than uncoated piston.
Thermal Barrier

doi: 10.5829/ije.2021.34.12c.05

NOMENCLATURE

BSFC Brake Specific Fuel Consumption TBC Thermal Barrier Coated

BTE Brake Thermal Efficiency TiO, Titanium Oxide

HC Hydrocarbons YSz Yttria Stabilized Zirconia

CO Carbon monoxide HBP Heat converted to useful Barke Power
NOXx Nitrogen Oxide HIW Heat rejected to Jacket cooling Water

1. INTRODUCTION

Environmental protection and fuel economy are the most
important concerns especially in the transport sector with
an increasing demand in usage of diesel engine vehicles
[1-3]. In the internal combustion engines, combustion
chamber walls and the piston absorb most of the heat
generated at the process of combustion. This causes heat
loss in walls and piston. Which lowers the generated
power in engine and the performance. The temperature
will be maintained in the combustion chamber to
required level, unburnt gases will be burned which will
reduce the polluted exhaust because of a decrease in heat
loss in the piston [4,5]. In TB coating a bond coat and a
top coat will be casted on piston. To improve the coating

*Corresponding Author Institutional Email:
jamunarani@vrsiddhrartha.ac.in (G. Jamuna Rani)

union between TBC and substrate metal bond layer is
used. TBC materials have some basic requirements like
low thermal conductivity, low sintering rate of the porous
microstructure, no phase transformation, high melting
point, thermal expansion match with the metallic
substrate, chemical inertness and good adherence to the
metallic substrate. To enhance the performance, different
TBC materials were used for IC engines by various
researchers. It has an effective effect on exhaust emission
and the power of the engine [6-8]. Yttria-stabilized
zirconia of 400 microns was cast-off for top coat and
NiCrAl of 100 microns was cast-off for bond coat. Holes
were made of 2, 3, 4 and 5 mm diameter to the exterior
of coating and temperature distribution was examined.
Results appear that for coated piston there is a rise in

Please cite this article as: V. Veda Spandana, G. Jamuna Rani, K. Venkateswarulu, V.V. Venu Madhav, Experimental Study on Yattria Stabilized
and Titanium Oxide Thermal Barrier Coated Piston Effect on Engine Performance and Emission Characteristics, International Journal of

Engineering, Transactions C: Aspects Vol. 34, No. 12, (2021) 2611-2616
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temperature of top exterior and drop in substrate. Extra
raise in temperature of the top exterior appears when on
coating surface holes are made, i.e. 9.5% raise and 2.7%
drop with 2 mm diameter holes aimed at top and substrate
temperature. With the enlargement of holes diameter, it
can be noticed that substrate and top exterior
temperatures are dropping. Thermal analysis was
performed on an uncoated diesel piston on ANSYS,
finished with aluminium silicon alloy and steel [9].
Again, on a piston coated with MgZrOs, the results of 4
different pistons are compared with one another. The
material with low thermal conductivity is appeared that
the utmost surface with coated piston was improved
around 48% for AlSi alloy and 35% for steel. The utmost
surface temperature of base metal of coating piston for
AISi and steel are 261 °C and 326 °C [10]. TiO, of 100
microns thick was sprayed to the piston crown using a
plasma spray method. There is 3% and 2% raise in brake
thermal efficiency and mechanical efficiency and also
fuel consumption is low compared to uncoated piston
[11]. The Diesel engines combustion chamber was
encased with mixture of 20% Lead Zirconate Titanate
(PZT) and 60% Cyanate modified Epoxy system. Results
appeared that 15.89% specific fuel consumption dropped
due to the consequence of TB coatings on Diesel engine
performance [12]. FeCls as catalyst was used to diesel
fuel and YSZ coating was encased on valves and piston
crown. The outcomes they got were that FeCl; with a
YSZ diesel engine raised the brake thermal efficiency to
2.7%, and has fallen brake specific fuel consumption to
8.3% and for 3-cylinder diesel engine there is 3-5% gain
in thermal efficiency with 28.29% fall BSFC [13,14]. Fly
ash with composition of silica (45%), alumina (30%),
iron (10%) and magnesium (0.5%) were used as TBCs
for cylinder head, piston crown, cylinder liner, inlet and
exhaust valves for diesel engine. There was 3.4% raise in
BTE and 10.3% drop in (Specific Fuel Consumption)
SFC compared to uncoated [15]. Two different piston top
coatings were used, CeO2/8YSZ and Al,Os/ 8YSZ and
bond coat as CoNiCrAlY. Results revealed brake thermal
efficiency has raised to 3.37% and specific fuel
consumption was 3.45% less in CeO, /8YSZ TBC coated
engine than that of Al,Os/ 8YSZ TBCs [16]. To
investigate the temperature of the exterior built on
coating thickness experiment was conducted by coating
an aluminum piston crown with magnesia-stabilized
zirconia. Tests were performed for different coating
thicknesses from 0.2mm to 1.6 mm eliminating the bond
coat layer. Maximum temperature at the crown center is
32.70%, 55.80%, 72.50% and 84.80% for 0.4 mm, 0.8
mm, 1.2 mm and 1.6 mm thick coating compared with
the uncoated piston [17]. To calculate the temperature
gradients a steady state thermal analysis was conducted
in the two different partially stabilized ceramic coated
pistons using Yttria Stabilized Zirconia (Y-PSZ),
Magnesium Stabilized Zirconia (Mg-PSZ) compared
with standard engine by using Abaqus finite element

(FE) software. Results display that there is 18% raise in
temperature value of Y-PSZ coated piston and 48% raise
in Mg-PSZ coated piston compared to the uncoated
piston [18]. CaZrOs; and MgZrO3 were plasma sprayed
on the base of the NiCrAl bond coat. The uncoated piston
was tested at different loads and speed conditions then
the combustion chamber, piston crown faces, valves and
cylinder head were coated with thermal barrier coatings.
The results at all load levels and engine speed, show a 2-
7% reduction in bsfc and the effective efficiency
development of about 2%, 5% and 3% at low, medium
and full loads. It is known that the coating surface
temperature rises with increasing thickness. Utmost
temperature at 0.5 mm thick coating was established to
be more in MgZrO; by 34% compared to uncoated
piston. [19,20]. Motor tests were conducted using the
MEZ VSETIN test bench with a DS 736-4/V DC
dynamometer. In  MAO-coated pistons inside
temperature falls at least 45 °C when compared with non-
MAO pistons. Comparing pistons with different
thickness i.e. 76 and 108 microns of MAO layers
finalizes that thickness will not have a major effect on
thermal state of pistons [21]. Through plasma spray
technique the piston top was coated with partially
stabilized zirconia of thickness 125microns, following
with alumina (Al,O3) and NiAl as bond coat. Finally the
total thickness to achieve is 250 microns. Results
observed a 4 bar increase in peak pressure, 4.6% raise in
BTE, 12.6% in exhaust gas temperature and 15.67%
increase in nitric oxide emission compared with uncoated
piston in the engines [22]. 6-8%Yttria stabilized zirconia
(YSZ) TBCs of different thicknesses (100, 125 and
150um) on 50 to 754 thick NiAl bond coat was applied
on Aluminium — silicon alloy flat plates. It was observed
40°to 48° C by 100 and 125um thick coating and nearly
40% increase in the drop value i.e. 57 to 68° C was
observed for just 25um raise in coating thickness i.e.
150um. It is observed that temperature drop raises with
the thickness of YSZ coating. [23]. NiCr coating of 100
microns and Aluminium Oxide coating of 150 microns
was covered on piston crown. Two different varrities of
biodiesel combination (Lemongrass biodiesel and
pongamia pinnata methyl ester) was used. At 100% load
condition it was proved that the blend combination with
TBC piston (i.e D80 PME 10 LGB 10), BTE is improved
by 29.2%, BSFC also improved by 0.23 kg/kW-h.
Whereas the emission characteristic was dropped in CO,
HC and smoke, slightly raised in NOx emission. [24].

From the literature survey it is revealed that the
performance of engines with thermal barrier coated
pistons is improved. Few researchers worked with YSZ
with different thickness ratios. In the present work, the
performance and energy balance study of diesel engine is
carried out using piston coated with YSZ + TiO;
materials with 100mm thickness each and the results are
discussed.
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2. COATING PROCESS

Kirloskar TV1 alloy of aluminium piston of diameter
87.5mm with stroke length 110mm was coated using
Plasma spray method used in this experiment. The piston
was cleaned with kerosene to remove the dust particles.
The coating specifications were shown in Table 1. Grit
blasting was done with the help of compressed air at 3.5
kg/cm? pressure to create rough exterior on crown hence
the mechanical bond in between substrate and coating
remains strong. The nozzle used is of GH type and
sprayed with distance of 2-3 inches. The process of
coating is done with 490- 500amps current and 60-70
volts. To offer good bonding for coating material, NiCr
of 100 microns was applied as a bond coat. TiO> is used
as coating material which has low thermal conductivity
of 4.8W/m-k. Then TiO; in powder form was sprayed
with a gun on to the piston crown of thickness 100
microns and then 100 microns of Yttria stabilized
zirconia was sprayed on TiO; layer. YSZ is casted as
coating material for its low thermal conductivity, which
is anticipated for substrate to diminish the thermal
fatigue. Thermal conductivity is 2.2W/m-k for YSZ and
it has good thermal insulation property, the stability is
high at high temperature. The powder feed of YSZ and
TiO; is 40-50g/min. Table 2 indicates the properties of
YSZ and TiO,. TiO, was sprayed at pressure of 100-120
psi and YSZ at pressure of 50 psi. The powder feed was
40-50 g/m. Coated and uncoated pistons before testing
are shown in Figure 1 and coated piston after testing is
shown in Figure 2.

TABLE 1. Specifications of coating parameters [14]
Coating parameters

Specifications

3. EXPERIMENTAL PROCEDURE

Tests were conducted on Kirloskar TV1, 5.20 kW rated
power at 1500 rpm, 1-cylinder, four stroke water cooled,
loaded with eddy current dynamometer diesel engine.
The photograph of the engine used is shown in Figure
4 and specifications were listed in Table 3. Tests were
conducted at varying the loads i.e. 25, 50, 75 and 100%.
The parameters like BSFC, BTE were obtained and the
emission parameters like CO, HC, NOx and smoke
opacity were studied. There is a possibility of £0.1 %
uncertainty in the results with the equipments used.

4. RESULTS AND DISCUSSION

4. 1. Brake Specific Fuel Consumption Figure
3 shows variation in BSFC for uncoated and coated
piston at different loads. Decrease in BSFC was obtained
with rise in brake power for both the pistons, but
associated to uncoated piston there is 6.94% reduction in
fuel consumption at higher load condition for coated
piston. This is caused by high temperature increase in the
combustion chamber walls leads to high fuel
vaporization causes reduction in physical delay and
BSFC drops with coated piston. i.e YSZ and TiO, is more
efficient and against the exiting.

TABLE 3. Specifications of tested engine
Type of the Engine Kirloskar TV1

Number of cylinders 1

Number of Stroke 4
87.5mm, 110mm

5.2 kW @1500 rpm

Bore and stroke
Rated Power

Compression Ratio 175:1

Plasma gun 3 MB plasma spray gun
Nozzle GH type nozzle
Pressure of hydrogen gas 50 psi

Flow rate of hydrogen gas 15-20 SCFH
Pressure of argon gas 100-120 psi

Flow rate of argon gas 80-90 SCFH
Spraying distance 2-3 inches
Powder feed rate 40-50 g/m

TABLE 2. Properties of YSZ and TiO2 [11,14]

Properties YSz TiO,
Allowable temperature °C 1000 1840
Density gm/cm?® 5.2-6.1 4.23
Thermal Conductivity W/m-K 2-3.8 48-11.8

Specific heat J/kg-K

Thermal expansion coefficient

400-700 683-697
8.0-11.4 8.4-11.8

Figure 1. Uncoated and Coated Piston before testing

Figure 2. Coated piston after testing
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Figure 3. Variation in BSFC for coated and uncoated
pistons

4. 2. Brake Thermal Efficiency The variation
in BTE is shown in Figure 4 for both uncoated and coated
pistons at various loads. It was observed that there is
3.128% raise in brake thermal efficiency compared to
uncoated piston at higher load. This is due to the TBC on
the piston i.e. YSZ of thermal conductivity 1.4 W/m ¢
and TiO, of thermal conductivity 4.8W/m-K. which
lowers the heat energy rejection and cannot be allowed to
coolant and that energy is transformed as more available
work and then BTE increased.

4. 3. HC Emission Figure 5 indicates the deviation
in HC emissions in the thermal barrier coated piston and
the uncoated piston at different loads. There is 16.92%
decrease in the HC emission of the coated piston. In
thermal barrier coatings the combustion temperature is
higher and also the amount of oxygen. This reduces the
hydro carbon emissions and reduces the heat loss going
to coolant. The TBC raises the temperature of local heat
high and leads to decomposition of fuel molecules. It is
because of the presence of radicals, the combustion
enhances

4. 4. CO Emission At various load conditions the
CO emissions are determined for both TBC piston and
uncoated piston graphically is shown in Figure 6 and is
observed that CO emission were decreased by 14.92%
with growth in load compared to uncoated piston. In
general incomplete combustion auses the formation of
CO emissions and is more at higher loads. But TBC
lowers the heat transfer and fuel combustion gets better
which leads to decrease in CO emissions.

4. 5. NOx Emissions Figure 7 indicates the
variance in NOx emissions at different lods for both
thermally coated engine and uncoated engine. The NOXx
emissions were visibly increased for both pistons with
increasing load. But in TBC coated piston there is 6.93%
raise in NOx emission associated with uncoated piston.
This is because the combustion chamber has a high flame

temperature. When increasing the load the fuel
consumption is greater and there will be high combustion for
thermal barrier coated piston.

4. 6. Smoke Opacity Figure 8 shows the variation
of smoke opacity and it shows that the smoke opacity upsurges
with load. But compared to uncoated piston the smoke opacity
is lower for TBCoated piston. At higher load conditions there
is a 12.4% decrease in smoke opacity for YSZ and TiO;
coated piston. This is due to a steady increase in
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combustion chamber temperature for thermally coated
piston, and a great drop in smoke opacity

4. 7. Energy Balance Energy balance of coated
and uncoated is shown in Figures 9 and 10. Due to TBC,
the heat rejected to through the piston which is not useful
to the engine was reduced. By the lower heat loss, more
brake thermal energy is converted into useful work out as
brake power.

There is an 8.2% raise in HBP compared to uncoated
piston. The HJW difference was found by 14.64% drop
in coated engine as the rejection of heat is cleared by
temperature rise of the coolant. The decrease in thermal

20004 [ coated
I uncoated

1500 -

1000 -

Oxides of Nitrogen(ppm)

500

50 75
load (%)

Figure 7. Variation in NOx emissions for coated and
uncoated pistons
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23.99

17.08
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= HBP(3)

= HIW(%)
Hgas%)

34
Hrad(%)

20.01

28.27

1872

Figure 8. Energy balance for coated uncoated piston

rejection of loads leads to increase in exhaust gas
temperature in coated engines, and hence there is 28.1%
increase in exhaust gasses temperature. From the
experiment the HRad (unaccounted losses) were
decreased by 10% in coated piston compared to uncoated
piston. Unaccounted losses mainly caused because of
energy losses like radiation, conduction and convection
removal of heat from the engine to atmosphere.

5. CONCLUSION

From the experimental work done on the diesel engine
using YSZ and TiO; coated piston, and uncoated piston
the following conclusions were observed.

e The TBC coated piston shows a great result of
increase in brake thermal efficiency and decrease in
brake specific fuel consumption compared to the
uncoated pistion.

e At higher load condition there is 3.12% increase in
brake thermal efficiency in TBC coated piston
compared to the uncoated piston.

e In TBC coated piston there is 6.94% decrease in
brake specific fuel consumption when differentiated
with uncoated piston.

e There was 14.9% and 16.9% drop in CO emission
and HC emission in TBC coated piston whereas
NOXx emissions were increased by 6.93%.

e  Smoke opacity is decreased by 12.4% in the TBC
coated pistons.
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ABSTRACT

Sisal fiber-reinforced composites have huge potential applications in many industries. Different defects
during the production process of the composite may decrease the performance of these composites. In
this work, one of the important defects such as the waviness of thesisal fiber was studied under
compressive loading. Two types of composite materials were considered for this study. One is sisal fiber-
reinforced polymer matrix composite and another one is hybrid composite i.e sisal fiber and carbon
nanotube reinforced polymer matrix composite. The sisal and hybrid sisal straight fiber composite
specimens are prepared by using the hand lay-up technique. The buckling load of the sisal and sisal
hybrid composites is estimated by conducting suitable experiments. Further, using the finite element
method the effect of the waviness of sisal fiber on the buckling load is estimated. Two different wavy
patterns such as Full Sine Waviness (FSW) and Half Sine Waviness (HSW) are considered for sisal fiber.
The position effect of waviness of the fiber on the same property is also estimated by changing (A/\)
ratio from 0.1 to 0.35 and the amplitude of waviness from 5 to 17.5 mm (A) and maintaining the length
of waviness (L) to 100mm. The present study is used to design the buckling load of natural composite

with waviness because the perfectly straight fibers are difficult to extract from plants.

doi: 10.5829/ije.2021.34.12C.06

1. INTRODUCTION?

The biodegradability, as well as environmental concerns
in the view of plastic usage, has awakened many
researchers to replace the conventional composite with
natural fiber-reinforced composites. Sisal, hemp, jute,
banana fibers are the most used fibers in the place of man-
made fiber-reinforced composites. Two important
aspects in the usage of the natural composite are needed
to be addressed while replacing the commercial
composite with natural composite. The first one is the
type of natural resource we are using in the form of fiber
and their characterization. The second aspect are how to
enhance the already used natural fibers to make them as
a better competitor in place of man-made fibers.

*Corresponding Author Institutional Email:
phaniprasanthi.parvathaneni@gmail.com (P. Phani Prasanthi)

From these perspectives, the work performed so far
on natural and hybrid composite has been reported. The
buckling characteristics of natural fiber reinforced
polymer composite beamsare studied experimentally [1].
In the view of lightweight structures, the compressive
strength of flat plates and plain channel sections made
with natural flax, jute and hemp have been studied [2-3].
The critical axial and lateral buckling loads of the
composite material have been evaluated by conducting
suitable experiments [4]. The extension in the buckling
behavior was identified by preparing specimens with
aluminium and polypropylene [5]. Woven flax—epoxy-
laminated composite specimens are prepared and tested
for in-plane and out-of-plane compressive behavior [6].
Rectangular and skew composite plates with embedded
shape memory apply wire are tested for thermal buckling

Please cite this article as: P. Phani Prasanthi, K. Sivaji babu, A. Eswar Kumar, Waviness Effect of Fiber on Buckling Behavior of Sisal/Carbon
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[7]. A thin-walled open cross-section profile made of
fiber metal laminates were tested for buckling response
[8]. Compared to straight fiber, the sinusoidal curved
fiber showed high buckling strength than straight fiber
reinfroced composite plate [9]. Composite I-beams are
analyzed by adopting the refined beam theory supported
by 3D Saint-Venant's solution [10]. Reinforcing the
Carbon nanotubes with regular composite effects
thebending and  buckling  properties  because
reinfrocement of CNT’s enhances the stiffness of the
resulting composite [11]. Compressive and tensile
mechanical behavior along with the properties of Flax-
fiber reinforced-Epoxy composite is examined [12]. The
large deflection, post-buckling of graphene nano
platelets-reinforced multi-scale composite beams is
studied through a theoretical study [13]. Critical buckling
strength of natural fiber fabric, polymer composite beam
is analyzed experimentally. [14]. Using the
Micromechanics methodology, the plate thickness
influence by using functional graded graphene reinforced
composites are reported [15]. Buckling loads and
corresponding failure modes are also presented [16]. The
global buckling and wrinkling behavior of sandwich
plates with anisotropic face sheets are investigated [17].
The buckling behaviour of composites with cenosphere
and sisal fabric epoxy is disussed y Wang and Wang [18].
The waviness effect of sisal fiber reinforced composite
on elastic properties are explored by using experimental
and micromechanics [19]. Using the micromechanics,
moisture effect of fiber reinforced composites are
explored [20]. The debond effet of fiber reinfroced nano
based composite was addressed by Prasanthi et al. [21].
The waviness effect of fiber on the fatigue response is
also explored [22]. Random waviness of fiber is also
identifed [23-27]. Carbon nanotube curviness and
waviness effect on the longitudinal modulus is reported
by Matveeva et al. [26]. Using the multiwall carbon
nanotube reinfrocement, buckling analysis performed on
composite beams [28]. Using the buckling-restrained
braces, the buckling failure load can be avoided [29].
From the above finding, the knowledge gap has been
identified in relation to the natural fiber with waviness
under compressive load.

The position effect of waviness of natural fiber with
respect to the constrains (fixed and free end of the
specimen) is not addressed so far. The buckling load of
sisal fiber and carbon nanotube mixed epoxy composite
is not performed yet. Considering the above factor, in this
work, a complete study on buckling behavior of sisal
fibers reinforced composite with waviness effect is
reported using both experimental and analytical
approaches. Two different waviness patterns such as Full
Sine waviness (FSW) and Half Sine Wave (HSW)
patterns are considered over a length of 100mm (L) by
varying the amplitude of waviness by changing (A/ )
ratio to 0.1 to 0.35.

2. MATERIALS AND METHODS

The aim of the current proposal is to recognize the
buckling load of natural sisal fiber composite and carbon
nanotube reinforced sisal fiber (Hybrid) composite by
using wavy fibers as reinforcement subjected to
compressive load. The buckling load is estimated with
experimental and Finite Element studies. Mostly faced
problems in the natural fiber is waviness and the effect of
waviness on the compressive strength and enhancement
of buckling strength by nano reinforcement is also
addressed in this work.

To conduct experimental studies, the testing samples
are manufactured by using the hand lay-up technique. For
that, the fibers were purchased from Vruksha composites,
Tamilnadu. These fibers were treated with NaOH
solution for 24 hours to promote better bonding between
these fibers and the polymer matrix. These treated fibers
are used as reinforcement in the polymer matrix and the
weight of the matrix is selected in such a way that the
fiber weight fraction is 0.1, 0.2, 0.3, 0.4 and 0.5%,
respectively. The testing sample dimensions are fixed
according to ASTM specified standards. To maintain the
accuracy of the results, four testing samples are
manufactured and tested.

To create hybrid composites, the Nano carbon tubes
are used as reinforcement along with sisal fibers. In this
work hybrid composite means sisal fiber reinfroced in
CNT mixed epoxy matrix. The carbon tubes are mixed
with polymer matrix using Ultra Sonication. The ultra
sonicator ensures the uniform mixing of carbon tubes in
the polymer matrix. The carbon nanotube-infused
polymer matrix is used as a hosting medium to reinforce
the sisal fibers. In this case, two types of reinforcements
are using i.e sisal fiber and carbon nanotubes. The carbon
nanotubes weight fraction is maintained at 0.1%. The
sisal fiber weight fraction is the same fraction as
considered for sisal composites. The specimens of sisal
and hybrid composite are presented in Fig.1a-b.

Axial buckling samples were prepared according to
the standards ASTM E2954 with a size of 200 mm length
and 20 mm width and the thickness of the specimens is
in the range of 2.5mm. Using a compression testing
machine with 50KN loading capacity, the testing is
performed by applying compressive load along the length
of the fiber. The buckling load and corresponding
elongation are estimated for sisal and hybrid composite.
During the experiments, the specimens are fixed both
from the bottom and top grips, the specimens are loaded
in the axial direction (Figure 1a). Four samples are tested
at each weight fraction, and the average value is
considered as the final buckling load (Figure 1b).

2. 1. Finite Element Method To identify the
waviness of sisal fiber composites on buckling load, the
finite element method is used. The finite element models
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are created by using ANSYS. Using the mechanics of
material method, the buckling load is estimated for sisal
and hybrid composite. Applying the assumption of the
micromechanics approach that is considering the uniform
distribution of fibers in the hosting medium and selecting
one unit cell from the total array and by analyzing one
unit cell under compressive load, the buckling load can
be obtained. (Figure 2)

The unit cell dimensions are calculated based on the
volume fraction of fiber. The volume fraction of fiber is
changed from 10 to 50%. The Young’s modulus of an
epoxy matrix is 5.171 GPa, Poisson’s ratio (v) 0.35, sisal
fiber modulus 190GPa, Poisson’s ratio of sisal fiber 0.3
[20-21, 27]. The carbon nanotube mixed sisal fiber
reinforced epoxycomposite elastic properties are
obtained from our previous research work [28]. To
compute the buckling load, one end of the FE model is
fixed (Figure 3a) and compressive elongation obtained
from the experiments is applied at the opposite end of the
FE model as shown in Figure 3a. The eigen buckling load
is estimated by performing analysis for strainght fibers.
The finite element mesh on the FE model is presented in
Figure 3b.

The buckling load obtained from the finite element
model and experimental results are presented along with
the percentage of error in the results and discussion
section. Further, the buckling load is estimated for the

Figure 1. Sisal and hybrid composite and Microscopic view

O@J—..

Figure 2. Micromechanics approach and unit cell

Fixed End Matrix

Load End L’

Fiber
a b

Figure 3. FE model and Finite element mesh

wavy fibers using finite element method ANSYS
software. The fibers are modeled with waviness and the
waviness is created at the center of the fiber. The length
of the fiber (L) is 200mm, waviness length of the fiber
(1) and the amplitude (A) is changing according to the
A/)\ equal to 0.1, 0.2, 0.3 and 0.35. Figure 4 shows the
Full Sign Waviness (FSW) and Half Sign Waviness
(HSW) of FE models.

Further, the position of the waviness effect on the
buckling load also studied by creating waviness at fixed
end (Figure 5) and load end of the fiber (Figure 6). In all
the cases, the waviness length in the fiber is fixed to 100
mm in the total length of 200 mm fiber and the amplitude
of the waviness varies from 5 mm , 10mm, 15mm and
17.5mm. With these amplitude the (A/A) becomes 0.1,
0.2,0.3and 0.35.

10% W

\ 10% W;

Figure 4. Finite Element models with fiber waviness

Fixed end
10% W,

Matrix Y .
W :
/ B . HSW

Lnoad applied Face .
Figure 5.waviness at the fixed end of the fiber

35% Wt 10% W;

Yy HSW °
3 [ /

Figure 6.waviness at the Load end of the fiber
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3. RESULTS AND DISCUSSIONS

Figure 7 shows the buckling load of sisal and hybrid
composites. The buckling load is increased with
increasing the weight content of sisal fibers up to 40%
[9]. Later the buckling load is slightly decreased in case
of sisal fiber composites due to improper load
transmission between the fibers and matrix under
compressive loading. That 40% is the treshold limit for
this case [4] .The hybrid composite buckling load is also
increased with increasing the weight fraction of sisal
fiber. The buckling strength is more for hybrid
composites due to the additional carbon nanotubes in the
polymer matrix. From this it is observed that, addition of
nano CNT will enhance the buckling load of the sisal
fiber reinforced composite [11]. Standard devaition of the
results also presented in Table 2.

Figure 8 shows the comparison of buckling load from
experimental and FE results. To validate the finite
element models, the buckling load of the composite plate
is analysed, compared with the published results [25-26].
Table 2 presents the comparison of buckling loads of
composite plate under uniaxial compression load with
[40°/+40%90%072s laminate lay-up and with two ends
fixed support and two ends are simply supported. The
results are obtained by performing the analysis with the
same material properties, same geometrical data and
same boundary conditions [25-26]. Good agreement is
found between the present results and published results
(Table 1).

At every volume fraction, the percentage of error
between the experimental and analytical results is also
presented. The correlation between the experimental and
FE results are good at a lower weight fraction of sisal
fiber. After validating the experimental and analytical
results of buckling load, the waviness effect of sisal fiber
on the buckling load is presented.

Figure 9 shows the buckling load of sisal and hybrid
composites by considering waviness in the fiber in the
center of the fiber. The buckling load increasing with
increasing the weight fraction of sisal fiber and hybrid
composite buckling load is more than the sisal fiber
composite. Increasing the waviness ratio (A/A) from 0.1
to 0.35, increases the buckling load. Increasing the (A/A)
means the amplitude of the full sine wave increasing that
means the deviation of the fiber from the straight shape
is increasing and the resulting buckling load is also

TABLE 1. validation of buckling load with published results

Buckling load  Buckling load B“(Cli‘:jlr/‘gr:]‘)’ad %

(KN/cm) [25] (KN/cm) [26] Present work Error
24 24 2.294 4.41%
3.3 3.2 3.1674 4.08%

increasing. The reason for this behavior is that wavy
pattern is created at the middle of the FE model and while
transmitting a compressive force through the model, the
fiber takes more loads. The penetrated fiber portions due

2000 - . .
Sisal Composite

m Hybrid Composite 1542 1475

1243
1200 - 101 97
86
800 750
452 S0
400 - 242.
0 . . . .
10 30 A 50
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Weight Fraction of Sisal Fiber (%6)

=
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o
o

Buckling Load (N)

Figure 7. Buckling Load of sisal and Hybrid composites
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J
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=
S 800 -
m
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Figure 8. Buckling load from Experimental and FE results
with percentage error

TABLE 2. Standard deviation of experimental results

Sisal fiber reinforced composite

S1 S2 S3 S4 Avg. SD
220 254 239 255 242 16.39105
512 480 492 516 500 16.97056
850 840 860 890 860 21.60247
998 1015 1021 1014 1012 9.831921
960 954 995 1003 978 24.58997

Hybrid composite

s1 s2 s3 s4 Avg. SD
451 442 457 458 452 7.348469
740 745 750 765 750  10.80123
1226 1222 1256 1268 1243  22.53886
1558 1554 1542 1514 1542  19.86622
1468 1502 1476 1454 1475  20.16598
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to waviness receive more load than a pure matrix, as a
result, the deformation due to compressive load is less
and buckling strength is more. Similar trend in the results
are found for fiber with sine waviness [9]

Figure 10 shows the variation of buckling load with
HSW of fiber at the center of its length. Compared to
FSW of fiber, the buckling load is less for HSW of fiber.
This is due to the reason that fiber penetration part into
the matrix due to the waviness is less than FSW.

Figures 11 and 12 show the response of buckling load
of sisal and hybrid composite with the waviness at the
fixed end of the fiber. In this case, the waviness effect of
fiber is negligible on the buckling load. Because the
waviness of the fiber is located nearer to the fixed end.
The fixed end resricts the movement as a result the
buckling load is not effected with the waviness of fiber.

Figures 13 and 14 show the buckling load of sisal and
hybrid composite with the waviness of fiber at the
compressive load applied end. The buckling load is
highly affected by waviness at load end in both cases
(FSW and HSW). As the load applied on the composite
is directly applied on the wavy part and later the load is
passed through the straight part of the fiber.
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Figure 10. Buckling Load of HSW
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Figure 14. Buckling load of HSW at the Load end
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3. CONCLUSIONS

As the fiber weight fraction increases, the buckling load
increases up to 40% of weight fraction, later there is no
improvement in the same property; but the hybrid
composite buckling load increases even beyond 40% of
fiber weight fraction due to the nano reinforcement.
Compared to FSW fiber reinforced composite, HSW
fiber composite showed less buckling loads at all the

waviness ratio (A/A ) considered for the study.

The waviness is located nearer to the fixed support
will not influence the buckling load of wavy fiber
reinforced composite. Whereas the waviness at the
middle and nearer to the load ends, have a considerable
influence on buckling load. In these cases, the waviness
located at the load end having very high impact on
buckling strength
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Information security is a vital issue currently faced by organizations around the world. There is a huge
flood of cyber-attacks and security threats due to the negligence of human agents, which doubles the
importance of human resource behavior in the organization. This study provides an integrated
framework of motivation opportunity-ability (MOA) that includes social psychological factors from
the norm activation model (NAM) model and planned behavior (PB) theory to examine the variables
that determine security behaviors in a well-founded university in Tehran. For this purpose, data were
collected and analyzed by distributing 141 questionnaires among the staff of this university. The
research hypotheses have been tested by structural equation modeling (SEM) using SPSS and Lisrel
software. The results show that the ability has the greatest impact on information security behaviors,
followed by opportunity and motivation, which have a direct and significant impact on behavior. In
addition, motivation mediates the impact of opportunity and ability. Finally, recommendations are
provided for designers of effective information security strategies based on the constraining factors of
human resources behavior in the organization.
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1. INTRODUCTION

organizations to protect data and ensure that services
and projects are categorized and successfully performed

Today, Modern organizations have broad range of
information resources that are heavily dependent on
their human resources factors, and this dependency has
made them vulnerable to events that could jeopardize
their information systems [1]. Information leakage has
serious consequences for organizations, including
reputation damages, loss of intellectual property,
reduced productivity, loss of competitive advantage,
and, worst of all, and bankruptcy. In another words,
organizations have identified people as a significant
liability to information security governance [2], security
and risk, economics and technology, which is among the
industries rapidly growing and developing [3].
Therefore, the role of information security is essential in

* Corresponding Author Institutional Email: nsafaie@kntu.ac.ir (N.
Safaie)

without disclosing information [4] and which has
become an overwhelming challenge [5].

Evidence shows that the number and severity of
information security breaches is increasing and has been
a major concern for users and organizations. According
to Karjalainen et al. [6], the average cost of cybercrime
has increased by 62% over the past 5 years. Lloyd's, the
British insurance company, stated in a report that its
annual loss would be $ 400 billion in the absence of
cybersecurity mechanisms [7]. DBIR Research Center
claims that occurrence of 60% of information security
threats can seriously endanger organizations within
minutes. In this report, 55% of information security
incidents are the result of the workings of human
resources inside organizations [8]. The IBM Cyber
Security Information Index also reported that 95% of
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information security incidents were related to human
error [9].

Intentionally or unintentionally, employees make up
a significant portion of threats to organizations’
information assets. According to the findings and after
analyzing two case studies, public and private sector
organizations participating in these studies stated that
92.5% and 51% of the recorded information security
incidents have been related to human error, respectively
[10]. According to a research report by the Ponemon
Institute on the cost of cyber security attacks, internal
threats are of the highest costs, the impact of which is
not limited to financial losses, but may also endanger
the security of individuals and the organization [11]. In
the literature, several theories postulated after
investigations by researchers and reported human
factors to have had an impact on user behavior, both
negative and positive which is mentioned by researchers
and security experts have reported that the "weakest
link" in any security chain is human behavior; because
any technical security solution is still prone to failures
due to human error [12]. From a practical perspective,
understanding such behaviors is important; if users do
not comply with information security solutions;
however, technically  sophisticated, lose their
effectiveness [13]. Therefore, it is recognized that in the
field of information security, reducing the risk requires
attention to human aspects along with technological
aspects. Domestic staff does not require much effort and
time to access targeted information compared to foreign
attackers. Organizations often trust their employees, and
anonymity is a feature that can reduce the risk of
identifying them. Due to their constant involvement
with highly complex security systems and a wide range
of other job requirements, domestic staff may easily
ignore unlikely information security threats or take no
action on them, because they neither have the time, nor
do they have enough skills to respond to these threats.
As a result, the potential harms of domestic staff are
increasing.

In order to understand the main factors of human
resources security behaviors in organizations, the
question of the present study is as follows: What are the
determinants of human resources security behaviors in
the field of organizational information? The results of
this study can be effective in improving the information
security behaviors of human resources of organizations
by helping managers apply appropriate strategies in
accordance with the characteristics of employees. In the
following, while reviewing the background of the
studies, the theoretical foundations, conceptual model
and also the research method are provided. The results
are analyzed in a well-founded university in Tehran and
finally, the conclusion and key factors affecting the
information security of human resources in the
organization are presented.

Therefore, according to experts, the "weakest link"
in any security chain is human behavior because any
technical security solution is still subject to failures
resulting from human errors. Hence, the risk reduction
in information security area involves paying attention to
aspects of human being along with technological
aspects. As a result, one of the main motives of this
study is investigating the factors affecting the security
behaviors of human resources in the organization. the
purpose of this study is to determine the relationship
between attitudinal, behavioral and organizational
factors with empirical support from three theoretical
frameworks including Theory of planned behavior, the
norm activation model (NAM) and motivation model
with the interdisciplinary approach, in the integration
form.

The structure of this paper consists of follow
sections; in the second section, the literature of the
research is reviewed and in the third section, the
research model and hypotheses are presented. Section
forth provides research method and results, and section
fifth devoted to findings and conclusions. In the final
section, limitations of the research and suggestions for
future research are presented.

2. LITERATURE REVIEW

2. 1. Norm Activation Model (NAM) The
NAM theory, first developed by Schwartz [14], is a
social-friendly theory to explain the purpose of
humanitarian behaviors. The theory states that personal
norms are an essential prerequisite for each individual's
behavior [15]. The theory also argues that people
engage in humane behaviors for the benefit of society,
even if the behaviors sometimes cause them
inconvenience. There are three main variables in NAM:
Personal Norms (PN), Awareness of Consequences
(AC), and Ascription of Responsibility (AR). A
personal norm is a "moral obligation to perform or
refrain from certain [16]. The term awareness of
consequences means, "One is aware of the impact of the
consequences of one's behavior on others." Ascription
of Responsibility is also described as "one’s personal
feeling about whether or not s/he is responsible for the
negative consequences of not engaging in the desired
social behaviors" [17].

Although following the personal norms may
increase self-confidence and prevent self-blame, it can
also lead to costs, such as extra time and effort. If the
benefits of the behavior outweigh its costs to the
individual, it is likely that the behavior will be
performed. However, if the costs outweigh the benefits,
or the costs and benefits are not clear, the person may be
hesitant to make a decision. To reduce this skepticism,
one may redefine one's understanding of the situation
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and use defense mechanisms to undermine one's sense
of moral commitment. Denying the consequences of not
performing  such  behaviors,  which involves
underestimating the negative consequences of an action,
as well as denying personal responsibility for the
behavior, which involves considering it as something
beyond control or outside the realm of personal
responsibility, are common defense mechanisms in this
field [18]. The full implementation of these defense
mechanisms  neutralizes the individual's moral
obligation without imposing punishments on him/her
[19]. Two conditions are necessary to overcome such
defense mechanisms. First, one must understand that
one's behavior affects the well-being of others. Second,
the individual must accept personal responsibility for
the consequences of his behavior [20]. When these
conditions are met, defense mechanisms have less of an
impact on his/her performance, and personal norms are
more likely to be activated, creating a sense of personal
commitment to regulate behavior [21].

2. 2. Theory of Planned Behavior (TPB) The
theory of TPB, developed by Azjen [8] is one of the
most important and documented frameworks of a socio-
psychological theory that tries to logically explain and
understand the reason for certain behaviors by
individuals [22]. TPB is a generalization of Theory of
Reasoned Action (TRA) and has been widely used in
the study of ethical behaviors in the information security
systems and individual decision-making to adopt
acceptable computer security measures and ISSP-
compliant behaviors as well as in the field of
information security [23].

Azjen [8] stated that a large part of committing a
behavior results from a strong decision to do it. The
stronger the decision to perform a particular behavior,
the more likely a person is to perform that behavior. The
TPB theory believes that an individual's decision to
engage in behavior is influenced by three psychosocial
factors. By carefully considering these three factors, we
can predict the likelihood of a particular behavior by the
individual. These three factors are a person's attitude
toward behavior, perceived behavioral control (PBC),
and mental norms.

Attitude is defined as an individual's overall
assessment of an object, person, or place, and his or her
positive or negative feelings about performing a
particular behavior [24]. The more positive a person's
attitude toward a behavior, the stronger his or her
decision to engage in that behavior. Therefore, attitude
can be examined as a fundamental factor in relation to
the probability of performing the desired behavior in an
individual [25]. However, identifying and extracting a
person's attitudes and beliefs is not an easy task. For this
reason, there are other variables that affect TPB-related
factors. Previous studies have shown that when the

behavior in question has an ethical dimension, the
individual's norms should be included in the TPB model
[26]. Therefore, since ethical dimensions play an
important role in conducting behaviors that conform to
information security practices, it seems appropriate to
pay attention to personal norms in the TPB theory.
Mental norms refer to the influence exerted by
important people in the individual’s life (family, friends,
etc.) on his or her behavioral decisions [27]. Getting
approval from the important people in a person’s life for
a behavior has a great impact on motivating him/her to
make stronger decisions. Thus, having a high
understanding of the associated mental norm can
increase the likelihood of a person performing a
particular behavior [28]. In addition to examining the
reasoned variables that influence a behavior, that is,
attitudes toward something and the influence of other
people, TPB theory also considers whether a person is
fully capable of performing the desired behavior. Each
individual has a different capacity to perform planned
behaviors, so different default variables may affect
his/her planned behavior. PBC is the third component of
TPB theory, which defines an individual's perception of
the ease or difficulty of performing a particular
behavior. Individuals' serious decision to perform a
certain behavior is due to the person's high control over
himself [29].

In short, the TPB theory predicts that to perform a
behavior, people with a more positive attitude toward
that behavior, increased approval of others, and more
control over the perceived behavior, will make a
stronger decision to perform it. The stronger the
decision to perform a certain behavior, the more likely a
person is to perform that behavior [30].

2. 3. Motivation-Opportunity-Ability (MOA)
Model The MOA model was first developed
and used to understand consumers' brand information
processing methods and their shopping-related behavior
[31], which has recently been used extensively in
existing studies to explain different types of behavior. In
the context of MOA, three main factors influence an
individual's behavior, which include "motivation",
"necessary skills and abilities” and "opportunities
provided" to perform the desired behavior [32].
Motivation examines a person's incentives, concerns,
and participation in maintaining information security.
Opportunity  involves  environmental  (such as
organizational support) and interpersonal (e.g., peer
pressure) factors that affect an individual's compliance
with information security necessities. Ability examines
prior knowledge of information security and skills in
interpreting received information [33].

Despite the capacity of the MOA framework for
understanding the factors influencing information
security compliance behaviors in the workplace, there
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are many limitations. Admittedly, first, direct
measurement of motivation, which is the concern and
willingness to comply with information security points,
is not possible without taking into account broader
dimensions of motivation such as perceived
consequences and individual responsibility (NAM
theory factors). Second, for the “opportunity” factor,
analyzing the effect of peer pressure on individual
behavior requires considering a combination of
descriptive norms and individual mental norms from
TPB theory, which makes it easier to describe
interpersonal factors affecting security behaviors. Third,
to generalize the concept of ability, it is necessary to
examine variables such as actual knowledge (AK) and
perceived knowledge of the individual (PK) as well as
PBC (from the TPB theory). Therefore, one of the
important goals of this study is to integrate the
important variables of NAM and TPB theories to
strengthen the MOA framework. These proposed
variables not only predict information security
behaviors, but also inherently complement motivation,
opportunity, and ability by definition.

2. 4. Conceptual Model and Research Hypotheses
This study is an integrated MOA framework for
analyzing the factors affecting behaviors related to
human resources information security in the
organizational environment, which has been prepared
by considering the socio-psychological factors in the
model. In the context of MOA, the three main factors,
namely motivation, opportunity and ability, are indirect
factors affecting behaviors that are not directly observed
in this survey but are inferred from other variables. In
order to examine the complexity of human behaviors,
researchers have recently emphasized the importance of
integrating different theories and models for synergistic
studies [34]. There is a high potential for using
interdisciplinary  research  approaches, and the
knowledge gained in this field can provide new insights
into the management of human resource security
behaviors in organizations. Many researchers have
emphasized that TPB theory is a logical paradigm that
ignores the role of irrational and emotional motivations
in shaping behavior. In addition, normative activation
theory (NAM) is derived only from the heart and states
that a person's socializing behavior is due to the
activation of his or her personal norms. Accordingly, it
seems that TPB and NAM alone may not be sufficient
to explain human resource security behaviors [35].
Therefore, in this study, to prepare clear and measurable
components for each MOA factor, structures of NAM
and TPB theories as well as other variables, identified as
indicators of MOA factors in existing models, have
been used. It considers the personal and internal goal of
the individual to perform the behavior, the external
influencing factors and the effects of the external social

environment (mental norms) on the individual's
behavior. The conceptual model of the present study is
shown in Figure 1.

To emphasize the socio-psychological causes
affecting the “motivation” factor, the present study
considers the three main structures of NAM theory as
three indicators of maotivation. People usually go
through a series of cognitive processes related to their
motivation before deciding to start, maintain, or cancel
an effort, and all three indices of AC, AR, and PN play
an important role in this cognitive dimension of the
motivation factor [35, 36]. Attitude - from the TPB
theory - is also accepted as the fourth indicator of
motivation. Thggersen [37] also considers attitude as
one of the motivational factors in setting behavioral
goals. The four dimensions identified are the variables
that motivate security behaviors.

The opportunity factor in this study broadly includes
all environmental and interpersonal factors that are
outside the realm of individual. Therefore, it also
includes mental and descriptive norms. In this case, if
employees can predict that they can achieve social
rewards by accepting social norms, then social norms
should be considered as an opportunity [38]. Norms
include the social influences that are prevalent in the
organizational environment. These social influences can
reinforce or inhibit the decision to engage in a behavior,
resulting in a situation that is beyond the individual's
control. Therefore, norms are considered as constructive
variables of the opportunity factor. This study considers
three social norms that are consistent with human
resource information security practices and affect
behaviors. First, subjective norms (SNs), which are a
type of emphatic norm in TPB theory and reflect the
expectations of others about one's behavior (for
example, the majority of co-workers expect employees
to turn off their computers when leaving it), include two
other important socio-psychological factors, i.e.,
descriptive norms (DN) and organizational norms (ON).
Descriptive norms are observing and understanding the
behavior of others in the real world (for example,
observing and perceiving whether, in real situations, co-
workers behave in accordance with information security
practices); Organizational norms also reflect the
organization's expectations of the individual's behavior
and the degree of commitment or encouragement of the
organization to promote the desired behavior (for
example, the organization rewards its human resources
for observing information security tips). Studies have
shown that participation of human resources in
community-friendly behaviors is positively associated
with organizational support [39]. Positive social norms
enhance the perceived opportunity of the individual
through social interaction with colleagues. Negative
social norms can also limit the individual’s ability to
engage in behaviors that conform to information
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security practices. For example, an employee may not
feel comfortable observing information security tips due
to selfish coworkers who are unwilling to be bothered to
protect customer and organization information. To
examine the ability factor, three indicators have been
considered, including the individual’s perceived
knowledge, the individual’s actual knowledge and PBC
from the TPB theory. A person's perceived knowledge
refers to his or her personal understanding of his or her
knowledge of data protection (for example, updating his
or her information about cyber-attacks). In fact, it shows
the background knowledge necessary to achieve the
desired result. Actual knowledge examines an
individual's understanding of information security facts,
including that "a website address that starts with http
has information security.” Perceived knowledge is not
always accurate and is also often judged subjectively.
Therefore, a standard and correct survey (i.e., actual
knowledge) is included in the model. Employees of
human resources, like other employees, need training,
information systems, coordination, and performance
management. Therefore, in order to provide the
expected value of business units, the employees of this
unit also need training and acquisition of new skills [39,
40]. In addition, PBC complements a person's physical
ability with perceived ease to perform a behavior. Based
on the research background, we provide hypotheses for
MOA framework factors (H1, H2, H3) and for the
impact of MOA factors on human resources information
security behaviors (H4, H5, H6), which are listed in
Table 1. The present study hypothesizes that ability and
opportunity are most important if they can be
internalized in an individual’s motivation, which shows
the mediating effect of motivation on the behaviors
suggested in previous studies [41].

TABLE 1. Research Hypotheses

Hypothetical structures of MOA variables

Motivation factor includes the following indicators: a- Attitude
H; (AT), b- Awareness of consequences (AC), c- Ascription of
responsibility (AR) and d- Personal norms (PN).

Opportunity factor includes the following indicators: a- Subjective
H, norms (SN), B- Descriptive norms (DN) and c- Support for
organizational norms (ON).

The ability factor includes the following indicators: a- Perceived
Hs knowledge (PK), B) Actual knowledge (AK) and c) Perceived
behavioral control (PBC).

Motivation factor has a positive and direct effect on information

Ha security behaviors.

H Opportunity factor has a positive and direct effect on information
s security behaviors.

H Ability factor has a positive and direct effect on information
6

security behaviors.
H;  Opportunity factor has a positive and direct effect on motivation.

Hs Ability factor has a positive and direct effect on motivation.

Based on the MOA model, the proposed conceptual
model consists of three hidden factors of motivation,
opportunity and ability as well as 10 variables. This
model includes 8 hypotheses that were described earlier.
The proposed conceptual model is shown in Figure 1.
According to this model, opportunity and ability (each
with 3 variables) play the role of independent factors
and motivation (with 4 variables) plays the role of
mediator, and behavior plays the role of dependent
factor.

3. METHODOLOGY

3. 1. Samples and Data Collection In this study,
a quantitative approach has been used to investigate the
impact of MOA factors on behaviors consistent with
human resources information security in organizations.
The target population of this research is professors and
staff from K. N. Toosi University of Technology in
Tehran, who deal with students and university
information and the Internet more than other staff. One
of the reasons for choosing of this university as a
statistical population is the lack of integration of
university colleges in one place, and attention to human
factors can play an effective role in information security
of students and university documents.

This survey was conducted in November 2019 by
distributing a paper questionnaire among a sample of
200 people, three quarters of whom were professors and
staff of various faculties of the university and one third
included the staff of the central building of the
university. A total of 160 responses were collected. In
the process of data pruning, responses with missing
values in terms of information security behaviors were
deleted. As a result, 141 responses were retained for
review.

The final questionnaire consists of 7 items related to
demographic characteristics and 33 items related to the
conceptual model of the study (motivation, opportunity,
ability, security behaviors). Most of these questions
have been collected using previous studies related to the
subject of research, and some of them have been slightly
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Figure 1. Conceptual model of the study
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changed according to the conditions and culture of the
community as well as the study environment to be
tangible for the respondents. Responses were collected
using a 5-point Likert scale with a minimum of 1 and a
maximum of 5 and were analyzed by SPSS and LISREL
software. Statistics on respondents’ demographic
characteristics are shown in Table 2.

4.DATA ANALYSIS

The analysis of research hypotheses is performed
through second-order structural equation modeling
(SEM), in which the structural model describes the
relationship between latent variables [42], in which each
second-order factor (i.e., motivation, opportunity, and
ability) is a combination of several first-order factors
(e.g., attitude, awareness of consequences, and personal
norms). In this hierarchical structure, first-order factors
can be considered as various indicators of second-order
ones, and therefore help to understand which specific
aspect (i.e., first-order factor) is involved in motivation,
opportunity and ability.

TABLE 2. Demographic characteristics of the statistical
population of the study

Demographic info Number (%)
Male 70 49
Gender
Female 71 50
Single 29 20
Marital status
Married 112 80
Diploma and lower 4 2
) Associate degree 5 3
Education level
Master’s degree 44 32
Masters and above 88 63
Under 5 years 14 10
5-10 years 18 12
Work experience
11-15 years 46 33
16 years and older 63 45
20-30 years 15 11
31-40 years 62 44
Age
41-50 years 40 28
51 years and older 24 17
Beginner 22 16
English language
literacy Average 79 56
Advanced 40 28
Beginner 7 5

Level of experience

in working with Average 78 55
computer/ internet
Advanced 56 40

According to Table 3, the average of all first-order
factors is higher than the median. In addition, the values
of skewness and kurtosis of the factors, which are a
measure of the normality of the data, are in the range of
-0.44 and -0.98.

To fit the measurement model, reliability and
validity criteria must be investigated. Reliability of the
measurement model is investigated by criteria such as
Cronbach's alpha, composite reliability and factor loads.
Validity is also two types, convergent validity and
diverging validity. Convergent validity is investigated
by criteria such as the average variance extracted and
divergent and composite reliability with Fornell-Larcker
test. The conceptual model fitting algorithm is in Figure
2.

According to Table 4, the average of all second-
order factors is higher than the median. In addition, the
values of skewness and kurtosis of the factors, which
are a measure of the normality of the data, are in the
range of -43.0 and -0.97. According to Briz-Ponce [10],
the normality of data is confirmed in conditions where
the values of skewness and kurtosis are in the range of 1
and -1, so, this condition is confirmed for first and
second order factors.

4. 1. Validity and Reliability Cronbach's alpha,
factor loads and Combined reliability (CR) are the
criteria for measuring reliability. Also, the average
variance extracted (AVE) and CR were considered as
criteria for convergent validity and Fornell-Larcker test
for divergent validity. Second-order confirmatory factor
analysis was performed to assess: (1) the convergent
validity of each first-order factor and (2) whether each
of the first-order factors, as assumed in H1, H2, and H3,
is a significant portion of its second-order factor
(Motivation, opportunity or ability). Factors with a
factor load of less than 0.5 were excluded from the
hypothetical model [9]. SPSS software was used to

TABLE 3. Descriptive statistics of first-order factors

AT Y0¥ VYY Vi 0.99
AC Y/FA Y Yidl 0.97
AR Y0¥ VXYY -0 /%) 0.98
PN Y0¥ VY VAR 0.95
DN ¥4 AY -+/04 0.96
SN YAY e AL - /Py
ON Y/ VY —h/0 0.96
PK Y/FY Y/ BYZR 0.98
AK Y/ VY - 0¥ 0.97
PBC AVAR) Vo ¥ VAR 0.96
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Fitting measurement model — External model

Reliability: Factor loads Cronbach'salpha Composite reliability

Convergent validity: Average Variance Extracted

Fornell-Larcker test

L

Fitting measurement model — Internal model

Divergent validity:

P —Value
RZ

Fitting general model
GOF index

L

Research hypothesis test

Direct effect analysis Indirect effect analysis General effect analysis

Figure 2. Conceptual model fitting algorithm

TABLE 4. Descriptive statistics of second-order factors

fSaeCctc;r;d—order Mean iteé\l/?st?gg Skewness  Kurtosis
Motivation ¥YNA AA7AR 0.96 YN
Opportunity YA/ O 7/7Y 0.95 i
Ability VAR UV 0.97 _a oY
Behavior Y e/AY \VARY VALd 0.97

calculate Cronbach's alpha, CR and AVE and the Laser
software was used to calculate factor loads. The
minimum acceptable value for Cronbach's alpha
coefficient is 0.7 [25]. The third step in examining
convergent reliability is to calculate the Composite
reliability. The minimum accepted value for Composite
reliability is also considered to be 0.7 [26]. According to

Fornell and Larcker [15], the AVE of any structure must
be greater than 0.5. The results of convergent reliability
and validity calculations are shown in Tables 5 to 9. As
the results of convergent reliability and validity
calculations show that the factor load of all items is
more than 0.5 and Cronbach's alpha coefficient of all
factors is higher than 0.7. Therefore, the reliability of
the present study is supported. In the convergent
validity test, for all first-order factors, AVE is higher
than the suggested threshold (from 0.61 to 0.88) and CR
is satisfactory (from 0.80 to 0.98), and AVE and CR are
also acceptable for second-order factors (Table 9),
which supports the convergent validity of the study.
Divergent validity is also supported because the value of
the AVE root of the latent variables in the major
diameter of the matrix is greater than the value of the
correlation between them in the lower and left cells of
major diameter (according to Table 10). According to
these results, it can be said that convergent reliability
and validity have been confirmed.

Table 5 statistics of fit of hidden variable and survey
items related to motivation factor, Table 6 statistics of
fit of hidden variable and survey items related to
opportunity factor, Table 7 statistics of fit of hidden
variable and survey items related to ability factor, are
available in appendix section.

As shown in the results of convergent reliability and
validity calculations, according to Table 9, the factor
load of all second-order factors are greater than 0.5 and
the Cronbach's alpha coefficient of all factors is higher
than 0.7. Therefore, the reliability of the present study is
supported. For the second-order factors, AVE and CR
are also acceptable in the convergent validity test, which
supports the convergent validity of the study.

To calculate the Fornell-Larcker index, the value of
the AVE root of the latent variables in the major
diameter of the matrix must be greater than the
correlation between those arranged in the lower and left
cells of the original diameter [14]. In this study, the
value of the AVE root of the hidden variables in the
major diameter of the matrix is greater than the
correlation value between them in the lower and left
cells of the major diameter (Table 8).

TABLE 8. Statistics of fit of hidden variable and survey items related to behavior factor

- - standard Factor Combined  Cronbach's

Hidden variables Item deviationSD  load  AVE  relibility alpha

Because forgetting multiple passwords is probable, | Ve LAY

use the same password for all my accounts.
Inforr_natlon - When someone sends me a link, | open it without 0.86 0.98 0.95
security behaviors - L ) /YA <A
making sure the link is valid.
1 will create a backup of my important information. AR «A¥




L. Bahrami et al. / [JE TRANSACTIONS C: Aspects Vol. 34, No. 12, (December 2021) 2624-2635 2631

TABLE 9. Statistics of fit of second-order factors

TABLE 11. Hypotheses of the internal model

o order TS v S Croben
factor factor
AT 0.98
AC 0.94
Motivation AR 0.05 0.92 0.99 0.98
PN 0.97
DN 0.97
Opportunity SN 0.92 0.89 0.98 0.96
ON 0.96
PK 0.95
Ability AK 0.97 0.90 0.99 0.96
PBC 0.91

TABLE 10. Divergent validity by Fornell-Larcker test

Factor AT AC AR PN DN SN ON PK AKPBC
AT AN

AC AN A

AR 7Y VAT VAR )

PN AR AL Y LAY

DN AN AD AF O AY NS

SN A AY A A8 AV A

ON AY NS A A G NA T NY A

PK UAYAY AN A8 AY NS Y /R

AK AN AT AR Y AN YE YR A A
PBC  +/AY AT AY AN AT ONY N AN AN R
4. 2. Structural Model Analysis The internal

model describes the relationship between the hidden
variables. To evaluate the internal model, the path
coefficient, t-statistic and coefficient R? (variance of
each factor) must be calculated. In the present study, all
the criteria required for structural model analysis have
been calculated by SPSS software. Path coefficients
represent the overlap level between the two hidden
variables. In other words, the path coefficient indicates
the existence of a linear causal relationship and the
intensity and direction of this relationship between the
two hidden variables. The path correlation coefficient is
a number between +1 and -1. A value of zero means that
there is no linear relationship between the two hidden
variables. According to Table 11, the magnitude of the
significance coefficients t for all relations in the model
is greater than 1.96, which means that the path
coefficient is accepted at the significance level of 95%.
Also, since the value of p statistic for all available
relations is less than 0.05, all hypotheses are confirmed.

Path T

correlation statistic © value Confirmed?

Number Hypotheses

1 Motlvatu_)n 0.040 32597  0.000 yes
— Behavior
) Opportunity 0.061 52.330  0.000 yes
— Behavior
3 Ablllt){-’ 0.846 34.648 0.000 yes
Behavior
Opportunity
4 — 0.446 19.23 0.000 yes
Motivation
Ability—
5 Motivation 049 2129 0o% yes

The coefficient R? is a criterion used to correlate the
measurements and the structural equation modeling and
shows the effect of an independent variable on a
dependent variable (Table 12). The higher the
coefficient of determination related to the dependent
variables of a model, the better the model fits. Three
values of 0.25, 0.5 and 0.75 are considered as the
criterion values for weak, medium and strong values of
R?[14, 15].

5. DISCUSSION

In this study, which was based on the MOA model, the
results confirm that awareness of consequences,
ascription of responsibility, personal norms and
attitudes play a role in creating the motivating factor.
Subjective norms, descriptive norms, and organizational
norms help create the opportunity factor. Perceived
behavioral control, perceived knowledge, and actual
knowledge play a role in creating the ability factor. It
can also be concluded that ability, opportunity and
motivation directly affect the information security
behaviors of organizational human resources, where, the
effect of ability is more than opportunity and that of
opportunity more than motivation. Also, the two factors
of opportunity and ability affect the behavior of
organizational human resources indirectly and through
the motivation mediatory factor. According to the
results, the mediating effect of motivation in the
relationship between the ability and behavior is less than

TABLE 12. Coefficients of determination of dependent
variables

Dependent variable Coefficient of determination (R?)

Behavior 0.883
Motivation 0.858




2632 L. Bahrami et al. / [JE TRANSACTIONS C: Aspects Vol. 34, No. 12, (December 2021) 2624-2635

8%, which is ignorable. According to the VAF concept
proposed by Zhao et al. [41], it can be inferred:

. Considering the coefficient of 0.079 as the total
effect of the opportunity factor on the behavior factor,
23% of the total effect is indirect,

going through the following path: opportunity —
motivation — behavior (0.079 + 0.040 x 0.446).

. 77% of the total effect of opportunity factor on
behavior is a direct effect, going through the path:
opportunity — behavior (0.079 + 0.061).

. Considering the coefficient of 0.866 as the total
effect of the ability factor on the behavior factor, 3% of
the total effect is indirect, going through the following
path: ability — motivation — behavior (0.866 + 0.040 x
0.495).

. 97% of the total effect of ability factor on
behavior is a direct, going through the following path:
ability — behavior (0.866 + 0.846).

Considering these values and the prominent effect of
“ability” in human resource security behaviors, it can be
concluded that holding the necessary training courses to
enhance information level and employees' abilities for
information security can motivate people to maintain
security and also improve their security behaviors. In
addition, creating organizational norms in the form of
financial and social rewards for observing information
security tips in the organization as well as creating a
demanding culture among employees (for example, if
your colleague does not pay attention to information
security tips, ask him to reconsider his behavior), can be
useful strategies to improve perceived employee
opportunities, which in turn improves security
motivation and behaviors. Organizational efforts can
also focus on exerting beneficial normative influence in
the organization to increase social norms. Conducting
personality tests on employees can also help managers
(especially human resources managers) to plan and
implement appropriate strategies correspondent to
personal differences in order to know the employees’
subjective norms, personal norms and to some extent,
their attitude and responsibility in order to maintain the
security of the organization's information as much as
possible.

5. 1. Research Limitations and Recommendations
for Future Research In carrying out any
research project, obstacles and limitations emerge on the
way. This study is no exception and therefore, we
indicate the existing barriers and limitations. One of
these limitations is the measurement tool used in this
study, because in this study, a questionnaire was used to
collect data, the inherent limitations of the
questionnaire, such as superficial consideration of real
events and scalability can prevent attaining real results
and the respondents have encountered perceptual errors
in answering the questions. Accordingly, new methods

can be used for data collection in future research. Also,
in this study, a total of 141 questionnaires have been
analyzed for data collection. Naturally, increasing the
number of questionnaires and consequently increasing
the number of available data can increase the
consistency and validity of the results. It should also not
be overlooked that the moderator variable was not used
in this study. In general, the use of adjusting variables
such as gender, age, work experience, etc. could provide
more comprehensive and accurate results. With the
variables defined in each of the MOA factors, this
framework can be used as a diagnostic tool to identify
the limiting factors of information security behaviors in
a particular organization and can become the basis for
future studies to identify the right strategies in order to
maintain information security and thus help decision
makers to create more efficient and targeted executive
programs to promote behavior change.
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7. APPENDIX

TABLE 5. Statistics of fit of hidden variable and survey items related to motivation factor

Hidden Item Standard Factor ayg  Combined  Cronbach's
variables deviation SD load reliability alpha
Adherence to workplace information security tips is essential. /Y Ay
Holding information security training courses for the V¥ Y
Attitude (AT) organization's employees is a waste of time and money. OAY A% LAY
Accomplishing a project in less time and with lower
information security levels is better than accomplishment of V/Y¥ A
the project in more time but with higher information security.
Observance of workplace information security tips will have W e
positive consequences for the organization.
Awareness of . . - . .
Consequences By observlr;g thebmfor_rqatlon security of the workplace, I will Y. A AT A% LAY
(AC) play a beneficial role for my organization.
Non-observance of workplace information security tips will \vE A
have adverse consequences for the organization's customers.
Because my involvement in information security is ignored by
the organization, I do not feel responsible for complying with VYA /40
my workplace security tips.
Ascription of y P v
Responsibility The responsibility for information security of my workplace \ Py LAY Vi34 VAN /A0
(AR) lies with the organization itself, not me.
| feel responsible for adhering to workplace information W e
security tips.
| feel guilty when | do not follow the information security tips vE A
in performing my duties.
Personal norms
(PN) No matter how others behave, | feel morally obligated to e Af /A VAN /20
follow the information security tips of my workplace.
| feel good when | follow the information security tips. V¥ Ay
TABLE 6. Statistics of fit of hidden variable and survey items related to opportunity factor
Hidden Item Standard Factor Ay Combined Cronbach's
variables deviation SD load reliability alpha
My colleagues are concerned about workplace security e e
vulnerabilities.
Descriptive My colleagues pay attention to information security in the AF ¥ 0.80 0.94 0.92
norms (DN) performance of their duties. ' ' '
My colleagues work to ensure the safety of workplace AF A
information.
My colleagues expect me to lock or shut down my system OAY VA
when it leaves.
I My colleagues expect me to be aware of the presence of AT N4
ﬁg:)rfs,cgﬁ) strangers when giving confidential information. ! ! 0.61 0.80 0.82
My colleagues expect me not to connect my personal
communication devices such as cell phones, flash memories, IAY A
etc. to workplace systems.
My organization rewards its employees (in various ways) AF VA
for adhering to information security tips.
- Observing information security tips in my workplace is AY A
(r?or?;zl(zgtll\lo)nal defined as an organizational culture and value. ! ! 0.64 0.84 0.85
The leadership and management of my organization strive to
provide in-house training courses to increase employee /A <IAY

awareness of information security.
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TABLE 7. Statistics of fit of hidden variable and survey items related to ability factor

Hidden Item Standard Factor  AVE Combined Cronbach's
variables deviation SD load reliability alpha

I'm constantly updating my knowledge of cyberattack

VoY N
malware and data theft methods. ! !
Perceived .
AY A7 Ay
Knowledge (PK) | know how to use the flrewall and update my system VA e / / /
security software.
I how to make the deleted files irrecoverable. VXY AL
The website address that starts with http guarantees \FY e
information security.
I am familiar with more than three of the following
Actual concepts. -Phishing attacks -Social engineering attacks - Ay .4 A A ¥
Knowledge (AK) DDOS attacks -Cloud database -Multi-factor
authentication
Before downloading a file, it can be checked to see if \PE A
it’s a virus.
I'm sure | can follow my workplace information AN A
security tips if | want to.
Perceived N - .
Behavioral It's entirely up to me Whettihesr | follow my job security V4 AV A ¥ Y
Control (PBC) pS.
Applying information security methods in my 127 Y

workplace is completely under my control.
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ABSTRACT

Gypsum is a soluble material, and it is one of the problematic components in the soil in the west of Irag.
Al-Najaf is one of the governorates in Iraqg which suffers from the gypsum content in different levels.
The soil of the city is mainly sand-sized particles bonded by different percentages of gypsum. The main
problem of this component is the dissolution upon the wetting process in unsaturated conditions. This
paper investigates the effect of decreasing the matric suction (wetting) on soil deformation under a
specific stress level. A modified Oedometer setup is used to perform the tests, including the application
of air and water pressures up to achieve the specific matric suctions. The investigation includes three
matrics suctions of (50, 20, and 0 kPa) and each under three net normal stresses of 221 kPa, 442 kPa and
885 kPa respectively. The soil specimens are remolded to 95% of the maximum dry density from the

?;jl’g/ gigls proctor test. The results revealed that _the highest value of collapse potential (CP)_ is un_de_r the stress of
221kPa. The greatest part of the CP is achieved before the saturation of the soil. This issue must be
considered in the analysis and design of the foundation in unsaturated gypseous sandy soils as an
improvement issue.

doi: 10.5829/ije.2021.34.12¢.08
NOMENCLATURE
Cu Soil water characteristics curve USCS Unified soil classification system
Cc Initial void ratio Sp Sand poorly-graded
Wn Natural moisture content pdry dry density
Ua Pore air pressure 0 Volumetric water content
Uw Pore water pressure Gs Specific gravity
owc Optimum water content Sm Matric suction

1. INTRODUCTION

Al-Najaf city is an important city in lrag due to its
religious value, and there are many preserved and
architectural heritage buildings which may be faced by
the risk of conservation. The city soil consists of more
than 70% of sand to a depth of 14m with gypsum content
varied from 10 to 30% in the upper 2m depth [1, 2]. The
spatial arrangement of sand, silt and clay grains, pore
geometry, size distribution and network connectivity
allows both capillary condensation and effective
capillary transport of water [3]. Granular materials have
a very low air-entry value. Besides, capillary forces

*Corresponding Author Institutional Email:
mohammedsh.alshakarchi@uokufa.edu.ig (M. S. Mahmood)

induced by suction increase the inter-particle stresses
resulted in a decrease in void ratio and increase of dry
unit weight [4]. Metastable characteristics of soils due to
high porosity and kind of cementation present a
temporally unstable structure when undergoing an
increase of wetting and/or variation of the stress state [5].

Gypseous soil is collapsible soil that causes problems
to buildings and structures constructed on them due to a
significant decrease in the shear strength as they are
exposed to wetting [6, 7]. This collapse depends on many
factors, such as the wetting process [8-11], higher
gypsum content, void ratio, permeability [12], initial
degree of saturation [13, 14] and soil time-based wetting

Please cite this article as: M. J. Abrahim, M. S. Mahmood, Effect of Wetting Progress on The Potential Collapse of Gypseous Sand using Modified
Oedometer, International Journal of Engineering, Transactions C: Aspects Vol. 34, No. 12, (2021) 2636-2641
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prior loading [15-17]. Gypseous soils experience
numerous changes in their physical and mechanical
characteristics due to their exposure to continuous mass
loss [18]. The soils’ bearing capacity is decreased by
about 50% due to the soaking process [19]. The shear
strength of the soil can be improved by advancing the
soaking time (long term) before shearing [20, 21]. The
settlement of the gypseous soils is increased and
continued relating to the increase of the gypsum content
due to wetting [17]. The shape and dimensions of
remolded soil specimens affect the reliability of the
deformation results, and the Oedometer cell (cylindrical)
gave a clear trend of results compared to other specimen
shapes (rectangular) [22].

The unsaturated state always presents in collapsible
soils where large collapse occurs with a decrease in the
matric suction (ua—uw) [18]. During wetting in the sand,
a sudden reduction in volume occurs, as observed by
means of granulometry, porosimetry, permeability,
optical and ESEM-EDS microscopy, thermogravimetry
and XR diffractometry, electric conductivity, and ionic
chromatography [19]. Unsaturated soil changes its
volume when the magnitude of the "ua—uw" or the net
normal stress changes, and this leads to the occurrence of
the phenomenon of collapse [23, 24]. Richards’ equation
is a nonlinear constitutive relation that described the
water flow in an unsaturated porous medium [25]. The
bearing capacity increased nonlinearly from 2.55 to 3.95
times as the suction increased [26]. The more increase of
the nano-clay to the gypseous soil sample, the more
decrease in collapse potential [27].

This paper investigates the effect of matric suction on
the deformation of sandy soil with high gypsum content
in Al-Najaf city, Irag. This investigation is performed
under different net normal stresses to represent the case
of wetting progression under a certain construction load.
The investigation is done using a modified Oedometer
cell which controls the air and water pressures.

2. MATERIALS, TOOLS AND METHODOLOGY

The tests are performed on a soil sample from Al-Najaf
city, Irag. The sample was disturbed and collected in a
plastic bag to maintain the natural water content. The soil
sample is mainly sand. Table 1 summarizes the main soil
identification properties and classification.

The natural water content is low (3%), and the soil
may act as a dry behavior. The low Gs is related to the
high gypsum content (29%), as to be stated in the
literature. The higher dry density in the field (1.829
gm/cm3) with lower water content may be attributed to
the bonding condition by gypsum material. Figures 1 and
2 illustrate the grain size distribution and standard
Proctor tests results.
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Figure 1. The particles size distribution of the soil sample
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Figure 2. The results of standard Proctor test.

TABLE 1. The results of soil sample identification and
classification tests..

Test name Specification Value
Sand, % ASTM D422 86%
Fine, % ASTM D422 1.74%
D10, D3o and Dgo, mm ASTM D422 0.22,0.47,1.45
Cu ASTM D422 6.6
Cc ASTM D422 0.703
USCS ASTM D422 SP
Gs ASTM D854 2.38
Gypsum content, % ASTM C25-99 29
Whn, % ASTM D2216 3
O.W.C, % ASTM D698 15
pdry, gm/cm?® ASTM D698 1.825

3. TOOLS AND EQUIPMENT

Figure 3 represents the scheme of the equipment and
tools that have been used in the tests. The modified
Oedometer is divided into three main categories. First,
the modified cell, second, the control board (system of
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the pressure application) and third, the data logger. The
following paragraphs illustrate the details of each part:

3. 1. Modified Oedometer Cell A modified
Oedometer cell was adopted to apply a specific matric
suction in unsaturated testing (wetting process) by
controlled application of air and water pressures. The
modified Oedometer consists of a top cap, a grooved base
plate, a High Air Entry ceramic disc (HAE), an inner cell
and an outer cell. The 5 cm diameter HAE disc is
installed on the base plate (by screws), and the grooves
in the base plate are acting as canals to drain the air
bubbles out through the flush valve before the work
begins. The pore air pressure (ua) is controlled and
applied through the top cap, while the pore water pressure
(uw) is exerted through the HAE ceramic disc and an O-
ring (outer ring) to avoid water leakage. The soil
specimen is remolded to the specific density in the inner
cell. Plate 1 illustrates the final setup of the modified
odometer test.

3. 2. Control Board Plate 2 shows the control
board through which the test is operated. The control
board consists of a compressor with a pressure capacity
of 11 bar (1100 kPa) to control the whole system, a
cylindrical container is filled with water to use in the
application of water pressure before the start of the test,
non-stretching tubes of 6 cm in diameter, regulators that

Pressure Regulator

Air EntryValve

m

Inner Cell
Quter Cell

Figure 3. The scheme of the used tools and equipment.

Entry
of water

i

Plate 1. The modified Oedometer cell.

can regulate the pressure up to 30 bar, a ruler to measure
the change in the water volume and sensors connected to
a data logger to read the specific pressures. For the safety
of the control board system, another regulator is
connected to the compressor to maintain the pressure
within suitable air pressure (3 bar) to the system.

3. 3. Datalogger and Software Plate 3 illustrates
the data logger, which consists of eight channels that
enable to perform more than one test. The data logger is
connected to a computer and to the control board by
sensors to read the applied water and air pressures. A
linear variable differential transformer (LVDT), 0.01
mm, to calculate the axial vertical displacement of the
specimen throughout the test. The software is a program
that is installed on the computer, through which the
readings of the settlement, the air and water pressure are
recorded per second or even milliseconds. The results are
also recorded on the excel sheet.

4. METHODOLOGY

For analysis, three soil specimens were prepared and
remolded into an Oedometer cell of 19.38 mm in height

- |

Pipes

Measurement of water volume change
Regulators

Sensors
b —

Ready | Stert Low | Log stert

Plate 3. Setup of the computer software
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and 50.31 mm in diameter, where the soil specimen was
stacked in four layers, each layer having a height of 4.85
to achieve the required density. The dry density is 95%
of the maximum dry density from the proctor test with
3% by weight water content.

The initial volumetric water content is around 2%,
and concerning the soil water characteristics curve
(SWCC) of the selected site, the initial matric suction
(Sm) is 50kPa. The initial matric suction of 50kPa is
selected depending on the natural water content of the
soil sample and using the soil water characteristics curve
(SWCC) [1].

A 1 bar (max difference between air and water
pressure is 100 kPa) HAE ceramic disc was selected
based on the natural water content that suited the 50 kPa
matric suction (as initial matric suction) from the
SWCCs, then, the matric suction is decreased up to
saturation condition (zero matric suction). Three matrics
suction values (Sm) were selected to perform the tests,
initial (50kPa), intermediate (20kPa) and zero matric
suction (saturated). The change in matric suction is
performed by maintaining the pore air pressure (ua=150
kPa) and increase the pore water pressure (uw=100, 130
and 150kPa). Each of the three specimens initially was
subjected to the initial matric suction (Sm=50 kPa), then
a gradual net normal stress was applied (55, 111, 221, ...
kPa) until reaching the specific stress level, then a change
in matric suction is applied (decreasing). These stress
levels are selected to draw the e-logo within the below
and upper designed bearing capacity limit of the site soil.
Table 2 illustrates the tests program.

5. RESULTS AND DISCUSSION

5. 1. Effect of Matric Suction Figures 4, 5and 6
show the settlement in terms of void ratio versus log net

TABLE 2. Tests program

Net Normal Stress, kPa

ﬁ?;;_ Wetting at221  Wetting at 442 Wetting at 885
kPa kPa kPa

50 55 111then 55,111, 221then 55,111, 221, 442
221 442 then 885

20 221 442 885

0 221 442 885

0 111* 221* 442*

0 221%* 111* 221*

0 442 221%* 111*

0 885 442%* 221%*

0 885 442%*

0 885%*

* unloading stage
** reloading stage

normal stress for different matric suctions (50, 20, 0 kPa).
Under all the investigated net normal stresses, there is a
clear decrease in the void ratio due to the wetting process
at matric suction of 20kPa, while this decrease is smaller
at matric suction of OkPa (saturation). This phenomenon
may be caused by first; the potential settlement is
completely achieved due to the stress level and

0,355

035 0-.,_\__
0,345 o
- =i [riitial Matric
034 Suction= 50kPa
= 0335
° A— Matric Suction =
£ o33 -
E \‘ 20Kpa
0325 \
= \
E 032 “-._ —a— Matrie Suction=
OkPa [Saturation)
0315 \
X
031
0305
0.3
1 15 A 2.5 3 35

Log net normal stress (o) kPa

Figure 4. The void ratio versus the log net normal stress for
different matric suction under a stress level of 221 kPa.
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0.315
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Figure 5. The void ratio versus log net normal stress for
different matric suction under stress level of 442 kPa.
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1 OkPa
033 — (Saturation)
031 N

0305

Void Ratio (e)
-~

0.3

1 15 2 15 3 5
Log net normal stress (o) kPa
Figure 6. The void ratio versus log net normal stress for
different matric suction under stress level of 885 kPa.
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dissolution of the gypsum, or, second, the lack of time,
whereas the specimen needed a longer time to reach the
matric suction of 20kPa than the OkPa.

Table 3 displays the collapse potential (CP) for each
level of the net normal stress and the matric suction,
according to Jennings & Knight modified method [18,
28]. Obviously, the highest CP (0.677) is under the net
normal stress of 221 kPa, and the highest part (0.639) of
the CP is due to wetting progress at matric suction of 20
kPa. With increasing the net normal stress, the CP is
decreased at 20 kPa of matric suction and increased in
saturation, and this can be explained due to the effect of
loading and gypsum dissolution interaction. This certifies
that the stress level of 200 kPa is an effective level to
evaluate the soil collapse, as indicated in the Jennings &
Knight modified method. All values of CP are within the
"no problem” category according to the classification of
severity by Jennings & Knight modified method, and
these values are within collapse degree of “slight”
according to ASTM D5333. These results may be
attributed to the high initial density of the specimen (95%
of the maximum dry density).

5. 2. Effect of Loading To investigate the effect
of net normal stress level on the behavior of the soil
specimen, two other specimens prepared from the same
sample are subjected to other levels of stress, 442 kPa and
885 kPa. Figures 5 and 6 show the results under the stress
levels of 442 kPa and 885 kPa, respectively.

With higher initial settlement (initial Sm=50 kPa), the
trends of the deformation versus time are close to that
under net stress of 221 kPa. With an initial higher stress
level, the effect of the wetting process is low. The
settlement ratio increases with Sm=20 kPa is 1.1404
under the stress of 442 kPa, while the settlement ratio
increase is 1.0629 under the stress of 885kPa.

In higher stress levels, there is an increase in the time
required to achieve both the specific matric suction and
the total settlement, and this may be attributed to the
restriction of the stress on the water volume change in the
soil voids. The settlement ratio increases with Sm=0 kPa
is 1.0448 under the stress of 442 kPa, while the settlement
ratio increase is 1.0676 under the stress of 885 kPa.

TABLE 3. The Collapse potential under different net normal
stresses and matric suction.

Net normal stress, Collapse potential (CP)

kPa ¥=20 w=0 Total
221 0.639 0.038 0.677
442 0.413 0.150 0.564
885 0.263 0.301 0.564

6. CONCLUSIONS

The recent paper investigates the effect of wetting
progression due to different matric suction (50, 20 and
OkPa) in unsaturated gypseous sand using a modified
Oedometer. This investigation is performed under three
different levels of net normal stresses (221, 442 and 885
kPa). From the current investigation, the following points
can be concluded:

e With decreasing in the matric suction (wetting), there
is an increase in soil settlement under the different net
normal stress levels.

e From the investigation, the net normal stress level of
221 kPa is dominated in the calculation of collapse
potential (CP), where the related CP is the highest
during wetting advancement in the unsaturated soils.

e The main part of the collapse is before the saturation
(matric suction = 0 kPa) in unsaturated soils, which is
the most important issue to be considered in the
analysis and design of foundations in unsaturated
gypseous sandy soils.

e It is recommended to investigate the effect of
different stress levels, matric suction, and initial soil
properties on the stability of the structures.
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ABSTRACT

The Travelling Salesman Problem (TSP) is one of the fundamental operational research problems where
the objective is to generate the cheapest route for a salesman starting from a given city, visiting all the
other cities only once and finally returning to the starting city. In this paper, we study the Travelling
Salesman Problem in uncertain environment. Particularly, the single valued triangular neutrosophic
environment is considered viewing that it is more realistic and general in real-world industrial problems.
Each element in the distance matrix of the Travelling Salesman Problem is presented as a single valued
triangular neutrosophic number. To solve this problem, we enhance our novel column-row heuristic
Dhouib-Matrix-TSP1 by the means of the center of gravity ranking function and the standard deviation
metric. In fact, the center of gravity ranking function is applied for defuzzification in order to convert
the single valued triangular neutrosophic number to crisp number. A stepwise application of several
numerical Travelling Salesman Problems on the single valued triangular neutrosophic environment
shows that the optimal or a near optimal solution can be easily reached; thanks to the Dhouib-Matrix-

Travelling Salesman Problem

TSP1 heuristic enriched with the center of gravity ranking function and the standard deviation metric.

doi: 10.5829/ije.2021.34.12c.09

1. INTRODUCTION

In 1995, Smarandache [1] introduced the philosophy of
neutrosophic which covers wide concepts more than the
intuitionistic (that can handle only the incomplete
information); which consists of: set, probability,
statistics, logic and theory. The neutrosophic number can
handle three independent memberships: Truth (T),
Indeterminacy (1) and Falsity (F), where T, | and F are
subsets of [0, 1*].

Several recent research papers deal with the
application of neutrosophic concept. Ibrahem et al. [2]
developed a neutrosophic analytical hierarchy process
model to measure the degree of credit risk for a private
Bank. Khalifa Abd El-Wahed and Kumar [3] solved the
neutrosophic assignment problem where the matrix
elements; they presented as interval-valued trapezoidal
neutrosophic number using the order relations technique.
Moreover, Hamiden [4] used the weighting Tchebycheff

*Corresponding Author Institutional Email:
dhouib.matrix@gmail.com (S. Dhouib)

technique to generate a relative weights and ideal targets
for the multi-objective assignment problem in the
neutrosophic trapezoidal fuzzy situation. Prabha and
Vimala [5] optimized the triangular fuzzy neutrosophic
assignment problem is using the branch and bound
technique and the efficiency is illustrated on a real-world
agricultural problem. Chakraborty et al. [6] deigned a
new score and accuracy technique is to convert the
pentagonal neutrosophic fuzzy numbers into crisp
numbers for the transportation problem in pentagonal
neutrosophic environment.

Subasri and Selvakumari [7] solved the travelling
salesman problem in neutrosophic environment with
trapezoidal fuzzy distance via the branch and bound
method. In addition, Subasri and Selvakumari [8]
optimized the TSP in neutrosophic domain using
triangular fuzzy distance through the ones assignment
method.

Obviously, the TSP is an NP-complete problem [9].

Please cite this article as: S. Dhouib, Optimization of Travelling Salesman Problem on Single Valued Triangular Neutrosophic Number using
Dhouib-Matrix-TSP1 Heuristic, International Journal of Engineering, Transactions C: Aspects Vol. 34, No. 12, (2021) 2642-2647
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Its objective is to find the cheapest route of a salesman
starting from a given city, visiting all the other cities only
once and finally returning to the starting city. This
problem has been formulated by Equation (1):

szijpu

i=1 j=1

3 i =1 i1=1..n

2P ®

Where pjj is a binary variable (if city i and city j are not
connected then p; = 0 else p; = 1) and d; denotes the
distance between city i and city j.

Our investigation shows that all of the research papers
in the field of neutrosophic theory in operational research
were intensive on the transportation problem and the
assignment problem. Likewise, very limited number of
research papers focused on solving the TSP in
neutrosophic environment. Motivated by the above-
mentioned problem, this paper proposes the first
resolution of the TSP in single valued triangular
neutrosophic environment with center of gravity score
function. In fact, each element dj in the TSP distance
matrix is considered as a single valued triangular
neutrosophic distance and defuzzied to crisp number
using the center of gravity score function. Hence, this
TSP is optimized by our recently invented heuristic [10]
entitled Dhouib-Matrix-TSP1 (DM-TSP1). Moreover,
this paper presents the first application of the DM-TSP1
to the neutrosophic domains.

The rest of this paper is structured as follows. In
section 2, we study the neutrosophic number concept. In
section 3, we present the proposed DM-TSP1 heuristic
enriched with the center of gravity ranking function. In
section 4, we illustrate the resolution by applying the
adapted DM-TSP1 technique on several numerical
examples. Finally, in section 5 we present the conclusion
and our further research work.

2. THE TRINAGULAR NEUTROSOPHIC NUMBER

This section gives a brief overview of the triangular
neutrosophic concept [11, 12]. The triangular fuzzy

number Y is denoted by Y = (v,.Y,Y,) where y_, y,
and y_are real numbers with y <y <y . Let’s

consider X a space of points where the generic elements
in X are denoted by x.

The single valued triangular neutrosophic number YN
over X has the form of

YU =T (0, (X),FL (X)), x e X} where  the

functions T., 1. F.:X —] 0,1'[ with the condition

0<T.(X)+1.()+F, (x)< 3.

The truth (T), indeterminacy (1) and falsity (F)
membership functions for the single valued triangular

neutrosophic number Y" =([y,,V,, I v AL
are defined by Equation (2):

(X_ ya):uYN
_— y <
yb - ya
—X .
TYN(X): M, yb ngyc
yc - yb
0, otherwise

Y, —X+(X=y,)v.,
EE—— AR
Yo =Y.
X=y, +(Y, = X)v,.
L. (x)= — "y <x<y, 2
yc _yb
0, otherwise
Y, =X+ (X=y,)4,
VY, Sx<y,
yb _ya
X=y, +(y, - X)/IVN
F.()=y————— ¥, <x<y,
Y. =Y,
0, otherwise

3. THE PROPOSED METHOD: Dhouib-Matrix-TSP1
(DM-TSP1)

We designed and developed a novel column-row method
namely DM-TSP1 to solve the TSP [10]. Then, we
adapted the DM-TSP1 heuristic for the case of: the
trapezoidal fuzzy TSP [13] and the octagonal fuzzy TSP
[14]. Moreover, a stochastic version of DM-TSP1 named
DM-TSP2 was performed [15]. More recently, we invent
a simple heuristic, entitled Dhouib-Matrix-TP1, in order
to optimize the transportation problem [16]. This paper
introduces the first resolution of the TSP in single valued
triangular neutrosophic environment. Furthermore, this
paper also presents the first application of our DM-TSP1
heuristic on the neutrosophic environment.

The DM-TSP1 heuristic starts by the defuzzification
of the single valued triangular neutrosophic number to
crisp value using the center of gravity (COG) ranking
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function described by Broumi et al. [17]. For a triangular
fuzzy distance Y =[y_,y,,y.] with y <y <y, the
COG is computed as Equation (3):

. 1
COG(Y):Z[ya+2><yb+yC] (3)

Thus, the score and the accuracy functions for the single
valued triangular neutrosophic number

Y=Y, Y YD (e v, AL))  are defined s
follows:

. ) 244, -V, -1,
S(Y")=COG(Y )x%

VoA

) 4)
a(Y")=COG(Y")x v 3

Here is an example of single valued triangular
neutrosophic number Y" =((3,6,9),0.9,0.5,0.1y which

can be converted into a crisp number (with the value
equal to 4.60) by the means of Equations (3) and (4):

1
COG(Y") =Z[3+2><6+9]:6

And

. 2+0.9-05-0.1
S(Y ):GXf:AGO

Figure 1 depicts the graphical representation of the single
valued triangular neutrosophic number
Y" =((3,6,9),0.9,0.5,0.1) .

The DM-TSP1 is composed of four steps iterated in a
sequential manner as described in Figure 2.

The DM-TSP1 heuristic is developed using the
Python programing language in a sequential structure.
However, we will look in a further research to insert the
DM-TSP1 in a multi-agent structure as reported in

Single Valued Triangular Neutrosophic Number
'DM-TSP1 Heuristic'

10 e .
0.8 : A&KT
0.4

02

0.0

0 2 a 6 B 10 12
Figure 3. Graphical representation of the single valued
neutrosophic number

*Compute the standard deviation for each row and write it
on the right-hand side of the matrix. Next, find the
minimum standard deviation value and select its row.
Then, select the smallest element in this row which will
specify the two first cities x and y to be inserted in the list
List-cities {x, y}. Finally, discard the respected columns of

city x and city y.

oFind the minimum element for city x and for city y and
select the smallest distance which will indicate city z.

sAdd city z to the list List-cities and discard its column.
Next, go to step 2 if there is not a discarded column
otherwise go to step 4.

+Modify the realizable solution in List-cities in order to
generate a cycle (the starting city in the cycle has to be
also the last one). First, to ensure that the starting city
will be at the first position, translate all the cities (one by
one) before the starting one at the end of the list.
Second, duplicate the starting city at the last position.

Figure 2. The four steps of the DM-TSP1 heuristic

literature [18, 19, 20] using different metric functions
(Min, Max, Standard Deviation) in each agent.

4. COMPUTATIONAL RESULTS

Three numerical examples are used to prove the
performance of the proposed DM-TSP1 heuristic.

4. 1. Numerical Example 1  Consider the following
symmetric TSP with single valued triangular
neutrosophic distance (see Figure 3).

Where:

d, =((4,6,10);0.8,04,0.2),d_ ={(2,59);0.7,0.6,0.3)
d, =((4,7,9);0.6,06,03) ,d_=((4,6,10);0.8,04,0.2)
d, =((158);08050.2),d, =((27,9);0.8,05,04)
d, =((2,5,9);0.7,06,03) ,d_ =((1,5,8);0.8,05,0.2)

o d, d, d,
le 0 d 23 d 24
d31 d32 0 d34
d, d, d oo

2 42 43

Figure 3. The single valued triangular neutrosophic distance
matrix
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d, =((1,510);0.8,03,0.1),d, =((4,7,9);0.6,0.6,0.3)
d, =((2,7,9);08,05,04),d_=((15710);08,03,0.1)

For all single valued triangular neutrosophic distance
in the TSP distance matrix will be converted into crisp
numbers by using Equations (3) and (4). Here is an
example, the single valued triangular neutrosophic

distance ((4,6,10);0.8,0.4,0.2) in the element d,, is
converted into the crisp distance equal to 4.76 by:

1
COG(d,) = ~[4 +2x6 +10] = 6.50
4

and

2+08-04-0.2
8(d,) = 650 —————— =477

Similarly proceeding for all single valued triangular
neutrosophic distance we get the crisp distance matrix
(see Figure 4).

Now, from the given crisp distance matrix the
standard deviation for each row is computed and the
smallest standard deviation value is selected which is
1.59 in row 3 (see Figure 5) and finding its minimal
element (at position ds1).

Insert cities 3 and 1 in the List-cities {3-1} and
discard their columns. Next, select the smallest values for
row 3 and row 1 (see Figure 6).

The smallest value is in row 3 is at position ds2. Thus,
insert city 2 at the left side (because it is generated from
city 3) in the List-cities {2-3-1} and discard column 2
(see Figure 7).

Similarly, select the smallest element in rows 1 and 2,
which is 3.83 at position dis. Then, insert city 4 at the
right side (because it is generated from city 1) in the List-
cities {2-3-1-4} and discard column 4 (see Figure 8).

Finally, if there is no more columns to select so the
last step is to generate a cycle from the List-cities {2-3-
1-4}. Starts by translating the city from left position to

o 477 315 3.83
477 o 3.33 3.96
315 333 o 4.20
383 396 420 =

Figure 4. The crisp distance matrix

w 477 3.15 383 1.79
477 » 333 3.96 1.81
333 o 420
3.83 3.96 420 = 1.74

Figure 5. Select the element da1

w 477 3.15
477 » 333 396
Bis] B33 = 420
383 396 420

Figure 6. Discard columns 3 and 1

a0 4.77 15
4.77 el 33
3.15] 3.33 o0
383 396 420

[U8]

[U%]

Figure 7. Discard column 1

) 477 3.15 3.83
4.77 0 3.33 3.96
3.15] 3.33 ® 4.20

383 3.96 4.20 %)

Figure 8. Discard column 4

the right one until the city number 1 will be at the first
position: so, translate city 2 to the last position to obtain
{3-1-4-2}; hence, translate city 3 to the last position to
get {1-4-2-3}. Finally, add city 1 to the last position to
obtain the cycle {1-4-2-3-1}. Therefore, the crisp optimal
solution found by the DM-TSP1 heuristic using the
center of gravity ranking function is {1-4-2-3-1} =3.83 +
3.96 + 3.33 + 3.15=14.27.

4. 2. Numerical Example 2 Here is a second
example, let us consider the following 5x5 distance
matrix with single valued triangular neutrosophic
number. Where:

d =((1,9,20);09,04,0.1) ,d_=((2,9,25);08,05,0.1)
=((5,7,9);09,07,01) ,d_=((2,9,19);0.4,0.4,0.3)

(1,9,20);09,04,0.1),d =((3,9,14);0.7,03,03)

3

)
(5,8,13);0.6,0.2,04) ,d_=((7,9,18);0.4,0.1,0.1

)
((2,9,25);08,05,0.1),d_=((3,9,14);07,03,0.3)
) )

2
2
3

d14
dz1
d24
d31
daa
d =((5,7,9);09,07,01) ,d_=((5813);06,0.2,04)
d

(
(
((4,8,17);08,05,0.2) ,d_=((5,9,15);0.9,0.6,0.1
=
=

(4,8,17);08,05,02) ,d_=((1,9,16);07,04,03)
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=((2,9,19);04,04,03) ,d_=((7,9,18);0.4,0.1,0.1)

=((5,9,15);09,06,0.1) d_ <(1916) 0.7,0.4,0.3)

Flgure 9 depicts the five steps needed to solve the 5x5
distance matrix with single valued triangular
neutrosophic number.

4. 3. Numerical Example 3 Let us consider the
following 5x5 distance matrix where the distance d;; are
presented as follows:

=((2,8,18);08,03,02) ,d_=((19,24);0.9,06,02)
dm ((4,9,15);06,05,02) ,d_=((3,6,13);056,0.3,0.3)
d =((2818);08,0302),d_=((6,919);09,04,01)
d =((17,12);09,01,02),d_=((59,18);0.9,08,0.2)
d =((1,9,24);09,06,02) ,d_=((6,9,19);0.9,04,0.1)
d_=((38,23);07,0101),d_=((2832);06,0504)
d =((4,9,15);06,05,02),d_=((17,12);09,01,0.2)
d_=((38,23);07,01,01),d_=((2511);0.9,0.3,0.1)
d_=((3,6,13);06,03,03),d_=((5,9,18);0.9,0.,0.2)
d. =((2,8,32);06,05,04) d_=((2511);09,03,0.1)

Figure 10 depicts the flve steps needed to solve the
5x5 distance matrix with single valued triangular
neutrosophic number.

5. CONCLUSIONS

The Travelling Salesman Problem aims to generate the
shortest cycle among all cities where each city is visited
only once except the first city which should be revisited at
the end.

Step 1: Step 2:

7.80 825 490 5.53] 204 » 780 825 490

780 = 613 567 788 289 780 « 613 5.67 7388
825 613 = 648 6,97 287 e . B ’

5.67 648 x 583 @ 613 o g 60?
551 migs s97 595 < | 390 .67 648 @ 5.83
15,53 788 697 58 o |

Step 3: Step 4:

@ 7.80 825 490 5,53 [0 780 825 490 5,53]
780 »  6.13 5.67 17.88 780 w [6,13] 5,67 7.88
825 6.13 =« 648 6,97 825 6,13 « 648 6,97
490 |5.67] 648 = 5,83 490 5.67 648 @ 5,83
5.53 7.88 5.8 (@ 5,53 7.88 5,83 =
Step 3:

0 7.80 825 490 5,53
7.80 ) 6,13 5,67 788
825 6,13 & 6.48 6.97 |
490 5,67 648 o0 5,83 |
[5.53 7.88 6,97 5,83 @ |

Convert this root {3-2-4-1-5}
to a tour: {1-5-3-2-4-1}
With cost =29.20

Figure 9. Just 5 steps to solve the 5x5 distance matrix

Step 1: Step 2:
[ » 690 753 586 4.67| 548 [ 6.90 7.53 467
1 6.90 % 8.60 585 6.49| 203 6.90 - 8.60 585 6.49

|7.53 8.60 8.75 7.08| 3. -
: 2 % 64 ’.A 2 ; el 7.53 8.60 e 8.75 7.08
|5.86 585 875 «» 479 2.85

|[E67] 649 7.08 479 586 585 875 o 479

467 6.49 7.08 ®

Step 3: Step 4:

@0 6.90 7.53 5.86 4.67 0 6.90 [7.53] 5.86 4.67
6.90 @ 8.60 585 6.49 6.90 0 8.60] 585 6.49
7.53 8.60 x 8.75 7.08 7.53 8.60 & 8.75 7.08
5.86 |5.85| 8.75 » 4.79 586 585 8.5 » 4.79
467 6.49 7.08 4.79 o0 467 649 7.08 4.79 )
Step S:

0 690 7.53 5.86 4.67
6.90 @ 8.60 585 6.49
7.53 8.60 @ 875 7.08
586 585 875 » 4.79
467 649 7.08 4799 a |

Convert this root {2-4-5-1-3}
to a tour: {1-3-2-4-5-1}
With cost=31.44

Figure 10. Just 5 steps to solve the 5x5 distance matrix

Neutrosophic philosophy can be used to solve many
real-life problems like the travelling salesman problem. In
this research work, the Dhouib-Matrix-TSP1 heuristic is
proposed for solving the neutrosophic triangular fuzzy
travelling salesman problem using center of gravity
ranking function. The efficiency of this heuristic was
proved by solving several numerical case studies.

Our further research work will be focused on adapting
the Dhouib-Matrix-TSP1 heuristic to solve other
neutrosophic forms (trapezoidal, octagonal, etc.) using
different score functions and on enhancing the Dhouib-
Matrix-TSP1 to solve the neutrosophic environment in the
multi-objective travelling salesman problem widely
occurred in real life industrial situations.
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ABSTRACT

The web and social media are overcrowded with news pieces in terms of amount and diversity. Document
clustering is a useful technique that is widely used in organizing and managing data into smaller groups.
One of the factors influencing the quality of clustering is the way documents are represented. Some
traditional methods of document representation depend on word frequencies and create sparse and large-
sized document vectors. These methods cannot preserve proximity information between documents. In
addition, neural network-based methods that preserve proximity information suffer from poor
interpretability. Conceptual text representation methods have overcome the shortcomings of previous
methods, but semi-supervised text clustering does not currently use concept-based document
representation. This paper presents a two-level semi-supervised text clustering method that uses labeled
and unlabeled data simultaneously to achieve higher clustering quality. In the first level, documents are
represented based on the concepts extracted from the raw corpus. Second, the semi-supervised clustering
process applies unlabeled data to capture the overall structure of the clusters and a small amount of labeled
data to adjust the center of the clusters. Experiments on the Reuters-21578 and BBC News data collections
show that the proposed model is superior to other semi-supervised approaches in both text classification
and text clustering.

doi: 10.5829/ije.2021.34.12c.10

1. INTRODUCTION

documents into numerical vectors. The most common way
to represent a document, known for its interpretability and

News documents on web pages as well as social networks
are the main source of textual data due to the widespread
use of Internet [1]. News articles flood the web every day
through many major or minor news portals around the
world. As the amount of online information resources
increases rapidly, so does the content of available online
news [2]. To analyze a large number of documents, text
clustering is applied, which is a method of dividing a group
of documents into different clusters based on content
similarity [3]. This method has many applications in news
recommender systems [4-5], news classification, emotion
analysis [6], text summarization [7], etc.

The clustering function relies mainly on the
representation of documents that aims to convert raw

*Corresponding Author Institutional Email:
hmashayekhi@shahroodut.ac.ir (H. Mashayekhi))

intuition, is the Bag-of-Words method [8], which
represents a document vector with its word frequencies.
However, although it is easy to interpret, it suffers from
unreasonable dimensions. Deep neural network methods
such as Convolutional Neural Networks (CNNs) [9] and
Doc2Vec [10] create reasonable dimensional vectors to
represent documents.  Nevertheless, the resulting
representations are not easy to interpret because the
constituent values of the document vector are calculated
through complex neural network weight structures.
Clustering is a primary method for discovering the
natural structure of unlabeled data [11]. One of the newest
methods is the use of labeled data to improve the
performance of unsupervised clustering [12]. The basic

Please cite this article as: S. M. Sadjadi, H. Mashayekhi, H. Hassanpour, A Two-level Semi-supervised Clustering Technique for News Articles,
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idea is that unlabeled data form the overall structure of the
clusters, and some labeled data set the center of the clusters.
This method uses both labeled and unlabeled data, called
semi-supervised clustering [13]. Nowadays many semi-
supervised clustering methods have been proposed for
various applications. In clustering methods such as SOM
[14] and Naive Bayes Expectation-Maximization [15],
unlabeled data is first labeled, and then these new labeled
data and the original labeled data train the model. But it is
not clear how much data needs to be re-labeled and how
reliable it is.

To solve these problems, we introduce a new two-level
method for semi-supervised documents clustering, which
makes full use of labeled and unlabeled data, while
maintaining  proximity  information and  high
interpretability of documents. The words are represented in
vectors using the Word2Vec [16] algorithm to utilizing the
semantic similarity of the continuous space. In the first
level, similar word vectors are grouped into clusters. In the
second level, documents are represented based on these
clusters. This proposed method can obtain the underlying
components of documents while maintaining their
interpretability. A semi-supervised clustering algorithm is
applied on the documents in the new space to obtain the
final document clusters. Because the model is explicable, it
provides humans deeper understandings of texts and more
explicit operation logic for reasoning.

This paper is organized as follows. In section 2, some
related works of document representation and semi-
supervised clustering are reviewed. Our proposed concept-
based model for semi-supervised document clustering is
presented in section 3. Section 4 presents the datasets used
and the experimental results, and detailed analyses are
presented in section 5. Ultimately, our work is concluded
in section 6.

2. RELATED WORKS

2. 1. Text Representation The Bag-of-Words
(BoW) method has limitations such as large dimensionality
and suffering from sparsity. Some succeeding
representation techniques, such as Latent Semantic
Analysis (LSA) [17] diminishes the term-document matrix
into a low dimension matrix. Although it works more
efficiently than the Bow method, it diminishes the matrix
in linear space and fails to identify the non-linear semantic
similarities between the words. The Word2Vec [18], a two-
layer neural network, is a model for transforming large text
into a multidimensional vector space. As the name implies,
by training neural network weights, each word in the raw
corpus is represented as a unique vector that can maintain

a semantic similarity between words. One of the most
important contributions of Word2Vec is that words that
occurred in a similar context will be close in embedded
space and will preserve the semantic similarities between
the words. Also, while high dimensions and sparsity are
weaknesses of BoW, the vectors produced by Word2vec
have reasonable, optimal, and dense dimensions. For this
reason, many machine learning and text data mining
problems can be solved through Word2Vec [19].

Le et al. [10] proposed the Doc2Vec model, which
utilizes textual information from words and paragraphs
mutually to obtain the representation of texts in a
continuous vector space. Due to the fewer dimensions of
the produced document vectors, it is more effective than
BoW. In addition, research has shown that Doc2Vec is
more effective than Word2Vec in solving clustering
problems [20]. Nevertheless, low interpretability and
unclear logic behind document vectors' generation
procedure are the problems of the Doc2Vce method.

In this study, the documents are represented based on
the concepts in the text. In this regard, Kim et al. [16]
proposed the Bag-of-Concepts (BoC) method. It creates
concepts through clustering word vectors generated by
Word2Vec. Then, the document vector is formed
considering the frequency of concepts in the documents.
But this method does not suggest a solution for text
clustering. Jia et al. [21] used the concept decompositions
method to cluster short texts. They presented a
decomposition approach to obtain concept vectors that
generate by identifying the semantics of word communities
in a weighted word co-occurrence network extracted from
the short text set.

Lee et al. [22] proposed a new way for representing
documents. Their method is based on concepts that
automatically receive appropriate conceptual knowledge
from an external knowledge base and then conceptualizes
the words and terms of the documents with a probabilistic
approach. Their method, using an external knowledge base,
provides a better understanding of document representation
for humans. They also diminish concept ambiguity through
clustering concepts with related meanings to improve the
BoC algorithm. To evaluate the performance of the
proposed method, their model is evaluated in the field of
document classification.

2.2.Semi-Supervised Clustering Semi-supervised
clustering is considered an alternative to conventional
unsupervised methods. A complete review of some semi-
supervised clustering algorithms is presented by Zhu et al.
[23].

In a study, Dara et al. [14] used self-organizing map
(SOM) for semi-supervised clustering of texts. First,
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unlabeled texts are labeled, and then these texts, along with
the previously labeled texts, are used to train the classifiers.
However, their proposed method does not specify how
much re-tagging of unlabeled data is required, which is one
of the disadvantages of this method. A combination of
Naive Bayes and Expectation Maximization (NBEM)
algorithms for semi-supervised clustering was also
presented [15]. This model repeatedly tags unlabeled data
in a loop and uses this newly labeled data to retrain the
model. Basu et al. [24] suggested MCP KMEANS, a
method that merges two similarity-based and search-based
clustering approaches. Although a combination of these
two approaches may enhance clustering quality, their
objective function may fall to a local minimum. Zhang et
al. [25] designed an algorithm named TESC for text
classification using semi-supervised clustering. The main
difference between this method and other semi-supervised
methods is that this method uses labeled and unlabeled
documents together. The TESC algorithm assumes that the
document set consists of several components and uses a
clustering process to obtain these text components. After
clustering, the process of classifying test documents is
based on calculating the distance to the clusters' centroids.

Lee et al. [26] proposed a distributed method for semi-
supervised documents clustering similar to the TESC
algorithm. The difference between this method and the
TESC method is that clustering is distributed and
performed by several sub-algorithm simultaneously. The
results are then collected from sub-clusters. The advantage
of this method is higher speed and accuracy that can
compete with the TESC method. Gan et al. [27] state that
prior knowledge can reduce the quality of semi-supervised
clustering if incorrectly collected. The basic premise is that
when the label of a labeled sample is identified as risky, the
predictions of the labeled instance and the nearest
homogeneous unlabeled instances should be similar. This
is performed through unsupervised clustering then creating
a local graph to model the similarities between the labeled
and the nearest unlabeled instances.

In another algorithm, document clustering using
automatic generation constraints is applied to classify
documents [28]. The intrinsic structure of the text data is
analyzed using a partial clustering algorithm. The
clustering algorithm allows reaching a set of must-
link/cannot-link constraints that can be applied in semi-
supervised clustering. Constraints are then considered as a
semi-supervision factor in a hierarchical clustering
algorithm.

Lu et al. proposed a method that uses concept
factorization to improve document clustering performance
with supervisory data [29]. This approach involves
pairwise penalty and reward constraints on conceptual

factorization, which can guarantee that the data points of a
cluster in the main space are still in the same cluster in the
converted space.

In this paper, we present a method that uses labeled and
unlabeled data simultaneously; however, our method is
different from earlier approaches as well as the TESC
method. In the TESC method, most data are labeled and
only less than 3% of the data are unlabeled. In the proposed
method of this research, large fractions of data are
unlabeled and only a limited number of labeled data are
used. This difference significantly reduces the cost of data
tagging in real-world applications. In addition, most of the
mentioned semi-supervised document clustering methods
neglect the issue of document representation, which can
greatly affect the clustering results. In this paper, a semi-
supervised document clustering algorithm based on the
conceptual representation of documents is presented that
can be used in a variety of applications.

3. THE PROPOSED METHOD

This paper introduces an innovative semi-supervised
clustering approach for news documents based on their
conceptual representation. It is assumed that the input
document set is split into unlabeled and labeled documents.
Each document is constituted of a set of words. The purpose
is to reach a clustering model C = {C, ..., C,,} of the
documents, such that U,<;<,, C; =Dand ;N C; =@ (1 <
i #j < m),where(D) = Document set.

Figure 1 presents the complete training procedure of the
suggested model, expressed in terms of three steps:
preprocessing, document representation, and clustering.
This method, which represents documents based on their
constituent concepts, takes advantage of the simultaneous
use of both labeled and unlabeled data types for document
clustering. In the following sections, we describe in detail
all three steps of the proposed model.

3. 1. Text Preprocessing Initially, documents are
tokenized after removing stop-words and pre-processing
the texts. The word embedding model Word2Vec [30] is
utilized to train word relationships from the input document
set. The tokenized words of documents set are employed as
an input for training the Word2Vec model. Consequently,
each token in the words set (W) is:

represented with a dense vector in the embedded space. The
most notable contribution of the Word2Vec neural network
model is that words that occur in a similar text are placed
close to each other in the embedded space, after clustering
these embedded words, words with related meanings are
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Figure 1. Proposed document clustering model

placed in the same cluster and concept, which helps to
maintain semantic relationships between words.

3. 2. Documents Representation Documents
representation is based on the concepts extracted from the
data corpus. In the document representation stage, firstly a
set of concepts are extracted from the set of words W, such
that each concept consists of an exclusive set of words. The
main idea for deriving concepts is to implement a clustering
algorithm on a set of words (W) to group it into several
clusters, each of which represents a concept. Following the
construction of the concepts, each document is represented

by a vector formed by concepts (J).

The Spherical K-Means clustering algorithm
employing the cosine distance is applied to cluster word
vectors. The procedure of the Spherical K-Means algorithm
is the same as the K-Means clustering algorithm and it
assigns each data to a cluster with a predetermined value
for the number of clusters, and updates each cluster center
according to the cluster data membership in the previous
iteration. Since Word2Vec maximizes the cross-product of
embedded vectors and context vectors, the cosine distance
has been used as the proper criterion for clustering nearby

word vectors into a common cluster and measuring
distances between word vectors in semantic space.

Each cluster created by Spherical K-Means clustering is
considered as a concept. Document vectors are constructed
using these concepts. Words with similar meanings are
divided into the same cluster according to the clustering
efficiency and semantic space trained by the Word2Vec.
Therefore, each word in the text corpus will be regarded as
a concept's member. Because each word may be present in
many documents, it is not a proper discriminator for
machine learning applications [31], so Concept Frequency
- Inverse Document Frequency (CF-IDF) Equation (1) is
applied to the produced word vectors to eliminate the
unfavorable effects of common words between concepts.

D]

CF — IDF(Ci,d]-,D) = CF(Ci,dj) X ]Og m (1)

where (c;,d;,D) = (Concept;, Document;, Corpus)

The number of concepts and consequently the length of
document vectors are arbitrary and defined by the user
considering the processing complexity and storage
constraints. It may also be determined experimentally
according to the dataset. In this regard, the clustering
accuracy may be evaluated for an increasing number of
concept. As reported later in the experiments, it is observed
that after a certain value, the accuracy does not change
significantly. This value can determine number of
concepts. After extracting the document vectors, it is time
to cluster the documents. For this purpose, the clustering
algorithm is implemented on the conceptual vectors of
documents.

3. 3. Semi-supervised Clustering Once the
documents have been created based on the conceptual
representation, it is time to cluster the constructed
document vectors. In the clustering process, two documents
with similar concepts are expected to have the same
vectors. In this step, which uses both unlabeled and labeled
data types, labeled documents are used as supervisors of the
clustering process. Labeled and unlabeled document
vectors are entered as input to the semi-supervised
clustering algorithm. Spherical K-Means clustering is used
to partition vectors. The resulting clusters may contain data
from several different labels, so in a purification process
described below, the gross clusters are broken down into
smaller pure clusters.

Based on the data labels in each cluster, the proposed
algorithm decides whether the cluster needs to be purified
or is already pure. Also, the decision on how many smaller
clusters to break the gross cluster is one of the tasks of the
clustering algorithm, which is performed according to the
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following purification procedure which is repeated until all
clusters have a label:

1. The cluster contains data from only one label: the
cluster is transferred to the final clustering result.

2. The cluster contains both unlabeled data and data
from one label: The label of labeled data is selected as the
cluster label.

3. The cluster contains several different labels: The
cluster is divided into the number of labels and each of
these sub-clusters contains only one type of data label.

4. The cluster contains several labels and unlabeled
data: Purification is performed according to procedure 3,
with the difference that unlabeled data will also have a
separate sub-cluster.

5. The cluster is composed entirely of unlabeled data:
Using the cosine distance, the nearest center of the labeled
cluster is selected and its label is assigned as the label of
this unlabeled cluster.

Once the purification is complete, all clusters will have an
appropriate label.

After the document vectors are clustered using the
semi-supervised clustering described in Figure 1, the
document output clusters are identified as components of
the text corresponding to the document categories. Each of
these clusters is labeled and can be used in the test data
clustering process. Each test data uses the cosine distance
to find the nearest center of the cluster and chooses the label
of that cluster as its label.

The method proposed in this research has the following
contributions:

Previous methods of document representation have
disadvantages such as not maintaining non-linear semantic
relationships between words. Also, neural network-based
methods such as Doc2Vec suffer from low interpretability.
The method proposed in this paper is based on the
conceptual representation of documents, in addition to
maintaining  non-linear  relationships, has  high
interpretability and intuition. Since the proposed method is
a semi-supervised clustering method, large amounts of data
can be clustered and categorized with acceptable accuracy
with low overhead and low cost. This point is beneficial in
the application of social networks and stream data where
the amount of unlabeled data is large. One of the most
important advantages of this method over deep learning
methods is that, unlike deep learning networks, the logic of
the proposed method is clear, and with the addition of new
data, there is no need to re-train the model.

3. 4. Complexity Analysis Since the proposed model
consists of two levels, the time complexity of each level is
calculated separately and the training total time complexity
is obtained from the sum of these two values. At the first
stage, to form the concept vectors of documents, due to the

existence of the Word2Vec model, the time complexity
value is equal to O (N xlog(V)), where N is the total
corpus size and V is the unique-words vocabulary count
[17]. Also, the time complexity of the concept extraction
part is equal to O (tkV"), where t is the number of iterations
of the algorithm, and k is the number of concepts.

In the second step, the semi-supervised clustering
algorithm is calculated with time complexity O(t'mN +
N), where t" is the number of iterations of the algorithm,
and m is the number of final clusters. As a result, the overall
time complexity of the architecture presented in this
method is a maximum of O( N = log(V) + tkV + t'mN).

4. DATASET

In this paper, two datasets consisting of news documents
are used to evaluate the proposed model. The Reuters-
21578 news dataset includes a collection of news items
published on the news agencies' websites. The Reuters-
21578 set of documents is related to the news that was
published on the Reuters website in 1987, which was
collected by Reuters’ staff in 1991. In this study, 2110
documents from four different categories are chosen as
"agriculture” (571 documents), "crude" (580 documents),
"trade" (483 documents), and "interest" (476 documents)
are randomly selected after deleting the uncommon words.

The second dataset is the BBC News documentation,
which includes 2,225 news documents published from
2004 to 2005, and was compiled in five categories in 2006.
In this study, all 2225 documents from five different
categories are chosen as follows: "tech™ (401 documents),
"sport” (511 documents), "politics” (417 documents),
"entertainment” (386 documents), and "business" (510
documents).

Some common natural language pre-processing tasks,
such as case folding (converting uppercase to lowercase
letters), removing punctuations, removing stop-words, and
tokenization, are applied to the document collection. For
fast Word2Vec training, words that have occurred less than
5 times in the entire datasets are removed.

5. EXPERIMENTS

Various experiments have been designed and performed to
observe the performance of the proposed model. The
proposed model is compared with K-Means, Bag-of-
Concepts (BoC) [16], TESC (BoW) [25], and Doc2Vec
[10]. To compare, there is a need for criteria to measuring
the efficiency of the mentioned methods, which are
described in the following.
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The Normalized Mean Squared Error (NMSE) criterion
expresses the quality of the clustering performed. This
criterion calculates the average squares of the errors, and
the normalized numerical value gives an output between 0
and 1, and smaller values show a lower variance within the
cluster. The NMSE metric is defined in Equations (2) and
(3), in which u is the set of cluster centers, X is the set of
data points, and u., is the cluster centroid of the data point

Xi.

1
MSE (X, 1) = 3 Xi(x; = lie,)? )
Yi(xi—pc;)?
NMSE (X, ) Z%W 3)

The Normal Mutual Information (NMI) is a cluster
criterion that evaluates the quality of data clustering
according to their pre-given labels. The NMI evaluates how
the clustering algorithm can reconstruct the original data
labels [32]. This criterion can be used when the data label
is available. The output of this numerical criterion is in the
range [0,1], which shows the statistical similarity between
the labels of the generated clusters and the original labels
of the data. A value of zero indicates a failed cluster
assignment, while values close to one indicate that
clustering can recreate real data classes. The NMI criterion
shows better performance in presenting the quality of
clusters than the entropy criterion. This is because the
entropy criterion depends on the number of clusters, and
the higher the number, the better the entropy criterion. But
the NMI standard is not like this and does not necessarily
increase as the number of clusters increases. Equation (4)
shows the mathematical definition of this criterion.

_ I(CK)
NMI = (H(C)+H(K))/2 @
I(X;Y) = HX) — HX|Y) (5)

Equation (5) is the mutual information between the random
variables X and Y , H(X) is the Shannon entropy of X,
H(X|Y) is the conditional entropy of X givenY, C is the set
of class labels and K is the set of cluster labels.

In this paper, not only the quality of the generated
clusters is evaluated, but also the real application of this
method in the classification of news documents is
evaluated. For this purpose, the classification accuracy
criterion is introduced, which is a criterion that expresses
the performance of a classifier with a percentage value.
This value shows that of all the test data, how many data
are rightly classified. By dividing the number of rightly
classified samples by the total number of samples, the
amount of accuracy is obtained. Equation (6) shows the

measure of accuracy. In this regard, ¥, is the class
prediction for example L.

Zil(h=yi) (6)

Accuracy = T

5. 1. Results

5. 1. 1. Effect of the Number of Concepts In
document representation, the number of concepts
determines the length of the document vector. Therefore, it
would have a significant effect on the performance quality
of the proposed model. The performance of the proposed
model, in terms of clustering quality and classification
accuracy, when the number of concepts varies, is shown in
Table 1. According to the results of this table, the best
performance occurs when the number of concepts is 300
and after that, there is no noticeable increase in both
clustering and classification accomplishments. Compared
to BowW method, which depends on the number of words in
the text, a significant improvement in classification
accuracy is observed. Also, compared to BoC method,
which displays the text conceptually, it is observed that
with the addition of labeled documents, the proposed model
shows its superiority. In subsequent experiments, the length
of the document vector is assumed to be 300.

5. 1. 2. Effect of Window Size In the suggested
model, to maintain nonlinear semantic relations between
words, a word embedding method Word2Vec is used.
Word2Vec neural network training depends on parameters
that one of the most important parameters is the size of the
window. At each stage of the neural network training, a
slider window is moved on the text so that the words in this
window can be used as input and output of the neural
network. Experiments have shown that the larger the
window size, the model would be trained better, and the
generated word vectors would be more effective as a result
of clustering.

Tables 2 and 3 examine the effect of window size
changes on clustering quality and document classification
accuracy. As shown in Tables 2 and 3, the performance of
the proposed model improves as expected by increasing the
window size. This performance improvement is obtained
because the neural network encounters more words at each
stage and can predict output more likely. Semantic
relationships between words are more discovered and have
a significant effect on the weight of the neural network. In
this experiment, 80 percent of data is used for training with
200 labeled documents.

The values mentioned for NMI and NMSE indicate that
as the window size increases in word embedding, the
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quality of the clusters also improves. For example, in Table
2 (Reuters-21578), when the window size changes from 4
to 20, the NMI value increases from 0.274 to 0.33, which
indicates better quality. The mean squared error also shows
a decreasing trend. As the evaluation metrics are negligibly
improved in larger window sizes, in order to avoid
additional overhead and reduce the time complexity, a
window size of 8 is considered to train the Word2Vec
model in subsequent experiments.

TABLE 1. Performance of the proposed model when the number
of concepts varies - (Reuters-21578)

TABLE 4. NMI scores of news document clustering for proposed
model compared with K-Means, TESC (BoW), and Doc2Vec at
the various percentage of labeled documents — (Reuters-21578)

The

percentage of

labeled 4% 9% 14% 18% 22% 27%
documents (#  (100) (200) (300) (400) (500) (600)
of labeled

documents)
K-Means 0198 0.261 0.305 0.342 0.367 0.345
TESC [25] 0.165 0.189 0306 0.397 0413 0.388

Doc2Vec [10] 0.243 0.292 0.362 0.375 0413 0421
Proposed model 0.331 0.370 0.435 0.457 0.460 0.481

Number of

Concepts 100 200 300 400 500 600

Proposed Model
Classification 69.33 7420 76.32 76.12 77.02 77.13
Accuracy (%)

BoC
Classification 66.31
Accuracy(%) [16]

TESC (BoW)
Classification 62.65
Accuracy (%) [25]

Proposed Model

Clustering NMSE 0.124 0.114 0.106 0.107 0.105 0.103

BoC Clustering

NMSE [16] 0.1340
TESC (BoW)

Clustering NMSE 0.1803
[25]

TABLE 2. Performance of the proposed model when the size of
the window varies - (Reuters-21578)

Window Size 4 8 20
Classification Accuracy 63.9 % 67% 72%
NMI 0.274 0.33 0.38
NMSE 0.1191 0.1031 0.1007

TABLE 3. Performance of the proposed model when the size of
the window varies - (BBC News)

Window Size 4 8 20

Classification Accuracy 745%  76.7% 76.8%
NMI 0.421 0.449 0.511
NMSE 0.1038  0.0961 0.0904

5.1.3. Effect of the Number of Labeled Documents
Another factor influencing the quality of semi-supervised
text clustering is the number of labeled documents. To
observe the effects of labeled data on the quality of
clustering, an experiment is designed in which the number
of labeled data changes though the number of unlabeled
data is kept constant. In this analysis, 80% of the documents
are used for training and the remaining 20% for testing.
Tables 4 and 5 show the NMI values of proposed model
clustering for various numbers of labeled documents
compare to other methods when the number of unlabeled
documents is fixed.

Clustering with the proposed model on Reuters-21578
is of better quality than other methods. It is also noteworthy
that as the number of labeled documents increases, the NMI
value and therefore the clustering quality increases
significantly. For example, in a case, when 9% of all
documents are labeled (200 documents), the value of The
proposed method is 0.370, TESC (BoW) 0.189, Doc2Vec
0.292, and K-Means 0.261. In the worst case, when only
4% of all documents are labeled (100 documents), the NMI
value of the proposed model does not fall below 0.331,
while other methods produce far fewer NMIs and lower
quality clusters. The same trend and performance for the
BBC News dataset can be seen in Table 5.

As can be concluded from Tables 4, 5, and Figure 2,
with the increase of labeled documents, the quality of the
resulting clustering has an increasing trend. Comparing the
values in Tables 4 and 5, it can be seen that the architecture
presented in this paper for semi-supervised clustering of
documents has significantly improved the quality of news
document clustering. Because of the concepts and
components of the text have been extracted, the proposed
method can create cluster labels corresponding to
documents classes, which is why the NMI in the proposed
method is higher than other methods.
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Tables 6 and 7 show the accuracy of the classification
of news documents for the proposed method compared to
other methods. As can be seen from these tables, the

TABLE 5. NMI scores of news document clustering for proposed
model compared with K-Means, TESC(BoW), and Doc2Vec at
the various percentage of labeled documents — (BBC News)

The
percentage of

labeled 4% 9% 14% 18% 22% 27%
documents (# (100) (200)  (300)  (400) (500)  (600)
of labeled

documents)

K-Means 0.236 0301 0.338 0.361 0.389 0.390
TESC [25] 0.200 0.237 0.352 0432 0.463 0.469
Doc2Vec[10] 0.339 0.365 0.393 0.420 0.437 0.494
Proposed 0421 0453 0471 0478 0529 0555
model

NMI score

9% 14%

Doc2Vec

18%

22%

>roposed Model

27%

The percentage of labeled documents

Figure 2. NMI scores of news document clustering for
proposed model compared with K-Means, TESC(BoW), and
Doc2Vec at the various percentage of labeled documents —
(Reuters-21578)

TABLE 6. News document classification accuracy of the
proposed model compared with TESC (BoW), and Doc2Vec at
the various number of labeled documents — (Reuters-21578)

Number of
labeled
documents

200

250

300

350

400

450

TESC (Bow)
(%) [29]

Doc2Vec (%)
[10]

BoC [16]

Proposed
model (%)

63.32

64.00

72.06

64.02

67.23

74.45

64.23

70.64

65.36

72.23

66.31

75.12

76.01

66.32

71.62

76.11

66.90

73.17

77.37

2648-2657 2655

TABLE 7. News document classification accuracy of the
proposed model compared with TESC (BoW), and Doc2Vec at
the various number of labeled documents — (BBC News)

Number of

labeled
documents

TESC (Bow)
(%) [25]

Doc2Vec (%)
[10]

BoC [16]

Proposed
model (%)

200 250 300 350 400 450

64.68 68.19 69.46 7137 7211 7245

67.81 69.60 73.42 76.35 76.57 77.92

69.45

7551 76.67 77.84 7871 8134 81.92

classification accuracy of the proposed method is at least
4% superior to other methods. It is clear that with the
increase of labeled documents, the accuracy of classifying
news texts has increased.

6. CONCLUSION

In this research, a concept-based method for semi-
supervised clustering of news documents is presented. The
main idea is that the way documents are represented affects
the quality of clustering and classification of documents.
For this purpose, a two-level semi-supervised clustering is
proposed that extract concepts from corpus words, and
represents documents based on the concepts. This method
of document representation overcomes the weaknesses of
previous methods and has high interpretability by
describing documents in low dimensions. The method
proposed for clustering document vectors is a semi-
supervised method that uses a limited amount of labeled
data. This method uses unlabeled data to capture the overall
structure of clusters and labeled data to set cluster centers.
It also identifies the structure and components of the text
and creates clusters corresponding to the data classes.
Experiments have shown that the method proposed in this
paper has a significant advantage over other methods of
semi-supervised clustering of the text. Also, the effect of
various parameters such as window size, document length
(number of concepts), and number of labeled documents
have been studied and evaluated. The results are
satisfactory but more studies can be done in the future. For
example, the use of N-Grams in training the Word2Vec
neural network model may produce better results.
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The paper seeks to highlight and analyze the relationship between the occupants’ displacements of
chest and pelvis and the deceleration of vehicle in frontal crash accidents. A testing scheme including 5
groups of dynamic tests was devised and conducted. Totally, 5 kinds of acceleration pulses were
employed to simulate the real crash. The experimental finding indicates that the integral values and
shapes of vehicle’s deceleration pulses can influence the occupants’ chest and pelvis displacements to
some extent; thus, having effects on the risks of secondary collisions between occupants and the
vehicle. How the deceleration pulses of vehicle influence the secondary collision is also clarified in the
paper by a comprehensive comparison of testing results between different groups. Further research can
be carried out on optimization of deceleration pulses of vehicle in the frontal collisions and on how to
reduce the risks of secondary collisions based on the findings.

doi: 10.5829/ije.2021.34.12C.11

1. INTRODUCTION

Deaths and injuries from road traffic crashes continue to
be major global public health problems and gradually
draw more attention. In some countries, reduction in
fatalities from road traffic crashes has been treated as
one of public policy objectives. Many researches have
been conducted and many measures have been taken to
tackle the problems [1-3]. As a kind of protection device
widely used in the field of passive safety of vehicles,
seat belts are of great importance in securing safety and
saving lives in frontal crash accidents by restraining the
occupants and preventing secondary collisions between
drivers or passengers and the vehicle [4]. Without the
use of seat belts, frontal crash accidents could actually
cause severe injuries and fatalities that should have been
preventable or reduced to some extent if occupant
restraint systems such as seat belts are employed and
function normally [5]. Thoracic injury, lumbar spinal
injury, pelvic injury, abdominal injury and many other

*Corresponding Author Institutional Email: wzhk2008@yeah.net (Z.
Wei)

kinds of injuries are common in crash accidents, and to
a great extent may occur in the secondary collisions
without the proper restriction upon the adult occupants’
chest and/or pelvic displacements [6, 7]. Displacements
beyond limits have become an obvious phenomenon
related with the secondary collision directly. Generally
speaking, the fewer traffic-related injuries and deaths of
occupants are reported in crashes in places with the
higher usage rate of seat belts [8]. Therefore, it is
necessary to improve seat belt usage rate and public
awareness [9, 10]. In addition, measures could be taken
to find the factors that affect the usage rate and to curb
the misuse and neglect of seat belts crucial for
occupants [11].

In many cases, occupants still suffer from injuries or
fatalities even if they wear seat belts, for various factors
including deceleration of the vehicle which influences
occupant restraint systems’ safety performance in
frontal crash accidents that usually bring about abrupt
deceleration [12, 13]. Especially in extreme cases,
chances of restraint systems’ failure increase and the
occupants are exposed to the danger of secondary
collisions. Therefore, it deserves deep research on the
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Accidents, International Journal of Engineering, Transactions C: Aspects Vol. 34, No. 12, (2021) 2658-2664
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failure mechanism of seat belts under specific testing
conditions and how to avoid the risk of secondary
collisions. To ascertain the effect of vehicle deceleration
on the secondary collision between occupants and the
vehicle is the essential prerequisite of further research,
and also the emphasis of current research.

Compulsory seat belt legislation and corresponding
technical standards play an important role in improving
seat belt usage rate and promoting safety and
standardization of products [14-16]. UN Regulation No.
16 being the uniform provisions concerning the
approval of seat belts, specifies the requirements and
test methods required for assessment of the safety
performance. According to the test methods, dynamic
tests can be conducted to obtain the information about
the manikin’s kinematic characteristics, thus simulating
the real crash accidents. The process of real crash
reconstruction involves choosing the proper equipment
such as trolley and dummy, finishing the specified test
procedure, collecting the essential information and
analyzing the data obtained, and aims to provide test
results as accurately as possible. Even though UN
Regulation No. 16 provides a good reference for the
current research, the test methods specified by the
regulation are executed under the condition that the
curve of trolley’s acceleration or deceleration is within
the zone defined by the low and high corridors.
Meanwhile, in order to ensure the objectivity, accuracy
and generality, a set of deceleration or acceleration
curves should be taken into consideration, and could
include but not be limited to the curve specified by the
regulation, in view of various factors [17].

Until now there are fewer researches on the effect of
vehicle deceleration on injury potentials of adult
occupants  caused by  secondary  collisions
comparatively. Due to the rapid development of
computation and inspection technologies, numerical
simulations and experimental research have been
conducted to optimize the restraint system, to evaluate
the ability of seat belts to protect occupants, and even to
investigate injury mechanisms in the crash, etc. [18-20].
As a complement to experimental study, numerical
simulation can be used to predict the trends, and yet it
needs to be validated by experimental methods [21, 22].
Besides, the accuracy is limited to the algorithm [23].
The research exclusively employs the experimental
methods with the aim of getting the more exact results.

Actually, it is of benefit to ascertain the effect for
improving the passive safety related with seat belts
further. On the one hand, the vehicle deceleration
influences the safety performance and poses risks for
occupants when seat belts work normally [24]. Most of
the time, seat belts can effectively restrain the adult
occupants and protect them from the potential
secondary collisions. But it doesn’t mean that such
restraint systems as seat belts can provide

comprehensive protection absolutely, instead it is still of
great use in figuring out how to give full play to seat
belts’ functions. All possible aspects should be taken
into consideration in the process, and the effect of
vehicle deceleration undoubtedly belongs to the most
obvious ones. On the other hand, the vehicle
deceleration may be fatal under extreme conditions [25].
Once damages caused by the abrupt deceleration to seat
belts make it unable for seat belts to function, or the
failure of seat belts restraining occupants’ displacements
to a safety range occurs, secondary collisions become
inevitable and subsequently result in injuries, and even
fatalities [26]. Although all kinds of occupant restraint
systems including seat belts reduce the risks of
collisions between occupants and the vehicle,
possibilities of secondary collisions still exist, for the
fundamental reason is that the wvehicle deceleration
makes occupants subject to inertial forces that are
closely related with thorax and pelvis displacements.
There is a causal link between vehicle deceleration and
secondary collisions to some extent. Values of
displacements exceeding norms permitted constitutes
part and parcel of secondary collisions, and therefore
this research focuses on studying and exploring the
relationship ~ between vehicle deceleration and
displacements of the chest and pelvis.

2. METHODOLOGY

2. 1. Dynamic Test Preparation In frontal crash
accidents, the wvehicle undergoes rapid or violent
deceleration and in the process, the deceleration could
be deemed as a function of time within stopping
distance. Deceleration versus time profile could be
obtained by an accelerometer mounted on the trolley
that is employed to simulate real crashes and reproduce
the required pulses. Trolleys can be classified into 2
kinds, one being the deceleration type, and the other
being the acceleration type. The latter is convenient to
use and has excellent properties of repeatability and
reproducibility, with a lack of efficiency being the main
disadvantage of the former. Therefore, acceleration
trolley was chosen as the key equipment to conduct the
research and acceleration pulses of the trolley were
collected accordingly. Meanwhile, UTAC R16 dummy
conforms to the technical regulations such as UN
Regulation No. 16, and is suitable to measure the thorax
and pelvis displacements. Cable extension position
sensor shown in Figure 1 has the advantage of accuracy
and reliability, and outweighs other devices used to
measure displacements in dynamic tests. Two cable
extension position sensors being the better means to
measure the parameters required than high speed camera
which induces deviations because of camera angles,
could be adopted as the measurement devices for
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collecting the data of displacements, as displayed in
Figure 2.

Deceleration pulses that occur in real crashes could
be easily reproduced and simulated by acceleration
trolley, and reconstructing the frontal crash is mainly
based on the reproduction of the pulses. Only under the
conditions that pulses of acceleration are nearly
identical to the ones in real crashes, specified by certain
regulations or defined regularly can test results be
comparable and analyzed. Hence, a testing scheme
incorporating a set of dynamic tests using different
acceleration pulses was devised in order to ensure
objectivity and universality. The testing scheme
contains 20 tests involving 5 different kinds of pulses,
as is shown in Table 1, and tests generating pulses of the
same kind are listed into the same group.

In order to reduce the interference of installation
mode, 20 3-point seat belt samples of the same kind
were used in the tests, and the coordinate values of
anchorages were identical to each other. The
recommendations about anchorages by UN Regulation
No. 16 were given priority to, and the seat belts were all
installed according to the requirements so as to ensure
the consistency of test conditions.

2. 2. Test Procedure The R16 fixture was
employed to install seat belts and restrain UTAC R16
dummy to the seat. Before each test and in the process
of installation, the retractor had been so installed that
the retractor was able to operate correctly and stow the
strap efficiently. A board 25 mm thick was placed
between the back of the dummy and the seat back. The
belt was firmly adjusted to the dummy. The board was

the sensor used to
measure thorax
displacement

the sensor used to
measure pelvis,
displacement

Figure 2. Two sensors installed respectively to measure
thorax and pelvis displacements

then removed so that the entire length of its back was in
contact with the seat back. A check was made to ensure
that the mode of engagement of the two parts of the
buckle would entail no risk of reducing the reliability of
locking. The final state of the dummy restrained by a 3-
point seat belt just before a dynamic test starts is
illustrated in Figure 3. The mode was repeated in every
installation process to ensure the same initial state
before the acceleration trolley was propelled each time.

Besides, the accelerometer was mounted directly at
the bottom of the trolley. As the device to monitor the
acceleration of trolley, it collected the essential data and
then the acceleration pulses were obtained in the tests.
Cable extension position sensors were mounted behind
the dummy and their heights were equal to those of the
dummy’s thorax and pelvis measuring positions
respectively. Similarly the displacement pulses of
dummy were captured and served as the information
input for analysis of the risks of secondary collisions.
The acceleration trolley was propelled to the
acceleration strictly according to the target curves set
previously.

2. 3. Safety Assessment Only when the thorax and
pelvis displacements of R16 dummy are controlled to a
certain range, the possibilities of secondary collisions
can be reduced. As specified in most regulations
including UN Regulation No. 16, in the case of 3-point
seat belts, the forward displacement shall be between
80 and 200 mm at pelvic level and between 100 and
300 mm at chest level. The evaluation criteria being
oriented to injury prevention, are based upon
comprehensive consideration of factors such as the
inner space of a vehicle, injury mechanism of
occupants, and emergency locking properties of seat
belt assembly, etc. So values of displacements
exceeding the limits could be perceived as non-
conformance with regulations concerned, and then risks
of collisions are generated.

Furthermore, safety assessment is made under
certain conditions that test results are compared and
analyzed within groups of tests generating the
acceleration pulses that have certain relations with each

Figure 3. R16 dummy restrained y a 3-point seat belt on the
trolley of acceleration type
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other. On account of regularity of the test scheme
especially in the physical specifications of acceleration
pulses, the trends of displacements could be displayed
by comparing the values acquired by sensors and pulses
acquired by the accelerometer.

3. RESULT AND DISCUSSION

After all the dynamic tests, acceleration pulses of the
trolley and dummy’s displacements of chest and pelvis
were collected, classified, and analyzed. As displayed in
Figure 4, the first 3 groups of tests were carried out at 3
different settings of amplitudes of acceleration pulses,
while the shapes of pulses showed no obvious
differences except for the amplitudes, i.e., the lasting
time and the trend of each pulse were almost identical to
others, but the integral values of the pulses varied to
some extent when different acceleration curves were
adopted in tests. The integral value of acceleration pulse
for the continuous time is equal to the velocity of the
trolley, and the velocity has a positive effect on the
trolley’s kinetic energy, while the deceleration pulse
which is related with many factors such as the vehicle
structure, the weight, and collision angle etc., in real
crashes, determines how the energy can be absorbed. A
total amount of 12 pulses of 3 different kinds were
generated in groups I, 11 and 111 of tests, as is illustrated
in Figure 4. Among the 3 kinds of pulses, one kind is in
compliance with requirements about the acceleration
curve specified in UN Regulation No. 16, as Figure 5
shows. Figure 6 displays the differences of velocities of
trolley. The differences between the 3 Kkinds of
acceleration pulses mainly lie in the amplitudes that are
related with the magnitude of kinetic energy under the
condition that the lasting time or pulse width of
deceleration in each test undergoes few changes. It can
be seen from the test results that the condition has been
satisfied. Therefore, further inferences can be made
based on comparison between the displacement pulses
of chest and pelvis, in view of the energy transfer from
the trolley to the dummy. As is shown in Figures 7 and

Ist test
2nd test
3rd test
— dth test
— Sth test
— 6th test
— Tth test
8th test
9th test
10th test
11th test
12th test

acceleration:

0 10 20 30 40 50 60 70 80
time: ms
Figure 4. Comparison of acceleration pulses between groups
I IT& I

Corridor
— Isttest
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20
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10

0 10 20 30 40 50 60 70 80

time: ms
Figure 5. Acceleration pulses in the first 4 dynamic tests in
accordance with UN Regulation No. 16
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Figure 6. Comparison of velocities between groups I, 11 & 111

8, the displacement pulses show obvious regularity
accompanying the changes of acceleration.

In groups IV and V of tests, another 2 kinds of
acceleration curves were used and repeated 4 times
respectively and subsequently a total amount of 8
acceleration pulses were generated in dynamic tests, as
is indicated in Figure 9. In order to facilitate comparison
between the results, the 4 test pulses generated in line
with the regulation were also displayed in Figures 9 and
10. Meanwhile, measurements of the dummy revealed
different patterns of displacement pulses when tests
were conducted with different setups, i.e., when
different acceleration curves were selected as the objects
to simulate in dynamic tests. Integral values of the 3
kinds of acceleration pulses were almost identical with
each other, while the pulse widths and amplitudes were
different. Although the kinetic energy of the trolley was
almost the same in each test, the steep and narrow pulse
had the reverse effect on the displacements of dummy
with the flat and wide pulse. As displayed in Figures 11
and 12, comparison between displacements of chest and
pelvis indicates that the shape of acceleration pulses can
influence the possibility of secondary collision even
when the velocities are the same.

The test results are summarized in Table 1. It shows
that when velocity of the trolley is constant,
displacement of the dummy and steepness of the pulse
move in tandem, i.e., they have a positive correlation. If
velocities of the trolley vary and the lasting time of
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acceleration pulses remains unchanged, with the shapes
of pulses being similar to a great extent, the
displacement of the dummy will also be influenced.
Taken as 2 variables, displacement of the dummy will
increase as velocity of the trolley increases, with other
conditions being almost the same. Similarly, when
velocity decreases, the displacement also shows the
same trend.

4. CONCLUSION

The paper seeks to highlight and analyze the effect of
deceleration on secondary collisions between adult
occupants and the vehicle based on taking into
consideration the relationship between the trolley’s
acceleration and R16 dummy’s chest and pelvis
displacements of movement in frontal crash accidents
by means of experimental methods.

Findings of conducting the testing scheme reveal
that the velocity of vehicle and the shape of vehicle
deceleration pulses can both influence the displacements
of occupants’ chest and pelvis in a crash. Actually, the
velocity equals the integral value of vehicle’s
deceleration. In other words, deceleration of the vehicle
is the main factor that has obvious effects on occupants’
displacements related directly with secondary collisions.
In order to avoid the risk of secondary collisions, it’s
necessary to reduce the vehicle velocity which may lead
to different amplitudes of deceleration pulses.
Meanwhile, improving the structure of vehicle and
safety performance of seat belts is also of importance,
for it’ll optimize the deceleration pulses and bring about
lower possibilities of secondary collisions.
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This study presents an experimental study of engineering properties of soil stabilized with cement and
fly ash for layers in roadway construction. The fly ash was used in this study satisfies the requirement
according to ASTM C618. Five proportion mixes were used in this work with varying quantities of
ordinary Portland cement amounts of 8, 10% cement and combination of 8% cement with fly ash content
of 2%, 4%, and 6%. Specified curing periods of 7, 14, 28 days were applied for all types of specimens.
Some engineering tests were carried out, such as unconfined compressive strength (UCS), splitting

Keywords: tensile strength, stiffness of stabilized soil, SEM, and XRD techniques. SEM images, magnified 3000
B[“e Lhaye’ times, showed that compacted soil structure was found as small and odd particles arranged without gel
;;‘;if:mg Tensile Strength bound, while cement-fly ash stabilized soil was covered foam formation due to cement-fly ash crystal,
Stiffness of Modulus and small particles cannot be observed. The peak intensity of silicon oxide was seen in the region 26-

28° with an angle of 26. In addition, cement and fly ash significantly improved the mechanical properties
of stabilized soils. Finally, the specimen containing 8% cement and 2% fly ash at 14-day curing had a
splitting tensile strength greater than 0.45 MPa, satisfying the base layer of road construction requirement
according to current Vietnamese standards. The obtained results provided a shred of evidence for capable
of using fly ash for road construction in the context of an increase in the fly ash generated in thermal
power plants.

Unconfined Compressive Strength

doi: 10.5829/ije.2021.34.12C.12

1. INTRODUCTION The properties of clayey soils are usually
characterized by compression, low shear strength, low
shear capacity, and highly swelling potential [2], resulted
in not be capable of using in subbase and subgrade of
road construction. Significantly, volume changes due to

Vietnam significantly developed and constructed
infrastructures such as roads, dams, and industrial zones
in recent years. Among them, road construction was more

paid attention because of the soft soil layers underneath
that caused unexpected collapses and failure. For three
past decades, the employments of ordinary cement and
blended cement have been developing significantly.
Ordinary Portland Cement (OPC) and Portland concrete
are prevalent materials in civil engineering due to their
strong, durable, and cheap characteristics; however, they
have significantly affected environmental drawbacks.
Cement manufacture releases significantly CO;
emissions during the limestone combustion and
calcination processes [1].

* Corresponding Author Institutional Email: phantoanhvu@tdtu.edu.vn
(V. T. A Phan)

shrinkage and swelling cause road surface deformation
and bearing capacity reduction [3].

Several methods have been considered and employed
regarding the soil improvement techniques, including
mechanical stabilization, stabilization using soft
aggregates, bituminous stabilization, lime stabilization,
cement stabilization, thermal stabilization, chemical and
electric stabilizations. Various admixtures, such as
cement, fly ash, lime, blast-furnace slag cement, enzyme,
and calcium chloride, were used in different areas in the
world [4-10].

Please cite this article as: D. T. Nguyen, V. T. A. Phan, Engineering Properties of Soil Stabilized with Cement and Fly Ash for Sustainable Road
Construction, International Journal of Engineering, Transactions C: Aspects Vol. 34, No. 12, (December 2021) 2665-2671
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Recently, pozzolans from waste materials, such as fly
ash, rice husk ash, and slag, are considered eco-friendly
cementitious materials to replace traditional materials.
Literature reviews indicated that using fly ash and cement
on soil stabilization materials from local materials can
remarkably reduce the cost of construction, especially for
road construction [11-18]. For instance, Phan [8]
indicated that the unconfined compressive strength, shear
strength parameters on consolidated-undrained and
unconsolidated-undrained triaxial tests improved with
various cement contents of 4-8% OPC; furthermore,
results also indicated that Portland cement of 4% was the

economical ratio for treated mudstone. Mahedi et al. [19]
treated expansive soil with cement, lime, and fly ash and
revealed that the Atterberg limits, pH, unconfined
compressive strength, and volumetric swell were best
with 10% -10% calcium oxide in stabilizers for expansive
soils. Simatupang et al. [20] conducted fly-ash-stabilized
sands and concluded that UCS and direct shear strength
values increased by increasing fly ash content and curing
time in the specimen. In Vietnam, although available
studies have been conducted to understand the behavior
and engineering properties of soil stabilization using
cement and lime; there were no apparent reports on
engineering properties of using fly ash-cement soil
stabilization in the laboratory and practice.

This study investigates the engineering properties of
soil stabilized with various concentrations of cement and
fly ash contents. Specific engineering properties, such as
unconfined compressive strength, splitting tensile
strength, elastic modulus, SEM, and XRD methods, were
determined with the curing periods of 7, 14, 28 days. The
obtained results were expected to consume a high
quantity of waste fly ash every year and create a
sustainable material for layers in road construction.

2. EXPERIMENTAL PROGRAM

The materials used in this study composed of excavated
soil, ordinary Portland cement (OPC), and fly ash (FA).

2. 1. Materials Used

Excavated soil ~ The soil sample for the laboratory test
was taken from Cu Chi province, Southern Vietnam. The
disturbed soil sample was excavated with a depth of 1m
from the surface. The basic physical properties of
undisturbed samples are listed in Table 1. The grain size
distribution is plotted in Figure 1.

FA Fly ash used in this study was collected from
Formosa power station, Dong Nai Province, Vietnam.
The engineering properties of fly ash are satisfied with
the requirement in ASTM C618 [21]. The distribution of
grain size smaller than 45um is 71.9 %, the loss on
ignition with the temperature is 3.2%, calcium oxide
content is 3.3%.

OPC OPC, grade 40, used in this work was
purchased from a local company. The compressive
strength, setting time, fineness, specify gravity, and
standard consistency gravity of OPC were determined.
The test results of fundamental properties are listed in
Table 2.

2. 2. Mix Proportions, Sample Preparation, and
Testing Methods

Mix proportions  Based on TCVN 10379-2014, soils
stabilized with inorganic adhesive substances, chemical
agent or reinforced composite for road construction,
construction and quality control, the additive used is in
range of 5-12% by dry soil weight. Thus, to reduce the
cement consumption and make use of the fly ash; this

TABLE 1. Basic physical properties of undisturbed soil

Basic properties Test value
Specific gravity, Gs 2.65
Liquid limit, (%) 27.66
Plastic limit, (%) 15.48
Plastic index, (% 12.18
Maximum dry unit weight (g/cm?) 2.057
Optimum water content (%) 9.90
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Figure 1. Grain size distribution curve of natural soil

TABLE 2. Properties of OPC 40
Tested result

Properties

Compressive strength

28 days 435
Setting time, min.

Initial 133
Final 172
Fineness, cm?/g 3850
Specific gravity 3.09
Standard consistency, C/W, % 31.5
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study used 8, 10% cement, and a combination of 8%
cement with 2% FA, 4% FA, and 6% FA which is
expected to have enough strength of stabilized soil for

subbase and base layers in road construction. A total of
5 sets of mixed proportions was carried out for this
experimental program. Natural soil was mixed with five
cement and fly ash ratios, including 8%C, 10%C,
8%C+2%FA, 8%C+4%FA, 8%C+6%FA, by dry weight.
The specimens were conducted on five mix groups,
namely M.8.0, M.10.0, M.8.2, M.8.4, M.8.6,
respectively, as presented in Table 3.

Sample preparation This paper concentrates on
investigating the optimum amount of fly ash and cement
for evaluating the engineering properties of cement-fly
ash stabilized soil (CFSS). The specimens were prepared
by proctor method, conditioned at room temperature and
above 80% relative humidity, then tested with soaked
conditions at 7, 14, 28 days. Unconfined compressive
strength, splitting tensile strength, the elastic modulus of
CFSS specimens were obtained in this study.
Furthermore, SEM and XRD techniques were also
investigated on the compacted soil and CFSS specimens.
This work presents one case as a component of a broader
research effort on the properties of locally available soils
for construction in Cu Chi province, located in southern
Vietnam. The experimental data provide a quantitative
basis for further road construction in this area.

Compaction test Standard Proctor compaction tests
were performed by AASHTO T99-95, using method A.
The specimens were of 101.6 mm diameter and 116 mm
height. To conduct tests, the soil, cement, and FA were
manually prepared in dry material and different moisture
contents. A metal rammer was used with a mass of 2.50
kg and having a flat circular face of 50.8 mm. The
rammer was dropped freely from the height of 305 mm.
The specimen was prepared in three layers, and 25 blows
compacted each layer. Finally, maximum dry unit weight
and optimum moisture content were obtained through
this test.

Unconfined compressive strength UCS tests of
stabilized soil with different cement and FA contents for
various curing ages were conducted under AASHTO
T208. A metal mold prepared cylindrical specimens with
5 c¢m in diameter and 10 cm in height at the maximum

TABLE 3. Proportion mixes
Mix proportion (%)

No. Mix

Soil C FA
1 M.8.0 100 8 0
2 M.10.0 100 10 0
3 M.8.2 100 8 2
4 M.8.4 100 8 4
5 M.8.6 100 8 6

dry unit weight and optimum moisture content obtained
in the standard Proctor compaction test. After that, the
specimens were immediately packed in a plastic bag and
stored in a chamber at room temperature, as shown in
Figure 2. In addition, all specimens were conditioned by
moisture curing and tested after soaking 2 days for a 7-
day test and 7 days for 14- and 28-day test.

Splitting tensile strength (STS) ASTM C496-96
was used to test the splitting tensile strength of stabilized
soil. The diameter and height of the specimen were 101.6
mm and 116 mm, respectively. Three specimens have
been tested for each stabilized soil sample, and the
average value of the result has been used for evaluation.
The splitting tensile strength is calculated by Eq. [1], as
follows:

T = 2P/(=HD) @

where T is splitting tensile strength; P is maximum
applied load; H and D are the length and diameter of the
specimen, respectively.

Stiffness of soil Elastic modulus of stabilized
materials is an important parameter required in layered
elastic analysis of pavement structure. To determine the
elastic modulus, the specimen with the diameter and
height is 101.6 mm and 116 mm, respectively, as shown
in Figure 3. The elastic modulus test conformed to TCVN
9843-2013 [22] was used in this study.

3. TEST RESULTS AND DISCUSSIONS

A series of tests have investigated the mechanical
engineering properties of CFSS specimens. The UCS,
STS, and the elastic modulus results are presented,
respectively, as below.

Figure 3. Elastic modulus test
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3. 1. Unconfined Compressive Strength
Unconfined compressive strength is a common property
to evaluate the strength of CFSS specimens. Figure 4
plots the variation of UCS at 7-, 14-, and 28-day curing
ages of stabilized soil with various percentages of cement
and fly ash %. It can be seen in Figure 4 that the UCS of
7-, 14- day, and 28-day give the value of 4.12-4.99 MPa,
5.26-6.11 MPa, and 7.31-8.03 MPa, respectively. The
UCS increased as the curing period increased due to the
time-dependent pozzolanic reactions. As shown in Figure
4, the compressive strength of cement stabilized soil
increases with a percentage of cement increases in the
range of 8-10%. Adding 2% FA yields the greatest
compressive strength compared to two other contents at
the same cement content. The phenomenon can be
attributed to the combination of 2% FA and 8% cement
causing the best continuation of the cementitious-
hydrated process in the mixture.

3. 2. Splitting Tensile Strength The STS values
of CFSS specimens with various percentages of cement
and FA contents are presented in Figure 5. Regarding the
effects of cement content on STS, it is depicted from this
figure that the STS increased with an increase in cement
content up to 10%. On the other hand, an increase in FA
content up to 6% caused a decrease in STS, irrespective
of curing day. The specimen with 8% C and 2% FA at
14-day curing has an STS greater than 0.45 MPa that
satisfies the strength requirement of the base layer for
road construction according to TCVN 8858-2011.

Compressive strength (MPa)
© = W s L Oy - 0 O

8%C 10%C
K7 days 014 days 28 days

Figure 4. The UCS of cement/cement-FA stabilized soils
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Figure 5. The STS of cement/ cement-FA stabilized soil

Furthermore, it is depicted in Figure 5 that the specimens
with the FA contents of 4% and 6% FA are not applicable
in a base layer for road construction.

3. 3. Elastic Modulus (E) The elastic modulus
of soil treated with different FA and cement percentages
is plotted in Figure 6. The elastic modulus results were in
a range of 976-111 MPa, 1033-1305 MPa, 1033-1305
MPa, and 1195-1329 MPa for 7, 14, and 28 days,
respectively. Without using FA, a general tendency to
increase elastic modulus was found to increase in cement
content of 8-10%. More remarkably, using cement and
FA improved the elastic modulus with the cement content
of 8% and FA content of 2%; after that, the elastic
modulus decreased value with a further increase in FA
content. The obtained data provided some specific values
of elastic modulus, which are very helpful and valuable
for designers and site practice for future design and
construction, especially for low-cost road construction.

3. 4. SEM and XRD Results The Scanning
Electron Microscope (SEM) technique was employed to
investigate the surface of compacted soil and CFSS
specimen, magnified by 3000 times, as shown in Figure
7. Figure 7a shows that compacted soil structure was
found as small and odd particles arranged without gel
bound. On the other hand, Figure 7b shows the foam
formation due to the surrounding adhesive, and small
particles cannot be observed. The phenomenon was
likely attributed to cement, FA, and soil chemical
reactions that established cementitious and pozzolanic
gels consisting of calcium silicate hydrate (CSH) gel and
calcium aluminate hydrate (CAH) gel. Based on the
obtained images and the chemical reaction, it can be
concluded that the CFSS significantly improved the
strength compared to that of compacted soil.

X-ray Diffraction (XRD) is a technique to determine
the crystallographic structure of a material. Figure 8
presents the comparison of XRD patterns between
compacted soil and cement-FA treated soil specimens. In
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Figure 6. Elastic modulus of cement/ cement-FA stabilized
soil
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Figure 8. XRD patterns of specimens

this study, the cement-FA treated soil was made with
8%C and 2%FA and cured at room temperature until 28
days. In general, the peak intensity of Silicon Oxide is
seen in the region 26-28° 20. In addition,
Methoxycoumarin and Cerium Germanium were also
obtained in two specimens.

3. 5. Effect of Different Size Samples on
Compressive and Splitting Tensile Strength  As
determined in the previous section, the optimum content
containing 6% cement and 2% FA can be used for the
base layer in road construction. In addition, to understand
the effects of size specimen on the compressive strength
and tensile strength of CFSS specimens, this study used
two sizes of specimens such as D x H =15.24 x 11.7 cm
and D x H=10.16 x 11.7 cm to test the compressive and
tensile strengths.

Tables 4 and 5 indicated that a smaller specimen has
a smaller compressive and greater splitting tensile
strength with a conversion ratio of 0.74 and 1.09,
respectively. This result may be used as a suitable ratio
in practical and laboratory situations when using a
standard proctor to prepare the specimen.

TABLE 4. UCS of CFSS specimens

. Average
Size (cm) Curing Telsted Tested
No. Sample age values —\ lues
(days)
D x H (MPa) (MPa)
1 1524 x 117 28 8.0
2 1524 x 117 28 75
8%C+
3 206EA 1524 x 117 28 8.1 8.02
4 1524 x 117 28 8.3
5 1524 x 117 28 8.2
6 1016 x 117 28 5.8
7 1016 x 117 28 54
8%C+
8 20%FA 10.16  x 117 28 6.4 5.95
9 10.16 x 117 28 6.2
10 10.16 x 117 28 5.9
TABLE 5. STS of CFSS specimens
Average
Size (cm) Curing Telsted Tested
No. Sample age Values v alues
(days)
D X (MPa) (MPa)
1 15.24 x 117 28 0.78
2 15.24 x 117 28 0.82
8%C
3 +2%F 15.24 x 117 28 0.72 0.76
A
4 15.24 x 117 28 0.78
5 15.24 x 117 28 0.69
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6 1016 x 117 28 0.83
7 1016 x 117 28 0.87
8%C
8 +2%F 1016 x 117 28 0.80 0.83
A
9 1016 x 117 28 0.80
10 1016 x 117 28 0.82

4. CONCLUSIONS

An experimental study was performed to investigate the
engineering properties of soil stabilized with cement and
FA. Some specific conclusions can be made:

» Without using FA, the compressive strength, splitting
tensile strength, and elastic modulus of stabilized soils
significantly increased with the cement content in a range
of 8-10 percent.

» An economical mixture was found of 8% cement and
2% FA, which simultaneously yielded the best
performance in UCS, STS, and elastic modulus;
furthermore, this also satisfied the requirement for the
base layer in road construction according to the current
Vietnamese standard.

* SEM images indicated that the compacted soil structure
was found as small and odd particles arranged without
gel bound, while the CFSS specimen showed foam
formation due to the surrounding adhesive, and small
particles cannot be observed. The XRD pattern showed
that the peak intensity of Silicon Oxide was seen in the
region 26-28° 20. Methoxycoumarin and Cerium
Germanium crystals were also obtained in two
specimens.

» Two sizes of specimens such as DxH=15.24x 11.7 cm,
and DxH=10.16x 11.7 cm used to test the compressive
and splitting tensile strengths with a conversion
coefficient of 0.74 and 1.09, respectively.

5. REFERENCES

1.  Toniolo, N. and Boccaccini, A.R., "Fly ash-based geopolymers
containing added silicate waste. A review", Ceramics
International, Vol. 43, No. 17, (2017), 14545-14551.
https://doi.org/10.1016/j.ceramint.2017.07.221

2. Rao, S.M. and Thyagaraj, T., "Swell-compression behaviour of
compacted clays under chemical gradients”, Canadian
Geotechnical Journal, Vol. 44, No. 5, (2007), 520-532.
https://doi.org/10.1139/t07-002

3. Karatai Thomas, R., Kaluli James, W., Kabubo, C. and Thiong’o,
G., "Soil stabilization using rice husk ash and natural lime as an
alternative to cutting and filling in road construction", Journal of
Construction Engineering and Management, Vol. 143, No. 5,
(2017), 04016127. https://doi.org/10.1061/(ASCE)C0O.1943-
7862.0001235

4.  Al-Rawas, A.A., "Microfabric and mineralogical studies on the
stabilization of an expansive soil using cement by-pass dust and
some types of slags", Canadian Geotechnical Journal, Vol. 39,
No. 5, (2002), 1150-1167. https://doi.org/10.1139/t02-046

10.

11.

12.

13.

14.

15.

16.

17.

18.

2665-2671 2670

Mymrin, V.A. and Ponte, H.A., "Oil-shale fly ash utilization as
independent binder of natural clayey soils for road and airfield
base construction”, Particulate Science and Technology, Vol.
23, No. 1, (2005), 99-107.
https://doi.org/10.1080/02726350590902505

Yilmaz, Y. and Ozaydin, V., "Compaction and shear strength
characteristics of colemanite ore waste modified active belite
cement stabilized high plasticity soils”, Engineering Geology,
Vol. 155, (2013), 45-53.
https://doi.org/10.1016/j.engge0.2013.01.003

Marto, A., Hassan, M.A., Makhtar, A.M. and Othman, B.A.,
""Shear strength improvement of soft clay mixed with tanjung bin
coal ash", APCBEE Procedia, Vol. 5, (2013), 116-122.
https://doi.org/10.1016/j.apcbee.2013.05.021

Phan, V.T.-A., "Improvement in engineering properties of
mudstone in southwestern taiwan through compaction and a
cement additive”, Geotechnical and Geological Engineering,
Vol. 36, No. 3, (2018), 1833-1843.
https://doi.org/10.1007/s10706-017-0435-1

Tran, B.H., Le, B.V., Phan, V.T.A. and Nguyen, H.M., “In-situ
fine basalt soil reinforced by cement combined with additive
dz33 to construct rural roads in gia lai province, vietnam",
International Journal of Engineering, Transactions B:
Applications, Vol. 33, No. 11, (2020), 2137-2145. DOI:
10.5829/ije.2020.33.11b.03

Suresh, R. and Murugaiyan, V., "Influence of chemical
admixtures on geotechnical properties of expansive soil",
International Journal of Engineering, Transactions A: Basics,
Vol. 34, No. 1, (2021), 19-25. DOI: 10.5829/ije.2021.34.01a.03

Sharpe, G.W., Deen, R.C., Southgate, H.F. and Anderson, M.,
Pavement thickness designs utilizing low — strength (pozzolanic)
base and subbase materials. 1984, Kentucky Transportation
Center Research Report. 693.122-130,
https://uknowledge.uky.edu/ktc researchreports/693.

Mfinanga, D.A. and Kamuhabwa, M.L., "Use of natural pozzolan
in stabilising lightweight volcanic aggregates for roadbase
construction”, International Journal of Pavement Engineering,
Vol. 9, No. 3, (2008), 189-201,
https://doi.org/110.1080/10298430701303173.

Malisa, A.S., Park, E. and Lee, J., "Effect of lime on physical
properties of natural pozzolana from same, tanzania",
International Journal of Engineering Research & Technology
Vol. 3, No. 11, (2014), 1357-1361.

Javdanian, H., "The effect of geopolymerization on the
unconfined compressive strength of stabilized fine-grained
soils", International Journal of Engineering, Transactions B:
Applications, Vol. 30, No. 11, (2017), 1673-1680, DOI:
1610.5829/ije.2017.1630.1611b.1607.

Tolleson, R.A., Mahdavian, E., Shatnawi, F.M. and Harman,
E.N., An evaluation of strength change on subgrade soils
stabilized with an enzyme catalyst solution using cbr and ssg
comparisons. 2003: Project No. R-03-Utc-Alterpave-Geo-01.
http://www.scsu.edu/utc/old/research/Reports/2002/alterpave.ht
m.

Phan, V.T.-A., "Ground improvement using soil-cement method:
A case study with laboratory testing and in-situ verification for a
highway project in southern vietnam", Geotechnical
Engineering Journal of the SEAGS & AGSSEA, Vol. 47, No.
1, (2016), 45-49.

Tastan, E., Edil, T., Benson, C. and Aydilek, A., "Stabilization of
organic soils with fly ash", Journal of Geotechnical and
Geoenvironmental Engineering, Vol. 137, No. 9, (2011), 819-
833. https://doi.org/10.1061/(ASCE)GT.1943-5606.0000502

Xing, H., Yang, X., Xu, C. and Ye, G., "Strength characteristics
and mechanisms of salt-rich soil-cement", Engineering Geology,
Vol. 103, No. 1-2, (2009), 33-38.



https://doi.org/10.1016/j.ceramint.2017.07.221
https://doi.org/10.1139/t07-002
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001235
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001235
https://doi.org/10.1139/t02-046
https://doi.org/10.1080/02726350590902505
https://doi.org/10.1016/j.enggeo.2013.01.003
https://doi.org/10.1016/j.apcbee.2013.05.021
https://doi.org/10.1007/s10706-017-0435-1
https://uknowledge.uky.edu/ktc_researchreports/693
https://doi.org/110.1080/10298430701303173
http://www.scsu.edu/utc/old/research/Reports/2002/alterpave.htm
http://www.scsu.edu/utc/old/research/Reports/2002/alterpave.htm
https://doi.org/10.1061/(ASCE)GT.1943-5606.0000502

2671

19.

20.

D. T.Nguyen and V. T. A. Phan/ IJE TRANSACTIONS C: Aspects Vol. 34, No. 12, (December 2021)

Mahedi, M., Cetin, B. and White David, J., "Cement, lime, and
fly ashes in stabilizing expansive soils: Performance evaluation
and comparison”, Journal of Materials in Civil Engineering,
Vol. 32, No. 7, (2020), 04020177.
https://doi.org/10.1061/(ASCE)MT.1943-5533.0003260

Simatupang, M., Mangalla, L.K., Edwin, R.S., Putra, A.A,
Azikin, M.T., Aswad, N.H. and Mustika, W., "The mechanical
properties of fly-ash-stabilized sands", Geosciences, Vol. 10, No.
4, (2020), 132. https://doi.org/10.3390/geosciences10040132

21

22.

2665-2671

ASTM C618: Standard Specification for Coal Fly Ash and Raw or
Calcined Natural Pozzolan for Use in Concrete. 2003: 100 Barr
Harbor Drive, PO Box C700, West Conshohocken, PA 19428-
2959, United States.

TCVN 9843: Standard test method in the laboratory for resilient
modulus of nonorgannic adhesive substance stabilizied aggregate
material. 2013: Hanoi, Vietnam.

Persian Abstract

s1Sa

5ys0 asdllas oyl 330y sS 2SI das o dl ealr Sl s e Y (5l ey sS 2SI 5 Olars Lol Conls S e sl S5 31 o 20 andllas S asdllas
dogs A g\ ;AMXQWJMﬂAUﬁ;&wﬁAL&»Q)SJJ):WL)lsuc'i.ﬁjgg)}fﬂl)jL:JASTM CB18 sl 5 ool a5 8 1 5 ol

fﬂ.melcﬁC)&wélﬂjj)Y/\.W‘Vu.a;';..':.aAQ)A.?J.LZQﬁwdueua.,\.iuu:.ﬂlwﬁfjw):\‘LM)JY 055 St (gl gimen ool o Sl

< SEM slas .15 o1t XRD 5, SEM L;Lhn_{:;.{.?coJ.Zg;.y_.iEJB&L&;MJf;.flsuju,a‘(UCS)AJJNU&)UJ&AJL&AJ@UWL@AQLQU)I)!

S Lol o St oS Sl s ¢ ol 0kl 3L 5 0l 05y e 5 S sS O3 Olgie 4 65,8 St kil 4 sl 0L ¢ Ll edd Syp L Tren

w53 Y asls b am s YASYS aiie 53 0 5Skn denST S sl i sdalie BB S S O3 5 el ol kil )8 Olerr 2eSE Jbey S W5 & Olagw
FeS LY 5 Ol A S sl 505 ¢ bl et 3 g skt S Gl SO ol s BB b eSS s Bl ¢l edle s saalis
@u.);dﬁn))jiﬂl_)é_}L,w,h\_)Juu'jggéﬂyu{‘jéu})lxblyASLAJ{J&M:L‘I&'.fojl%&x&;ﬁ)mél)h;jj_)\f;)_u\;aﬁhw;)lﬁj_)ﬁéél{

s e &l o gle oS50 55 el A 0y sS 2SRl aie s eslr tli (gl 050 xS 5l eslinad gl 1) (gdalpd sdal ity



https://doi.org/10.1061/(ASCE)MT.1943-5533.0003260
https://doi.org/10.3390/geosciences10040132

IJE TRANSACTIONS C: Aspects Vol. 34, No. 12, (December 2021) 2672-2678

@ International Journal of Engineering
(JE

AL Journal Homepage: www.ije.ir

Design of Area Efficient Single Bit Comparator Circuit using Quantum dot Cellular
Automata and its Digital Logic Gates Realization

R. Chakrabarty*, S. Roy, T. Pathak, N. Kumar Mandal

Department of Electronics and Communication Engineering, Institute of Engineering &Management, Kolkata, India

PAPER INFO

ABSTRACT

Paper history:

Received 31 August 2021

Received in revised form 05 October 2021
Accepted 09 October 2021

Keywords:

Quantum-Dot Cellular Automata
Comparator

Majority Voter

Kink Energy

Quantum dot cellular automata (QCA) is a promising transistor less nano-technology that is growing in
popularity and it has the capability to replace the ubiquitous complementary metal oxide Semiconductor
(CMOS) technology in the VLSI domain. The paper discussed the simple design of single bit comparator
circuit using QCA. A single-bit comparator circuit compares its two inputs and indicates which one is
larger or are they both equal. This paper has focused on creating an area efficient QCA comparator
circuit and a comparative study of area consumption with the previously made designs. The designed
comparator circuit is the most area-efficient design as it is made up of minimum possible number of
cells. A comparator is used in equality testers and many other digital communications The circuit
proposed in this paper is a three layered circuit which can alternatively be used to realize the basic logic
gates. The circuit can also be used as an alternative to the majority and universal gates in QCA.
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1. INTRODUCTION

Though CMOS technology is currently the most
preferred technology in VLSI circuit design, it has few
drawbacks in terms of high leakage current. On the other
hand, in QCA technology the power consumption, area
required are very low. It also supports very high-speed
operation (in the range of THz) because it uses the
polarization as the mode of operation. These features
give QCA the upper hand and research are going on in
this domain. Figure 1 shows a QCA cell. The orientation
of the electrons will give us the indication whether it’s a
Logic 0 or Logic 1.

The basic gate in this technology is a majority voter
gate [1] which can be programmed to act as an AND gate
or an OR gate depending on the control value given.
When control value +1 is given, it acts like an OR gate
and when the control input is -1, it acts like an AND gate.
Many circuits have been implemented using this majority
gate like adders and subtractors [2-3], multiplexers [4-5]
and decoders [6] which are the basic building blocks of

*Corresponding Author Institutional Email:
ratna.chakrabarty@iemcal.com (R. Chakrabarty)

any digital circuit. Figure 2 shows the QCA design of a
majority voter gate. In this paper, we have discussed
another building block, i.e., comparators (1-bit). A novel
design of a 1-bit comparator has been proposed and then
compared against the previously available comparators
[7-18].

The paper is organized in this way: current section i.e.
section 1 discussed about the introduction of QCA and
role of kink energy in QCA based circuit, section 2
describes the detail design of the comparator circuit.
Section 3 discussed implementation of various logic
gates using the designed comparator circuit and section 4
is for the observation and conclusion of the work.

Quantum dot
A
L e
® Electron @

g e
Polariztion =1 Polariztion +1

Figure 1. QCA cell with the polarizations
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Figure 2. Majority Voter Gate

Kink energy plays an important role in QCA based
designs as it should be minimum for the stable output of
the circuit.

The kink energy (in Joule) between two electron
charges is calculated using the formula: -
U=(kQ1.Q)/r
Where k = 1/ (4neoer) = 9 x 109,

Q1 = Q; = charge of an electron = 1.6 x 10-1°C.
U=23.04x10%/r

r = distance between the two charges.

Ur=3iU;

Ur = summation of all the individual kink energies (in
Joule).

For this calculation, the below postulates are considered.
(This has been shown diagrammatically in Figure 3)

1) All cells are alike and the distance from end to end of
each cell is 18nm.

2) The space between two neighbouring cells
(interspacing distance) is 2nm.

3) The diameter of each quantum dot is 5nm.

4) The distance between the two layers used for the
design is 11.5nm.

Another important aspect in every QCA design is the
clock. In QCA, clock is used to define the direction of
state transition. The clocks are what that gives power to
the QCA cells to operate. Clocking plays an important
role in synchronizing all parts of a complex digital
circuit. There are four clocking zones namely, Switch,
Hold, Release, Relax as shown in Figure 4. During switch
phase, inter dot barriers are raised and the cells become
polarized according to the driver polarization state. In the
hold phase as the name suggests, the inter dot barriers
continue to be high so that the cells preserve their current
states. In release phase, the inter dot barriers become low
and the cells go to an unpolarized state. The relax phase
keep the barriers low so that the cells can remain in that
unpolarized state.

18nm

k—A

of Jh[el
00|(00

Znm

Figure 3. Dimensions of the QCA cells

18am

Switch Haold Release

Figure 4. Four phases of a clock signal

2. SINGLE BIT COMPARATOR USING 14 CELLS

A single bit comparator is a combinational circuit that
compares two bits. It has two inputs for two single bit
numbers each and three outputs are for less than, equal
to, and greater than comparison between two binary
numbers.

Figure 5(a) shows the design of a more area efficient
1 bit comparator consisting of 14 cells. This design
consists of only 14 cells which is the least number of cells
used to design a QCA comparator circuit till date. Figure
6 shows the different layers of the circuit. The simulated
output of the designed circuit is shown in Figure 7.
Figures 8a and 8b show the polarization and energy
dissipation graph with respect to temperature
respectively. Figure 8c shows the mapping of the power
dissipation across the QCA cells. On mapping this result
with the correspondng circuit diagram, we can see that
the A>B and A<B output cells dissipates almost equal
amount of power which is more than the power dissipated
by the A=B output cell. Table 1 shows the different
energy calculations for the comparator circuit.

(@
AB
A A<B
ABHEB o
A>B
B B AB
(b)

Figure 5. (@) QCA design of proposed comparator with 14
cells (b) Digital circuit diagram of a single-bit comparator
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Figure 6. Breakup of the 3 layers in the circuit

Simulation Results
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Figure 8. (a) Polarization vs Temperature (b) Energy
Dissipation vs Temperature (c) Power Dissipation Mapping
using QCAPro[19-20]

TABLE 1. Power Parameters of the Comparator Circuit

max: 9.80e-022
CLOCK 2
min: 3.80e-023

Power Parameters Values

[
| max: 9.80e-022

CLOCK 3
min: 3.80e-023

Total Energy Dissipation (in Joule) 10.96 x 102
Average Energy Dissipation per Cycle (in Joule) 9.952 x 10
Average Power Dissipation (in pico Watts) 181

0 1000 2000 3000 4000 5000 GODO 7000 800D 9000 10000 11000 12000

Figure 7. Output of proposed Comparator Circuit
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Now, we calculate the kink energy. Kink energy is
basically defined as the energy difference between two
neighbouring or adjacent cells. Kink energy between two
cells depends on the dimension of the QCA cell as well
as the spacing between adjacent cells. It is independent
on temperature. It is one of the most significant
parameters for the stability of the design. The state
having minimum kink Energy is most stable state.

Below, two sets of input values are taken and the kink
energy of all the corresponding output cells with respect
to each input are calculated. The inputs taken are

a> A=1, B=0: Naturally as A is greater than B, the
A>B output cell will give output as ‘1’ and the rest
outputs will be ‘0’;

b> A=1, B=1: Similarly, the A=B output cell will give
output ‘1’ and the others will give output ‘0.
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The yellow cells indicate the output cells, green cells
indicate the cells are in 1st clock (Clock 0) and pink cells
indicate the cells are in 2nd clock (Clock 1). All the
electrons (black dots) are arranged such that minimal
possible energy configuration is achieved. Then the kink
energies are calculated.

In a QCA cell, there are four quantum dots but
maximum two electrons are present inside a cell which
occupies the opposite cornered position as it is the most
stable configuration i.e. the least energy state.

In Figure 9, x1 and X» represents the two opposite
cornered electrons of the output cells. Similarly, e; and e;
represents the two electrons of the cell nearest to the
output cell. For A>B and A<B, the cells are present in
two different layers, outout cell (in the top layer) lies just
above the neighboring cell (in the via layer) but for A=B,
the cells are on the same the same layer adjacent to each
other.

Other cells present in the circuit are further away from
the output cell. That is why, the distance between the
electrons of the output cell and other cells are so high that
the corresponding individual kink energies are too
negligible to be considered for the calculation. Tables 2
and 3 shows the kink energy calculations for different
inputs of A and B.

TABLE 3. Kink Energies for A=1 and B=1 (x10%)
INPUT: A=1, B=1

A>B A=B A<B
Kink Energy (Ue)
x1 x2 x1 X2 x1 X2
Ue, 158 158 115 162 158 158
Ue, 158 158 7.6 115 158 158
Total (U1) 316 316 191 277 316 316

Top Layer Top Layer
o .x2 Main Cell Layer
& 7
e|90| (@0|l@0
O .Ez o .EZ o ."z
Via Layer Via Layer
(a)
A>B
Top Layer Main Cell Layer
x =) 21
[ Yo Ce||0Ce
CQle 00||®0

Via Layer

for (a) A=land B=0

Via Layer

(b)

Figure 9. Reference Diagram for Kink Energy calculation

(b) A=1and B=1

TABLE 2. Kink Energies for A=1 and B=0 (x10?%)

INPUT: A=1, B=0

Kink Energy (Ue)

A>B

A=B A<B

x1 X2 x1

X2 x1 X2

Ue; 158 158 115 76 158 158
Ue, 158 158 162 115 158 158
Total (Ur) 316 316 277 191 316 316

3. REALIZATION OF BASIC LOGIC GATES USING
THE PROPOSED SINGLE BIT COMPARATOR

This section deals with the designing of basic logic gates
using the structure of the single bit comparator. The same
design can be used as an AND, OR, NAND, NOR, XOR,
XNOR, BUFFER and INVERTER GATE.

As it can be seen from Figure 10(a), when the
polarization at the centre is given to be -1, then the
corresponding outputs from different cells are given.
Figure 10(b) gives the outputs of the same cells when a
polarization of +1 is given. We are taking the outputs A'B
as (A<B) output cell and AB' as (A>B) output cell. The
AB + A'B' gives the (A=B) output cell. Along with these
we get some other outputs as well as illustrated in Figures
10(a) and 10(b).We get the AND and OR gates as well
from the comparator circuit. It is not unknown that if we
invert the output of AND and OR gates we get NAND
and NOR respectively. In QCA this is done by adding a
cell on top of the output cell in a different layer taking the
inverted output from there. In this way we can get the
AND, NAND, OR and NOR gates from our proposed
comparator design.

As it can be seen in Figure 11, the same comparator
structure is used to implement the basic logic gates along
with a buffer.

Realization of the fundamental logic gates using the
proposed comparator circuit design can be seen as below.

I) AND Gate: To make an AND gate, we just need to
take the cell present between the two input cells as the
output cell (refer to Figure 10(a)).

I1) OR Gate: To make an OR gate, we just need to take
the cell present between the two input cells as the output
cell (refer to Figure 10(b)).

oa:o
oooo

@ (®)

Figure 10. Outputs taken from the Comparator Circuit
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AND GATE OR GATE NAND GATE NOR GATE

INVERTER BUFFER XNOR GATE XOR GATE
Figure 11. QCA layout of AND, OR, NAND, NOR,
INVERTER, BUFFER XNOR and XOR

111) NAND Gate: NAND = AND + NOT. Hence, the cell
just above the AND output cell in the new layer is taken
as the NAND output cell (refer to Figure 11(top row,
second from right).
IV) NOR Gate: NOR = OR + NOT. Hence, the cell
above the OR output cell in a different layer is taken as
the NOR output cell (refer to Figure 11(top row,
rightmost)).
V) INVERTER: In the XNOR gate, if we replace the
input cell B with polarization -1, we shall get an
INVERTER.
XNOR =>Y = AB+A’B’. If B=0, then Y = A’ => an
INVERTER.
V1) BUFFER: In the XNOR gate, if we replace the input
cell B with polarization +1, we shall get a BUFFER.
XNOR =>Y = AB+A’B’. If B=1, then Y = A => a
BUFFER.
VII) XNOR Gate: In a comparator circuit, A=B is
calculated using the XNOR gate. Hence, no extra design
is required for the XNOR gate because it can be obtained
from the comparator circuit itself.
VIII) XOR Gate: To make a XOR gate, we just need to
change the polarization of the polarized cell of the
comparator from -1.00 to +1.00. The position of the
output cell remains same as that of the A=B comparator
output (refer to Figure 11 (bottom row, rightmost)).

In Figure 12, output graphs of the fundamental logic
gates using the proposed comparator circuit design are
shown.

4. OBSERVATION AND RESULTS

Table 4 draws the comparisons among previously
proposed single bit comparators to our proposed design
with respect to cell count and area consumpsion.
Proposed design consists of 14 cells and consumption of
area is 0.0089 pm?. This design can be alternatively used
as the basic logic gates which has been discussed in
section 3.

@)

(d)
Figure 12. Output of the basic logic gates implemented
using the proposed design. (a) AND & OR Gate, (b) NAND
& NOR Gate, (c) INVERTER & BUFFER, (d) XNOR &
XOR Gate
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TABLE 4. Observations for 1-bit comparators

Comparator No. of Cells Area (um?) Delay (clock
Design cycle)
[7] 81 0.06 0.75
[8] 42 0.05 0.75
[9] 37 0.028 1
[10] 58 0.055 0.75
[11] 100 0.11 0.75
[12] 38 0.03 0.5
[13] 31 0.04 0.75
[14] 40 0.05 0.75
[15] 79 0.07 1
[16] 73 0.06 1
[17] 26 0.023 05
['A] ¥ Y 0.75
Proposed Design 14 0.0089 0.5

5. CONCLUSION

In this paper we have discussed about the design of 14
cell single bit comparator circuit and used it to design of
the basic logic gates. During the comparison of the circuit
with other previously proposed designs the number of
cells used to formulate this is 14 which is the lowest till
date. Thus we are able to propose a novel comparator
design which is area efficient and also can be used in
basic digital designs. The advantage of our design is that
we are getting all the gates along with the comparator
output. This comparator circuit can be used as a universal
structure for forming the basic gates instead of the
majority voter as this design is more compact and is less
prone to errors.
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Wireless sensor networks are efficient way to monitor important parameters in various fields of science
and engineering. These sensors are battery operated and in each round of transmission some energy is
used. Therefore, over the period of time battery drains, and thus effect the stability period of the
networks. To conserve battery nodes are divided as normal and advance nodes. The energy of the
advanced nodes is higher than normal nodes. Further clustering mechanism is used to reduce energy
dissipation. This paper proposes a mechanism by which stability period, network lifetime and throughput
can be increased significantly. The proposed mechanism considers S-SEP protocol and nodes are
coupled to form pairs, then number of clusters and radius of the clusters are optimized such that isolated
nodes are zero. It is found that using proposed mechanism stability period can be improved by 17% in
comparison to recently proposed work.
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1. INTRODUCTION

Recently, we have witnessed a lot of advancement in the
field of Wireless sensor networks (WSNs) [1]. The
transmission using sensor nodes is reliable and secures
[2]. The data collected by these nodes is further
transmitted to the BS either directly or with the help of
cluster heads (CHs) [3]. The source of energy of these
nodes is batteries, which are not replaceable. Hence, it is
quite important to have a long lifetime of these nodes for
the efficient transmission system. As soon as the first
node dies out, the network becomes unstable [4]. Thus,
the major issue with the WSNs is to enhance the lifetime
and reduce the energy consumption of the nodes [5]. A
number of techniques are proposed to reduce the
consumption of energy of the SNs [6-8] like energy-
aware medium access control and power-aware storage
protocols [8]. To some extent, these protocols have
upgraded the lifetime and battery replacement time of
WSNs, but failed to provide sufficient energy for the
proper functioning of the system. The positioning of the
nodes also plays an important role in reducing energy

*Corresponding Author Institutional Email: amityadaktu@gmail.com
(A. Yadav)

consumption. The nodes must be deployed in such a way
that they must cover the main area which is to be focused
concentrated to have proper and precise collection of data
[5]. In this work we are analyzing the effect of number of
clusters, radius of the clusters and distance of the nodes
in the optimization of stability period. We would like to
increase the radius of the clusters such that no isolated
node remain, but under the condition that the pairing of
node will only be done for the nodes which follows free
space model. The free space model demands smaller
radius of the cluster circle while to avoid isolate node
radius of the clusters should be large enough to
accommodate distant nodes. Two requirements are
inverse to each other. Therefore, optimization of radius
of the clusters is necessary to maximize stability period.

2. RELATED WORKS

A new protocol, stable election protocol (SEP) is
proposed for improving the lifetime of the nodes. In this
protocol, we have two kinds of nodes: advanced and
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normal nodes. The selection of cluster head is based on
the residual energy in each node. Many researchers have
proposed various heterogeneous protocols similar to SEP
using some improvement mechanism. In the other
clustering protocol named as zonal-stable election
protocol [9], the basic concept of working is based on the
zonal division. Further modification is done where
considered area is divided into sectors (S-SEP) [10].
Each node in a WSN network collects and transmits
data, which causes some consumption of energy. In the
case of uneven distribution of nodes in a WSN, some
nodes left as isolated as shown in Figure 1. The
consumption of energy by isolated nodes is a major
problem in a WSN network. This problem can be solved
by deciding whether the isolated nodes will send the data
to a CH node or to sink on the basis of the distance
between the isolated nodes and the sink. Recently,we
proposed modified Sectorial SEP protocol; here field is
divided into sectors, and as shown in Figure 2 [11], nodes
away from sink node are advanced nodes and have more
energy as compared to normal nodes and they follow
clustering mechanism and a group of nodes lie within a

O ClusterHead
@ Sensor node
© Sink

A Isolated node

Figure 1.Schematic of isolated nodes

Advance Nodes

o P Ooqg 000
_. Clustering Mechanism .
| °
e R
o .
o '3
LA ‘0 © 0 900

Advance Nodes
Figure 2. Node deployment in (2X+Y)x(2X+Y) m?
square field

cluster elect cluster head among themselves. However,
the normal nodes also follows clustering mechanism and
within a cluster each node do not transmit to cluster head
but two nearby nodes combine using node coupling
mechanism and in each round one node awake and
transmit to cluster head and other node goes to sleep
mode after transferring its data to its coupledpartner.
Initially all the nodes are active and they broadcast their
positions, node_ids and type of applications they run. On
the basis of message received from other nodes each node
maintain a table and select pairing node which is closet
to neighbouring nodes and run same application. Let
initial energy of each node is 2E, but due to neighbour
formation some of the energy is lost therefore we assume
that initial energy of each node is Eo(1+U) where U is
uniform random number between 0 and 1. It is also
noticeable that in n number of nodes forms clusters,
without node pairing because node pairing will not be
beneficial as distance between the nodes is larger. We
define this region as 1. Let ‘p1” is the probability of a node
to become cluster head, then the average number of
clusters would be np;. Similarly, m nodes forms paring of
nodes, and further let that isolated nodes are denoted byl,
therefore number of pairing active nodes in a particular
round would be A = [m/2 — 1], and we define this area as
region 2. Let ‘p2’ is the probability of a node to become
cluster head, then the average number of clusters would
be C=Apz. In regions 1 and 2, the average number of
nodes in each cluster except cluster head are (1/ p;-1) and
(1/ p2-1), respectively.

In region 2, the cluster head selection is done using
Equation (1), in the equation R denotes the round.

P, . E®
Th(n) = 17p2[Rxmodpi] E,(1+U)

2

if ne(A)
@)

0 otherwise

3. ENERGY CALCULATION

For the description and simulation of proposed protocol
first order, radio model is used and list of symbols used
and their descriptions are detailed in Table 1. For the
packet size of ‘S’ bits and distance between transmitter
and receiver as ‘d’ the transmission energy will be given

by:
{SEeI +SEd?  d<d,

= 2
" |SE, +SE,d¢ d>d, @
where, d = Es .
E

mp

And the receiver energy is:
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Erx =SEq (3)
Region 1:

In a single round, energy dissipated at node cluster head
(CH) is:

ECH = SEeI (i_]-}"'SEDA%"'SEel +SEfsd(§H—BS (4)

Py 1
Or
1 1 4
ECH = SEeI [_l]+ SEDA —+ SEeI + SEmpdCH—BS (5)
P, P,
where, dZ} .. is the distance of cluster head to base
station. Energy dissipation in non-cluster head (N-CH) is:
Envocn =SE + SEfsdéN—CH Q)]
where, d2, ., is the distance of cluster nodes to cluster
heads.Total energy dissipated in a cluster in a round is:
r 1
ECH = ECH +— EN—CH )
P,
Region 2:

In a single round, energy dissipated at non- cluster head
node is:

1
Eev = (_1](Eei xS +Egp, xS x déy-cn) ®

P,

Energy dissipation in data receiving is:

1
Ere = SEgx (__]} )
2
Data aggregation energy is:
1
Enc =SEpp — (10)

2

Energy dissipated by cluster to transmitaggregated data
to BS is (by following Equation (2))

Er =SxE, +E ,,,xSxdZ, g (11)
Or
E, =SxE,+E ameS X déH—BS 12)

Total energy dissipated in a cluster in a round is

ET

CH

ERC + EAG + ET (13)

Therefore, in both the regions dissipated energy is
different; distance among the nodes is more in region 1
as compared to region 2. Therefore different packet
transfer schemes are adopted.

In the proposed method, we aim to minimize isolated
nodes. For mathematical point of view, we consider, the
area of the field is LxL, and let ‘n’ numbers of nodes are
uniformly distributed over the given area, the clusters are
circular in shape and each cluster has same size and area
(Figure 3). Let initially there are m numbers of nodes, the
numbers of coupled nodes are ¢, and numbers of isolated
nodes are |.

m=c+| (14)
Therefore, numbers of alive nodes in a round are

c

A=l (15)

Therefore, numbers of clusters are:
C
C=£5+ij27 (16)

As in each round the isolate will transfer packets to sink
node directly; therefore energy depletion will be fast and
further if distance of isolated node from sink is larger
then energy depletion problem becomes two folds. We
aim to increase the radius of the clusters to bring isolated
nodes to zero, i.e., and the maximum number of clusters
will be

m
Cmax :(E) p27 (17)
The covered area can be represented as:
m
(Ej Py xar’ =" (18)
or
212
r= (H)
zmp,y
L
-~ - ,—\,’-\\
V W P ,'\\ )
l\ ‘\I l\ 1 v !
1 1 <7
\\ ,)\ ,y\ /,,'~_\\’/ >
e,y 7“ 1 \
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Figure 3. Schematic of cluster area coverage
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The maximum radius can be evaluated as:

2
[ 20

e =\ zmpy

Referring Figure 3, it can be seen that if overlapping
clusters are chosen such that each node is covered by four
adjacent clusters than isolated nodes can be set to zero.
But the number of clusters cannot be chosen arbitrarily;
therefore we should increase the radius of the clusters to
get k node coverage. But radius cannot be increased
beyond a limit which is set as:

[E.TE
o %:43.8% (21)

max E:

Node Coupling Mechanism

ID=0;
fori=1:1:n
for j=1:1:n
if(j~=i)

d;, :\/(Xi X2+ (Y, - Y,)° (distance  between the

nodes)
if( d <= d, (coupling distance))
if(d, ;< d, ;(n) (neighbour distance ))
d;;(n)=d;;:
ID=j;

end
end
end
end
end
if (ID>0)

pair nodes
X=X+1;
else

isolated nodes
y=y+1;
deH = \/(Xi —xoH )2 +(y, - y_CH )2 (distance
cluster head and isolated nodes)
min [d CH J , (select cluster head j for data forwarding)

between

end

Referring to Figure 4, and coupled nodes are marked as
1 and 2, respectively. We know that using wireless
channel model if distance between nodes is less than
thresholds (d<do) then the power loss is proportional to
d? and known as free space and when thresholds (d>do)
then the power loss is proportional to d* and known as
multi-path propagation. Let us first consider that node 2
transmit to sink node. Therefore, we have:

L* =D? —d” +2Dd cos ¢ (22)

* Sink Node

Cluster head

Figure 4. Schematic of cosine rules between nodes, cluster
head and sink

We have four cases
Case 1: If distance between the coupling nodes is small
i.e., (d<do) the energy loss will be proportional to d? and
distance between node 2 and sink node is small then
energy loss will also be proportional to L2 Therefore,
total energy loss will be proportional to L2 + d2.
Case 2: If distance between the coupling nodes is large
and distance between node 2 and sink node is small then
the total energy loss will be proportional to L? + d*.
Case 3: If distance between the coupling nodes is small
and distance between node 2 and sink node is large then
the total energy loss will be proportional to L* + d?
Case 4: Again if distance between the coupling nodes is
large and distance between node 2 and sink node is large
then the total energy loss will be proportional to L* + d*
Case 1 is applicable for the nodes which are close to
sink node. Case 2 will lead to unfeasible solution, case 3,
is applicable for the nodes which are moderate distance
from sink, and finally case 4, is applicable for nodes
which are away from the sink nodes.In our proposed
method optimum numbers of clusters with radius which
satisfies Equation (21) are chosen such that, d, g and h
are less than do.Referring Figure 4, Equations (5) and (12)
are modified as:

2
E; =SxE, +E ,,xSxh? (24)

Problem Constraints
The objective is to maximize the stability period and can
be written as

maxZSp VreR (25)

Subjected to
{1 if i establishes a link with s

0 otherwise

Is

|1 iff establishes a link with s
%710 otherwise
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A represents the connectivity between iand s. similarly
A, is the connectivity between f and s. therefore all the
links establish connection is given by:

A=A, =1 Vi, feN (26)
No packet drops at the cluster head is given by

P —-P_=0 Y(ieN,ceC,) @7)

ic cs
Node having energy less than minimum energy will stop
transmission:

E<E_ VieN (28)

says that the data generation rate of a given node i during
a time period t should not exceed its buffer capacity cb.
To achieve above objective we should have:

minZI

VT;T € Rn (30)

maer S Vr,eR, 31)

T

where | are isolated nodes.

5. SIMULATION RESULTS

In this section simulation results are presented. In
simulation various results are detailed using graphs. The
parametric values are detailed in Table 1 which is also
used in Monte Carlo simulation. 100 nodes are
considered with a radius of 10m and 25m in Figures 5
and 6, respectively. Referring Figure 5 in case of smaller
radius it is not possible to cover entire field, and some of
the nodes remain as isolated nodes (marked in dotted red
colour); however in case of larger radius it is possible to
cover entire field, and isolated nodes can be bring down
zero. Referring case 1 above and Equation (19), radius
cannot be increased beyond set limit. Avery large radius

TABLE 1. Simulation Parameters [10]

Parameters Value
Initial Energy Eo 0517
Energy for data aggregation Epa 5 nj/bit
Transmission and Receiving energy 5 nj/bit
Amplification energy for short distance Es 10 pj/bit/m?
Amplification energy for long distance Eamp 0.013 pj/bit/m*
Probability P, 0.3
Probability P, 04

100 m

100 m

100 m
Figure 6. Cluster coverage 25 m

will not bring any further improvement as a node will be
covered by a large number of clusters which will not
affect node coverage.

In Figure 7,  E.(i) normalized residual energy

E,(1+U)

is plotted for round number 10 when all the nodes are
alive and 6000 rounds when nearly 40% nodes are dead.
Initially all 80 nodes are alive and energies values lie
between 0.5 and 1, and as the round progresses the value
of y falls and after 6000 round its value is around 0.1
only. As the value of A.p.y goes less than 1, the cluster
formation stops and the leftover nodes, directly transmit
data to base station.

In Figure 8, radius vs. pzy for 10%, 50% and 100%
alive nodes are presented. When all the nodes are alive
for pzy = 0.05 radius is 40m for pzy = 0.5 the radius is
12.62m, similarly, when 50% nodes are alive for pyy =
0.05 radius is 56.42 m for pzy = 0.5 the radius is 17.84.
Finally, when10% nodes are alive for pzy = 0.2 radius is
63.08 m for pzy = 0.4 the radius is 44.6. In Figure 9, radius
vs. alive nodes is presented for p,y for 0.2, 0.3, 0.4 and
0.5. for pzy= 0.2 the clustering mechanism will break
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Figure 9. Radius vs. alive nodes for various values of pzy

when alive nodes are nearly 35, and lower value of
p2yalso means less number of clusters. Similarly if we
choose p2y= 0.5, clustering mechanism will break when
alive nodes are nearly 6, but initially the value of mpayis

40, therefore all the alive nodes will transfer data to base
station and there will not any advantage of clustering
mechanism. If we consider, pzy= 0.4, clustering
mechanism will break when alive nodes are nearly 10,
and clustering will become effective from round 1 of the
simulation. Therefore in our simulation we have
considered pzy= 0.4.

Next we have simulated effect of coupling distance
on the number of coupled nodes and detailed are shown
in Figure 10. The cluster diameter is considered to be
twice of coupling distance. For small diameter 2m the
numbers of coupled nodes are 4 and isolated nodes are
76. While increasing diameter from 2m to 15 m the
numbers of coupled nodes becomes 70 and isolated nodes
are 10. For diameter range from 25 m to 55m the numbers
of coupled nodes are 78 and isolated nodes are 2, and
from diameter of 60 m onwards the numbers of coupled
nodes are 80 and isolated nodes are none. Considering
Equation (14) and Equation (15), we conclude that the
optimal coupling distance is around 30-35 m and cluster
diameter is around 60-70 m. The optimal distances are
also depends on the distribution of the nodes therefore
while evaluating parameters like stability period,
network life time and throughput optimal distance may
differ slightly.

In Figure 11, stability period vs. cluster diameter is
shown, for lower value of cluster diameter stability
period is very less due to the reason as stated above (more
umber of isolated nodes). For cluster diameter of 10 m
stability period is 2437, which increases to 2729 for
cluster diameter of 20 m. If we compare results with
recently proposed work [11] the stability period is 2185,
2471 for cluster diameter of 10 m and 20 m respectively.
For cluster diameter of 60 m the stability period for yadav
et. al. [11], work is 2862, and for proposed work stability
period is 2854. For the proposed work, the stability
period reaches its maximum value 2888 for cluster
diameter of 65 m. It is important to note that for diameter
more than 60m the number of isolate nodes are zero.

—&—Coupled Nodes|
—e&—Isolated Nodes

Coulpled/lsolated Nodes

10 20 30 40 50 60 70 80
Cluster Diameter

Figure 10. Numbers of coupled/Isolated nodes vs. Cluster
Diameter
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Figure 11. Stability Period vs. Cluster Diameter

However, as diameter increases as nodes are covered by
more than one cluster and a few nodes change their
cluster heads and lead to the better stability period.

In Figure 12, network lifetime vs. cluster diameter is
shown. For cluster diameter of 10 m network lifetime is
7582 and remains nearly same for any cluster diameter.
If we compare Yadav et. al. [11], works with proposed
work network lifetime at the cluster diameter of 60 m is
7248 and 7616 rounds respectively. It is further to note
that network life time does not change with rise in cluster
diameter as energy dissipation remain proportional to d?
but as diameter increases a few nodes change their cluster
heads therefore distance from cluster heads also alters,
and it has been found that this reorganization of nodes
does not bring any significant change in energy
dissipation in fact it increases slightly for diameter of
above 60m. The network life time is maximum for
diameter of 60 m.

In Figure 13, Throughputvs. cluster diameter is
shown. For cluster diameter of 10 m throughput is
3.62x10% and remains nearly same for any cluster
diameter. If we compare Yadav et. al.,[11] works with
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Figure 12. Network Lifetime vs. Cluster Diameter
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proposed work network lifetime at the cluster diameter of
60 m is 2.99x10° and 3.58x10° rounds, respectively.
Again it is noticeable that that network throughputdoes
not changes with rise in cluster diameter as energy
dissipation is does not changes and it remain proportional
to d?,but as diameter increases as discussed above a few
nodes change their cluster heads therefore distance from
cluster heads also alters, and it has been found that this
reorganization of nodes does not bring any significant
change in energy dissipation, thus throughput remains
nearly same. The throughput is maximum for diameter of
60 m.

6. COMPARISON WITH RECENT NOTABLE
SCHEMES

In Table 2, results of the recently proposed protocol are
detailed. It can be seen that for LEACH, SEP, Z-SEP,
EECP-EI, DDEEC, DEEC and MAHEE stability period

TABLE 2. Comparison with notable schemes
Stability Period Network Lifetime Throughput

Protocol

(Rounds) (Rounds) (Packets)
LEACH [12] 1018 4685 1.99x10*
SEP [13] 2471 3005 3.43x10°
Z-SEP [9] 1089 3791 2.16x10°
S-SEP [10] 1422 3824 2.32x10°
EECP-EI[14] 1763 5143 151x10°
DDEEC [15] 1433 3399 6.89x10*
DEEC [16] 1233 3166 4,61 10°
MAHEE [17] 1333 3690 1.84x10°
Eﬁ?a" et al. 1455 7248 2.99x10°
PROPOSED 2888 (d=65m) 7616 (d=60 m) ?di%’aln%s
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is less than 1500 rounds. For SEP stability period is 1763
rounds, and in Yadav et al. [11] work stability period is
2471 rounds. However in the proposed work stability
period is around 2888 rounds which is 16.87% better than
Yadav et al. [11] work. Similarly improvements are also
observed in network lifetime and throughput. In
comparison to S-SEP improvement is around 100%,
therefore it can be concluded that in S-SEP using node
coupling mechanism and optimization of parameters
such that isolated nodes are zero a significant
improvement is possible. It is further to note that stability
period is maximum for diameter of 65 m, while network
lifetime and throughput is maximum for diameter of 60
m.

7. CONCLUSIONS

This paper presents a wireless sensor network based
protocol. The main objective considered in the work is
the improvement in the stability period. We have
optimized the relevant parameters in such a way that the
numbers of isolated nodes can bring down to zero. A
detailed mathematical as well simulation results are
discussed for the optimization done. It is found that
cluster diameter of 65 m produces best stability period
results. It is also found that both network lifetime and
throughput also improves significantly. Results are also
compared with recently proposed protocol and it is found
that all three parameters stability period, network lifetime
and throughput improves significantly.
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