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Abstract. In recent years, distributed generators (DG) are most widely installed
in distribution system to meet the increasing demand and especially to reduce
the losses. According to demand, dispatch of generator should be modified for
economic operation. The Economic Dispatch (ED) of DGs are usually solved by
conventional methods such as Lambda iteration method, Dynamic Programming
etc., or any optimization technique such as Genetic algorithm (GA), Evolu-
tionary Programming (EP) etc., This off-line methods of solving ED problem
require comparatively large computation time and are not suitable for on-line
applications. Therefore, it is important to estimate Real Power dispatch values
within a short period. This paper presents an On-line ED of various
non-renewable DGs for various demands using Artificial Neural Networks
namely Back Propagation Neural Network (BPNN) and Radial Basis Function
Neural Network (RBFNN). The input pattern for Neural Networks (NN) is
demand and output is corresponding optimal real power dispatch. The input and
output patterns for NN is obtained using evolutionary programming method. In
this work two diesel engines and two fuel cells are used as DG. This case study
has been illustrated in a distribution system having two types of four numbers of
DGs. The test result shows that the proposed method is better for real time ED.

Keywords: Back propagation neural network � Distributed generators �
Economic dispatch � Evolutionary programming � Radial basis function neural
network

1 Introduction

According to the definition of CIGRE, Distributed Generation (DG) is defined as the
generating plant with a capacity of less than 100 MW, usually connected to the dis-
tribution networks that are neither centrally planned nor dispatched [1]. One of the
drawbacks of using non-renewable DG in distribution system is its fuel cost. Hence, to
reduce this fuel cost the DGs should be optimally dispatched.
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Economic dispatch (ED) is one of the most important optimization problems in power
system operation and planning. ED economically dispatch the generators according to
demand while satisfying physical and operational constraints. Classical methods such as
Lambda iteration, Base point Participation factor, Gradient method, Newton’s method and
Lagrange multiplier method can solve ED problem under the assumption that the incre-
mental cost curves of the generating units are monotonically increasing piecewise-linear
functions. However, in reality, the cost curves of generating units are non-convex.
Classical based techniques fail to address these types of problems satisfactorily and lead to
sub optimal solutions producing huge revenue loss over time. Dynamic programming
(DP) can solve ED problem with inherently nonlinear and discontinuous cost curves. But
it suffers from the curse of dimensionality or local optimality [2].

ED problems are also solved by many optimization algorithms namely Genetic
algorithm (GA) [3, 4], Evolutionary Programming (EP) [5], Particle Swarm Optimi-
zation (PSO) [6], Artificial Immune system (AIS) [7], Differential Evolution Algorithm
(DE) [8] Biogeography-based optimization (BBO) [9], Simulated Annealing (SA) [10]
etc., The main drawbacks of these optimization algorithms are time consuming because
for every demand the programs needs to be run to get optimal result. Hence, it is not
suitable for on-line application.

This paper presents an online ED of four non-renewable DGs using Neural Net-
work (NN). Two Types of NN has been developed for On-Line Estimation of ED
namely Back Propagation Neural Network (BPNN) and Radial Basis Neural Network
(RBFNN). The case study has been implemented on a four DGs test system.

2 Problem Formulation

The ED of DGs may be formulated as non-linear optimization problem. Two types of
DGs are considered here. They are diesel engines and two fuel stacks. The objective
function in a diesel engine consists of the fuel cost function similar to the cost function
used for conventional generating plants. The operating cost of fuel cell system takes the
fuel costs and includes the efficiency of fuel cell. The constraints include power gen-
eration capacity limits.

The objective function is:

minFT ¼ Fdiesel þ Ffuelcell ð1Þ

where, Fdiesel is Fuel cost of diesel generator, FFuel-cell is Fuel cost Fuel-cell
Subject to,

PD ¼
Xn
i¼1

PGi ð2Þ

Pmin
G �PG �Pmax

G ð3Þ

where, PD is Demand, PG is Real power generation of DGs,n is number of DG’s and
Pmin
G , Pmax

G is Minimum and maximum capacity of DGs.
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2.1 Diesel Generator

The objective function in a diesel engine consists of the fuel cost function similar to the
cost function used for conventional thermal generating plants.

Fdiesel ¼
Xn

i¼1
ai � P2

diesel;i þ bi � Pdiesel;i þ ci
� �

ð4Þ

where Fdiesel is the diesel generator fuel cost; n is the number of diesel generator; Pdiesel;i

is the diesel generation output in kW of unit i. ai; bi; ci are fuel cost coefficient of ith

generator.

2.2 Fuel Cell Plant

The operating cost of fuel cell system takes the fuel costs and includes the efficiency of
fuel cell. When fuel is transferred into power, the cost function considers the efficiency
of fuel cell. The generation cost of fuel cell is as follows:

Ffuelcell ¼
Xn

i¼1
bi

PFC;i

nFC;i

� �
ð5Þ

where Ffuelcell is the fuel cell generation cost; bi is the natural gas cost in $/kg; PFC;i is
fuel cell generation of the ith plant; nFC;i is fuel cell efficiency of unit i.

3 Review of Neural Networks

In this work BPA based ANN and RBF based ANN is used to solve the present
problem.

3.1 BPA Based ANN

A multilayer feed forward network trained by back propagation is the most popular and
versatile form of neural network for pattern mapping or function approximation prob-
lem. The structure of a BPA based multilayer feed forward network is shown in Fig. 1.

The ANN utilized here contains three layers. These are input, hidden, and output
layers. During the training phase, the training data is fed into the input layer. The data is
propagated to the hidden layer and then to the output layer. This is called the forward
pass of the Back Propagation Algorithm. In the forward pass, each node in hidden layer
gets input from all the nodes of input layer, which are multiplied with appropriate
weights and then summed. The output of the hidden node is the non- linear transfor-
mation of the resulting sum. Similarly each node in output layer gets input from all the
nodes of hidden layer, which are multiplied with appropriate weights and then sum-
med. The output of this node is the non-linear transformation of the resulting sum.
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3.2 RBF Based ANN

RBF networks are feed-forward networks trained using a supervised training algorithm.
They are typically configured with a single hidden layer of units whose activation
function is selected from a class of functions called basis functions.

Radial Basis Function Neural Network is the three layers feed forward neural
network. Figure 2 shows the schematic diagram of a RBF neural network. In RBFNN
the input neurons are directly fed to input layer. Then, the output of the input layer is
fed to hidden layer without adding any weight. The transfer function of hidden nodes is
same as that of multivariate Gaussian density function,

;j xð Þ ¼ exp � x� u2j
2r2j

 !
ð6Þ

Where x is the input vector uj,rj are the center and the spread of the corresponding
Gaussian function. || . || denotes the Euclidean distance between x and uj. Then, the
connections in the second layer is weighted and the output nodes are linear summation
units [11].

The value of the kth output node yk is given by,

yk xð Þ ¼
Xh

j¼1
wkj;j xð Þ þ wk0 ð7Þ

Fig. 1. Structure of BPA based neural network

Fig. 2. Structure of RBF neural network
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where wkj is the connection weight between the kth output node and jth hidden node and
wk0 is the bias term.

The training algorithm for RBF neural network is summarized as below.

• Determine the unit centres uj by the K-means clustering algorithm.
• Determine the unit width rj using a heuristic approach that ensures the smoothness

and continuity of the fitted function. The width of any hidden node is taken as the
maximum Euclidean distance between the identified centres.

• Compute weights of the second layer connections are determined by linear
regression using a least-squares objective function.

4 Development of Neural Network for on-Line Power
Dispatch of DGs

Many optimization techniques are proposed to solve ED problem [3–10]. However,
these methods are needed to solve every time when the system load changes so these
methods are not suitable for the on-line power dispatch.

4.1 Training Data Development

The generation of the appropriate training data is an important step in the development of
ANN models. For the ANN to accurately predict the output, the training data should
represent the complete range of operating conditions of the system under consideration.
For model development, a large number of training data is generated through off-line
power system simulation. The schematic diagram of proposed approach is given in Fig. 3.

The procedure for generating training data to develop the neural network is as
follows:

• First, a range of situations is generated by randomly varying the real power demand
between 100 kW to 950 kW.

Training Data generation using 
Evolutionary programming method

Construct optimal neural network

Real time power dispatch

Data Normalization

Fig. 3. Schematic diagram of the proposed approach
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• For each demand compute real power dispatch of DGs using evolutionary
algorithm.

4.2 Data Normalization

During training of the neural network, higher valued input variables may tend to
suppress the influence of smaller ones. Also, if the raw data is directly applied to the
network, there is a risk of the simulated neurons reaching the saturated conditions. If
the neurons get saturated, then the changes in the input value will produce a very small
change or no change in the output value. This affects the network training to a great
extent. To avoid this, the raw data is normalized before the actual application to the
neural network. One way to normalize the data x is by using the expression.

xn ¼ x� xminð Þ
xmax � xminð Þ þ starting value ð8Þ

Where xn is the normalized value, xmin and xmax are the minimum and maximum
values of the variable.

4.3 Network Development

The input after normalization is presented to the ANN networks for training. After
training, the networks are evaluated through a different set of input–output data. Once
the networks are trained and tested, they are ready for estimating the real power
dispatch of DGs.

5 Simulation Results

The proposed NN is implemented on four DGs system under various power demands.
Two diesels and two fuel cells are used as DGs. The fuel cost coefficient, generation
capacity for diesel, fuel cell and fuel cell efficiency is presented in Table 1. The demand
is varied between 100 kW to 950 kW. The simulation studies were carried out by
developing program on MATLAB 13.

In the ANN model a sum of 250 input-output pairs are generated in which 200 used
for training and 50 used for testing. Based on evolutionary algorithm for each demand
the optimum real power dispatch of DGs is obtained. The parameters used for evo-
lutionary programming are population size 200; maximum iteration 100; beta = 0.025.

Table 2 shows the real power dispatch values of four types of DGs obtained using
evolutionary programming, BP neural network and RBF neural network.

Figures 4 and 5 shows the testing patterns error for four DGs obtained using BP
neural network and RBF neural network respectively.

Figures 6 and 7 shows the Training performance of BP neural network and RBF
neural network respectively.

The parameters settings and performance of proposed neural network is presented
in Table 3.
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Table 1. Parameters of DGs

DG type Fuel cost coefficient for diesel/natural gas
cost for fuel cell

Generation
capacity
(kW)

Cell efficiency

c($/hr) b($/kWh)/($/Kg) a($/(kW)2 h) Pmin Pmax

Diesel1 0.4333 0.2333 0.0074 25 400 ——

Diesel2 0.2731 0.1453 0.0042 15 350 ——

Fuel cell1 0 0.05 0 0 100 90 %
Fuel cell2 0 0.05 0 0 150 95 %

Table 2. Dispatch for different load levels in test system

Methods Demand (kW) Dispatch of DGs (kW)
PDiesel1 PDiesel2 PFuel Cell1 PFuel Cell2

EP 810.9502 212.8403 348.4443 99.9234 149.7422
BPNN 212.5039 349.4207 99.9524 149.7422
RBFNN 212.9961 347.3780 99.3582 149.1423
EP 914.5509 317.3113 347.5691 99.9182 149.9298
BPNN 315.1947 349.4319 99.9595 149.7411
RBFNN 316.6144 348.5779 99.9176 149.7411
EP 727.4762 168.2298 309.2145 99.9453 149.8229
BPNN 167.4437 310.0856 99.9801 149.9667
RBFNN 168.5832 309.9683 99.9127 149.5437

Fig. 4. Error plot for testing patterns of BPNN

Fig. 5. Error plot for testing patterns of RBFNN
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The time taken by the EP for calculating dispatch of DGs for 200 different loading
condition is approximately 3854 s. This time may reduce to 69 s when BPNN is
chosen. Further the time may reduce to 1.62 s when RBFNN is chosen also from
Table 3 it is inferred that the RBFNN testing error is comparatively lower than BP
neural network error. Hence, RBFNN is more suitable for on-line ED of DGs.

6 Conclusion

This paper has presented an ANN-based estimation of Real power dispatch of
non-renewable DGs for on-line applications. Computer simulation was carried out on
the 4 DGs System. Test results show that the proposed BPA based approach and RBF
based approach provides accurate estimation of real power dispatch of DGs. In

Fig. 6. Training performance of BPNN

Fig. 7. Training performance of RBFNN

Table 3. Performance of the network

Neural
network
type

No. of
hidden
neurons

No. of
inputs

No. of
outputs

Training
time (s)

Training
error (mse)

Testing
time (s)

Testing
error (mse)

BPNN 6 1 4 69 0.00170 0.0936 0.0641
RBFNN —— 1 4 1.62 0.00028 0.046 0.0021
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comparison with BPNN, the RBFNN accurately predict power dispatch of DGs.
Hence RBFNN is more suitable for on line ED of DGs in distribution system.
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Abstract. This paper presents a Modified Non-dominated Sorting Genetic
Algorithm-II (MNSGA-II) solution to Multi-objective Generation Scheduling
(MOGS) problem. The MOGS problem involves the decisions with regards to
the unit start-up, shut down times and the assignment of the load demands to the
committed generating units, considering conflicting objectives such as mini-
mization of system operational cost and minimization of emission release.
Through an intelligent encoding scheme, hard constraints such as minimum
up/down time constraints are automatically satisfied. For maintaining good
diversity in the performance of NSGA-II, the concepts of Dynamic Crowding
Distance (DCD) is implemented in NSGA-II algorithm and given the name as
MNSGA-II. In order to prove the capability of the proposed approach 10 units,
24-hour test system is considered. The performance of the MNSGA-II are
compared with NSGA-II and validated with reference Pareto front generated by
conventional weighted sum method using Real Coded Genetic Algorithm
(RGA). Numerical results demonstrate the ability of the proposed approach, to
generate well distributed pareto front solutions for MOGS problem.

Keywords: Dynamic crowding distance � Emission � Generation scheduling �
Multi-objective optimization � Non-dominated sorting genetic Algorithm-II �
Real coded genetic algorithm unit commitment

1 Introduction

Generation Scheduling (GS) is used to schedule the generators, in a power system, such
that the total system production cost over the given time period is minimized while
meeting various plant and system constraints such as the loading levels, the amount of
spinning reserve for each unit and satisfying minimum up-time and down-time
constraints. GS problem is a nonlinear, mixed integer combinatorial optimization
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problem. The global optimal solution can be obtained by complete enumeration, which
is not practicable to large power systems due to its excessive computation time
[1, pp. 131–160].

A number of methods have been used previously for solving the above problem and
each method has its own difficulties. The various traditional methods used for this
problem are Priority List based method, Branch and Bound, Dynamic Programming
and Lagrangian Relaxation [2, 3]. In the Priority List method an exhaustive enumer-
ation of all unit combinations are performed at each load level. Hence, it is hard to
handle when the dimension of the problem is huge, whereas in the case of
Branch-and-Bound method, finding the optimal solution is time consuming, because it
can only be obtained by successive elimination of a set of inappropriate solutions [4].
Based on the “Principle of Optimality”, Dynamic Programming was suggested for GS
problem. But the main drawback of this was that it could not take into account the
coupling time constraints and also time dependent start-up costs [5]. Lagrangian
Relaxation method is superior to Dynamic Programming due to its higher solution
quality and faster computational time [6] but there is no guarantee in getting an optimal
solution. In addition, it is very difficult to handle the minimum up and down time
constraints unless some heuristic method was used.

Recently, Evolutionary Algorithms(EAs) are having widespread application
because of its two important aspects like very simple, function independent and they
are not limited by the properties of the function such as continuity, existence of
derivates, unimodality etc. Genetic Algorithm (GA) [7–10], Evolutionary Program-
ming (EP) [11], Simulated Annealing (SA) [12], Tabu Search (TS) [13], Fuzzy
Logic/expert systems [14–16], and Artificial Neural Networks (ANN) [17] were
applied to solve this problem. But the results obtained by these methods required a
considerable amount of computational time especially for a large system size. Hence
recently, the traditional methods are integrated with these methods to solve this
problem more effectively. These hybrid methods are claimed to accommodate more
complicated constraints and also claimed to have better quality solutions even though
the system under consideration is very large [18–20].

Due to the increasing environmental pollution caused by the fossil-fuelled electric
power plants, the U.S. Clean Air Act amendments of 1990 have forced the utilities to
reduce the emissions from such power plants [21]. Hence, it is essential to consider the
emission as another objective and GS problem becomes Multi-objective Generation
Scheduling (MOGS), which is a multi-objective optimization problem (MOOP) due to
conflicting nature of operating cost and emission release.

In general, for solving MOOP, Weighted sum method provides a set of
Pareto-optimal solutions by varying the weights, which requires multiple runs [22].
Further, the main disadvantage of this method is that it can’t be used to find good
distribution of pareto-solutions, for non-convex problems [23]. To overcome this, the ε-
constraint method of Multi-objective optimization was used. It is based on reformu-
lating the MOOP by keeping one of the most preferred objectives and restricting the
rest of the objectives with some user-specified value ε [24]. These values are adjusted
to generate the entire Pareto optimal solution. It is obvious that the solution will
depends upon the chosen ε value and this method will consume more time. Currently,
the ability of Evolutionary Multi-objective Algorithms (EMOAs) to find Pareto-optimal
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solutions is an attractive tool to solve these type of problems with multiple and
conflicting objectives [25]. Evolutionary multi-objective search using Multi-Objective
Genetic Algorithm towards preferred regions of the pareto front has been discussed for
power system generation scheduling problem [26, 27].

Among these algorithms, NSGA-II algorithm is very popular and used to solve
various power system multi-objective optimization problems, but still NSGA-II algo-
rithm suffers in maintaining diversity among the solutions in the Pareto front. Hence in
addition to NSGA-II, this paper makes use of diversity maintenance strategy which is
based on Dynamic Crowding Distance (DCD) [27].

The objective of this paper is to solve the MOGS problem as a true multi-objective
optimization problem and by using NSGA-II algorithm with DCD. To validate the
performance of NSGA-II and MNSGA-II, conventional weighted sum method using
RGA is used. In addition, in order to deal hard constraints of MOGS problem effec-
tively intelligent coding [28, 29] is employed in this paper.

The organization of this paper is as follows. Section 2 addresses the MOGS
problem formulation. Section 3 deals with basic introduction of MNSGA-II. The
MNSGA-II implementation to the MOGS problem and intelligent coding scheme are
described in Sect. 4. Section 5 provides test results and finally Sect. 6 concludes.

2 Multi-objective Generation Scheduling (MOGS)

The objective of MOGS problem is to minimize the operating cost and emission release
over the scheduled time period, subjected to generator operational and spinning reserve
constraints. MOGS problem is formulated as follows:

2.1 Objectives

2.1.1 Operating Cost
The total operating cost can be mathematically represented as in Eq. (1).

f1 ¼
XN
i¼1

XT
t¼1

FiðPt
iÞ þ STi;tð1� Ui;t�1Þ

� �
Ui;t þ ð1� Ui;tÞ SDi;t $=hr ð1Þ

where, FiðPt
iÞ is represented as,

FiðPt
iÞ ¼

XN
i¼1

ai þ biPi þ ciP2
i ð2Þ

where, N is the number of generators, T is the number of time periods, ai,bi and ci are
fuel cost coefficients of the ith generator; and Pt

i is the real power output of the ith

generator at tth hour and Ui;t is the ith unit status at tth hour.
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2.1.2 Emission
The total emission of atmospheric pollutants, caused by the operation of fossil-fueled
thermal power generation can be expressed in terms of (mg/Nm3) as

f2 ¼
XN
i¼1

XT
t¼1

ðai þ biPi þ ciP
2
i Þ ð3Þ

2.2 Constraints

2.2.1 Generation Capacity Constraint
For stable operation, real power outputs of each generator must be restricted by lower
and upper limits as follows:

Pi;min Ui;t � Pi;t � Pi;max Ui;t ð4Þ

2.2.2 Power Balance Constraint
By neglecting losses, the total electric power generation must cover the total power
demand Pt

demand. Hence,

XN
i¼1

Pi;t Ui;t ¼ Pt
demand ð5Þ

2.2.3 Spinning Reserve Constraint

Pt
demand þ Rt ¼

XN
i¼1

Pi;max Ui;t ð6Þ

2.2.4 Minimum up/Down Time Constraints
Minimum Up time

Ui ; t ¼ 1 ;
Xt�1

j¼ts

Ui; j\MUTi ; for i ¼ 1; . . .. . .N; t ¼ ts þ 1; . . .. . .T ð7Þ

Minimum Down time

Ui ; t ¼ 0 ;
Xt�1

j¼td

ð1� Ui; jÞ\MDTi ; for i ¼ 1; . . .. . .N; t ¼ td þ 1; . . .. . .T ð8Þ
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3 Modified Non-dominated Sorting Genetic Algorithm – II
(MNSGA – II)

3.1 Introduction

Before describing the non-dominated sorting genetic algorithm-II (NSGA-II), it is
necessary to discuss some terminologies related to it. They are termed as
non-dominated sorting, crowding distance, elitism and crowded-tournament operator.
The first step of an NSGA-II is to sort the population according to non-domination
levels. In order to find solutions of the first non-dominated front in a population, each
solution can be compared with every other solution in the population, to find if it is
dominated. To find the individuals in the next non-dominated front, the first front
solutions are discarded temporarily and the same procedure is repeated until all pop-
ulation members are classified.

To get an estimate of the density of solutions surrounding a particular solution in
the population, an average distance of the two solutions on either side of the solution
along each of the objectives is calculated. This quantity serves as an estimate of the
perimeter of the cuboids formed by using the nearest neighbors as the vertices. This is
termed as crowding distance. The overall crowding distance value is calculated as the
sum of individual distance values corresponding to each objective. Each objective
function is normalized before calculating the crowding distance. In NSGA-II once, the
non-dominated sorting is over, the new population is filled by solutions of different
non-dominated fronts, one at a time. First the best non-dominated front is filled and
continues with solutions of the second non-dominated front and so on. All fronts which
could not be accommodated are simply deleted. One important thing to be noted is,
when the last allowed front is being considered, there may exists more solutions in the
last front than the remaining slots in the new population. The crowded-tournament
operator guides the selection process at the various stages of the algorithm toward a
uniformly spread-out pareto-optimal front. Every population has two attributes:
non-domination rank and crowding distance. Between two different populations with
differing ranks, the population with better rank is preferred. If both populations belong
to the same front, then the population with larger crowding distance is preferred.

3.2 MNSGA – II

In MOEAs, the horizontal diversity of Pareto-front is very important. The horizontal
diversity is often realized by removing excess individuals in the non-dominated set
(NDS) when the number of non-dominated solutions exceeds population size. NSGA-II
uses Crowding Distance (CD) measure as given in (9) to remove excess individuals.
The individuals having lower value of CD are preferred over individuals with higher
value of CD in removal process.

CDi ¼ 1
r

Xr

k¼1

f kiþ1 � f ki�1

�� �� ð9Þ
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where, r is the number of objectives, f kiþ1 is the kth objective of the iþ 1th individual
and f ki�1 is the kth objective of the i� 1th individual after sorting the population
according to crowding distance. The major drawback of crowding distance is lack of
uniform diversity in obtained non-dominated solutions as illustrated in Fig. 1.

In Fig. 1, if normal crowding distance method is adopted then the individuals C, D,
and E are deleted from NDS, since they have small cd values. Because of that, some
parts of paretofront are too crowded and some parts are with sparseness. Also, cd of B
is small, because one side of the rectangle is short, while another side is long. However,
the cd of F is large because the length of one side almost equal to another side. If one
individual must be removed between the individuals B and F, because of small cd
value, individual B will be removed and F will be retained in NDS. But, in order to get
good horizontal diversity the individual B should be maintained, because the individual
B helps to maintain uniform spread. To overcome this problem, dynamic crowding
distance (DCD) method is recently suggested [28, 29].

In this approach, one individual with lowest DCD value every time is removed and
recalculates DCD for the remaining individuals. The individuals DCD are calculated as
follows:

DCDi ¼ CDi

log 1
Vi

� � ð10Þ

Where CDi is calculated by Eq. (9), Vi is based on Eq. (11),

Vi ¼ 1
r

Xr

k¼1

f kiþ1 � f ki�1

�� ��� CDi
� �2 ð11Þ

Fig. 1. Crowding distance of individuals
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Vi is the variance of CDs of individuals which are neighbors of the ith individual. Vi can
give information about the difference variations of CD in different objectives. In Fig. 1,
the individual B has larger value of Vi than the individual F and DCD of B is larger
than F. Therefore, the individuals similar to B in the NDS will have more chance to
retain.

 Create child population 

              Create parent population 

seY

oN

     Initialize parent population 

Stopping 
criteria is  
     met ?    

   Tournament Selection 

        SBX Crossover 

         Polynomial       
           Mutation  

   Combined population 

Nondomination ranking 

      Calculate dynamic   
      crowding distance       

 Select N individuals   

  Stop  

Fig. 2. Computational flow of MNSGA_II
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3.3 Computational Flow

The computational flow chart of MNSGA_II is shown in Fig. 2.

4 Implementation of MOGS Problem

In the case of NSGA-II and MNSGA-II the population is generated using real numbers.
In fitness function calculation, this real number vector is first rounded to the nearest
integer number and then converted to a binary vector of 10 bits. Using intelligent
coding scheme [30, 31] this binary vector is converted to a UC schedule without
up/down constraint violations.

4.1 Penalty Parameter-Less Constraint-Handling Scheme

In this paper, a constraint-handling method which does not require any penalty
parameter is used for handling other than minimum up/down time constraints. In this
scheme, all feasible solutions have zero constraint violation and all infeasible solutions
are evaluated according to their constraint violation alone. In penalty parameter-less
scheme, the fitness function is calculated using (12) [32].

FðxÞ ¼
f ðxÞ if gjðxÞ� 0 8 j ¼ 1; 2; . . .. . .. . .m

fmax þ
Pm
j¼1

ðgjðxÞÞ otherwise

8<
:

9=
; ð12Þ

The advantage of this scheme when compared with the usual penalty parameter
based scheme are the tedious process of choosing a suitable penalty parameter can be
avoided and no need to evaluate the objective function value for constraint violation,
which reduces the computation time. Thus, intelligent coding and penalty
parameter-less constraint handling schemes are applied to the MOGS problem to
effectively handle the hard and soft constraints.

5 Test Results

The implementation of NSGA-II and MNSGA-II algorithms are carried out using
MATLAB Version 7.4 on a Pentium dual core processor desktop computer operating at
2 GHz with 1 GB RAM. The population size is selected as 120. Crossover probability
(Pc) and mutation probability (Pm) are fixed at 0.9 and 0.1 respectively. Crossover
index (gc) and mutation index (gm) are selected as 4 and 18 respectively. The maximum
numbers of iterations is fixed at 500 and maximum function evaluations are fixed at
100000. The effectiveness of the algorithm has been tested on a 10 unit 24 h test
system. To determine the optimal dispatch for a UC schedule, Quadratic Programming
technique is used [33].
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5.1 Test System Description

The 10 unit test systems operating cost and emission release function are used in this
paper to demonstrate the performance of the proposed method. The demand of the
system was divided into 24 intervals. The detailed fuel cost coefficients, emission
coefficients, the lower power limits/upper power limits and minimum up/down time are
taken from [26].

5.2 Generation of Reference Pareto Front

To compare the performance of MNSGA-II and NSGA-II multiple run generated
reference pareto-front is used which is obtained using Real Coded Genetic Algorithm
(RGA) with weighted sum approach [23]. The MOGS problem is treated as single
objective optimization problem by linear combination of normalized objectives as
follows.

Minimize C ¼ w f1 norm þ 1� wð Þ f2 norm ð13Þ

where, C is the combined objective function, f1_norm and f2_norm are the normalized
objectives of f1 and f2. To generate 25 non-dominated solutions the algorithm is applied
25 times with varying weighting (w) factors as a uniform random number varying
between 0 and 1.

5.3 Results and Discussion

The NSGA-II and MNSGA-II are applied to the MOGS problem with and without
intelligent coding. Without intelligent coding, NSGA-II and MNSGA-II algorithms are
not able to produce even feasible solutions. Whereas with intelligent coding, the
NSGA-II and MNSGA-II algorithms have been applied ten times with different initial
population, to show the effectiveness of the algorithm. The best results obtained in 10
trails are reported in Tables 1 to 4. From the Tables 1, 2, 3 and 4, it is clear that, all the
hard constraints like minimum up/down time and demand constraint are satisfied.

Table 1 gives the hourly dispatch (U1-U10) for best total operating cost and the
corresponding total emission release using NSGA-II. From Table 1, it is observed that
the best total operating cost is 778470 $/hr and the corresponding total emission release
is 874750 mg/Nm3, using NSGA-II. Similarly Table 2 represents the best total emis-
sion release is 700010 mg/Nm3, and the corresponding total operating cost is 810040
$/hr using NSGA-II.

Table 3 gives the hourly dispatch (U1-U10) for best total operating cost and the
corresponding total emission release using MNSGA-II. From Table 3, it is observed
that the best total operating cost is 764240 $/hr and the corresponding total emission
release is 783240 mg/Nm3, using MNSGA-II. Similarly Table 4 represents the best
total emission release is 585830 mg/Nm3, and the corresponding total operating cost is
789870 $/hr using MNSGA-II.
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Table 1. Hourly dispatch, best total operating cost ($) and corresponding total emission release
(mg/Nm3) using NSGA-II

Hour Hourly dispatch (MW) Best total
operating
cost ($)

Corresponding
total emission
release (mg/Nm3)

U1 U2 U3 U4 U5 U6 U7 U8 U9 U10

1 54 72 90 108 135 172.13 445.15 94.72 288 0 778470 874750

2 54 72 90 108 135 158 403.10 63.91 288 0

3 54 72 90 108 135 146.14 367.81 38.05 288 0

4 54 72 90 108 135 143.06 358.62 31.32 288 0

5 52 72 90 108 135 0 435.99 88.01 288 0

6 54 72 90 108 135 0 445.32 94.85 288 26.84

7 0 72 90 108 135 0 468 134.10 288 76.90

8 54 72 90 108 135 0 445 94.85 288 26.84

9 54 72 90 108 0 0 468 125.32 288 65.68

10 54 0 90 108 0 0 468 135 288 99

11 54 0 90 108 0 0 468 124.44 288 64.56

12 54 0 90 108 0 0 468 117.85 288 56.15

13 54 72 90 108 0 0 435.94 87.98 288 18.08

14 54 72 90 108 0 0 429.94 83.58 288 12.48

15 54 72 90 108 0 0 424.69 79.73 288 7.57

16 54 72 90 108 0 0 450.93 0 288 32.07

17 54 72 90 108 0 0 435.93 0 288 18.07

18 54 72 90 108 0 0 420.94 0 288 4.06

19 54 72 90 108 0 0 381 0 288 0

20 54 72 90 108 0 0 366 0 288 0

21 54 0 90 108 0 0 377.70 45.30 288 0

22 54 72 90 108 0 0 370.20 39.80 288 0

23 54 72 90 108 0 0 404.25 64.75 288 0

24 54 72 90 108 135 0 468 135 288 109

Table 2. Hourly dispatch, best total emission release (mg/Nm3) and corresponding total
operating cost ($) using NSGA-II

Hour Hourly dispatch (MW) Best total
emission
release
(mg/Nm3)

Corresponding
total operating
cost ($)

U1 U2 U3 U4 U5 U6 U7 U8 U9 U10

1 54 0 90 0 0 244 468 135 288 180 700010 810040

2 54 0 90 0 0 208.68 468 135 288 128.32

3 54 0 90 0 0 189.82 468 133.31 288 75.87

4 54 0 90 0 0 186.63 468 126.36 288 67.01

5 54 0 90 0 0 185.12 468 123.07 288 62.81

6 54 0 0 108 0 189.32 468 132.21 288 74.47

7 0 0 0 108 0 218.21 468 135 288 154.79

8 0 0 0 108 0 202.86 468 135 288 112.14

9 0 0 0 108 0 191.49 468 135 288 80.51

10 0 0 90 108 0 0 468 135 288 153

11 0 72 90 108 0 0 468 116.53 288 54.47

12 54 72 90 108 0 0 446.44 95.67 288 27.89

13 54 72 90 108 0 0 435.94 87.98 288 18.08

14 54 0 90 108 0 0 456.94 103.36 288 37.69

15 54 0 90 108 0 0 451.69 99.52 288 32.79

16 0 0 90 108 0 0 468 0 288 141

17 0 0 90 108 0 0 468 0 288 112

18 0 0 90 108 0 0 468 0 288 83

19 0 0 90 108 0 0 422.82 78.36 288 5.82

20 0 0 0 108 0 0 450.94 98.97 288 32.09

21 0 0 0 108 0 0 460.81 106.19 288 0

22 0 0 90 108 0 0 442.92 93.08 288 0

23 54 0 90 108 0 0 445.80 95.20 288 0

24 54 0 90 108 0 203.13 468 135 288 112.87
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NSGA-II and MNSGA-II produces the pareto-optimal solutions in a single simu-
lation run. Figure 3 illustrates the best pareto front obtained using NSGA-II and
MNSGA-II. The comparison with respect to reference Pareto front is also presented in
the same figure. When compared to NSGA-II, the pareto front obtained in MNSGA-II
is much better in terms of non-domination level. Also the solution obtained using
NSGA-II and MNSGA-II are well distributed, whereas solution obtained by RGA are
poorly distributed and is having less number of non-dominated solutions

6 Conclusion

Multi-objective generation scheduling problem is considered with objectives of mini-
mization of total operating cost and total emission release using modified NSGA-II
algorithm. Intelligent coding scheme is employed to effectively satisfy minimum
up/down time constraints. To demonstrate the effectiveness of MNSGA-II and intel-
ligent coding scheme, 10 units 24-hour test system is taken. The reference Pareto front
is generated using weighted sum method with RGA. The results obtained shows that
the MNSGA-II is an effective tool for handling MOGS problem to generate a pareto
front in a single simulation with the best computational time. Results also show that,
pareto front obtained using MNSGA-II is well distributed with more number of
non-dominated solutions as compared to the obtained pareto front by reference and the
NSGA-II.
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Fig. 3. Pareto optimal solutions for the 10 unit 24 h test system using NSGA-II, MNSGA-II and
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 

Abstract— Intelligent Transportation System is an Emerging 

area to solve multiple transportation problems. Several forms of 

inputs are needed in order to solve ITS problems. Advanced 

Traveler Information System (ATIS) is a core and important ITS 

area of this modern era. This involves travel time forecasting, 

efficient road map analysis and cost based path selection, 

Detection of the vehicle in dynamic conditions and Traffic 

congestion state forecasting. This Article designs and provides an 

algorithm for traffic data generation which can be used for the 

above said ATIS application. By inputting the real world traffic 

situation in the form of video sequences, the algorithm determines 

the Traffic density in terms of congestion, number of vehicles in a 

given path which can be fed for various ATIS applications. The 

Algorithm deduces the key frame from the video sequences and 

follows the Blob detection, Identification and Tracking using 

connected components algorithm to determine the correlation 

between the vehicles moving in the real road scene. 
Keywords – Traffic Transportation, Traffic Density estimation, 

Blob Identification and Tracking, Relative Velocity of vehicles, 

Correlation between vehicles.  

I. INTRODUCTION 

NTELLIGENT Transportation System is an Emerging Area 

to Solve multiple transportation Issues. Advanced Travelers 

Information System is a core area of ITS which gives 

amenities to the traveler by providing valuable information 

which can be used by the traveler for path selection, travel 

time forecasting and time management. 

Traffic flow monitoring and traffic analysis based on 

computer vision techniques, and especially traffic analysis and 

monitoring in a real-time mode raise precious and 

complicated demands to computer algorithms and 

technological solutions. Most convincing applications are 

v e h i c l e  tracking, and the crucial issue is initiating a track 

automatically.  Traffic analysis then leads to reports of speed 

violations, traffic congestions, accidents, or illegal behavior of 

road users.  Various approaches to these tasks were suggested 

by many scientists and researchers [1,3] 
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One of the main aspects was to modify these algorithms to 

fit to real-time road monitoring processes, and as a 

consequence the prototype of system for traffic analysis was 

developed.  Technically this system is based on stationary 

video cameras as well as computers connected to wide area 

network.[2,4] 

The application is utilizing image-processing and pattern 

recognition methods designed and modified to the needs and 

constraints of road traffic analysis. These are combined 

together gives functional capabilities of the system to monitor 

the road, to initiate automated vehicle tracking, to measure the 

speed. [6] 

Image processing and object/pattern recognition of moving 

objects, chosen for the system, lead to complex mathematical, 

algorithmic and programming problems. Many articles have 

considered particular questions related to scene modeling, 

object geometry accounting, image contours processing. There 

is a lack of information on methods and algorithms used in 

digital monitoring technology, perhaps for commercial 

reasons. [7]  

In the cell transmission model, a very simple model and yet 

it is able to recover most of the phenomena observed in real 

traffic. There are many other traffic flow models suggested in 

the literature that also reproduce traffic flow, in some cases 

with more precision than the cell transmission model. 

However, one of the challenges for real time on-ramp metering 

control consists on having calibrated traffic flow models. [3] 

Grid method is the most common method in road density 

analysis. However, the determination of grid size, position and 

orientation is rather arbitrary. It also fails to provide 

information within grids, and may bring obstacles to road 

selection process, since grid boundaries may ‗split‘ the roads 

into several parts and ultimately give rise to the loss of 

information about connectivity. [5] 

Fractal geometry method is devised by introducing self-

similar fractal concepts. This method splits the whole study 

area into self-similar grids iteratively and the algorithm stops 

when the features within grids are homogeneous. It has the 

setback that the initial grid size exerts too much influence on 

computed road density, and the information lost at larger grid 

may not be recovered. Mesh density based on sub-region 

avoids several of the aforementioned setbacks. However, it 

neglects geographical characteristics of road networks and 

may not reflect information about the area each road is serving 

and its relative importance. [5] 
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The problem of road monitoring as it is chosen in our 

research is presented as a sequence of independent processing 

steps intended to solve tasks logically connected to each other. 

These steps are in hand of the following order of 

algorithmic processing: video stream input to computer 

(personal computer or specialized one), its conversion to a 

sequence of single frames,  Key Frame Selection, Blob 

Identification, Blob Coloring, Blob Tracking, Analysis of 

relative velocities of the Blobs.  

This paper mainly describes about the relative velocities of 

the moving blobs by utilizing the individual blobs velocity and 

draws the Probability Density Function (PDF) which then 

determines the density of the road surface.  

The paper is organized as follows. Section 2 explains the 

Selection of Key frames from the input Video Sequence.  

Section 3 explains the extraction of Blobs. Section 4 outlines 

the blob spatial moment and the correlation among the blobs 

which includes centroid extraction. Section 5 discusses the 

experimental results and Section 6 presents the conclusion of 

proposed algorithm. 

II. KEY FRAME SELECTION  

A. Overview 

For every video input to be processed, key frame selection is 

the initial step which selects the frames that best describes the 

important change detected in the input video. Here we propose 

a method to select the key frame based on color 

histogramming technique. 

B. Color Histogramming 

This technique detects the peak change in the RGB values 

of the pixel in each frame. The Frame‘s RGB values are 

appropriately sampled in the 64 bin space which derives the 

key frame. By sorting each frame against the RGB Pixel value, 

the frame which most deviates from the rest of the frames is 

obtained. In The Color Histogramming technique the Mean 

R,G,B Value of each frame is calculated which then sorted and 

the deviation of R,G,B Mean value with other frames is listed 

out as shown in Fig.1. The Frames with the highest deviation 

and lowest deviation are considered as key frames.  

Our Experimental results show that this technique is cost 

effective in-terms of run time memory requirements. This 

approach also reduces the constraints on the input 

requirements when compared to other techniques like edge 

histogram and wavelets and distance descriptor matching. The 

Method of Color Histogramming is easy to implement and cost 

effective in terms of both Space and Time complexity. Around 

100 sets of video are applied over this algorithm to test the 

accuracy of the results. Color Histogramming can be applied 

to a large volume of data since it uses n-bin technique to group 

the pixels by which pre-processing is done at an earlier stage 

to avoid keeping unwanted information through all phases of 

the algorithm. 

Table.1. Showing the Color Histogram values for the 

individual frames which are sorted based on the Deviation 

Descriptor. 

Figure.1. Showing the Best 2 Frames which are more deviated 

from each other based on the Color Histogram Value 

III. BLOB DETECTION AND TRACKING 

A. Overview 

Here we propose an algorithm to detect each and every 

moving vehicle designated as blobs. A blob is defined to be a 

filled square and any square that can be reached from that 

square by moving horizontally or vertically. A blob is a 

connected region that can be found out by traversing through 

the pixels of the image. 

B. Blob Detection 

Here we designed and experimented with a kernel which can 

be moved over the image to find out all the connected 

components. A Connected component refers to an object 

which has coherency of features when compared to the rest of 

the objects. The kernel shown in Fig 2 is moved over the 

image to find the connected components. For position S in the 

kernel Neighbouring pixels A, B, C & D are checked for the 

least label value. The pixel with minimal Label value is added 

to the list of connected pixels. Similarly many groups of 

connected pixels are grouped. 

Image 

Number 

Red Mean 

Value 

Green Mean 

Value 

Blue Mean 

Value 

img10.jpg 92.3166666 118.041025 109.735353 

img11.jpg 92.3166666 118.041025 109.735353 

img12.jpg 92.2833333 118.046153 109.711111 

img14.jpg 92.2833333 118.046153 109.711111 

img15.jpg 92.2385416 117.970256 109.670707 

img16.jpg 92.2385416 117.970256 109.670707 

img9.jpg 92.1916666 117.873846 109.586868 

img8.jpg 92.1552083 117.869743 109.489898 

img7.jpg 92.155208 117.869743 109.489898 

img17.jpg 92.064583 117.710769 109.413131 

img18.jpg 92.064583 117.710769 109.413131 

img43.jpg 92.079166 117.817435 109.333333 

img44.jpg 92.079166 117.817435 109.333333 

img45.jpg 92.1 117.810256 109.370707 

img47.jpg 92.1 117.810256 109.370707 



Figure.2. Blob Detection Kernel used to analyze the 

neighbourhood pixels for connected component           

S:Source Pixel, A,B,C,D:Neighbourhood Pixel 

Algorithm 

1.  Read the Image Array  

2.  Initialize labelTable, xMinTable, xMaxTable,  

yMinTable, yMaxTable, massTable to 0 

Initialize labelBuffer to the no. of pixels in the image 

3.  For Each Pixel S the nearest pixels are verified 

    A B C 

    D S 

4.  Assign Labels for each Pixel and enter it into labelTable 

5.  Iterate through pixels looking for connected regions. 

6.  Find the neighbouring pixel with the least labelValue 

7.  If the found neighbour is a foreground pixel 

      a. Set S Pixel Label value to min and assign the least 

labelValue to the pixel 

      b. Update min & max X, Y values on the found neighbour 

into labelTable 

      c. Increment the massTable value 

8.  If the found neighbour is not a foreground pixel 

      a. Enter the min & max X, Y values into the xMinTable, 

xMaxTable, yMinTable, yMaxTable 

      b. Increment the label value 

9.  Repeat Steps 3 to 8 for all pixels 

10.  Rearrange the labelValue of the each labelBuffer starting 

from 0 

11.  Assign color value to each labelValue (Blob) 

The algorithm uses Five Tables (xMin, yMin, xMax, yMax, 

MassTable) to identify the nearest and least neighborhood 

pixel. The kernel is made to pass through the entire array set of 

images. For each neighbor pixel, the labels are assigned and it 

is compared with the rest of the neighbours.  

If the found neighbor posses Label value less than the 

current pixel‘s Label value, then the neighbor pixel is 

designated as the new pixel and its x,y position in the array are 

entered into the corresponding tables. 

To ensure the reliability of Blob Detection Algorithm, 

during the free flow traffic in which the vehicles can be passed 

through with greater velocity and to identify the missed 

vehicles between the two key frames, a Middle frame approach 

is suggested. This approach compares the no. of blobs with an 

intermediate frame that lies exactly in the middle of the two 

key frames. The frame is taken into account, so that a moving 

object with higher velocity gets out in between the key frames 

and can be neglected in the further processing. 

Figure.3. Result of Blob Detection Algorithm which Detects 

the Moving Foreground Pixels & Colours the Blobs 

(Key Frame1, Key Frame2, Middle Frame) 

Figure. 4. Flow Chart Depicting Blob Detection Algorithm 

based on Connected Pixel Region. 

A B C 

D S 

Increment Label Value 

Update 

Xmin,Xmax,Ymin,Ymax  

For Each Pixel in Image 

Array, Verify the Four 

Neighbour  

Read Input Image 

Init Xmin=Ymin=Xmax=Ymax=0, 

Set MassTable = 0, Init labelTable =1 

Verify Connected Component with Neighbours 

Find Pixel with the Least Value 

Verify 

Neighbour 

Pixel  

Set Neighbour Pixel Label = Label (S) 

Update Xmin,Xmax,Ymin,Ymax; 

Mass= Mass+ 1 

Repeat for all the Pixels 

Rearrange the LabelBuffer from 0 

Assign Color to all LabelBuffer  

List the Blobs with Mass 

Xmin,Xmax,Ymin,Ymax 



 

C. Blob Filtering 

In this Section, the identified Blobs are labelled from 1 to n 

Numbers. Each blob‘s X and Y position is calculated and the 

mass of each blob is calculated. The massTable in the above 

algorithm provides the value of each blob‘s spatial mass which 

can be calculated.  

The blobs listed based on the algorithm in the previous 

section consists of all the blobs in the input frames. Blob 

filtering is carried out to filter out the stationary blobs which 

are basically the background pixels in the input frames. Three 

sets of conditions are applied over the blob list to find out the 

blobs which contain only the vehicles which are correlated 

between the two frames. 

Blobs which are stationary over a set of frames and Blobs 

that are having mass less than the specified threshold, where 

the threshold is calculated based on trial and error basis. 

Blobs whose change is very low, this is carried out to avoid 

erroneous blobs because of the internal movement of the 

camera and lightning conditions 

The Blobs are Filtered using (1) and are sorted out. The 

filtered Blobs need to be tracked to find out the spatial 

movement of the blobs and their correlation between the 

frames. The correlation between the frames is found out to 

conclude whether the blobs have their movement independent 

or depend on some other blobs. This is found out by 

comparing the blobs that are having equal mass between the 

frames. The final list of blobs is analysed for their spatial 

movement. A rectangle is drawn over the blobs to track it 

across the frame. 
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Where, 


=Mass of the Blob, af =Frame 1, bf = Frame 2, 

 =Difference in the position of the object between frame 1 

and frame 2, Number of Blobs Detected (i) = 0 to n,                            

th1, th2 = Threshold. Bi is the list of blobs from the set bi
 

which satisfies the threshold condition. 

Figure 5 Blob Filtering Constraints Applied over the list of 

Blobs and Convex Hull Marked over Similar Moving Blobs  

 

D. Blob Tracking  

These moving blobs represent the vehicle motion in the 

images. It has asserted that the convex hull surrounding a 

vehicle in an image is a good approximation of the projection 

of a vehicle in the image. In the Blob Filtering, we exclude the 

blobs whose mass is less than 100 pixels. To characterize the 

moving blobs, we calculate the convex hull and calculate the 

centroid for the blobs. The area of each blob is calculated and 

is indexed by the vertical location of its centroid in the image. 

This area is an indicator of blob size relative to its location in 

the image.  

Having located a vehicle in one image, the vehicle is tracked 

across images by enforcing co- linearity of the centroid of the 

convex hulls. The Figure 6 presents a representation of three 

convex hulls with centroid (x1, y1), (x2, y2), and (x3, y3).  

 

E. Velocity Estimation  

Figure.6. Moving Blobs Identified between Frame 1 and 

Frame 2 by applying Equation (1) 
 

For a set of Two Blobs, Calculate the velocity of the blobs 

by fixing a reference point and calculate the displacement. 

Calculate the time difference between the frames and hence 

calculate the velocity of the individual blobs.  

A point in the previous frame, p , will be associates with  a  

point  in  the  current  frame  based  on  the  minimum 

Euclidean distance, However, in order to determine the 

Minimum distance, all the distance between reference point p 

and all other points c1 , c 2 ...c n must be established 

 

                      

 

For every blob iBb  in the image, the bounding box and 

centroid,  = (xcb, ycb) are extracted where xcb and ycb denotes 

the points connecting the diagonal of the convex hull marked 

over the blob. Centroid is computed by calculating the blob‘s 

spatial moment and is given in (3) and (4). This centroid will 

be used for tracking object. 

 

(3) 

 

   

 

                                                (4) 

 

      

 The ratio between the pixels and length in meters can 

then be defined by assuming that the ratio of world to pixel 

space is given as 
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Systems DPI with relative to the input image. 

Further, we can derive the velocity in actual world unit 

using is given in (5) as 
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F. Speed-Flow-Density Relationship 

 

Speed, flow, and density are all related to each other. The 

relationships between speed and density are not difficult to 

observe in the real world, while the effects of speed and 

density on flow are not quite as apparent. 

 

Under uninterrupted flow conditions, speed, density, and 

flow are all related by the following equation: 

 

    q=k*v                                                                 (6)   

 

Where q = Flow (vehicles/hour) 

v = Speed (miles/hour, kilometers/hour) 

k = Density (vehicles/mile, vehicles/kilometer) 

 

Because flow is the product of speed and density, the flow is 

equal to zero when one or both of these terms is zero. It is also 

possible to deduce that the flow is maximized at some critical 

combination of speed and density.   

Under Interrupted Flow Conditions, the Vehicle Speed, 

Density and Flow are related using a Gaussian PDF. The 

velocity of vehicles follows a normal distribution, the resulting 

PDF for the differential velocity v of two vehicles a and b is 

given by: 

 

 

                           (7) 

 

IV. EXPERIMENTAL RESULTS 

 

Experimental   results   of   the   proposed   vehicle   speed 

estimation are presented to demonstrate the real-time velocity 

estimation of random vehicles. The algorithm is implemented 

using Java Advanced Imaging Package, Java Media 

Framework and executes on a 2.6 GHz Pentium Intel dual core 

with 4 GB ram memory and 500 GB hard disk. The 

experiment was set up to monitor the speed of vehicles moving 

along the selected road lane. The real-world scene was 

recorded in 6 seconds. 

The Proposed Method is tested over a range of videos taken 

at different scenarios like Bad Light, Rainy(or) Snow Days, 

Interrupted Traffic scene at Urban road side, Uninterrupted 

Traffic Scene at National Highways, Video Taken at Tunnels. 

The Results of the various video scenario at various part of 

the Algorithm is given in Table.2. 

 (* Accuracy in Percentage) 

Table.2. Accuracy of the Piece-wise Algorithms under various 

dynamic video streams taken at different conditions 

 

Since the key frame selection algorithm is used, the 

system is said to be in the state of intrinsic ie., the total input 

should be available before the start of the process. 

The overall performance of the Algorithm with 2 sets of 

Input data at various locations and conditions are shown in 

Table.3 and Illustrated in Graph.1 

 

Table.3. The Accuracy of the Overall System at various 

Dynamic Conditions.  

 

 

 

Results of the Proposed Method at Different Data 

Sets

At Bad Light; 

92.3

At Rain (or) 

Snow  Days; 

92.45Interrupted 

Traff ic; 

98.45533333

Uninterrupted 

Traff ic; 99.36

At Tunnels; 

95.01

 
Graph 1. The Distribution of the System‘s Performance over 

Different Data Sets. 

 

 

 

 

Video Scenario 

No. of  

Input  

Videos 

(120) 

Frame  

Selection

*  

Blob  

Detection

* 

 

Blob  

Tracking*  

At Bad Light 38 91.8 95.4 89.7 

At Rain (or) 

Snow Days 
20 95.67 91.43 90.25 

Interrupted 

Traffic 
22 98.4 99.32 97.646 

Uninterrupted 

Traffic 
27 99.21 99.98 98.89 

At Tunnels 13 98.12 97 89.91 

Video Scenario 

No. of 

Input Videos 

(120) 

Accuracy of 

the Results 

(%) 

At Bad Light 38 92.3 

At Rain (or) Snow 

Days 
20 92.45 

Interrupted Traffic 22 98.45533 

Uninterrupted Traffic 27 99.36 

At Tunnels 13 95.01 
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Table.4. Shows the Comparative Study of Various Road 

Traffic Density Analysis Methods. 

 

V. CONCLUSION 

The Proposed Solution for the Analysis of the Traffic 

Situation is efficient and produces approximated results on all 

the video sequence. This Method deduces, whether the road 

traffic is congested or free flow. As this algorithm also detects 

the number of blobs in the given traffic scene, which makes 

further analysis of the road traffic. The method describes the 

step by step process in the analysis and so, there are several 

midterm results like key frame selection, Blob Detection in the 

proposed solution which can be useful in all video surveillance 

systems. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the Linear Analysis of the  

Traffic Situation, the proposed method plays a vital role for 

future enhancements The outputs of this system, can be a 

mandatory input for all kind of Advanced Traveler 

Information Systems and also for various domains of ITS 

applications.  

The proposed solution is based on some input constrain 

including illumination effect of the video frames and camera 

angle. Future research work may be directed towards 

accounting the illumination changes as the object moves across 

the frame. The process can be extended to capture the video 

sequence in multiple lanes with the use of revolving camera 

instead of multiple stationary cameras. 
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Methods Advantages (+), Short Comings(-) 

Lane Masking 

& Contour 

Extraction 

+ Easy to Implement, Quick Results 

- Applicable Only to Uninterrupted 

Traffic Situations on Highways with 

Lanes 

Cell 

Transmission 

Model 

+ Very Simple Model, Traffic is 

simulated based on Kinetic Theory 

- Less Precision, Cant able to deduce 

traffic at high densities 

Grid Method + Widely used Model, Earlier 

Conclusions 

- Grid Size and Number of Grids 

within the picture are hard to apply 

Point Based 

Method 

+ Individual Analysis of Vehicles is 

Easy. 

- Hard to implement at Interrupted 

Traffic Flow Junctions 

Proposed 

Method 

+ Easy to Implement, Good flow of 
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Readapted to Different Density – 

Flow Correlation. 

- Long Mathematical Steps, High 

Time Bound, Constraints in Input 

Video 
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                          Figure.7. Overall Architecture of the System 
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Abstract— Contrast and brightness of digital images 

can be adjusted by contrast enhancement. Mostly digital 

images are stored in Jpeg format in real application like 

Internet and Mobile phones. In order to reduce the size 

digital images are compressed with high, middle and low 

quality factor. Move and paste type of images are 

created by malicious person, in which contrast of one 

source image is enhanced to match the other source 

image. Detecting global contrast enhancement on 

previously Jpeg compressed images can identified using 

global contrast enhancement detection algorithm. Zero 

height gab bins of histogram used to identify the global 

contrast enhancement. Zero height gap bins/peaks are 

used to identify the composite images created by 

contrast enhancement. Contrast enhancement technique 

aimed at detecting image tampering has grown in 

different applications area such as law enforcement, 

surveillance. Composite detection algorithm and global 

contrast enhancement detection algorithms are 

presented here. In order to increase the image 

processing task parallel approach is used.         

Keywords – Contrast enhancement, Parallel   
approach, Zero height gab bins/peaks, Jpeg    
Compression. 

I.INTRODUCTION 

Now a days digital image editing skills becomes very 
popular and digital image manipulation becomes convenient 
and easy.Malevolent user may perform innocent 
manipulation to tinker the digital images.Information 
delivered in images might become no longer believable.In 
the application such as surveillance and news recording, it is 
necessary to certify the integrity and originality of images. 

Primary goal of digital image forensics is the 
identification of image regions which was undergone some 
form of alteration[19-21]. Digital forensics techniques used 
to detect the image tinkering operations such as alteration, 
deletion etc. 

Low contrast image quality globally improved when 
using global contrast enhancement. The enhanced output 
image, produced by this enhancement is free from noise and 

ringing artifacts. It may have more exposure on some part of 
the image and less exposure on some other part of the image 
when high contrast gain occurs. 

The enhanced output image may lack in local  
details. Using local contrast enhancement, the local details 
of an image can be better defined. However, local contrast 
enhancement may produce the output image with noise 
when too much contrast gain occurs. Besides these, it may 
be poor in global contrast. For some images, applying the 
local contrast enhancement along with global contrast 
enhancement is much better than that of global contrast 
enhancement alone or local contrast enhancement alone. 

Previous works deal with image manipulation detection 
with classifier based approaches and specific image 
manipulations. Each manipulation leaves distinct 
fingerprints on images, so it is feasible to test the enforced 
manipulation. Manipulation specific detection techniques 
used to recover the image processing history. Prior works 
focus on 2 different type of image alterations. 1. Non 
content changing operation includes resampling [4], contrast 
enhancement [7,8,9,12,13], compression [5], sharpening 
filtering [6], median filtering [10,11]. 2. Content changing 
operations includes splicing and composition[17,18]. 
Contrast enhancement including statistical intrinsic 
fingerprints[7,16], Gamma correction[8], reverse  
engineering of double Jpeg compressed images[9], noise 
features[15]. 

Prior contrast enhancement forensics algorithms works 
well under the assumption that the gray level histogram of 
original image shows a smooth contour. But digital images 
are stored in Jpeg format compressed with medium or low 
quality factor in real applications such as internet. Quality 
factor (Q=50) medium, less than 50 (<50) referred as low 
quality. Low quality Jpeg compression causes 
unsmoothness and generates thick peak bins in gray level 
histogram. In that case, prior works fail to detect the 
contrast enhancement in previously Jpeg compressed 
images. To solve such a problem Detection of global 
contrast enhancement algorithm is proposed. 
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An important application is to find the move and paste 
type of image forgeries. Composite images are created by 2 
source images, in which contrast of one source image is 
enhanced to match the other source image. Single source 
and both source enhanced images are identified using the 
concept of zero height gab bins and peaks. Then 
composition region is located using difference between the 
similarity measures in different image blocks of regions. 

This paper organized as follows. In Section II previous 
works on global contrast enhancement detection algorithm. 
In section III proposed global contrast enhancement 
detection algorithm has been discussed. In section IV 
proposed composite detection algorithm by parallel 
approach has been discussed. Result and discussions are 
presented in section V and conclusion is drawn in section 
VI. 

II.PREVIOUS WORK 

Stamm and Liu [3] proposed a contrast enhancement        
detection algorithm as follows. 

 
Get the normalized histogram of image h(x). 

 
Modified histogram g( by performing the 
element wise multiplication between h( and a “’pinch 
off” p(  

 g(  where 
  

   

 

  where  is the width of the region over which p( )    

        decays from 1 to 0. The pinch off function is designed  
        to both remove impulsive histogram components which  
        may occur due to saturation effects as well as to  
        minimize the frequency domain effects of multiplying  
        h( ) by p( ), which behaves similar to a windowing  
        function. Calculate E, a normalized measure of the  
        energy in the high frequency components of the pixel  
        value histogram, from g( ) according to the formula 

 

E =  

   where N is the total number of pixels in the image,   

         is the DCT of g( ), and   is a weighting    
        function which takes values between 0 and 1. The    

        purpose of    is to deemphasize low frequency  

        regions of   is to deemphasize low frequency   
        regions of where nonzero values do not necessarily     
        correspond to contrast enhancement artifacts. 

 

 =  

where c is the entry of the 256 point DFT corresponding to a 

desired cut off frequency.  is zero for all values greater 
than k = 256 because symmetry properties inherent in the 
DFT of real valued signals make it unnecessary to measure 
these values. After E has been calculated, the decision rule 

 is used to classify an image as unaltered or contrast 
enhanced, such that  

 

 

Detection depends upon the presence or absence of an 
intrinsic fingerprint introduced into an image’s histogram by 
a pixel value mapping. The intrinsic fingerprints of contrast 
enhancement operations add energy to the high frequency 
components of an image’s pixel value histogram. It fails to 
detect contrast enhancement in the previously low quality 
JPEG-compressed images. 

 

III. GLOBAL CONTRAST ENCHANCEMENT DETECTION 

From the study of peak/gap artifacts from contrast 
enhancement [1], the zero height gap bins are absent in 
compressed images since there is absence of a distinct pixel 
value mapping applied to all pixels. A pixel value mapping 
relationship exists in flat regions, but not in other regions. 
Therefore, the zero-height gap feature can be used for 
detecting global contrast enhancement in both 
uncompressed and compressed images. 

Algorithm: 

1) Normalized gray level histogram of image is 
denoted by nh(x)  where x = 1,2,….256. 

2) Bin k is called as zero height gab bin if it satisfies                  
   

                  

first sub equation  says that the current bin is null.    
       The second sub-equation keeps two neighboring  
            
       equation the average of neighboring (2w1 + 1)  
            
        
       the detection of isolated zero-height gap bins which  
       are rarely occurs in the middle of histograms. 

3) Count the number of zero-height gap bins, denoted 
by N 



 

1164 
 

 
4) If  N is larger than the decision threshold, contrast 

enhancement is detected, else not. 

 
Figure 1 shows the (a) raw image, (b) compressed 

image with quality factor 10 and (c) contrast enhanced 
compressed image with quality factor 10. Figure 2 shows 
the corresponding normalized histogram for images in 
figure 1. 
 
 
 
 
 
 

 
 

IV. PROPOSED COMPOSITE DETECTION ALGORITHM 

In this section, composite contrast enhanced image 
detection algorithm is proposed. Figure 3 shows the block 
diagram of composition detection algorithm.  
 

A. Detection of Gap and Peak bins 

Initially test image is divided into non overlapping 
blocks. The position of detected gab bins labelled as     

where 

1 if the bins at k is a gap; 0 

otherwise.Peak bins which behave as impulse noise can be 
locate by median filtering and labelled as        

 

where 1 refers to peak ; 0 otherwise. 

i = 1,2… ;  – Number of divided blocks. 
 
 

        Fig.1 (a) Raw image; (b) Compressed Raw image with quality factor Q=10; (c) Contrast enhanced compressed image 

 
      Fig.2 Normalized histogram of (a) Raw image; (b) Compressed Raw image with quality factor Q=10; (c) Contrast enhanced   
      compressed image 
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To decrease detection errors, the extracted peak/gap 
positions are corrected by co-existing peak/gap 
positions. 

 

The detected co-existing gap positions as labelled 
as 

 . 

 

if    is larger than the threshold,            

= 0 otherwise. The corrected gap position 

vector,  generated as 

 

Similarly, the corrected peak position vector can 
also be calculated. 
 

 
Fig.3  Block diagram of composite image 
detection. 

 

B. Gab based similarity measure  

 
To distinguish two source regions, calculate 

reference position vector. The reference gap 
position vector for located source region can be set 
as   

  where 

 

 

 

Effective Detection Range . Similarity 

between      and  , denoted by  and  

calculated by 

 

 
 

C. Peak based similarity measure 

The reference peak position vector calculated 
by  

 

Where k = 1,2...255 and  

 

 

 is a threshold taken as 0.7 = 

.Similarity between  and , 

denoted by  and calculated by 

 

 

D. Fusion 

  Fusion value for each block denoted by  
and calculated by  
 

If  and then  

=  

Otherwise 

  

for all blocks  then it is identified as single 

source enhanced image. Otherwise  values 

classified as 2 sets. (i.e) in one set and 

in another set. It is identified as both 
source enhanced image. Figure 4(c) shows the 
detection result of this algorithm.  
 

E. Parallel approach 

  Parallel processing improves the performance 
of the system by speeding up the execution[2]. 
Composition detection algorithm repeated for each 
block of image. So each block of image is 
processed in parallel manner. It increases the 
performance of image processing task. 

 

V. RESULT 

A. Test Data 

 
Dataset 1: 
 Uncompressed Colour Image Database 
(UCID) [14]. It has 1338 uncompressed images. 

Dataset 2: 

CASIA1 Tampered Image Detection   
   Evaluation Database. It has 921 spliced color    
   images. 
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B. Experimental Discussion 

Proposed global contrast enhancement detection 
algorithm, works well for previously Jpeg 
compressed images with medium and low quality 
factor. It means that image enhancement techniques 
are applied after the Jpeg compression strategy. 
Prior works for composition detection fails to 
identify which type of manipulation was enforced. 
But proposed composite detection method 

identifies the manipulation using the similarity  
values.  

Splicing attack more or less similar to move-
and- paste attack. Both techniques modifies the 
certain region of image. But move-and-paste attack 
uses portion of the original image as its source 
image. i.e the source and destination of the 
modified image originated from the same image. 
This algorithm also identifies the splicing attack. 
The future work is to identify the forgeries in 
double Jpeg compressed images  
 
 
 
 

 

 
 
 
 
 

 
Dataset 

 
UCID images 

CASIA1 
Spliced 
images 

 

 
True Positive 

Rate 

 
True Positive 

Rate 
 

Proposed 
Composite image 
detection 

 
85% 

 

 
80% 

 

ExistingMethod 
Stamm and Liu [3 

55% 75% 

 

VI. CONCLUSION  

 
In this paper, two contrast enhancements based 

algorithms have been proposed. These algorithms 
based on histogram bins and peaks analysis. 
Parallel approach used to increases the performance 
of the system. Zero height gap bins, similarity 

Fig. 4 (a) and (b) Source images;(c) Composite image created by contrast enhancement (d) Detection Result  
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measures are exploited as identifying features. 
Composition detection algorithm works well for 
previously Jpeg compressed images. In future this 
work extended to images undergone to post 
processing. 
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Abstract:With the advancement in technology, industry, e-commerce and research a large amount of complex and pervasive 

digital data is being generated which is increasing at an exponential rate and often termed as big data. Big Data concern 

large-volume, complex, growing data sets with multiple, autonomous sources. Traditional Data Storage systems are not able 

to handle Big Data and also analysing the Big Data becomes a challenge and thus it cannot be handled by traditional 

analytic tools. Cloud computing plays a very vital role in protecting data, applications and the related infrastructure with 

the help of policies, technologies, controls, and big data tools. Cloud Computing can resolve the problem of handling, 

storage and analysing the Big Data as it distributes the big data within the cloudlets. Currently, storing the data safely and 

efficiently on Cloud is one of the biggest challenges in Cloud computing. There is always a potential risk to the security of 

Big Data storage in Cloud Computing. These security and privacy issues have been addressed in this paper.  
 

1.INTRODUCTION 

A growing number of companies are using the technology of big data to store and analyse peta bytes of 

data including web logs, click stream data and social media content to gain better insights about their customers 

and their business. Security and privacy issues are magnified by velocity, volume and variety of big data, such 

as large scale cloud infrastructures, diversity of data sources and formats, streaming nature of data acquisition 

and high volume inter-cloud migration. The use of large scale cloud infrastructures, with a diversity of software 

platforms, spread across large networks of computers, also increases the attack surface of the entire system. 

Big data refers to high volume, high velocity, and/or high variety information assets that require new 

forms of processing to enable enhanced decision making, insight discovery and process optimization. Due to its 

high volume and complexity, it becomes difficult to process big data using on-hand database management tools 

or traditional data processing applications. An effective option is to store big data in the cloud, as the cloud has 

capabilities of storing big data and processing high volume of user access requests in an efficient way. When 

hosting big data into the cloud, the data security becomes a major concern as cloud servers cannot be fully 

trusted by data owners. Traditional security mechanisms are not adequate for this scenario. 

 

1.1. Big Data 

Big data is commonly unstructured and require more real-time analysis. It represents the progress of 

the human cognitive processes, usually includes data sets with sizes beyond the ability of current technology, 

method and theory to capture, manage, and process the data within a tolerable elapsed time. Big data has typical 

characteristics of five ‗V‘s, volume, variety, velocity, veracity and value. Big data sets come from many areas, 

including meteorology, complex physics simulations, genomics, biological study, gene analysis and 

environmental research. 

Big data technologies describe a new generation of technologies and architectures, designed to 

economically extract value from very large volumes of a wide variety of data, by enabling high-velocity capture, 

discovery, and/or analysis. In particular, big data can be further categorized into big data science and big data 

frameworks. Big data science is ``the study of techniques covering the acquisition, conditioning, and evaluation 

of big data,'' whereas big data frameworks are ``software libraries along with their associated algorithms that 

enable distributed processing and analysis of big data problems across clusters of computer units''. An 

instantiation of one or more big data frameworks is known as big data infrastructure. 

Owing to the uniqueness of big-data, designing a scalable big-data system faces a series of technical 

challenges, including:  

i) First, due to the variety of disparate data sources and the sheer volume, it is difficult to collect and integrate 

data with scalability from distributed locations. For instance, more than 175 million tweets containing text, 

image, video, social relationship are generated by millions of accounts distributed globally. 

ii)Second, big data systems need to store and manage the gathered massive and heterogeneous datasets, while 

provide function and performance guarantee, in terms of fast retrieval, scalability, and privacy protection. For 

example, Facebook needs to store, access, and analyze over 30 pertabytes of user generate data. 
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iii) Third, big data analytics must effectively mine massive datasets at different levels in real time or near real 

time - including modelling, visualization, prediction, and optimization - such that inherent promises can be 

revealed to improve decision making and acquire further advantages. 

 

1.2. Cloud Computing 

Cloud Computing, the long dreamed vision of computing as a utility, enables convenient and on-

demand network access to a centralized pool of configurable computing resources that can be rapidly deployed 

with great efficiency and minimal management overhead. Cloud model is composed of the following essential 

characteristics such as on-demand self-service, ubiquitous network access, location independent resource 

pooling, rapid resource elasticity, usage based pricing, outsourcing, etc. Cloud computing improves 

organizations performance by utilizing minimum resources and management support, with a shared network, 

valuable resources, bandwidth, software‘s and hardware‘s in a cost effective manner and limited service 

provider dealings. Basically it‘s a concept of providing virtualized resources to the consumers. 

The service models of cloud models are as follows: 

1.Cloud Software as a Service (SaaS)—Use provider‘s applications over a network. 

2.Cloud Platform as a Service (PaaS)—Deploy customer-created applications to a cloud. 

3.Cloud Infrastructure as a Service (IaaS)—Rent processing, storage, network capacity, and other fundamental 

computing resources. 

The deployment models, which can be either internally or externally implemented in a cloud model are as 

follows: 

 Private cloud—Enterprise owned or leased 

 Community cloud—Shared infrastructure for specific community 

 Public cloud—Sold to the public, mega-scale infrastructure 

 Hybrid cloud—Composition of two or more clouds 

There are several major cloud computing providers including Amazon, Google, Salesforce, Yahoo, Microsoft 

and others that are providing cloud computing services. Cloud computing providers provide a variety of services 

to the customers and these services include e-mails, storage, software-as-a-services, infrastructure-as-a-services 

etc. 

 

2. BIG DATA PROCESSING ON CLOUD 

The technique to process big data has become a fundamental and critical challenge for modern society. 

Cloud is a pay-as-you-go business model by offering IT services using economies of scale. Cloud computing is 

the use of computing resources (hardware and software) that are delivered as a service over a network (typically 

the Internet). Cloud computing provides an ideal platform for big data storage, dissemination and interpreting 

with its massive computation power. In many today‘s real world applications, such as social networks, complex 

network monitoring, the scientific analysis of protein interactions and wireless sensor networks self monitoring, 

it is unavoidable to encounter the problem of dealing with big data and big data streams on cloud.  

Amazon EC2 infrastructure as a service is a typical cloud based distributed system for big data 

processing. Amazon S3 supports distributed storage. MapReduce is adopted as a programming model for big 

data processing over cloud computing. The extension of the traditional Hadoop framework to develop a novel 

framework named Incoop by incorporating several techniques like task partition and memorization-aware 

schedule. 

Attribute-Based Encryption (ABE) has emerged as a promising technique to ensure the end-to-end data 

security in cloud storage system. It allows data owners to define access policies and encrypt the data under the 

policies, such that only users whose attributes satisfying these access policies can decrypt the data. When more 

and more organizations and enterprises outsource data into the cloud, the policy updating becomes a significant 

issue as data access policies may be changed dynamically and frequently by data owners. 

 

2.1. Hadoop Framework 

Hadoop is designed to process large amounts of data, regardless of its structure. In fact, Hadoop has long been 

the mainstay of the big data movement. Apache Hadoop is an open-source software framework that supports 

massive data storage and processing. Instead of relying on expensive, proprietary hardware to store and process 

data, Hadoop enables distributed processing of large amounts of data on large clusters of commodity servers. 

Hadoop has many advantages, and the following features make Hadoop particularly suitable for big data 

management and analysis: 

 Scalability: Hadoop allows hardware infrastructure to be scaled up and down with no need to change data 

formats.  
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Cost Efficiency: Hadoop brings massively parallel computation to commodity servers, leading to a sizeable 

decrease in cost per terabyte of storage, which makes massively parallel computation affordable for the ever-

growing volume of big data. 

Flexibility: Hadoop is free of schema and able to absorb any type of data from any number of sources. 

Moreover, different types of data from multiple sources can be aggregated in Hadoop for further analysis.  

Fault tolerance: Missing data and computation failures are common in big data analytics. Hadoop can recover 

the data and computation failures caused by node breakdown or network congestion. 

 

2.2. HDFS 

The Hadoop Distributed File System permits individual servers in a cluster to fail without aborting the 

computation process by ensuring data is replicated with redundancy across the cluster. There are no restrictions 

on the data that HDFS stores - it can be unstructured and schema-less. Hadoop HDFS and HBase are responsible 

for data storage. HDFS is a distributed file system developed to run on commodity hardware that references the 

GFS design. HDFS is the primary data storage substrate of Hadoop applications. An HDFS cluster consists of a 

single Name Node that manage the file system metadata, and collections of Data Nodes that store the actual 

data. A file is split into one or more blocks, and these blocks are stored in a set of Data Nodes. Each block has 

several replications distributed in different Data Nodes to prevent missing data. Apache HBase is a column-

oriented store modeled after Google's Big table. Thus, Apache HBase provides Big table-like capabilities above 

on top of HDFS. HBase can serve both as the input and the output for Map Reduce jobs run in Hadoop and may 

be accessed through Java API, REST, Avor or Thrift APIs. 

 

2.3. Map Reduce 

The core of Hadoop is the Map Reduce framework, which was created at Google in response to the problem of 

creating web search indexes. MapReduce distributes a computation over multiple nodes, thus solving the 

problem of data that is too large to fit onto a single machine. Combining this technique with Linux servers 

presents a cost-effective alternative to massive computing arrays. Hadoop MapReduce is the computation core 

for massive data analysis. The MapReduce framework consists of a single master JobTracker and one slave 

TaskTracker per cluster node. The master is responsible for scheduling jobs for the slaves, monitoring them and 

re-executing the failed tasks. The slaves execute the tasks as directed by the master. It can sort a petabyte of data 

in only a few hours. The parallelism also provides some possibility of recovering from partial failure of servers 

or storage during the operation. 

 

2.4. Big data advantages 

In Big data, the software packages provide a rich set of tools and options where an individual could map the 

entire data landscape across the company, thus allowing the individual to analyse the threats he/she faces 

internally. This is considered as one of the main advantages as big data keeps the data safe. With this an 

individual can be able to detect the potentially sensitive information that is not protected in an appropriate 

manner and makes sure it is stored according to the regulatory requirements. There are some common 

characteristics of big data, such as 

a) Big data integrates both structured and unstructured data. 

b) Addresses speed and scalability, mobility and security, flexibility and stability. 

c) In big data the realization time to information is critical to extract value from various data sources, including 

mobile devices, radio frequency identification, the web and a growing list of automated sensory technologies. 

All the organizations and business would benefit from speed, capacity, and scalability of cloud storage. 

Moreover, end users can visualize the data and companies can find new business opportunities. Another notable 

advantage with big-data is, data analytics, which allow the individual to personalize the content or look and feel 

of the website in real time so that it suits the each customer entering the website. Big Data provides the 

opportunity to consolidate and analyse logs automatically from multiple sources rather than in isolation. This 

could provide insight that individual logs cannot, and potentially enhance intrusion detection systems (IDS) and 

intrusion prevention systems (IPS) through continual adjustment and effectively learning ―good‖ and ―bad‖ 

behaviours. 

2.5. The risks associated with Big Data technologies: 

 Big Data implementations typically include open source code, with the potential for unrecognised back 

doors and default credentials. 

 The attack surface of the nodes in a cluster may not have been reviewed and servers adequately 

hardened. 

 User authentication and access to data from multiple locations may not be sufficiently controlled. 

 Regulatory requirements may not be fulfilled, with access to logs and audit trails problematic. 

http://hadoop.apache.org/docs/r0.18.0/hdfs_design.pdf
http://en.wikipedia.org/wiki/MapReduce
http://searchmidmarketsecurity.techtarget.com/definition/intrusion-detection
http://searchsecurity.techtarget.com/definition/intrusion-prevention
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 There is significant opportunity for malicious data input and inadequate data validation. 

2.6. Security issues  

Cloud computing comes with numerous security issues because it encompasses many technologies including 

networks, databases, operating systems, virtualization, resource scheduling, transaction management, load 

balancing, concurrency control and memory management. Hence, security issues of these systems and 

technologies are applicable to cloud computing.  For example, it is very important for the network which 

interconnects the systems in a cloud to be secure. Also, virtualization paradigm in cloud computing results in 

several security concerns. Data security not only involves the encryption of the data, but also ensures that 

appropriate policies are enforced for data sharing.  In addition, resource allocation and memory management 

algorithms also have to be secure.  The big data issues are most acutely felt in certain industries, such as 

telecoms, web marketing and advertising, retail and financial services, and certain government activities. The 

data explosion is going to make life difficult in many industries, and the companies will gain considerable 

advantage which is capable to adapt well and gain the ability to analyze such data explosions over those other 

companies. Finally, data mining techniques can be used in the malware detection in clouds. 

 

3. THREATS AND ITS COUNTERMEASURES 

The following seven major threats are analysed in cloud computing. 

3.1. Abuse and Nefarious Use of Cloud Computing 

IaaS providers offer their customers the illusion of unlimited compute, network, and storage capacity — often 

coupled with a ‗frictionless‘ registration process where anyone with a valid credit card can register and 

immediately begin using cloud services. Some providers even offer free limited trial periods. By abusing the 

relative anonymity behind these registration and usage models, spammers, malicious code authors, and other 

criminals have been able to conduct their activities with relative impunity. PaaS providers have traditionally 

suffered most from this kind of attacks. Future areas of concern include password and key cracking, DDOS, 

launching dynamic attack points, hosting malicious data, botnet command and control, building rainbow tables, 

and CAPTCHA solving farms. 

Remediation 

 Stricter initial registration and validation processes. 

 Enhanced credit card fraud monitoring and coordination. 

 Comprehensive introspection of customer network traffic. 

 

3.2. Insecure Application Programming Interfaces 

Cloud Computing providers expose a set of software interfaces or APIs that customers use to manage and 

interact with cloud services From authentication and access control to encryption and activity monitoring, these 

interfaces must be designed to protect against both accidental and malicious attempts to circumvent policy.  

Remediation 

 Ensure strong authentication and access controls are implemented in concert with encrypted transmission. 

 Understand the dependency chain associated with the API. 

 

3.3. Malicious Insiders 

The threat of a malicious insider is well-known to most organizations. This threat is amplified for consumers of 

cloud services by the convergence of IT services and customers under a single management domain, combined 

with a general lack of transparency into provider process and procedure. 

Remediation 

 Enforce strict supply chain management and conduct a comprehensive supplier assessment.  

 Require transparency into overall information security and management practices, as well as compliance 

reporting. 

 

3.4. Shared Technology Vulnerabilities 

IaaS vendors deliver their services in a scalable way by sharing infrastructure. To address this gap, a 

virtualization hypervisor mediates access between guest operating systems and the physical compute resources. 

Remediation 

 Implement security best practices for installation/configuration. 

 Monitor environment for unauthorized changes/activity. 

 Promote strong authentication and access control for administrative access and operations. 

 Enforce service level agreements for patching and vulnerability remediation. 

 Conduct vulnerability scanning and configuration audits. 
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3.5.Data Loss/Leakage 

There are many ways to compromise data. Deletion or alteration of records without a backup of the original 

content is an obvious example. Unlinking a record from a larger context may render it unrecoverable, as can 

storage on unreliable media. Loss of an encoding key may result in effective destruction. Finally, unauthorized 

parties must be prevented from gaining access to sensitive data. 

Remediation 

 Implement strong API access control. 

 Encrypt and protect integrity of data in transit. 

 Analyses data protection at both design and run time. 

 Implement strong key generation, storage and management, and destruction practices. 

 Contractually demand providers wipe persistent media before it is released into the pool. 

 Contractually specify provider backup and retention strategies. 

 

3.6. Account, Service & Traffic Hijacking 

Attack methods such as phishing, fraud, and exploitation of software vulnerabilities still achieve results. 

Credentials and passwords are often reused, which amplifies the impact of such attacks. If an attacker gains 

access to your credentials, they can eavesdrop on your activities and transactions, manipulate data, return 

falsified information, and redirect your clients to illegitimate sites. 

Remediation 

 Prohibit the sharing of account credentials between users and services. 

 Leverage strong two-factor authentication techniques where possible. 

 Employ proactive monitoring to detect unauthorized activity. 

 Understand cloud provider security policies and SLAs. 

 

3.7. Unknown Risk Profile 

Versions of software, code updates, security practices, vulnerability profiles, intrusion attempts, and security 

design, are all important factors for estimating your company‘s security posture. Information about who is 

sharing your infrastructure may be pertinent, in addition to network intrusion logs, redirection attempts and/or 

successes, and other logs.  

Remediation 

 Disclosure of applicable logs and data. 

 Partial/full disclosure of infrastructure details (e.g., patch levels, firewalls, etc.). 

 Monitoring and alerting on necessary information. 

4. CONCLUSION 

In this paper, we have highlighted the security and privacy problems that need to be addressed to make 

Big Data processing and computing infrastructure more secure. Common elements specific to Big Data arise 

from the use of multiple infrastructure tiers (both storage and computing) for processing Big Data; the use of 

new compute infrastructures such as NoSQL databases (for fast throughput necessitated by Big Data volumes) 

that have not been thoroughly vetted for security issues; the non-scalability of encryption for large data sets; the 

non-scalability of real-time monitoring techniques that might be practical for smaller volumes of data; the 

heterogeneity of devices that produce the data; and the confusion surrounding the diverse legal and policy 

restrictions that lead to ad hoc approaches for ensuring security and privacy. 
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Abstract—Reactive power is a subject of great concern for the 
operation of Alternating Current (AC) power systems. It has 
always been a challenge to obtain the balance between a minimum 
amount of reactive power flow to maximize capacity for active 
power flow and a sufficient amount of reactive power flow to 
maintain a proper system voltage profile. This work mainly deals 
with the compensation of reactive power by using Solar 
Photovoltaic Power System. Single-phase matrix converter is used 
for developing AC voltage. Single-phase matrix converter can be 
used as a Rectifier and as an Inverter. The same system could be 
used for real power exchange utilizing free energy (Solar) thus 
minimizing the utility power supply. Bidirectional energy flow is 
possible with matrix converter for battery charging. Use of matrix 
converter improves the quality of output voltage with reduced 
Total Harmonic Distortion. Sinusoidal Pulse Width Modulation 
(SPWM) is used for generating pulses to the matrix converter. 
Digital control of proposed real and reactive power compensation 
improves the overall efficiency of the system and reliability. 

Keywords-Matrix Converter, Solar Photo Voltaic, Reactive 
Power Compensation, SPWM 

I.  INTRODUCTION  
Sun is the major source for solar energy and it is 

available throughout the year. Reactive power compensation 
using solar energy is an interesting task. If the reactive power 
was compensated, the quality of power is improved, and the 
power factor is maintained almost at unity. Solar PV panel 
receives the solar radiation from the Sun and is converted into 
electrical power. This output power has minimum voltage of 
24V and varying. This output voltage was given to the boost 
converter to obtain a constant voltage of 48V. The output of 
boost converter is then given to the matrix converter. Here the 
matrix converter acts as an inverter and the DC voltage is 
converted into AC. The output of matrix converter is given to a 
step-up transformer to match the converter voltage with line 

voltage for reactive power compensation. Normally utility 
supplies power to the load. The power comprises both real and 
reactive power components. Our aim is to compensate the 
reactive power and maintain the reactive power of utility side 
to minimum, nearly zero. Using of matrix converter improves 
the quality of output voltage and reduces the THD and 
controlled bidirectional power flow is possible. This is used for 
real power transfer to the grid and for charging the battery from 
the grid when there is sufficient output from solar.  

II. SOLAR PANEL 
 The model is established using basic circuit equations 

of the photovoltaic (PV) solar cells together with the effects of 
solar irradiation and temperature changes. This model was 
developed in MATLAB Simulink [1]. PV array is formed with 
series and parallel combination of PV solar cells. The output of 
PV cell voltage is the function of photocurrent that is mainly 
determined by load current depending on the solar irradiation 
[2]. 

−       (1) 
 

where the symbols are defined as follows: 
e: Electron charge (1.602 × C). 
k: Boltzmann constant (1.38  × J/°K). 

: Cell output current, A. 
: Photocurrent, function of irradiation level and  

junction temperature (5A). 
: Reverse saturation current of diode (0.0002A).  
: Series resistance of cell (0.001 ). 
: Reference cell, operating temperature (20°C). 
: Cell output voltage, V. 

 Figure 1 shows the Simulink model of solar panel. 
The panel was developed to produce the output of 250 Watts. 
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Fig. 1 Simulink model of solar panel

A. Characteristic curves 
 Figure 2 shows the I-V characteristic

shows the P-V characteristics of the solar panel.

 
Fig. 2 I-V Characteristics 

 

 
Fig. 3 P-V Characteristics 
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A. Sinusoidal Pulse Width Modulation (SPWM) 

 The matrix converter requires pulses 
this, a Pulse Width Modulation technique is r
paper, SPWM technique is proposed. In SPWM
will be taken as reference and high frequency 
as reference signal as shown in figure 6. Based o
signal the pulses are produced and the output 
[8]. 
 

Fig. 6 Simulink model of SPWM 

V.REACTIVE POWER 
The work producing power measured i

kilowatts (kW) is considered to be the real pow
produces the mechanical output of a motor. Re
not used to do work but it is needed to operate e
measured in Volt Amperes reactive (VAr) or k
If the load is pure resistive, then doesn’t need 
the reactive power. However, nowadays most o
not purely resistive. It may be inductive or capa
For this type of loads, reactive power compensat

Fig. 7 Power triangle 
 

S = P+jQ  (5) 

to operate. For 
required. In this 
M the sine wave 
triangular wave 
on the reference 
was driven [7], 

 

in watts (W), or 
wer. Real power 
eactive power is 
quipment and is 

kiloVAr (kVAr). 
to bother about 
of the loads are 

acitive in nature. 
tion is required. 

 

From the power triangl
compensation of reactive power 
power equals the real power. Thu
power is also reduced. It reduces th

VI. SIMULATION

Figure 8 shows the outpu
panel. 

 

Fig. 8 Output voltage

 
Figure 9 shows the o

waveform of the boost converter. 
 

 
 

Fig. 9 Output of bo
 The output which is driv
to the boost converter as input. T
the output of 50 Volts DC. This o
converter to convert into AC. 
converter is further modified an
reactive power compensation.  

V 

I 

V

le, it is clearly known that 
decreases, as the apparent 

us, the total consumption of 
he payment of the bill [9]. 

N RESULTS 
ut voltage waveform of solar 

 

e of Solar panel 

output voltage and current 

 

ost converter 
ven from solar panel is given 
The boost converter produces 
output is given to the matrix 
The output of the matrix 

nd connected with grid for 

Time (s)

Time (s)

                                                       2014 IEEE International Conference on Computational Intelligence and Computing Research



 

 This model applicable as rea
compensator is shown in figure 10. Figure 
output of the matrix converter as standalone sola
inverter.  

Fig. 11 Output of matrix converter 
  

 Figure 12 shows the voltage and curren
the utility side before compensation. Here
waveform was lagging with the voltage. T
lagging power factor. 

V 

Fig. 10 Simulink model of the proposed work 
active power 
11 shows the 
ar photovoltaic 

nt waveform of 
e the current 

This results in 

 
Fig. 12 Utility power be

 Figure 13 shows the volt
the utility side after reactive po
waveform of voltage and current 
which shows the power factor of 

 

Time (s) 

V

I 

 

efore compensation 

tage and current waveform of 
wer compensation. Here the 
are in phase with each other, 
the system is unity. 

Time (s)

                                                       2014 IEEE International Conference on Computational Intelligence and Computing Research



 
Fig. 13 Utility power after compensation 

Figure 14 shows the current wavefo
side, load side, and converter side after comp
the changes on the load current will be compe
converter and the current of the utility curre
phase with the utility voltage.  

 
Fig. 14 Current waveform after compensatio
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TABLE I. PARAMETERS BEFORE COMPENSAT

 Source side Load side C
Real power 385 W 385 W 
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TABLE II. PARAMETERSA

 Source side L
Real power 389 W 

Reactive 
power 

-1.2VAr 4

Voltage 325 V 

Current 2.394 A 
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Abstract—Imaging is a broad field which covers all aspects of the 
analysis, modification, compression, visualization, and generation 
of images. There are at least two major areas in imaging science 
in which applied mathematics has a strong impact: image 
processing, and image reconstruction. In image processing the 
input is a (digital) image such as a photograph, while in image 
reconstruction the input is a set of data. Image processing 
techniques treat an image and apply numerical algorithms to 
either improve the given image or to extract different features of 
it. Image reconstruction refers to the technique used to create an 
image of the interior of a body (or region) non-invasively, from 
data collected on its boundary.Current imaging problems deal 
with the image quality and the computational tools used to create 
the image. The performance of ANN-EM algorithm is compared 
with the simultaneous version of co-ordinate descent algorithm 
(CD) and de-noising algorithm. Algorithms are compared in 
terms of prediction and parameters like Peak Signal to Noise 
Ratio (PSNR), Mean Square Error (MSE) and Root Mean 
Square Error (RMSE) and Elapsed time for the algorithms. The 
results shows that ANN-EM based algorithm provides better 
reconstructed time compared to other two techniques. 

Keywords—ANN-EM algorithm, Co-ordinate descent 
algorithm,De-noising algorithm, PSNR, MSE, RMSE, 
Reconstruction time 

I. INTRODUCTION 

Image reconstruction methods plays vital roleto many 
of the new applications of medical imaging. In this paper we 
start with coverage of a number of common ideas that occur in 
a wide area of problems, including reconstructing  
images from non-uniformly sampled data, reconstructed image 
from projection data, reconstruction from under sampled data, 
and automatically focusing images. There are at least two 
major areas in imaging science in which applied mathematics 
has a strong impact: image processing, and image 

reconstruction. In image processing the input is a (digital) 
image such as a photograph, while in image reconstruction the  
 
input is a set of data. Image processing techniques treat an 
image and apply numerical algorithms to either improve the 
given image or to extract different features of it. 

The use of the positron emission tomography (PET) 
camera is to rotate around the patient in order to take the 
pictures of the patient of from different angles. These 
“pictures” acquired from the nuclear medicine camera are 
called projections. These projections are put together to obtain 
a patient’s image is called image reconstruction. There are two 
types of algorithm are used in image reconstruction they are 
analytical and iterative algorithms. An algorithm is a 
mathematical procedure which is implemented on a computer. 
In medical imaging, image reconstruction is performed in a 
system with reconstruction algorithms. These measurements 
are reconstructed into cross-sectional images. Tomography 
image reconstruction formsan individual image of a patient 
body in medicalimaging applications. 

 EM (Expectation Maximization) is considered as an 
important approach for Image Reconstruction which can be 
used as an impulse an iterative solver that finds an optimal 
solution possible algorithms are: ART, EM. EM won’t be 
requiring the computation of gradients and it is also 
constant.The EM algorithm is used to locate the maximum 
likelihood parameters of a geometric model in some of the 
cases where the equations cannot beable to solvein a straight 
line. Naturally these models involve hidden variables in 
addition to unidentified parameters and identified data 
observations. That is, whichever there are mislaid values 
among the data, or the replica can be formulated more simply 
by assuming the reality of additional unnoticed data points. In 
geometric models with hidden variables, this usually is not 
potential. Instead, the result is classically a set of interlocking 
equations where the solution to the factorsinvolves the rate of 
the suppressed variables and vice-versa, howeveralternating 
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one set of equations into the other creates an impenetrable 
equation. 

Radial Basis Functions emerged as analternate of 
artificial neural network in 80’s.  This is efficient for potential 
functions, clustering, functional approximation, spline 
interpolation and mixture models. RBF’s are fixed in a two 
dissimilar types of layer neural network, where each concealed 
unit implements a radial activated function. The output units 
implement a weighted sum of concealed unit results. The input 
is hooked on RBF network which is nonlinear when the result 
is linear. They have excellent approximation capabilities. Due 
to their nonlinear approximation properties, RBF networks are 
able to model difficultplanning, which view neural networks 
can only bemold by means of multiple mediator layers. 

In sequence to use a Radial Basis Function Network 
there is a need to denote the concealed unit activation 
function, the amount of processing units, a norm for modeling 
a given assignment and atraining algorithm reused for 
calculating the factors of the network. RBF weights can be 
calculated which called network is training. Inorder to fit the 
network results to the particular inputs. After training the 
algorithm, the RBF network can be used with data where its 
own information is similar to that of the training set.  

 

II. RELATED WORKS 
 
ISWLS shows similar performance to WLSduring the first 
iterations but it has better noise manipulation.Finally, ordered 
subsets ISWLS (OS-ISWLS), the OS version ofISWLS, shows 
its best performance between the first six–nine iterations.Its 
behaviour seems to be a compromise between OS-ISRAand 
OS-WLS[1].Dynamic MR Image reconstruction method from 
partial (k,t)-space measurements is introduced that recovers 
and inherently separates the information in the dynamic scene. 
The reconstruction model is based on a low-rank plus sparse 
decomposition prior, that can be related to robust principal 
component analysis[2]. 
 Algebraic reconstruction method simultaneous ART 
(SART), three–dimensional (3-D) object from its 
projections.The algebraic methods have, many advantages 
over the more popular Filtered Back projection approaches 
and have also recently been shown to perform well for 3-D 
cone-beam reconstruction[3].Vocal tract parameters and 
glottal excitations are characterized using Line Spectral Pairs 
(LSP) and pitch residual respectively.To evaluate the 
comparative performance of RBF and state of the art GMM 
based voice conversion system[4]. The kinestatic charge 
detector (KCD) combined with the multilevel scheme 
algebraic reconstruction technique (MLS-ART) for X-ray 
computer tomography (CT) reconstruction. 
 The KCD provides excellent detective quantum efficiency 
and contrast resolution[5].The spatially variant detector 
response can reduce spatial resolution in PET. In iterative 
reconstruction methods, the detector can be modelled into the 
system response matrix (SRM). Unfortunately, the SRM for 

current PET scanners is very large. Here evaluating PET 
reconstruction using generalized natural pixel functions. With 
these pixel functions, the SRM becomes block-circulant for a 
ring-PET scanner, because of this there is substantially 
reducing the number of non-redundant elements in the 
SRM[6].Unpenalized and penalized weighted least-squares 
(WLS) reconstruction methods for positron emission 
tomography (PET), where the weights are based on the 
covariance of a model error and depend on the unknown 
parameters[7]. 
 Space-alternating generalized EM (SAGE) algorithms for 
image reconstruction, which update the parameters 
sequentially using a sequence of complete-data space.Here 
they introduce new hidden-data spaces that are less 
informative than the conventional complete-data space for 
Poisson data and that yield significant improvements in 
convergence rate[8]. A method for Bayesian reconstruction 
which relies on updates of single pixel values, rather than the 
entire image, at each iteration. The technique is similar to 
Gauss-Seidel (GS) iteration for the solution of differential 
equations on grids[9].There are two types of iterative 
reconstruction algorithms, namely, the maximum likelihood 
with expectation maximization (ML-EM) and the weighted 
least squares with conjugate gradient (WLS-CG) algorithms. 
Both algorithms are effective in compensating for the non 
uniform attenuation distribution in the thorax region and the 
spatially variant detector response function of the imaging 
system.A neural network based image compression method is 
presented[10]. 

Comprehensive approach for sclera image quality 
measure, which includes quality filter and quantitative quality 
assessment unit, feature evaluation unit, and score fusion unit. 
The results show that the combination score is highly 
correlated with the sclera recognition accuracy and can be 
used to improve and predict the performance of sclera 
recognition systems[11]. Magnetic Resonance Imaging (MRI) 
image reconstruction, based on the frequency domain Super-
Resolution (SR) algorithm, is presented.  Images can be 
obtained from sets of irregularly located frequency domain 
samples are combined into the high resolution MRI image. 
The SR reconstruction replaces the usually applied direct 
averaging of low-resolution images[12]. A filter design 
method, compatible with SUPER algorithm, was investigated 
and tested on MR images. After coils sensitivities estimation, 
the data from the phased array elements was finally combined 
using this modified SUPER algorithm[13]. 
 Neural networks offer the potential for providing a novel 
solution to the problem of data compression by its ability to 
generate internal data representationneurons which are 
intended to abstract and model some of the functionality of the 
human nervous system in an attempt to partially capture some 
of its computational strengths[14].The method of 
reconstruction from SPECT data is proposed, which is build 
on the EM approach to maximum likelihood reconstruction 
from emission tomography data. This method can be 
illustrated by an application to data from brain scans[15].They 
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use highly overlapping views, geometric data, and 
semanticsurface classification in order to boost existing 2D 
algorithms. A 3D model is computed from the overlapping 
views, and the model is segmented into semantic labels using 
height information, colour qualities of the images[16]. 
 
 

III. MATERIALS AND METHODOLOGY 

A)WLS-CD (Weighted Least Square-Coordinate Descent) 
In multivariable minimization, coordinate descent 

methods minimize the objective by solving a sequence of 
scalar minimization sub problems. Each and every sub 
problem improves the estimation of the solution by correcting 
these solutions along a selected coordinate with all other 
coordinates fixed. Coordinate descent is impressive because of 
its simple: scalar minimization is much easier than 
multivariable minimization. Coordinate descent is efficient 
when the sub problems can be solved quickly. For some 
applications, the sub problem solutions can be expressed in 
closed form. It can be expressed as, 

1+ ||Au-f||2                                         (1) 
 

Where f Rmand A is an m×n matrix with m<n (the matrix is 
wide).  
The ICD-WLS algorithm the Poisson data can be outlined as 
follows. 

+=
j

iijij rxpYi )1(
                                      (2) 

Where xij be a starting positive image vector. Than can set it 
via the FBP reconstructed image. 
For j= 1. . .n updating each pixel: 

 

      (3) 

 
 

 
Assume an objective image be discredited into n pixels with 
emission rates x = [x1 . . . xj . . . xn] T. Assume that the 
emission source is verified by m detectors (i = 1 . . . m). 
According to the assumption of the experimental photon 
counts which are independent to the Poisson random variables 
greater than the region of interest. 
 

{ }+≈+=
j

ijijij
ij rxppoissonNYi R    (4) 

Whereyi indicates the ith detector recording emissions, which 
contain the photon counts emitted by all the pixels and the 
information of emissions brought by background actions. {Ri} 
are also independent Poisson variables: Ri Poisson 
{ri}.Background rates {ri} are assumed to be known. Nij is the 
real numbers of photons emitted from the jth pixel and 
corrected by the ithdetector discard. The system matrix element 

Pij denotes the probability of an emission from pixel j is stored 
at detector tube i. xj is the accepted value of pixel j.  
To concern iterative coordinate descent openlytowards the 
WLS, we mayattempt to modernizexjby comparing the partial 
derivative to nil. This method of WLS consists of swapping 
the logarithm of the prior mass on X by adifferent cost 
function at the n + 1threnew. The whole data space of the 
typical WLS algorithm for thisdifficulty is to locate the 
unobservable random variables. 
  
According to the SAGE algorithm, it has been established in 
CD-WLS. It utilizes a sequence of small total-data spaces 
namely, “concealed” data spaces. Here, theychoose a most 
obvious and easyconcealed data space which consists of those 
photons emitted from a particular pixel. To minimize the new 
objective function in each “concealed” data space, then 

calculat
ed the 

partial 
derivate 
for each 

given 
pixel xj. 
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The ROF (Rudin-Osher-Fatemi) form for image de-noising is 
the following, 
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Where the blur image is g and  >0 is a 

parameter.Unlike the ordinary weighted least square 
algorithm, the coordinate descent-weighted least square 
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“concealed” data spaces. Even though the CD-WLS algorithm 
is applied by sequential pixel renew of the image, with each 
renew the present pixel is chosen to decrease the WLS price 
function, then the use of “concealed”data spaces makes CD-
WLS algorithm congregate faster than the ordinary 
WLSalgorithm. A novel algorithm, named as FCD-WLS was 
the combination of the Fuzzy segmented based CD algorithm 
with the WLS algorithm (FCD-WLS) is proposed for PET 
image reconstruction.Simulations using both synthetic data 
and images corroborated the analytical findings and validated 
the effectiveness of the proposed schemes[18]. 

 
B) DE-NOISING ALGORITHM 
A different de-noising approach based on non-local 

estimation appeared in recent times, where pixels of the exact 
image which is estimated from regions that are found similar 
to the region middle at the estimated pixel. These methods, 
unlike the transform-based single,initiate a very few artifacts 
in the approximate but often more smooth image details. 
Based on adetailed adaptive weighting scheme, the standard 
based de-noising appears to be the most top of them and 
achieves results aggressive to the ones produced by the most 
top transform-based techniques. 

The idea of employing related data patches from a 
different locality is popular in the video processing field under 
the term of “block-matching”, where this is used to recover the 
coding effectiveness by developing the similarity among 
blocks which follow the movement of objects in successive 
frames. Conventionally block-matching has found unbeaten 
application in combination with transform-based techniques. 
Such applications include video compression (MPEG 
standards) and video de-noising, where noise of the image is 
attenuated in 3D DCT domain.  

We propose a method called de-noising which can be 
applied to the given original image and that is based on 
valuable filtering in 3D transform domain which can be 
combined by sliding window transform that could be 
processed with block-matching. We agree to the block-
matching model for a single noisy image; s the method of 
image blocks in a sliding manner, we explore for blocks that 
exhibit resemblance to the presently-processed one. Efficient 
noise attenuation is done by approaching a contraction 
operator on the transform coefficients. These results 
improvedin de-noising performance and effective detail 
maintenance in the limited estimates of the matched blocks.  

The pre-processing of the block in a given input image is 
processed in the initial stage then the final estimate that are 
obtained from the previous stage is the weighted average of all 
overlapping local block-estimates. By doing pre-processing 
step we come across a problem called over completeness to 
overlap. We can avoid the previous problem by blocking 
artifacts and the further improvement in the estimation ability 
is done. 

The OS algorithm plays an important role to 
accelerate PETimage reconstruction. OS can be applied into 
any algorithm,which involved a sum over projection[17]. 

 
 

C) ANN-EM (Artificial Neural Network- Expectation 
Maximization) 

RBF Networks can have severalnumbers of 
concealed levels and outputs with linear or non linear 
creation. Though, RBF Networks are commonlyrelated 
with structural designs with only one concealed levels 
without weights and with an output levels with linear 
creation. Such structural design is worked because it 
permits the division of the training in two pointsthat is the 
radial units factors are resolute the weights of the output 
levels. In generalit can be calculated simply The 
majorityof ordinary RBF is the Gaussian function, which is 
specified by j(dj(x))-e-dj(x). Neurons with Gaussian RBF 
present a very discriminatoryreaction, withelevatedcreation 
for modelsecure to the radial unit core and extremely small 
creation for distant models.A Reconstruction constraint 
was added to the networks as a post training step.A 
gradient descent optimization on the RBF parameters can 
be able toachieve according to the formulae below:  

(8) 
 

 

 

As a result of resources of training, the neural network forms 
the essential function of a certain mapping. Sequentially to 
form such a mapping we have to discover the network weights 
and topology. There are two types of training algorithms: 
supervised and unsupervised. RBF networks are used in 
supervised applications. In anorganized application, we are 
presented with a set of data samples called training set 
formatching network outputs are known.  

In this case the network factors are found such that 
they decrease a price function of the training set. In unproven 
training the output assignment is not obtainable for the 
particular set. A huge variety of training algorithms has been 
experienced for training RBF networks. In the primary 
approaches, to every data model was dispensed a source 
function. This resultshowed to be exclusive in conditions of 
memory storage and theamount of factors. On the additional 
hand, accurate fit to the training facts may cause terrible 
generalization. New approaches choose randomly or supposed 
well-known the concealed unit weights and evaluate the 
output weights by solving a method of equations whose results 
is known in the training set.  

The radial basis function midpoints are 
equallydispersed in the information space. The function which 
is modeled can be obtained by interpolation. Less basis 
functions then given data examples are used. A least squares 
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result that decreases the exclamationmistake is projected. An 
adaptive training algorithm for decreasing a given price 
function is a gradient descend algorithm. Back propagation 
alters iteratively the network weights creating an allocate for 
the derivatives of the price function with value to those 
weights. Expectation-maximization algorithm using a gradient 
descent algorithm move toward the input-output distributions 
is employed in this paper. 

 Back propagation algorithm couldinvolvenumerous 
iterations and that can get caught into local minima of the 
price function. For a least output variance, the training charge 
is identical to the contrary of the wholeamount of data samples 
related to that concealedunit, therefore the midpointbe in 
contacts to the conventionalprimary order 
geometricassessment.correspondingly, next order 
geometricassessment can be engaged for the covariance 
matrix. The output weights are calculated in a second stage 
with means of Least Mean Square assessment. Outliers and 
data overlapping could cause bias in the factorassessment. 
Algorithms using robust statistics as Median RBF and Alpha-
trimmed Mean RBF have been employed for hidden unit 
estimation. A set of generator functions is proposed in for 
hidden unit activation function selection. Stochastic selection 
has been considered in for the radial basis functions. RBF 
network topology isresolute by the amount of concealed units. 
A range of procedures have been worked for calculating a 
proper network topology.  

 
IV. RESULTS AND DISCUSSION 

The quality of reconstructed image can be measured by 
many parameters. The most commonly used image quality 
parameters are Mean Square error (MSE), peak signal to noise 
ratio error (PSNR), Root Mean Square error (RMSE) and 
Normalized Absolute Error (NAE). If the PSNR value is large, 
then the reconstructed image quality will also increase. 
A) Mean Square Error (MSE)  

MSE is one of the important image quality parameter to 
find the better quality of reconstructed image.MSE can be 
given as 

MSE= �  (10) 
 

Where f(x, y) is the original image, f'(x, y) is compressed 
image and M, N are the dimensions of the images. 
 
B) Peak Signal to Noise Ratio (PSNR) 

It is ratio between size of the input image to the square of 
Mean Square Error (MSE). If PSNR is high then the quality of 
compressed image is also increased. 

PSNR=10 [                                  (11) 
 

Where M×N is the size of an input image. 
  

C) Root Mean Square Error (RMSE) 

RMSE is just the square root value for Mean Square Error (MSE). 
Thus by finding this parameter, we can able to minimize the 
error in reconstructed image. 

RMSE = 1/2 (12) 
 

Where f(x, y) is the original image, f'(x, y) is compressed 
image and M, N are the dimensions of the images. 
D) Reconstruction time 
 The reconstructed time gives the value of elapsed time in 
seconds from the process of input image to reconstructed 
image 
 

The simulation results for images for all the three 
algorithms are shown below. The images with better 
reconstruction performance with the better MSE and high 
PSNR are included in the following figures.  

 

 
Fig 1: Input Image 

 
Fig 2: Reconstructed 
image using ANN-

EM 

 
Fig 3: Reconstructed 

image using CD 
algorithm 

 
 
Fig 4: Reconstructed 

image using De-
noising algorithm 

 
Fig (1-4) signifies the input image and reconstructed image of 
three algorithms i.e. ANN-EM, CD and De-noising Algorithm. 
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Table I: Image quality parameters using three different 
algorithms 

 
 
 
 
From the table it’s clear that ANN-EM algorithm is having 
better reconstruction time by comparing to other two 
algorithms. 
 

 
Fig 5. MSE values for three algorithms 

 
 
 

 
Fig 6. RMSE values for three algorithms 

 
 

Fig 7. PSNR values for three algorithms 
 
 

 
 

Fig 8. Reconstructed time values for three algorithms 
 

 The above figures (Fig. 5 to 8) shows the comparison of 
image quality parameters such as MSE, RMSE and 
Reconstructed time by using ANN-EM, Co-ordinate Descent, 
and De-Noising algorithm. All the input images given here are 
256×256 image size. The parameters of the reconstructed 

image are depicted using different formulae. By calculating 
MSE and PSNR values of the reconstructed image we can able 
to predict the quality ofreconstructed image. Here, by 
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comparing three different algorithms we can conclude that the 
CD coding has better MSE and PSNR. 
 

CONCLUSION 
In this paper we presented a comparison of 

reconstruction techniques based on Co-ordinate Descent (CD), 
De-noising and ANN-EM coding for scan testing to reduce 
test data volume. Reconstructed images for different input 
images are obtained by these three algorithms. Image quality 
parameters are calculated for the reconstructed image and 
comparison chart is provided for Mean Square Error (MSE) 
and Peak Signal to Noise Ratio (PSNR), Root Mean Square 
Value (RMSE) and reconstructed time. By comparing the 
performance parameters of reconstructed image for these three 
algorithms, we conclude that ANN-EM coding is efficient 
technique for image reconstruction by calculating elapsed time 
for the reconstructed image. We review and discuss about the 
algorithms for reconstruction of image namely, WLS 
(Weighted Least Square), De-noising and ANN-EM 
Techniques.  
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Abstract- This paper mainly deals with the experimental setup for reactive power compensation using two AC sources. 

Two isolation transformers, step down transformer, auto transformer, Power Harmonic Analyzer (PHA), Digital multi-

meter and two tube-light loads are used in the experimental setup. The Reactive power consumed by the load is due to 

more inductive nature of loads. Compensating the reactive power in a system is a challenging task nowadays. Even though 

many means of reactive power compensations are dealt with earlier, this paper presents a very simple way of VAr 

compensation. But there are few experimental setup to analyze this task. This paper mainly focuses about the reactive 

power compensation for two tube-light loads with a simple experimental setup. 

 
Keywords- auto transformer, Experimental setup, Fluorescent Lamp Load, Isolation Transformer, Reactive power. 
 
 

I. INTRODUCTION 
 

In our day to day life we are using so many inductive and power electronics loads, due to these loads 

the reactive power consumption of the load get increased, which in turn decreases the availability of active 

power at the transformer side [1]. So we have to avoid the drawing of reactive power from the mains supply, 

by locally injecting reactive power to the load at the customer end by some external VAr sources. By relieving 

the street distribution transformer from supplying the reactive power demanded by the tube-light loads, that 

transformer is empowered to deliver the real power alone to its maximum VA capacity. That is a 100 kVA 

distribution transformer can be made to deliver 100kW with local VAr compensation by consumer end. If the 

compensator itself consumes more active power for its own operation then it will lead to more electricity 

consumption cost. So, have to concentrate on both the reactive power injected and active power absorbed by 

the compensator. In this experimental, the reactive power is compensated for the inductive load of two tube-

lights by using one isolation and step down transformers. By maintain the voltage variations for the main 

source and external source we achieved the reactive power compensation. The reactive power from the 

compensator to the tube-lights can be made to flow just by maintaining the RMS value of the external source 

(compensating transformer) by manually adjusting the autotransformer just greater than (say 230.1 Vrms) the 

voltage of the main source as shown in Figure 1. 
 

The difference between these two voltages depends on the VAr required by the load. That is, if the 

VAr demand is more at the consumer load then the RMS voltage value of external source must be increased 

further from 230.1 Vrms. 
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Figure 1: Voltage Waveform of supply and compensator 

 
 
 
 

II. REACTIVE POWER 
 

 
Figure 2 shows the power triangle for a single tube-light. The active power consumed by one tube 

light is P= 55 W, the reactive power essentially required by the tube-light to provide a platform to actively 

convert the real power into useful work (here the useful work is light output) within load is Q= 66VAr and 

the total power (called as apparent power), the vector sum of P+ jQ, is S=86VA. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Power Triangle for single tube light of 55 Watts of Real/Active power (theoretical assumption) 
 

 
Reactive power (VAr, Q) is the essential component for the majority of power consumed by the 

consumer loads, without which the real power (Watt, P) cannot be utilized within the load arrangement for 

the work (Heat or Mechanical) being done. Drawing excess of reactive power from the utility, reduces the 

availability of real power at the utility side [2]. The real power must be drawn from the utility (street 

distribution transformer in this case) side only and reactive power (for the maximum extent) must not be 

drawn from the utility for the maximum real power transfer from the utility. Normally power electronics 

and inductive loads will consume more reactive power from the utility. In electrical quantity reactive 

power Q is defined as follows: 

 
 

Q = V*I*sinϕ 
 
Where, 
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Q= reactive power, delivered by utility (Ideally Q = zero) 
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V= voltage of utility. 
 
I= current of utility. 
 
Sinϕ= sine of the angle difference between utility voltage and utility current. 
 
 
 
 

III. BASIC CONSTRUCTION OF EXPERIMENTAL SETUP 
 

The basic construction of experimental setup consists of five main parts: 
 

A. Isolation Transformer (230V:230V)/2A  
 

B. Step down transformer (230V:12V)/2A  
 

C. Auto transformer (230V:270V)/4A  
 

D. Power and Harmonic Analyzer (440V/100A), 3 phase 4 wire instrument  
 

E. Load (2*(55W/86VA/66VAr/ P.F = 0.5 lag Fluorescent Lamp))  
 

 

A. Isolation Transformer:  
 

Isolation transformer is normally 1:1 (230V:230V) transformer which is used for transfer of 

electrical power from AC source to the load, at the same time it isolates the sensitive loads from power 

utility and give protection to the sensitive loads. Here we are using 230V/230V isolation transformer 

for supplying two tube-light loads. The neutral and phase of the load are isolated from the main’s side 

neutral and phase in order to establish the proper injection of reactive current (I sinϕ) demanded by the 

tube-lights. In between the primary and secondary windings of isolation transformer, there is a 

capacitive coupling and there is a copper foil shield to reduce the coupling noise. It blocks DC and 

allows AC. 

 
B.  Step-down Transformer: 
 

Step-down transformer has more number of turns in the primary winding side and has less number 

of turns in the secondary side. The main operation is to reduce the 230V voltage of utility to 12V at its 

secondary. Normally the primary is made of up small gauge wires and secondary is made up of large 

gauge wires, to increase the current at secondary. The step-down transformers can act as step-up 

transformer by connecting it in opposite manner and vice-versa. The dot polarity test is needed when it 

is connected to a single phase AC source. Here the 230V/12V transformer is connected in series with 

the secondary of isolation transformer-2 (the compensator here). 

 
C. Auto Transformer: 
 

Auto transformer is the single winding transformers with multiple taps and a riding carbon brush 

the varying O/P voltage can be obtained i.e) step-up or step-down based on the position of carbon 

brush. The main advantages of this transformer is low leakage reactance, low losses and low excitation 

current. The main disadvantage is that, there is no electrical isolation between input and output. Here 

single phase 230V/4A auto transformer is used for the experimental setup. 
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D. Power and Harmonic Analyzer: 
 

Power and Harmonic Analyzer is a hand-held digital measuring instrument and it is interfaced 

with system. It is a mains cum battery operated - portable instrument. This measuring equipment can be 

able to measure single phase and three phase voltages, currents, active power, reactive power, power 

factor, apparent power, angle difference between voltage and current, harmonics up to 99
th

 order, 

vector diagrams, graphs of waveforms, etc in a single setup with the user-friendly keys. The main 

advantage of this equipment is that, it can record all the data and waveforms in this kit and transfer to a 

Personal Computer. Here, using it for monitoring the actual instantaneous active power and reactive 

power consumed by the load and the compensation is done by the isolation transformer-2 (a VAr 

source here). 

 
E. Load: 
 

The load may be an inductive, capacitive or power electronic load. The pure resistive load does 

not consume any reactive power, since a resistor load does not store any energy instead of it dissipates 

the real power. Here using single phase load is used i.e) two tube-lights with inductive choke (not 

electronic choke). This inductive load consumes more reactive power and observes poor lagging power 

factor P.F=0.5 [3]. So to increase the power factor, going to compensate that reactive power by using 

the compensator (isolation transformer-2 and the step-down transformer (Vc). 

 
 

 
IV. EXPERIMENTAL SETUP CIRCUIT DIAGRAM 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Experimental setup circuit diagram 
 

 
Figure 3 shows the real time circuit connection diagram for the reactive power compensation 

experimental setup. The whole setup is used to act as a single capacitor connected in parallel to compensate 
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reactive power. In this, the single phase 230V utility is supplying power to the load via isolation transformer- 
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1(230V/230V). The same single phase source is connected to another isolation transformer-2 which is 

connected in parallel (shunt) to the grid with the series connection to secondary of a step-down transformer 

(230V/12V) to establish a dominating peak voltage (Vpeak) with respect to mains utility voltage), which in 

together compensates the reactive power needed by the inductive loads with the manual variable voltage of 

AC applied to the primary of the step-down transformer via auto transformer. By maintaining the voltage 

difference between the main (Vs) and the compensating parallel transformer-2 (Vc), the reactive power is 

injected (Vc>Vs) [4]. 

 
 

 
V. EXPERIMENTAL SETUP 

 
Figure 4 shows the experimental setup of the reactive power compensation kit, which 

includes all the devices as mentioned above in the construction. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Experimental setup 
 

 
The experimental setup is configured based on the circuit diagram. The monitoring 

equipments used are Power and Harmonic Analyzer and digital multi-meters for AC voltage and 

current measurement. 

 
VI. RESULTS 

 
The results obtained from the experimental setup using Power and Harmonic Analyzer and digital 

multi- meter are shown in Table 1: 
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Table 1: Main transformer reading before and after compensation for the two tube-light loads 

 

MAIN   

TRANSFORMER BEFORE COMPENSATION AFTER COMPENSATION 

READING   
   

voltage 246 V 248 V 
   

current 1.0 A 500 mA 
   

Real power 123 W 80 W (ideally 123W) 
   

Reactive power 220 VAr 95 VAr (ideally 0VAr) 
   

Power factor 0.5 0.64 ( ideally more than 0.95) 
   

 
 

 
VII. CONCLUSION 

 
This paper presents a new methodology for the reactive power compensation using two AC 

sources with a simple experimental setup. The overall performance was satisfactory, but the existing 

injection transformer setup injecting real power also, due to the phase displacement between the two 

sources and due to different inductance of Transformers. So, this setup provides both real and reactive 

power transfer. The future aim is equivalent to demonstrate the same setup in three phase transformers 

and in three phase inverter kit. 

 
VIII. APPENDIX 

 
Single phase AC voltage source: 230V/50Hz, Isolation transformer 1: 230V/230V, Isolation 

transformer 2: 230V/230V, Load: 2 Fluorescent lamps, Step-down transformer: 230V/12V, Auto-

transformer: 230V, Approximate inductance value of the load: 2.5H 
 

Measuring devices: Digital multi-meter, Power and Harmonic Analyzer 
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Abstract - In a restructured power market, supply of reactive power is an essential ancillary service provided by an 

Independent System Operator taking into account the voltage stability and reliability of the power system. The generators are 

the main producer of reactive power. The production cost of generator reactive power should be consideredfor reactive power 

pricing. In this paper, the production cost of real and reactive power was considered in the objective function of the optimal 

power flow problem.Different methods were presented to obtain the reactive power cost equation of the generator. The 

triangular method is based on generator power factor to allocate the cost for reactive power service. Real power based 

method and apparent power based method depends on the opportunity cost of the generator for reactive power cost allocation. 

These methods are illustrated with IEEE-14 bus power systems to show its validity andpracticability. 

 
Keywords:Opportunity cost, optimal power flow, Reactive power cost functions, Restructuring. 
 

I. INTRODUCTION  
 

In a restructured power system, one of the most important issues of Independent System Operator (ISO) is to 

maintain the reactive power. Steady supply of reactive power improves the stability and reliability of the power 

system. Inadequate reactive power in the system leads to voltage collapses and has been a major cause of blackout 

across the world, e.g. United states and Canada in the year 2004 [1]. In a restructured electricity market, the ISO 

aims to utilize the available reactive power resources efficiently. It is essential to determine the price payment to 

market participants for providing the reactive power service in the system. 
 

In deregulated power system, the reactive power service is separated from the real power services and is 

considered as one of the activity of system operator. The cost of reactive power service is recovered based on 

various methods in deregulated power system. In some power system, cost of reactive power is included in active 

power price. In some system, the power factor is used for calculation of cost of reactive power service[2]. In 

reactive power pricing based on load power factor, the generators have to produce necessary power at a specified 

range of power factor. If the power factor deviate the specified range, the reactive power has to be priced. In a 

pool type competitive electricity market, ISO constitutes the appropriate payment mechanism and market structure 

for reactive power services so that the reactive power producers are encouraged to participate in the electricity 

market. 
 

Many researches have been carried out for pricing of reactive power service. Practical restructured power 

systems adopt different pricing strategies for reactive power. Dona and Paredes have proposed a reactive power 

pricing technique using decoupled OPF with an objective of minimization of operational cost as well as the 
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transmission losses [3]. Chu and Chen have proposed the reactive power cost allocation using modified Y-bus 
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matrix [4]. Rider and Paucar have introduced a reactive power pricing method which is solved by Interior point 

method [5]. Chung et al. have presented a reactive power pricing method in which the reactive power production 

cost by generators and capacitors are minimized in the objective function [6]. Deksnys and Staniulis have 

introduced a method for reactive power cost equation of generators, synchronous condenser and static reactive 

power sources [7]. 
 

Allocation of generator production cost and generator transmission cost using reactive power flow tracing 

method are determined in [8]. An electricity tracing method is used to charge the reactive power provider for the 

actual amount of transmission line loading and loads [9]. Ashutosh et al have proposed the application of power 

flow tracing method for reactive power pricing [10]. In this paper, we have compared the three methods for 

framing the reactive power cost equation and calculated the production cost of reactive power service in a power 

market. 
 

The rest of the paper is organized as follows: Section II explains the methods for reactive power production cost 

model of the generator. Section III describes the formulation of OPF problem and Section IV analyses the results 

and compared the reactive power production cost allocation in IEEE 14 bus system. Finally Section V provides 

the conclusion. 
 

II. REACTIVE POWER COST MODEL OF THE GENERATOR 

 
The reactive power produced by a synchronous generator is composed of two cost components. They are 

explicit cost and the implicit cost [11]. Explicit cost is the investment costs and operating cost. Implicit cost refers 

to the opportunity cost which depends on the reduction in its active power generation. The following methods 

have been considered to evaluate the cost of generator reactive power. 
 
A. Triangular method 
 

The cost calculation of generator reactive power is based on the active power cost equation. The reactive power 

equation for the generators follows the same quadratic structure as active power using the power triangle 

relationship [2]. The reactive power cost function is represented as 

 

  C(Q)  aQ
2

  bQ  c (1) 
 

  
are cost coefficients which are derived from the active power cost coefficient (ap, bp and cp) and 

 

where a , b , c  
 

generator power factor (cos θ). They are calculated as follows from power triangle relationship.  
 

   
 a p sin 

2   
 

  a  ,  b  bp sin and c  c p  
 

B. Maximum Apparent power based Opportunity cost method 
 

Synchronous generators are rated in maximum MVA at specified voltage and power factor. The generator real 

power output is usually limited by the capability of its prime mover. The generator reactive power output is 

limited by armature current, field current and end region heating limit [12].The mutual relationship between real 

and reactive power output of synchronous generator are represented by capability curve as shown in Fig.1. 
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Let Vtis the generator terminal voltage 
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Iais the steady state armature current. 
 

Pgand Qg are real and reactive power generation from the synchronous generator.  
Ef is the excitation voltage and 

 
Xs is the synchronous reactance of the generator. 

 
 Armature 
Field Limits Limits 

 
 

 
 
 
 
 
 

 

2 / 

 
Fig. 1. Capability curve of synchronous generator 

 
The production cost of generator reactive power is called opportunity cost. The production of reactive power 

reduces the active power output of the generator and may leads to financial loss to the generator. Opportunity cost 

can be approximately evaluated as [8]: 
 

   

 
          

 
   

 

C  (Q   )   
(S  )  C  S 2 Gi,max  Q 2 Gi K  (2)  qgi C Gi,max pgi    Gi  

 Gi  pgi          
 

                  
  

where Cqgiis the reactive power production cost of the i-thgenerator, Cpgi is the active power production cost of 

the i-th generator, PGi and QGi are the real and reactive power of generator i, SGi,maxis the apparent power of 

generator, KGi is the profit rate of the active power, which is usually chosen between 0.05~0.1. In this paper, KGi= 

0.1. 
 
C. Maximum real power based opportunity cost method 
 

If the generator is operating at its maximum active power Pmax and there is no reactive power. In such situation S 

equals Pmax. To generate reactive power from the generator, it is required to reduce the real power. Suppose the 

generator needs to produce the reactive power QA which has been operating at its maximum power, it is required to 

reduce the real power from Pmax to PA as shown in Fig. 1. Hence the generator reactive power production results 
 
in reduction of real power [2].   
    

P    P
2

max  Q 2 (3) 
A A  

P  Pmax  PA  (4) 

The opportunity cost of QA depends on the profit of P  Pmax  PA . Hence the generator production cost of 
 
reactive power QA while the generator operating point is moved from Pmax to PA is as follows  
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Cost(QA)  Cost(P) (5) 
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Cost(QA)  Cost(Pmax )  Cost(PA) (6) 

Cost(QA)  Cost(Pmax )  Cost(Pmax P) (7)  
Usingthe equations 3, 4 and 7, the cost value of reactive power is calculated for different values of QAwith 

respect to PA. The cost expression for reactive power is calculated by fitting a curve into a quadratic polynomial 

form as below 
 

Cost(Q)  aQ
2

  bQ  c (8)  
This reactive power cost equation is simple and can provide results for reactive power pricing. 

 
III.  OPTIMAL POWER FLOW (OPF) PROBLEM FORMULATION 

 
The real and reactive power production cost of the generator is obtained by solving the OPF. The OPF problem 

is defined as minimizing the system objective function, i.e. summation of quadratic cost functions of active and 

reactive power cost of the system [2]. The OPF problem formulation is: 
 

Objective function 
 

 C pgi (Pgi )  Cqgi (Qgi ) (9) 
ig   

where g is the number of generators; Cpgi(Pgi) is the active power cost function of the i-th generator; Cqgi(Qgi) is 

the reactive power cost function of the i-th generator respectively. 
 

The constraints considered in this OPF problem are the set of equality and inequality constraints. The equality 

constraints are standard power flow equations and inequality constraints are the generation, voltage and line 

flowlimits of the system, as shown below: 
 

Load flow equations: 
 

   

 
 

 

 

  
           

 

                
 

                 
 

P  P    V    V 
j 

Y cos( 
ij 

 
j 
 

i 
)  0 (10) 

 

gi di jN  i       ij       
 

                     
 

    
 
   
 

           
 

                  
 

                  
 

Q
gi 


 
Q

di 

   Vi V j 

Y
ij sin(ij   j  i )  0 (11) 

 

  jN                   
 

 
where N is the number of buses in the system; Pgi and Qgi are the active and reactive power generation in i-th bus, 

respectively; Pdi and Qdiare the active and reactive power demand in i-th bus, respectively; Yij  Yij ij is the 
 

    

element in the bus admittance matrix between bus i and j;  Vi  Vi i and Vj  Vj  j are the bus voltage at 
 
bus i and j, respectively. 
 

Active and Reactive power generation limits: 

 
P

gi,min 


 
P

gi 


 
P

gi,max 
 

Q
g

i,mi

n 


 

Q
g
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i 


 
Q

gi,max 
 
 
 

 
(12) 

 
(13) 
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P  
2

  Q 2  S 
2

gi,max (14) 
gi  gi    

where Pgi, min and Pgi, max are the minimum and maximum value of the active power generation at i-th bus; Qgi, 

min and Qgi, max are the minimum and maximum value of the reactive power generation at i-th bus; Sgi,maxis the 

maximum apparent power at i-th bus, respectively. 
 

Bus voltage limits: 
 

V
i,min 


 Vi 


 
V

i,max (15) 
 
where Vi, min and Vi, max are the minimum and maximum value of the voltage limit at i-th bus, respectively. 
 
Transmission line limits: 
 

    Sl  Sl 
max

 ;l  Nl   (16) 
 

where S 
l 

is line loading and S 
max

 is maximum loading limit of l-th  line and  N 
l 

is the total number of 
 

   l    
 

transmission line.       
 

The optimization problem takes the form     
 

    min f (x)   (17) 
 

    x     
 

 
Subject to 

 
g ( x)  0 

h( x)  0 

 
The optimization problem is solved using MATPOWER [13]. The optimization vector x consist of voltage 

magnitude, voltage angle and the vector of generator real and reactive power respectively. 
 

IV. RESULTS AND DISCUSSION 

 
To investigate validity of the methods, it has been applied to IEEE 14 bus system. The system has 5 generators 

and 20 transmission lines. Table I and Table II shows the generator characteristics and load characteristics with 

non capacitive load respectively. The base of generator apparent power is 100MVA. The voltage limit is 

0.9 p.u  Vi 1.05 p.u and swing bus voltage is Vi 1.05 p.u and i  0 .The generator power factor are taken as 
 
0.97 and generator 3 with power factor of 0.85. 
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TABLE I 
 

GENERATOR CHARACTERISTICS 
 

Generator No. Bus no. Pmax(MW) Pmin(MW) Qmax(MVAr) Qmin(MVAr) Real Power coefficient  
 

ap bp 
 

cp 
 

       
 

1 1 332 50 100 -100 0.0430 20  0 
 

2 2 140 10 50 -50 0.25 20  0 
 

           

3 3 100 12 100 -60 0.01 40  0 
 

4 6 100 10 30 -30 0.01 40  0 
 

           

5 8 100 10 30 -30 0.01 40  0 
 

 
Three different cases have been analyzed. In the first case, the reactive power cost equations are framed using 

triangular method. In the second case, the reactive production cost equation are framed using apparent power 

based opportunity cost method and in the third case, the maximum real power based opportunity cost approach is 

used to frame the reactive power production cost equations of the IEEE-14 bus system. Table III shows the 

comparison of results for these three cases. 
 

TABLE II 
 

LOAD CHARACTERISTICS 
 

Bus No Active power(MW) Reactive power (MVAr) 
2 21.7 12.7 
3 94.2 19.0 
4 47.8 3.9 
5 7.6 1.6 
6 11.2 7.5 
9 29.5 16.6 
10 9.0 5.8 
11 3.5 1.8 
12 6.1 1.6 
13 13.5 5.8 
14 14.9 5.0 

 
TABLE III 

 
ANALYSIS OF RESULTS IN IEEE 14 BUS SYSTEM 

 
  

Pg Qg Generator Generator actual reactive 
Total cost  

 Bus. No (MVAr) Actual real power power production cost  

 
(MW) ($/h)  

   
production cost ($/h) ($/h)  

     
 

 1 33.2331 10.0177 712.2 42.3316  
 

        

Case 1 2 140.0 28.0272 7700 147.5069  
 

     

12656.33  

(Triangular 3 53.1197 10.0167 2153 216.2728  

 
 

method) 
       

6 13.2143 14.3828 530.3 112.9067  
 

  
 

        

 8 23.3083 13.2509 937.8 104.0155  
 

        

 1 33.2331 10.0216 712.2 20.4754  
 

Case 2 
       

2 140 29.6654 7700 81.3318  
 

(Apparent power      

12282.12  

3 53.1396 10.0170 2153.8 40.1682  

based opportunity  
 

       

6 10.1046 12.8339 405.2 51.5005 
  

cost method)  
 

        

 8 26.3773 13.7873 1062.1 55.3392  
 

        

 1 33.2331 10.0782 712.2 70.7204  
 

Case 3 
       

2 140 7.9637 7700 20.7357  
 

(Real power based        

3 52.8162 10.0675 2140.5 133.9180 12534.39  

opportunity cost  

       

6 10.0171 30.0 401.7 186.4606 
  

method)  
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 8 26.9906 20.0211 1086.9 81.2575  
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From Table III, the following observations are made: 
 

 The active power production cost at the generator bus changes slightly when the objective function 

changes. 


 For each test case, the reactive power production cost fluctuates significantly at the generator buses. 


 The active power production cost is much higher than the reactive power production cost at various 

generator buses. 


 When the reactive power production cost is included in the objective function, the total production cost 

of the generator is increased. 


 The total reactive power generation cost in triangular method is greater than that of apparent power based 

opportunity cost method and real power based opportunity cost method. This will encourage and 

motivate the reactive power provider to invest and provide reactive power service to keep the power 

system in a secure manner. On the other hand, in deregulated power markets where the reactive power is 

priced low, based on apparent power and real power based opportunity cost method. This will make less 

motivation among the reactive power suppliers to support for the reactive power service. Thus the 

modeling of reactive power production cost equation using triangular method seems to provide good 

pricing of reactive power. This will encourage the reactive power provider for their active participation to 

provide reactive power for enhancement of stable and reliable operation of power system. 

 
V.  CONCLUSION 

 
In this paper, both active and reactive power production costs of the generators are considered in the objective 

function of the OPF problem. Three different methods are employed to obtain the reactive power cost equation for 

the generator. The IEEE 14 bus system is used to verify the validity of the method. Results confirm that the 

reactive power cost obtained through triangular method is higher than the cost obtained through real power based 

cost method and apparent power based method. Finally, based on motivating the generators to provide reactive 

power service and also providing good production cost for real and reactive power, the triangular method yields 

better production cost for generator real and reactive power. 
 

ACKNOWLEDGMENT 

 
The authors gratefully acknowledge the management of Kalasalingam University, Krishnankoil and Ramco 

Institute of Technology, Rajapalayam, Tamil Nadu, India for their constant support and encouragement during 

this research. 
 

REFERENCES 
 
[1] US-Canada Power System Outage Task Force,“Blackout in the United States and Canada: Causes and Recommendations,” Issued in 

April 2004. Available: http://www.iwar.org.uk/cip/resources/blackout-03/ch1-3.pdf  
 
[2] S. Hasanpour · R. Ghazi · M. H. Javidi, “A new approach for cost allocation and reactive power pricing in a deregulated environment”  
 

Electrical Engineering, vol. 91, issue.1, pp 27-34, Springer-Verlag 2009.  
 
[3] Dona V.M. andParedes A.N., “Reactive power pricing in competitive electric markets using the transmission losses function,” Power 

Tech conference, IEEE porto, vol.1,pp 1–6, 10-13 September, 2001.  



National Conference on Innovations in Engineering, Science and Technology (NCIEST-2015), Ramco Institute of Technology, 

 Rajapalayam – 626 117, Virudhunagar District, Tamil Nadu. 

13 

 

[4] Chu. W and Chen. B, “Allocating the costs of reactive power purchased in an ancillary services market by modified Y-bus matrix  
 

method,” IEEE Transaction on Power System, vol.19, issue. 1, pp.174-179,February 2004. 
 
[5] Rider M.J. and Paucar V.L.,“Application of a nonlinear reactive power pricing model for competitive electric markets,” IEE Proc. 

Generation Transmission Distribution,vol. 151,issue.3, pp.407-415,May2004.  
 
[6] Chung CY, Chung TS, Yu CW and Lin XJ, “Cost-based reactive power pricing with voltage security consideration in restructured 

power systems,” Electric Power System Research,vol. 70, issue.2, pp.85-92, July 2004.  
 
[7] Deksnys R andStaniulis R,“Pricing of reactive power services,” Oil Shale Estonian Academy Publisher, vol. 24, pp.363-376,2007.  
 
[8] Dai ,Y., Liu, X. D., Ni,Y.X., Wen, F.S., Han, Z.X., Shen, C.M. Felix F. Wu, “ A cost allocation method for reactive power service based 

on power flow tracing,” Electric power system research,vol.64, issue.1, pp. 59-65, Jan. 2003.  
 
[9] Mala De, Swapan and Goswami, K, “Reactive power cost allocation by power tracing based method”, Energy Conversion and 

Management, vol. 64, pp. 43-51, December 2012.  
 
[10] AshutoshTiwari and Ajjarapu. V, “Reactive Power Cost Allocation Based on Modified Power Flow Tracing Methodology,” Power 

Engineering Society General meeting IEEE 2007, E-ISBN: 1-4244-1298-6, pp.1-7, June 2007.  
 
[11] John Lamont , W., and Jian Fu, “Cost Analysis of Reactive Power Support,” IEEE Transactions on Power Systems,vol.14, issue.3, pp. 

890-898, August 1999.  
 
[12] Bhattacharya, K., and Jin Zhong, “Reactive power as an ancillary service”, IEEE Transaction on Power Systems, vol.16, issue.2, pp. 

294-300, May 2001.  
 
[13] Zimmerman.R and Gan.D. MATPOWER 4.0, A MATLAB power system simulation package, Cornell University, Available from: 

http://www.pserc.cornell.edu /matpower. Feb. 2011.  

 



National Conference on Innovations in Engineering, Science and Technology (NCIEST-2015), Ramco Institute of Technology, 
Rajapalayam – 626 117, Virudhunagar District, Tamil Nadu. 

 

1 

 

REACTIVE POWER COMPENSATION 
USING STATCOM FOR SINGLE 
PHASE DISTRIBUTION SYSTEM 

M.Gerald Geafori Titus
1

, S.Rajendran
2

, S.Ponnayirasundaravel
3

 , S.Kannan
4
 

1
 M. Tech Student, Power Electronics & Drives, Dept. of EEE, Kalasalingam University. 

2
Assistant Professor, Dept. of EEE, Kalasalingam University. 

3
Assistant Professor, Dept. of EEE, Kalasalingam University.  
4

 Professor, Dept. of EEE, Ramco Institute of Technology. 
 
 
Abstract - This paper presents a STATCOM based reactive power compensation control using MATLAB/SIMULINK. 

Whenever the reactive power compensation take place at the distribution side for the different load condition, STATCOM 

plays a major role to support the reactive power compensation in generation and transmission system. With the PI 

controller a reference voltage is generate with the sinusoidal PWM pulse was produced to reduce the reactive power loss. 

The DC capacitor is used to maintain the constant energy at the input of the STATCOM .The STATCOM also reduces the 

harmonics present in the grid side. STATCOM is used to improve the power factor, Reactive power loss can be completely 

minimized. The voltage variation in the transmission line is also minimized with the help of STATCOM. 

 
Keywords: Control design, PI controller, STATCOM (sine PWM) 
 
 

I. INTRODUCTION 
 
In Alternating Current transmission and distribution system the quantity reactive power is a great concern 

which determines the quality of power. The total power in AC network is calculated as the algebraic sum of 

real and reactive power. From this the compensation of reactive power improves the power quality. In older 

days the reactive power was compensated by using reactors and capacitors. For various loads multiple 

numbers of reactors and/or capacitors were required. This type of compensation was complicated when non-

linear loads are applied and also leads to higher cost and maintenance. In this work the reactive power 

compensation for non-linear load was proposed by using STATCOM[1]. In this system single DC link 

capacitor is used for compensation. The capacitor will acts as an input for an inverter. By varying the pulse 

width of the inverter the compensation was achieved. STATCOM is one of the FACTS family device which 

recently used for reactive power compensation. In STATCOM only one capacitor and reactor are used for 

reactive power compensation. Normally the reactor acts as a filter for the inverter and the capacitor acts as the 

input for the inverter. STATCOM is operated as a shunt connected static VAr compensator based on voltage 

source converter whose capacitive and inductive output current can be controlled in synchronization with the 

grid. Here the closed loop control of STATCOM is achieved by using PI controller. STATCOM is to be able 

to exchange reactive power with the ac power network (i.e., to a value high enough for the STATCOM to be 

able to produce ac voltage at the value required). The voltage across the capacitor is maintained at the required 

value by continually adjusting the magnitude and polarity of the active component of the current at the ac side 

of the STATCOM. When the DC voltage across the capacitor needs to be increased, the STATCOM adjusts 

the magnitude and polarity of the active component of the current flowing through its ac 
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side so that active power is drawn from the ac power system and converted to dc power in order to charge the 

capacitor[2]. 
 

. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Block Diagram of STATCOM 
 
 

II. REACTIVE POWER 
 

The work producing power, measured in watts (W), or kilowatts (kW) is considered to be the real 

power. Real power produces the mechanical output of a motor. Reactive power is not used to do work but it is 

needed to operate apparatus and is measured in Volt‐Amperes‐reactive (VAr) or (kVAr). If the load is pure 

resistive, then it doesn‟t need any reactive power. However, most of the loads are not purely resistive. They 

may be moreover inductive or capacitive in nature. For this type of loads, reactive power compensation is 

required. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Power triangle 
 

From the power triangle, it is clearly known that consumption of reactive power decreases, as the 

apparent power equals the real power. Thus, the total consumption of apparent power by the load is also 

reduced. It reduces the payment of the bill in HT service connection (two part Tarrif). 
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A.  Voltage Source Converter (VSC) 
 

A voltage-source converter is a power electronic appliance, which generates a sinusoidal voltage 

with any essential magnitude, frequency and phase angle. Voltage source converters are widely used in 

adjustable speed drives, but can also be used to mitigate voltage sags. The VSC is used either to totally change 

the voltage or to add the missing voltage in the transmission line. The „missing voltage‟ is the difference 

between the nominal voltage and the actual voltage. The converter is generally based on various kind of 

energy storage, which will supply the converter with a D.C voltage. The solid state electronics base converter 

is then switched to get the preferred output voltage. Generally the VSC is utilized for voltage sag/swell 

mitigation, but also used for power quality issues like flicker and harmonics that are produced in network ac 

system [3]. 
 

A STATCOM is a device that compensates the reactive power and provide and the voltage support to 

an ac system. Due to the advance of technique of power electronics devices, VSC-based converters have been 

progressively used in STATCOM system[4]. The normal VSC-based STATCOM consists of a voltage source 

converter, linked to an energy storage device (DC capacitor) on one side and maintain AC power system on 

the other-hand, and a control system based on the conventional method with scheme controller. 

 
III. PROPOSED SIMULATION RESULTS 

 
Figure 3. shows the simulation model of single phase load for 1000 w 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3  Single phase load system before compensation 
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Fig.4 shows the output voltage and current waveform for source side before compensation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. The real power, reactive power for source and load side 

 
Figure 5 shows the real power, reactive power for source side and load side before compensation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig 5. Real and reactive power for source side before compensation 
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From the source the power is delivered to load through transmission line at that condition reactive power 

compensated for the 1000 W load. Power quality is decreased due to the more inductive load usage in the 

distribution system 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 6.Simulationmodel of proposed work 
 

 
When utility source is injecting the power to the load then the reactive power demand takes place in the 

distribution system due to the inductive nature of load[5]. By measuring the reference voltage by PI controller, 

and by minimizing the error, the conduction pulse width of inverter switches are controlled for reactive power 

injection in the line by the STATCOM. The Power factor is maintained as unity at the generation side of the 

distribution system. So the utility does not need to take care of or deliver the reactive power to the load‟s VAr 

demand. STATCOM injects the required reactive power to the distribution system to improve the power 

factor, voltage stability. 
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Fig 7 The source side and load side, STATOM side real power, reactive power and power factor 
 
values 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8  shows the PI control with error comparator 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 8.Pi measurement for STATCOM after compensation 
 

Figure 9  Shows the  output voltage &current waveform for source and  load side 
 
V & I 
 
 
 
 
 
 
 
 
 
 
 

 
T(MS) 
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Fig 9. Shows the voltage and current waveform of the utility side after reactive power compensation. Here 

the waveform of voltage and current are in phase with each other, which shows the power factor of the 

system is unity. 
 

Figur10. waveform after  compensation 
 
 
 
 

P 
 
 

Q 
 
 

P 
 
 

Q 

 
P 

 
 
 

Q 
 
 
 

T(ms) 
 

 
Fig 10. output waveform for the real power and reactive power for the source side ,load side and the 

STATCOM after compensation 

 
Power is delivered from source side to load side in the transmission line. At that condition inverter which is 

consuming the real power from the transmission line and inject the reactive power to the distribution system 

with the system[6]. STATCOM is injecting the reactive power for the load of 1000W. 

 
 

IV.CONTROLLER 

 
The main aim is to retain the constant voltage magnitude at the point where the sensitive/critical 

loads are connected, in a distribution system under the system disturbances. The control system measures the 

RMS voltage at the load point. The VSC switching strategy is based on a sinusoidal PWM technique which 

offers simplicity and good response to the ac system. Since custom power device is used for low-power 

application the high switching frequencies can be used to improve the efficiency of the converter and to 

reduce the size of the filter at the output of the STATCOM, without significant switching losses. The control 

condition for the compensator which defines the way the output of the VAr originator has to be varied to 

increase power flow and to stabilize specific parameter of the Power system[7]. Power system network faces 

contingencies and dynamic disturbances difficulty. 
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The controller‟s input is an error signal obtained from a voltage comparator which compares the reference 
 

 
voltage and RMS value of STATCOM output. The error signal is processed by a PI controller the output is 

the angle which provides the PWM indicate generation[8]. The active and reactive power exchange with the 

network simultaneously an error signal obtained by comparing the reference voltage with the RMS voltage 

measured at the load point. PI controller produces the error signal generate the required angle to make the 

error to zero, i.e., the load RMS voltage is brought support to the reference voltage. The voltage and reactive 

power value are compared in PI controller and error signal is calculated and minimised. The signal from 

controller is given to the hysteresis control to compare the input current and reference current and to adjust the 

dc voltage to remain as constant[9]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 11  shows the THD analysis before compensation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 11 THD analysis before compensating reactive power 
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Fig 12 shows the THD analysis after compensation the stability of the 

power which is improved at the distribution system[10] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
FIG 12 THD measurement after compensating the reactive power 

 
Harmonics THD 

  

Before compensation 227.50 
  

After  compensation 0.10 
  

 
 

Tables I and II show the parameters of real power, reactive power, voltage and current on the source side, 

load side and converter side. Table I shows the values before compensation and Table II shows the values 

after compensation. 

 
TABLE I.PARAMETER BEFORE COMPENSATION  

 Real power Reactive power(VAr) Power factor 

 (Watts)   
    

Source 701.33 791.72 0.6634 
    

Load 639.26 639.26 0.7071 
    

From the above table the real and reactive power consumed by the load was supplied only by the utility. This 
 

results in low power factor on the utility side. 
 

TABLE II. PARAMETER AFTER COMPENSATION 

 

 Real power(Watts) Reactive power(VAr) Power factor 
    

Source 1617.53 658.61 0.9978 
    

Load 658.61 668.80 0.707 
    

STATCOM 884.02 719.34 0.7757 
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From the above table the real and reactive power consumed by the load was supplied by the STATCOM 

.This results in unity power factor on the utility side. 

 

VI CONCLUSION 
 

In this study the reactive power compensation for single phase distribution system with RL load has been 

implemented using a single phase shunt connected voltage source converter [VSI]. The VSI is made to act 

as the STATCOM by maintaining the DC Voltage level across the D.C input side of the VSI. A separate 

control logic are implemented to draw a mild amount of real power(p) from the grid itself to charge the D.C 

capacitor, STATCOM as rectifier and separate control strategies are involved to make the STATCOM to 

work as reactive current source in to and from direction with respect to grid and STATCOM (as reactive 

power compensator).The shunt connected VSI may also be extended to mitigate harmonics also. The 

MATLAB-SIMULINK work is done for a capacitor of 1000 WATTS. Here 1000 W RL load has been 

taken. The reactive power compensated using STATCOM and the power factor which is maintained as 

unity. The load required 720 VAr reactive power is delivered from STATCOM not from source. Closed 

loop PI controller has been developed for improving the power factor and compensate the reactive power. 

So the quality of the input power was improved in the EB side. 
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Abstract:  

 It is imperative that, all power system planners must use a scientific method to calculate the reliability of the 

power system of the present one and the proposed system for the future. In early days, the percentage reserve or the 

largest unit as the reserve is used as reliability criteria. The Loss of Load Probability (LOLP) is one of the popular 

reliability index. Energy Not Served (ENS) or the Expected Energy Not Served (EENS) is another probability index, 

which reflects the probable energy which cannot be served to the customers is a better index for the Power system 

planners.  In this paper, a detailed study of the existing methods and of the Equivalent energy function method (EEF) 

for calculating Expected Energy Not Served (EENS) is done. The EEF method completes Convolution and 

de­convolution by employing electric energy directly so that probabilistic modelling is considerably simplified. The 

EEF method is not only more efficient than any other method available in this topic, but also more flexible in treating 

assigned energy units. An approximate deconvolution algorithm and a LOLP formula are also explained which 

enable the carrying out a probabilistic modelling to be even faster. Numerical examples also demonstrated that the 

algorithm presented in the paper is simple, efficient and more accurate. This paper will be useful for Master students 

and researchers for understanding and application this method for reliability evaluation.   

Key words: Expected energy not served (EENS), Equivalent energy function method (EEFM), Reliability index, 

Loss of load probability (LOLP) and Loss of load expected (LOLE) 

I.   INTRODUCTION 

At present, power system probabilistic modelling is widely used in utilities. Probabilistic modelling is an 

important tool to analyse technical and economic properties of a power system. The primary purpose of 

probabilistic modelling is to simulate the dispatch of generating units and to stimulate the production cost [1]. 

The basic task of probabilistic modelling is to calculate the electric energy generated by each unit, to get system 

reliability indices. In generating system reliability analysis, this is measured by, two fundamental indices, i) 

Probabilistic indices and ii) Energy-based indices [2]. 

The probabilistic indices are loss of load probability (LOLP) and loss of load expected (LOLE). The energy 

based indices are loss of energy expected (LOEE) and energy interruption rate (EIR). This LOEE is also called 

as expected energy not served (EENS). 

Utilization of EENS is now increasing, since it reflects the true risk and has more physical significance than 

LOLP or LOLE. It is now accepted that EENS is more meaningful in both system planning and system 

operation. 

The techniques used for EENS evaluation can be broadly classified as analytical and simulation techniques 

[3]. In this paper we consider only the analytical techniques since EEF method is analytical in nature. 

Probabilistic modelling is usually required to be carried out many times in a power system reliability 

evaluation. Therefore, it is crucial to develop a probabilistic modelling algorithm which gives sufficiently 
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precise results within a reasonable computational time. Roy Billinton recursive table method [1] and C.Singh’s 

mean capacity outage table method are such techniques [4]. 

The method of cumulants [5] is several times faster than the numerical techniques and can easily handle multi 

block representation of units. But for small systems or those with low forced outage rates, the cumulant method 

can have limited accuracy [6].  

Equivalent load duration curve method, another technique struggles to handle the daily load shapes with flat 

peak and minimum load [7]. The ELDC is represented by function values at discrete points, on which the 

convolution and deconvolution formulae are applied the amount of computation is rather high even for a small 

system. 

Another technique based on the moments called segmentation method [8], [9] seriously lacks in producing 

accurate results and also computational efficiency is very poor.  

EEF approach enables us to implement convolution and deconvolution by directly using electric energy, so 

that probabilistic modelling is considerably simplified [3], [10]. 

This paper will illustrate that EEF approach is not only more efficient, but also more flexible to treat assigned 

energy units in probabilistic modelling. 

II. EQUIVALENT ENERGY FUNCTION METHOD 

In this method, the operations are done on electrical energy rather than load. If we know electric energy 

consumed in different load level segments and can directly modify it when unit failure effects are taken into 

consideration, then we will easily carry out a probabilistic modelling. This is the main idea of EEF approach. 

A load duration curve can be described by, 

            (1) 

where x is load level (in MW or per unit), and t is the time interval during which the load is larger than or equal 

to x. Assume the investigation period is T.  

Dividing both side of Eq. (1) by T, we have load duration curve’s probability distribution 

  
    

 
          (2) 

where p will be considered as the probability at which the load is larger than or equal to x. 

A discrete energy function can be defined as follows based on dividing the abscissa into divisions of Δx: 

      ∫       
    

 
   ∫       

    

 
    (3) 

where,          

           Δx = greatest common factor of all generating unit capacities. 

                〈   ⁄ 〉     (4); <> means an integer not greater than x/Δx. 
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           E (J) correspond to the area under a section of the load curve from x to Δx, or the energy that corresponds 

to this section of load. 

If Xmax is maximum load, then its discrete variable is, 

    〈
    

  ⁄ 〉        (5) 

Let the generating unit i is having a capacity of ci and forced outage rate (FOR) of qi. The Equivalent Load 

Duration Curve (ELDC) f(x) can be represented as, 

          
             

               (6) 

From equation (3) and (5) 

        ∫ [   
             

           ]
    

 
     (7) 

          
             

              (8) 

where 

          Ki = ci/Δx; Δx should be selected as a common factor of all unit capacities, so that Ki is always an integer. 

The load in the interval (1, Ji) has been shared by proceeding unit i generating units when generating unit i 

has been committed. The load energy not served by the systems is,  

    ∑           
     (9) 

If we consider n generating units, then EENS is given by 

          ∑                (10) 

 

III. CASE STUDY 

For step by step illustration of the equivalent energy function method we calculate EENS for a small sample 

System given in [3]. The test system consists of three identical 40 MW units and their forced outage rate is 0.1; 

for the load model, we take the hourly load for the period of 8 hours. The load data are given in table 1. 

Table 1: Load data for sample system 

Hour 1 2 3 4 5 6 7 8 

Load (MW) 20 50 80 90 70 80 60 30 

 

Step 1: The load duration curve is plotted as shown in Figure 1. 

Step 2: In this example, segment size Δx is chosen as 40 i.e. the maximum common factor of the capacity of all 

units (or) simply the capacity of the smallest unit 40 MW. 

Step 3: Segmenting the load model leads to three levels and their areas i.e. energy within particular segment is 

calculated. The energy in each segment is 290 MW, 180 MW and 10 MW (from base load to peak load).  

Step 4:    
              

  
 

     

  
   and    〈

    

  
〉     〈

  

  
〉     .  

Therefore J value varies from 1 to Jn + NE i.e., 1 to 6. 
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Figure 1. Load Model 

Step 5: The Table 2 is formed for 6 J entities and the calculated areas are taken as        

Table 2 Unserved Energy Calculation 

J                         

1 290 290 290 290 

2 180 191 200.9 209.81 

3 10 27 43.4 59.15 

4 - 1 3.6 7.58 

5 - - 0.1 0.45 

6 - - - 0.01 

 

Step 6: The value for the K is calculated as,     
  

  
  

  

  
  . Similarly K2 and K3 also equal to 1. 

Step 7: The       is calculated based on the equation (8) and it is written as, 

          
             

            

                              

For J = 1 

                            

                        

= 290. 

It is taken that              for calculation and the result is entered in Table 2. Similarly for other J values 

also results are calculated and entered in Table 2. 

Step 8: Step 7 is repeated for the calculation of       and       and the results entered in Table 2. 
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Step 9: As per equation (10) 

      ∑     

   

 

                                                               

                

      MWh 

CONCLUSION 

A detailed study of the equivalent energy function method for calculating the EENS was made. The study 

shows that the EEF was the most efficient and accurate. It was also quite fast. From the given example we infer 

that the method can be easily understandable and easily applied to multistate models also. The equivalent energy 

function method is the most simple and direct method and the computational efficiency is superior to all the 

other methods. This tutorial will help the young researchers working in the area of Power system planning and 

Generation Expansion planning.  
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Abstract— This paper addresses a non-linear PET 

image reconstruction using artificial neural network-radial 

basis function (ANN-RBF). In preceding years, the 

analytical approach was used to reconstruct the Positron 

Emission Tomography (PET). This advancement requires 

a minimization of a convex cost function and accompanied 

by many problems related to the computational 

complexity. The poles apart iteration methods are MAP, 

MLEM and OSEM. It has various compensation 

compared to predictable approach. This statistical way can 

provides better and high PSNR along with NAE and 

RMSE lowest Value in the PET image. An concoction of 

image quality parameters is regarded to analyze the PET 

image in this algorithm . The PET image is constructed 

and simulated in  MATLAB /Simulink package. 

Index Terms — PET images, Image quality, Image 

reconstruction, Radial Basis Function (RBF) 

 

I. INTRODUCTION 

Positron emission tomography (PET) is a nuclear medical 

imaging technique for quantitative measurement of physiologic 

parameters in vivo based on the detection of small amounts of 

positron emitter labelled biologic molecules. Proceeding to the 

scan, the subject is inserted with a trace amount of a harmful 

compound that consists of an enzyme catalyst attached with an 

atom with an unstable nucleus. The compound is administered 

into the vein and socializes in the blood until it is removed by 

cells that absorb the compound. Henceforth, by selecting the 

appropriate compound, PET images can have very high quality 

of being specific. The usage of trace quantities of the 

compound guarantees that it has no physiological or 

biochemical changes in the body produced by a drug in 

therapeutic concentration on the subject. Every destructive 

nuclide degenerates by the emanation of a positive electron, or 

positron that increasingly loses energy in the surrounding 

tissue until it overwhelms with an electron and gives rise to 

two photons that travel in conflicting ways. This procedure is 

called Positron Emission Tomography. Image reconstruction is 

the creation of a two- or three-dimensional image from 

scattered  or  incomplete  data  such  as  the  radiation   

 

 

 

 

 

 

 

 

 

 

readings  acquired  during  a  medical imaging study. For some 

imaging techniques, it is necessary to apply a mathematical 

formula to  generate a readable  and  usable image or to  

sharpen  an  image to make it  useful. Image reconstruction is 

the process of getting original image from the projection of 

object. Restoration quality is analyzed quantitatively in terms 

of Peak Signal to Noise Ratio (PSNR),  Normalized  Absolute  

Error  (NAE)  and  Root  Mean  Square  Error  (RMSE). 

II. RELATED WORKS 

Dynamic positron emission tomography (PET) is a molecular 

imaging technique that is used to monitor the in vivo spatio-

temporal distribution of a radio labeled tracer. Dynamic 

imaging provides richer information than conventional static 

PET imaging and has the ability to generate quantitative 

information about physiological parameters through the 

identification of kinetic or compartmental models[1]. Image 

reconstruction in positron emission tomography (PET) uses the 

collected projection data of the object/patient under 

examination. Until recently, image reconstruction in 

commercial clinical PET systems has been performed with 

analytical reconstruction algorithms based on the filtered back 

projection method (FBP) [2]. The radial basis function (RBF) 

neural network architecture is a special type of ANNs that has 

certain advantages over other network types, including simpler 

network configurations, faster training procedures, and better 

approximation capabilities. Surprisingly, not many uses of the 

RBF architecture have been reported in the literature in 

solving image classification problems [3]. Accurate system 

modeling in tomographic image reconstruction has been shown 

to reduce the spatial variance of resolution and improve 

quantitative accuracy. System modeling can be improved 

through analytic calculations, Monte Carlo simulations, and 

physical measurements. The purpose of this work is to 

improve clinical fully-3-D reconstruction without substantially 

increasing computation time [4]. Magnetic Resonance Imaging 

(MRI) is a noninvasive and nonionizing imaging technique. 

Offering a variety of contrast mechanisms, it enables excellent 

visualization of both anatomical structure and physiological 

function. Owing to these advantages, MRI is one of the major 

diagnostic imaging modalities A variety of MR techniques 

therefore aim to reduce the number of data required for 

accurate reconstruction. [5]. Scatterometer image 

reconstruction as the inversion of a discrete noisy aperture-
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filtered sampling operation. Aperture-filtered sampling is 

presented and contrasted with conventional and irregular 

sampling. A reconstruction estimator based on maximum a 

posteriori (MAP) estimation is proposed to recover the 

conventional samples from noisy scatterometer 

measurements[6]. Intravascular photoacoustic (IVPA) imaging 

is a technique for visualizing atherosclerotic plaques with 

differential composition. Unlike conventional photoacoustic 

tomography scanning, where the scanning device rotates 

around the subject, the scanning aperture in IVPA imaging is 

enclosed within the imaged object [7]. Reconstruction of a 3-D 

face model from a single 2-D face image is fundamentally 

important for face recognition and animation because the 3-D 

face model is invariant to changes of viewpoint, illumination, 

background clutter, and occlusions. Given a coupled training 

set that contains pairs of 2-D faces and the corresponding 3-D 

faces, we train a novel coupled radial basis function network 

(C-RBF) to recover the 3-D face model from a single 2-D face 

image[8]. In positron emission tomography (PET), 3D 

iterative image reconstruction methods have a huge 

computational burden. In this paper, we developed a list-mode 

image reconstruction method using graphics processing units 

(GPUs). Efficiency of acceleration for GPU implementation 

largely depends on the method chosen, where a reduced 

number of conditional statements and a reduced memory size 

are required[9].It  is well known that the interior problem in 

2D image reconstruction is not uniquely solvable. Providing 

additional information about the object may guarantee that a 

unique solution exists. we use the Poisson likelihood ML-EM 

algorithm  with a mixed region and voxel based image 

representation to reconstruct from the interior projection data 

in a single step[10]. 

III. METHOD 

The neural network is an ANN based on radial function which 

has a function as an alternative of sigmoid functions of the 

RBF is an activation function. The distance from a center point 

C which depends only on the RBF function. 

                 f(x)=f(    ....(1) 

An artificial neutral network (ANN) is an arrangement and it is 

based on the natal neural network, such as the brain. The brain 

has approximately 100 billion neutrons, which can 

communicate through the electro-chemical signals. The 

neurons are connected through junctions called synapses. 

These biologically inspired methods of computing are consider 

to be the next main advancement in the computing industry. 

Yet simple living thing brains are capable of functions that are 

now not viable for computers. Computers do rote possessions 

well, like keeping ledgers or performing intricate math. But 

computers have dilemma in recognizing even effortless 

patterns much less generalizing individuals patterns of the past 

into events of the future.  

 
 

Figure 1: Architechture of ANN-RBF 

An artificial neural network  is a radial based function network 

that uses radial basis functions as activation functions. The 

inputs and neuron parameters gives the output of the network 

as a linear combination in Radial Basis Function. RBF neural 

network are used in many application like time series 

predication and to function estimate. RBF networks have three 

layers which are input layer, hidden layer and output layer. All 

the neuron consists of a radial basis function centered on a 

point with the similar dimensions like the analyst variables. 

The input layer is prepared  of source nodes whose number is 

identical to the dimension of the input vector . Hidden layer 

has a erratic number of neurons. The modification from the 

input space to the hidden layer  is nonlinear, while changing to 

the hidden unit space to the output space is linear.  

IV. DEVELOPMENT OF ANN-RBF FOR PET IMAGE 

RECONSTRUCTION 

The different steps that are concerned in the growth of ANN-

RBF – based PET image reconstruction are offered below. 

A. DATA GENERATION 

The improvement in RBF  has important steps for accurate 

training data. This training data analyse the production of RBF 

and it will characterize the full working system in concern. The 

RBF has a range of proper input. PET image in image 

reconstruction comes under system mold, where the pixel 

values are consider for PET image. The input is given and it is 

taken out from scanner. 

B. DATA NORMALIZATION 

Training of the neural network may modify according to their 

higher valued input variables that contains the influence of 

smaller ones. Whenever the raw data applied directly to the 

network, there is a risk of the imaginary neurons attaining the 

drenched conditions. The changes in the input values will 

produce a small change or no change in the output value, when 

the neurons are saturated. This tends to concern the training 

network to include a great scope. By avoiding the actual 

application of the neural network, the raw data needs to be 

normalized.  

C. TESTING AND TRAINING  

In training and testing, RBF consists of three layers: input 

layer, hidden layer and output layer. The hidden layer which is 

tranquil of nonlinear units which are connected directly to all 

the nodes in the input layer. It has been high sufficient 

dimension, which serves a different purpose from that in a 

http://en.wikipedia.org/wiki/Artificial_neural_network
http://en.wikipedia.org/wiki/Radial_basis_function
http://en.wikipedia.org/wiki/Activation_function


 

 

 

multilayer perceptron. Testing has chosen for the proper 

amount of neurons in hidden layers. A set of input and output 

vectors are placed in training data. 

V.  EVALUATION PARAMETERS 

Discussion of tomographic reconstruction techniques 

leads to the challenge of determining which method provides 

the ‘best’ quality image. Image quality measures the figures of 

merit used for the estimation of imaging systems.  It shows the 

efficiency of the algorithm and indicates the result. 

Peak Signal to Noise Ratio ( PSNR) and Mean 

Square Error (MSE) are used to comparing the squared error 

between the original image and the reconstructed image. There 

is an inverse relationship between PSNR  and MSE. So a 

higher PSNR value indicates the higher quality of the image 

(better). The Peak Signal to noise ratio and mean square error 

will be calculated as, 

 . .. (2) 

 … (3) 

The root mean square error is defined as the root 

mean square value of the difference between the measured and 

original image divided by the pixel values. 

The NRMSE articulated as a normalized measure of 

agreement among the reconstructed image ŷ(i,j) and actual 

image  y(i,j). The RMSE and NAE will be calculated by the 

following equation [5], Normalized Absolute Error (NAE) is a 

measured from the original image to the decompressed image, 

with the value of zero as the perfect fit. 

             ... (4) 

 
The comparison between two digital images can also 

quantified in terms of the correlation function. These measures 

the connection between two images, hence they are difference-

based measures in balancing.   

In above all these equations, y (i,j) is original image; 

ŷ(i,j) is the reconstructed image. 

The time duration required elapsed time in seconds from the 

process of input image to reconstructed image. 

V.  SIMULATION RESULTS 

 The simulations were achieved using MATLAB-Simulink 

and verified by using statistical equations. We have chosen 

PET images in three dimensions for analysis. Figure 2 shows 

the simulation results using ANN-RBF. 

Image quality loss occurs from artefacts depends on 

background. The functioning of the scanner from the artefacts 

as well as the context or conditions in which they take place.  
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Figure 2: Input PET Images 

 

    

1. 2. 3. 4. 

    

5. 6. 7. 8. 

    

9. 10. 11. 12. 

 

Figure 3:  shows the simulation result of ANN-RBF 



 

 

 

PET 

Images 

ANN-RBF Elapsed time 

for ANN-RBF 

in seconds Image quality parameters 

PSNR NAE RMSE 

1 29.6639 0.2440 8.3819 2.1996 

2 52.4465 0.0481 0.6084 2.2620 

3 25.5070 0.3576 13.5267 2.0904 

4 33.7593 0.1168 5.2309 1.8096 

5 31.5942 0.0797 6.7117 2.0124 

6 29.3841 0.1870 8.6564 2.0124 

7 28.2672 0.1650 9.8442 2.0280 

8 26.6253 0.3618 11.8926 2.1840 

9 27.3794 0.3038 10.9037 2.2152 

10 28.2753 0.2342 9.8350 2.2932 

11 27.7353 0.2310 10.4658 2.1840 

12           27.8494 0.2104 10.3293 1.8720 

Table I:  shows the calculated image quality parameter value 

for ANN-RBF Algorithm 

 
There are 12 PET images. ANN-RBF is used to measure the 

image quality parameters. They are PSNR, NAE, RMSE. The 

PSNR has elevated values. The NAE, RMSE 

 
 

Figure 4: PSNR values for ANN-RBF 

Fig 4, shows the calculation of PSNR values by using ANN-

RBF. The reconstructed image has better quality in PSNR 

values. 

 

Figure 5: NAE values for ANN-RBF 

Fig 5, shows the NAE values calculated by using ANN-RBF. 

The reconstructed image will give the better image quality in 

NAE values.  

 

Figure 6: RMSE values for ANN-RBF 

Fig 6, shows the RMSE values calculated by using ANN-RBF. 

The reconstructed image has better  image quality in RMSE 

values for PET images.  

 

Figure 7: Elapsed time for ANN-RBF 

Fig 7, represents the elapsed time for ANN-RBF. It is shown 

in seconds. Elapsed time for ANN-RBF method is very low 

when compared with other predictable methods. 

VI.  CONCLUSION 

In this algorithm in order to improve the representation of 

ANN-RBF algorithm technique was set off in the image 

reconstruction. The consequent structure sight sees optimally 

spatial dependencies between image content en route for non-

linear image reconstruction. The ANN-RBF based image 

reconstruction illustrations the auspicious results.  The table of 

results pronounces that the enactment of the ANN-RBF based 

model is enhanced when paralleled which has less elapsed 

time. ANN-RBF methods are always a more effective for PET 

image reconstruction than other conventional methods. The 

image quality of the resultant images was evaluated using 

ANN-RBF method.  
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When the system is not under fault it is 

injecting less active power to support the losses in 
the line.  When the system is under distorted 
conditions, the DVR is injecting more active power 
than the system is not in fault to protect the load. 
 

 

VI. RESULTS  
In this section, the results obtained from 

MATLAB/SIMULINK are presented. Figure 8 
shows the output of SPWM inverter. Here the pure 
sinusoidal wave is obtained by using filters and the 
voltage and current are in-phase with each other. 

 

 

Figure 8:  SPWM Output

Tables 1 and 2 represents the active power injected 
or absorbed by the utility, DVR and load. – sign 
indicates the injected active power of DVR. 

Table 1: P and Q values of system without fault condition 

Types Active Power  (P)
(Watts) 

Reactive Power (Q)
(VAr) 

Source 478.1 688.7 
DVR -39.0 311.9 
Load 519.6 338.1 

 

Table 2: P and Q values of system with fault condition 

Types Active Power (P) 
(Watts) 

Reactive Power (Q)
(VAr) 

Source 852.6 1119.0 
DVR -273.3 263.3 
Load 783.3 469.9 

 
VII. CONCLUSION 

In this paper, a new methodology has been 
developed to control DVR, named SRF theory to 
inject active power and to eliminate the three phase 
disturbances in the utility side. The three phase 
distortions created using the three phase fault block 
and the performance of DVR was analysed. The 
sinusoidal PWM technique is used to provide the 
gate signals for the inverter. The overall 

performance is satisfactory to protect the load from 
utility voltage problems. 

 
VIII. APPENDIX 

Three phase voltage: 440V, Frequency: 
50Hz, RL filter: 0.002 ohms and 1e-3 H, Three 
phase load: 440V, Frequency: 50 Hz, Switching 
frequency: 1kHz, Injection transformer ratio- 1:1, 
DClink voltage source: 440V. 
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Abstract: In AC power system reactive power is 
one of the major concerns which affect the quality 
of power. So the compensation of reactive power is 
essential to improve the power quality. Using 
various FACTS controllers, the reactive power 
compensation will be done. In this proposed work 
the reactive power compensation was done by 
using static synchronous compensator 
(STATCOM). A STATCOM is one of the 
fundamental flexible ac transmission system 
devices, which can be used for voltage regulation 
and dynamic voltage control. Many control 
strategies are available for controlling the 
behavior of the STATCOM. In this work d-q 
control based control strategy is used. Using this 
control strategy the reference voltage and current 
signals are generated. These reference signals are 
used to generate pulses for the STATCOM. The 
generated pulses will dynamically varies 
depending on the load variation.  

Keywords: FACTS- Flexible AC Transmission 
System, STATCOM- Static Compensator, d-q 
control. 

1. INTRODUCTION 
The term power quality is used in synonymous with 
supply reliability to indicate the existence of an 
adequate and secure power supply. Power quality is 
generally used to express the quality of the voltage. 
Power Generation, Transmission and Distribution is a 
difficult process, requiring the working of many 
components of the power system to maximize the 
quality of the output. The quality may be reduced by 

many factors such as Harmonics, reactive power, 
voltage sag, swell, and transients [1]. Among all, the 
reactive power is the main component to decrease the 
quality of the waveform. So we need to compensate 
the reactive power. Reactive power is required to 
meet the inductive and capacitive loads. Most of the 
electrical loads are inductive, hence we need to 
compensate reactive power. The Reactive power may 
be compensated in many ways including FACTS 
controller, fixed capacitors and synchronous 
condensers etc.[2]. 
Nowadays, FACTS controllers are used for 
compensating the reactive power. Here static 
synchronous compensator (STATCOM) is used to 
compensate the reactive power. STATCOM has 
many advantages than other FACTS controllers. The 
advantages of STATCOM are compensating reactive 
power, and used for reducing the voltage drops 
improve the transfer capability of the power in the 
transmission and distribution lines [3]. The 
advantages of reactive power compensation are 
improved power factor, voltage balancing, and 
improve system stability. So reactive power 
compensation is needed.The main objective of this 
paper is to compensate the reactive power by using d-
q control method. This method also maintains the 
voltage at the stability level and the real power also 
compensated by connecting the same setup in series 
compensation. The d-q control method is very easy to 
implement and it gives faster computation.  
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2. REACTVE POWER 
Real power is considered to be the w
power measured in Watts or kilo Watt
produces the mechanical output of a m
power is not used to do work but is nee
the equipment and is m
volt‐amperes‐reactive VAr or kVAr. 
 
From the power triangle shown in 
compensation of reactive power 
apparent power. Thus, the total co
power is also reduced. It reduces the p
electricity bill, if kVA is measured. 

 
Fig 1.  Power triangle 

 ܵ ൌ ܲ ൅ ݆ܳ 
 

 

2.1 NEED FOR REACTIVE PO
COMPENSATION 

The voltage regulation is increasethe sy
better utilization of machines connected
and to reduce the losses associated w
and to prevent voltage collapse as w
sag. The impedance of transmission 
need for lagging VArby most m
generating system results in the co
reactive power, thus affecting the stab
the system as well as transmissio
Unnecessary voltage drops lead to in
which needs to be supplied by the sour
leading to outages in the line due to in
on the system to carry this imaginary po

 
3. BLOCK DIAGRAM 

The block diagram of the proposed w
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Fig 3. Simulation diagr

The real and reactive power values for
The Source side power is 

Table 1. Real and reactive power va

 
4.2 STATCOM SIMULATION DI

The simulation using the STATCOM
Figure 4. Here bridge inverters a
converting DC to AC. Two bridges are
positive cycle and another one for ne
An isolation transformer is used befor
the output of STATCOM to the grid f
purpose. A DC link capacitor is used 
DC power to the STATCOM [6]. 
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5. RESULTS AND DISCUSS
The simulation results and its output pe
discussed. The output waveforms sho
after carrying out the reactive power 
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and 297.8 VAr reactive power. The re
injected to the load.  

Fig 7. Output waveform for load

 

(c) STATCOM Side Waveform 

The STATCOM side output waveform
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STATCOM. 

Fig 8. Output waveform for STATC
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6. CONCLUSION 
This paper introduces a simulation model for d-q 
control based STATCOM for reactive power 
compensation to be used in MATLAB Simulink 
environment. The proposed model is a solution for 
reactive power compensation using STATCOM. The 
proposed model has a voltage will be maintained at 
stable for particular limit. This simulation model 
clearly shows that the STATCOM can be 
successfully implemented for the reactive power 
compensation. The proposed system also maintains 
the source (Electricity Board) voltage and current in 
phase with each other after compensation. Thus the 
power factor of the utility supply is always 
maintained at a higher value. This results in reduction 
of payment for electricity and avoids the penalty, for 
poor power factor. 
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 Abstract 

  

Rising demand of Diesel electric generators (DG) in the industries causes huge amount of green house 

gas emissions and air contamination. Hence, it becomes important to forecast the level of emission and 

flue gas temperature (TF) and gross efficiency ( η ) to ensure the nominal emission and effective 

operation of DGs. The mathematical models are utilized in many complex engineering problems for 

simulating real-life situations with use of mathematical equations to forecast their future behaviour. In 

this view, in this study, new mathematical models are suggested for the prediction of CO2, TF and η  of 

diesel electric generators (DG). A 180kVA DG is investigated. Data are obtained through number of 

experiments for 3 phase, 415 volts, DG is  operated at different load, speed and torques. The application 

of newly developed mathematical models showed better results in terms of accuracy and percentage 

error values. The co-efficient of multiple determination values (R
2
) were found to be above 0.99 for all 

the models. It is found that the Mathematical models are powerful tool for the prediction of emission and 

performance of DGs.  

Keywords: Diesel electric generator; Exhaust emission; performance; Mathematical model; 

Forecasting. 

1. INTRODUCTION 

Diesel generator (DG) is a diesel engine 

coupled to a generator. The DG can generate at 

nominal power and the surplus energy [1]. As the 

demand grows for DGs, the amount of release of 

green house gases (especially CO2) is also increases 

and it causes air pollution. With rising concern about 

global warming and the use of fossil-fuels for power 

generation, the new concept of renewable distributed 

generation is getting hold of popularity across the 

world [2-4]. Therefore it is very important to assess 

the level emission and performance of DGs for its 

effective operation and ensure the nominal level of 

emission. The mathematical models are utilized in 

many complex engineering problems for simulating 

real-life situations with use of mathematical equations 

to forecast their future behaviour [5]. The 

measurements of exhaust NO, CO, UHC and smoke 

opacity were correlated against that of key fuel 

properties and developed emission predictor 

equations. [6]. It was reported in another study that 

the mathematical models were developed for the 

performance and emission parameters of dual fuel 

diesel engine using hydrogen as secondary fuel to 

correlate the brake thermal efficiency, UHC, CO and 

NO by varying engine parameters like load and 

gaseous fuel. [7].  

In this point of view, Mathematical models 

were aimed for the prediction of CO2, CO/CO2 ratio, 

TF and η  of DG. A 180kVA DG was investigated. 

The results of the findings are presented in this paper. 

 

 

http://www.businessdictionary.com/definition/equation.html
http://www.businessdictionary.com/definition/forecast.html
http://www.businessdictionary.com/definition/behavior.html
http://www.businessdictionary.com/definition/equation.html
http://www.businessdictionary.com/definition/forecast.html
http://www.businessdictionary.com/definition/behavior.html
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2. METHODOLOGY 

2.1 Procedure 

The procedural steps involved in the development 

of mathematical are presented below. The 

description of various stages in this study is 

presented below: 

 Identification of systems/equipment for 

developing mathematical model. The equipment 

focused for this study was DGs of different 

capacities. 

 Study of emission characteristics of identified 

equipment through literature review and 

preliminary data collection from industries. 

 Selection of performance parameters for the 

identified equipment such as loading conditions, 

speed, and efficiency etc.,  

 Collection of relevant emission related data by 

conducting experiments in real time using 

existing model. 

 Evaluation of critical performance parameters 

through detailed data analysis. 

 Development of mathematical models and 

comparison of experimental and predicted data. 

 

2.2 Experimental setup  

A 3 phase, 415 volts and Cummins - Powerica 

DG of 180 kVA was tested. In these DG, the input 

parameters such as engine rpm, load (Amps), torque 

were varied and the percentage of carbon-di-oxide from 

the exhaust gas, the exhaust TF and the 
η

 of the DG 

were measured and noted. The engine rpm was measured 

using electronic tachometer and other emission 

parameters such as % CO2, TF and 
η

were measured 

using a Kane 900 Plus digital hand held flue gas 

analyzer.  

3. RESULTS AND DISCUSSIONS 

 

3.1 Experimentation Vs. Mathematical Model 

In this study, new mathematical models were 

developed for DG of capacity 180 kVA for the calculation 

of percentage of CO2, TF and η . The use of mathematical 

models is considered to be the reliable and theoretical 

approach for non-linear problems to predict the accurate 

results of a particular system. In this study, 200 sets of 

experimental data were given as input to the development 

of mathematical model.  

The developed mathematical models for 180 kVA 

DG are presented in equations 1 – 3. It is found that these 

models have the ability to predict the output parameters 

with good accuracy. The experimental and mathematically 

calculated data were compared and the percentage error 

was estimated. It was determined that the mathematical 

model results obtained for the percentage of CO2, TF and 

η  were within acceptable level. It was obvious from these 

error values that the percentage errors were within the 

limits ( %5± ) [18] and provides better accuracy in the 

prediction of output parameters using mathematical model. 

Also the mathematical models were produced best 

co-efficient of multiple determination (R
2
) values. It is 

apparent from table 1, that the R
2 

values are more than 0.99 

and very close to 1, for all the developed mathematical 

models. It also proved that the mathematical model 

approach provides quite satisfactory accuracy with reduced 

percentage error. 

T)
10

2-
4455.4( -N)

10

3-
3182.1( 

EL
137.0

CO  2
       

 (1) 

 

T9447.3
EL

2878.9 -N)
10

2-
728.7(T

F 


  (2) 

T6902.0
EL

1.8817 -N)
10

2-
7392.4(η 

             (3) 

 

 

  
 

 



International Conference on Energy and Sustainability in Engineering Systems 2014 (ICESES2014) 

 

 

 

Comparisons of the mathematical model 

predictions and experimental results of CO2, TF and 

η  for 180kVA DG is demonstrated in fig. 1a-c. It 

is seen that the number of observations are 200. 

These 200 sets of experimental data are compared 

with the mathematically calculated data; the key 

point here is that the curves produced by the 

experimental results were almost similar with the 

curves produced by the mathematical models.  

Fig. 1: Comparison between experimental and mathematically calculated data for 180kVA DG (a) CO2 

(b) TF (c) η  

Table 1 Co-efficient of multiple determinations (R
2
) values of developed mathematical                                 

models 

Capacity of DG (kVA) Mathematical model Co-efficient of multiple determination (R
2
) 

180 

CO  2  (Eqn. 4) 0.9983 

T
 F (Eqn. 5) 0.9997 

η  (Eqn. 6) 0.9985 

 

4. CONCLUSIONS 

Mathematical modelling was used to forecast 

the CO2, TF and η  of 180Kva DG. With the use of 

200 numbers of experimental observations, new 

mathematical models were developed. The 

productions of R
2
 values were more than 0.99 and 

very close to 1, These R
2 

values of different 

mathematical models proved that the mathematical 

models were suitable for the prediction of CO2, η  

and TF in the DG.  
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Abstract 

  

Textile industry is one of the energy intensive industries as it employed with lot electrical energy 

consuming machines like electrical motors, air-compressors, water pumps and lights. Reducing energy 

consumption and production cost are the primary concerns in these industries. Keeping this in view, an 

exhaustive energy analysis was carried out in two textile industries focusing on air-compressors. An in-

depth analysis was carried out on three air-compressors and the energy and emissions saving potentials 

are quantified. The outcome of this study showed better results with annual energy saving of 108217.2 

kWh and CO2 emission saving of 87.656 tCO2 / annum. 

Keywords: Air-compressor; Textile Industry; Energy Analysis; CO2 Emission. 

 

1. INTRODUCTION 

Industries are the major contributors for the 

economic escalation of any country. In many of the 

Asian countries including India, textile industries 

are vast in numbers in which most of the energy 

requirements are met through electrical energy 

followed by the thermal energy. Electrical energy is 

one of the primary energy sources consumed in 

cotton textile processing [1]. Next to electrical 

motors, the air compressor is one which utilizes 

more energy for the production in textile industry. 

And significant energy saving potential also exists 

in industrial air-compressors [2]. Leaks can be a 

significant source of wasted energy in an industrial 

compressed air system, sometimes wasting 20–50% 

of a compressor’s output. An unmaintained plant 

will likely have a leak rate equal to 20% of total 

compressed air production capacity [3]. Reducing 

energy consumption through a detailed energy 

analysis is a cost effective methodology in any 

energy optimization program [4]. Keeping this in 

view, an energy performance study has been 

conducted in two textile industries focusing on air 

compressors. The energy and emission potentials 

identified are quantified and presented in this 

paper. 

2. METHODOLOGY 

In this section, the procedural steps involved in 

the study, mathematical models required and 

collected data are presented. 

2.1 Procedural steps 

The procedural steps involved in this 

study are presented in fig.1. The equipment focused 

for the current study was air- compressor from the 

two textile industries. Totally three air- 

compressors were accessed for its performances by 

collecting the required energy related data from the 

industries. The data were analysed in detail to 

identify the energy and indirect emission saving 

potentials. Then these energy and emission saving 
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potentials were quantified in terms of electrical 

energy, bill and CO2 savings. 

 

 

Fig. 1 Procedural steps involved in accessing the 

energy performance of industrial air-

compressors 

2.2 Mathematical Model 

The mathematical equation required for 

the assessment of energy performance of air 

compressors are presented below [3]. 

Annual energy consumed by the air-

compressor was estimated by using following 

equation  

AEC =    
hy

]
TULPULTLPL

[    (1) 

Leakage of compressor was estimated by using 

following equation. 

  CL (%) = (TL× 100) / (TL + TUL)        (2) 

Annual energy saving was estimated by using 

following equation. 

AESLC   =    
hy

/CFM
PLLUA

-
LA

CFM    (3) 

 

Actual cfm generated was calculated using the 

following equation 

Cout = ((P2-P1)/P0)  (Vreceiver/ TR)   (4) 

 

Annual Bill Saving can be calculated by using 

following equation. 

ABS = INR/KWhAES    (5) 

CO2 emission reduction can be estimated by using 

following equation. 

EY = AES in MW.h × E.F
  

 (6) 

Where, PL - Power consumed during loading 

(KWh) ; TL- Compressor loading time (sec);PUL - 

Power consumed during unloading (KWh); TUL - 

Compressor unloading time (sec);hy - annual 

operating hours;  LA - Actual air leakage (%); LUA - 

Unavoidable air leakage (%);CFM – cubic feet per 

minute; P2 –final pressure; P1- initial pressure; P0-

atmospheric pressure; TR –receiver filling time; E.F 

–Emission factor 

2.3. Data Measurements 

The industries utilize the air compressors 

for various pneumatic operations in the facility. 

The compressed air is generated through screw 

compressors with the capacities of 139.4, 135.57 

and 120 cfm respectively. The capacity test on 

these three air-compressors was conducted and the 

data collected are presented in table 2.  The 

instruments utilized for this study is presented in 

table 1. The Photographs taken during the 

collection are shown in fig 2. 

 

Table 1 List of instruments with specifications 

Name of 

the 

instrument 

Measurable 

parameters 

Specification 

range 
Accuracy 

 

EXTECH 

make,3-

phase 

clamp 

power 

analyzer 

with 2000 

A, model 

382075 

 

Volt, Amps, 

KW, pf, Hz 

 

Up to 200 A, 

2000 A 

 

%5.1

for V and 

I,         

%2 for 

KW 

 

 

Pressure 

meter 

(gauges) 

 

Air pressure 

 

0 to  25 (bar) 

 

03.0

kPa (0 to 

30 kPa) 

 

 

 

Energy related data collection (Pump-up 

test) 

 

Air compressor 

Analysis of Inefficiency and scope for 
improvement 

using ANN 

Identification of Energy saving potential 

using ANN 

Energy saving potential and CO2 
Emission analysis 

using ANN 
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Table 2 Data collected through capacity test 

Description Values (Air-compressor I, II and III) 

Power consumed during loading (kW) 24.13, 25.3 and 21.7  

Power consumed during unloading (kW) 6.2, 6 and 4.42  

Compressor loading (%) 35.65, 38.77 and 37.96  

Compressor unloading (%) 64.35, 61.22 and 61.11  

Compressor loading time (sec) 41, 38 and 41  

Compressor unloading time (sec) 74, 60 and 66  

Receiver volume ( m
3
) 1.1, 1 and 1  

Receiver filling time (sec) 110, 103 and 140 respectively 

 

 
 

Fig. 2 Measurement of loading and unloading power in air-compressor 

 

 

2. RESULTS AND DISCUSSIONS 

 

The performance of the air compressors 

from the two selected textile industries were 

checked with the help of capacity test and leakage 

test. Totally three numbers of air-compressors 

being used by these industries for their production.  

It is observed that the compressors were producing 

139.4, 135.57 and 120 cfm which are 86.43%, 

40.14% and 81.44% of the rated capacity 

respectively. The total air leakage was found to be 

35.65%, 38.77% and 38.32% respectively. As the 

unavoidable loss should not exceed 10% [5] in an 

industry, the loss should be reduced by 25.65%, 

28.77% and 28.32 respectively. The points where 

the leakage is taking place could be rectified by 

tightening the connections or by replacing the 

damaged parts. Using the equations 1-6, the 

following parameters were calculated and are 

presented table 3. It is observed that the annual 

energy saving of 108217.2 kWh is achieved in 

these textile industries by utilizing these three air-

compressors alone. In turn the indirect CO2 

emission saving is estimated at 87.656 tCO2 / 

annum with no investment and immediate payback. 

 

 

 

 

Table 3Analysis on air compressors (Textile 

Industry I and II) 

Parameters Values 

AEC                                          
105660.1, 55750.8 

 and 45064.4 kWh  

Compressor  

Leakage                    

35.65, 38.77  

and 38.32% . 

AES                                     
51977.3, 30455  

and 25784.9 kWh  

ABS                                             INR 865737.6/- 

PB Immediate 

EY                                                                         87.656 tCO2 / annum 

 

 

 



Investigation on the Energy Performance of Industrial Air-Compressors 

 

3. CONCLUSIONS 

According to the results of this study, the air-

compressors are identified as one of the energy 

intensive equipment in the textile industries and are 

utilized ineffectively. The capacity test results 

showed that the air-compressors are producing less 

cfm than prescribed. The leakage was identified as 

more than 20% in all the three compressors. Energy 

and emission saving potentials of the industrial air-

compressors are noted as huge with application of 

proper measures. Further, the study could be 

extended to other energy intensive equipments to 

identify the energy and emission saving potentials 

in the textile industries. 

 

ACKNOWLEDGEMENT 

 

      The authors sincerely thank the Department of 

Science and Technology (DST), New Delhi, 

Government of India, for its financial grant (No. 

DST/IS-STAC/CO2-SR-92/11(G)) to carry out this 

research work under the National Program on 

Carbon Sequestration Research (NPCSR). 

 

REFERENCES 

[1]S.Palamutcu,  “Electric energy consumption in 

the cotton textile processing stages”. International  

journal of energy. Vol.35 No.7, 2010,  pp. 2945-

2952. 

[2] R.Saidur, N.A.  Rahim and M. Hasanuzzaman,  

“A review on compressed air energy use and 

energy savings”, Renewable and Sustainable 

Energy Reviews, Vol.14 No.4, 2010,  pp. 1135–53. 

[3] R. Saidur, M.T. Sambandam, 

M.Hasanuzzaman, D. Devaraj, S. Rajakarunakaran, 

and M.D.Islam,  “An  energy flow analysis in a 

paper-based industry”, Clean Technology 

Environment Policy; Vol.1 No.1, 2010,  pp.  462-

469. 

[4] M.T. Sambandam, D. Devaraj, and S. 

Rajakarunakaran, “Energy audit - a tool to mitigate 

energy related       CO2 emission in process 

industries”, International conference on “Climate 

change and CO2 management: mitigation, 

separation and utilizationAnna University, 

Chennai,  2012, Tamilnadu, India. 

[5] Bureau of energy efficiency   (BEE),”      guide 

books for energy auditor and manager”,    Govt. of 

India,2011,http://www.energymanagertraining.com 

 

http://www.energymanagertraining.com/


 

 

 

 

 

 

 

 

 

 

 
Proceedings of the International Conference on 

Energy, Environment, Materials and Safety (ICEEMS’14) 

December 10-12, 2014, CUSAT, Kochi, India, 1- 6 

1Corresponding author. E-mail: srajakarunakaran@yahoo.com 

 

 

 

 

 

Analysis of causes and modes of failures of LPG 

refueling station using fuzzy based FMEA 

 
Rajakarunakaran.S

1
, Maniram Kumar.A

2
, Arumuga Prabhu.V

3 

 
1
Professor, RAMCO Institute of Technology, Rajapalayam, Tamilnadu 

2
Assistant.Professor, Dr.Sivanthi Aditanar College of Engineering, Tiruchendur,  

 3
Associate Professor, Kalasalingam University, Srivilliputhur,  

Tamilnadu, India. 

 

 

 

ABSTRACT 
 

Failure mode effect Analysis (FMEA) is a widely industry recognized method used 

to recognize the failure modes of a system and their effects or consequences upon it. 

The failure modes are categorized according to how serious their consequences are, 

how frequently they occur, and how easily they can be detected. Based on detailed 

review of the structure and operation modes of the observed LPG refueling system, 

FMEA identifies the high priority failure modes. Conventionally each risk factor 

(severity, occurrence and detection) evaluated by experts for failure modes is 

assumed to have equal importance. However, that may not be the case in reality. 

 Further in our study the fuzzy based FMEA approach revealed a difference 

in prioritizing failure modes from the traditional methods. These approaches 

eliminate some of the shortcomings of the traditional approach and sharpen the 

FMEA tool in identifying the high priority failure modes that should be handled 

primarily. Thus, the limited resources of businesses can be effectively allocated to 

eliminate the most severe failure modes. 

 

 

INTRODUCTION: 
 

Failure mode and effects analysis (FMEA) is anticipated to provide 

information for risk management decision making. There are significant efforts have 

been made to overcome the shortcomings of the traditional RPN (Wang et al., 2009). 

The studies about FMEA considering fuzzy approach use the experts who describe 
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the risk factors O, S, and D by using the fuzzy linguistic terms. After the 

assignments of the linguistic terms to the factors, if-then rules were generated taking 

the linguistic variables as inputs to evaluate the risks. The outputs of the fuzzy 

inference system were variously named as risk (Chin et al., 2008; Guimaraes & 

Lapa, 2004), the critically failure mode (Xu et al., 2002), priority for attention 

(Pillay & Wang, 2003), and fuzzy RPN ( Xu et al., 2002) in the fuzzy FMEA studies 

which consider the fuzzy rule-base approach. 

 In our paper we proposed a Fuzzy FMEA applied to an auto LPG refueling 

station. As far as published literatures are concerned, the application of Fuzzy 

FMEA to an auto LPG refueling station is a fresh task explored in our work .The 

section 1 gives an introduction of the developments in FMEA. Section 2 proposes 

the fuzzy FMEA methodology. Section 3 the proposed methodology is applied to an 

auto LPG refueling station with section 6 presents the conclusion. 

 

FUZZY FMEA 
 An overall view of the fuzzy logic process is shown in Figure 1, in which 

there are three major steps to carry out the assessment (i) Fuzzification process uses 

linguistic variables to convert the three risk factors S, O and D into the fuzzy 

representations. Using the linguistic variables and their definitions, ranking three 

risk factors can be made in a scale basis. These inputs are then fuzzified to 

determine the degree of membership in each input class. (ii) Rule evaluation consists 

of the expert knowledge about the interactions between various failure modes and 

effect that is represented in the form of fuzzy if–then rules. (iii) Defuzzification 

process creates a crisp ranking from the fuzzy RPN to give the prioritization level 

for the failure modes. 

 

 
Fig. 1. Fuzzy logic process. 

 Table 1 list the scales used to measure the three factors. The table shows  

the five scales and scores of 1–10, to measure the probability of occurrence, severity 

and the probability of detection. A fuzzy inference approach is considered to 

represent the assessment information using linguistic terms. To our knowledge, this 

paper is the first attempt to make the traditional FMEA methodology more 

applicable for auto LPG refueling station. 

 

 Table 1: FMEA scale for occurrence (O), severity (S), not detection (D) 

 

Description Occurrence Severity Non detection 
Sc

ore 

Very High Persistent failures Hazardous without Absolute certainity 10 
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warning 

 Persistent failures Hazardous with warning Probably not detect 9 

High Frequent failures Very high Poor chance of detection 8 

 Frequent failures High Poor chance of detection 7 

Medium Occasional failures Moderate May detect 6 

 Occasional failures Low May detect 5 

 Occasional failures Very low Good chance to detect 4 

Low Relatively few failures Minor Good chance to detect 3 

 Relatively few failures Very minor Almost certain to detect 2 

Almost none Failure is unlikely None Certain to detect 1 

 

CASE STUDY: 
 The case study of the proposed Fuzzy FMEA is a auto LPG refueling 

station. Liquefied Petroleum Gas (LPG) is a mixture of light hydrocarbons primarily 

Butane and propane derived from petroleum, which is gaseous at ambient 

temperature and atmospheric pressure, is liquefied at ambient temperature with 

application of moderate pressure. LPG due to its inherent properties is susceptible to 

fire, explosion and other hazards. Such hazards can have an impact on the property, 

equipment, plant personnel and public. The Liquefied petroleum gas (LPG) 

refueling station for which an FMEA was performed has the following key 

components identified by the experts: Filling Pump, Remote operated valves, High-

pressure storage, Dispensing pump, Dispenser, Control system. In order to 

accommodate within the extent of the paper, the failure modes analysed are 

restricted to LPG Storage tank, LPG Dispenser and LPG filling process. 

The FMEA for LPG refueling station given in the table.2 

 

Table 2 FMEA of LPG refuelling station 

N

o 
Failure Mode Cause Effects Detection Frequency Controls F C D 

RP

N 

LPG Storage tank 

1 

Pressure 

relief 

malfunction 

Mechanical 

failure 

Release of 

LPG and 

potential fire 

explosion 

Sensitive 

verification 

and Gas 

detectors 

Relatively 

few 

failures 

Relief valves 

are vented to a 

stock 

No safety 

hazard 

2 6 2 24 

2 

Over 

pressure and 

failure of 

storage tank 

Fill storage 

on cold 

day/High 

temperature 

environment 

Release of 

LPG and 

potential fire 

explosion 

Visual 

gauge 

inspection 

Relatively 

few 

failures 

Pressure relief 

valve releases 

the excess 

pressure 

2 9 2 36 

3 

Pressure 

relief device 

failure 

Mechanical 

failure 

Over pressure 

of the tank 

Visual 

gauge 

inspection 

Relatively 

few 

failures 

Two relief 

fixed in the 

tank 
2 9 2 36 

4 Piping leak 

Mechanical 

failure 

/corrosion 

Release of 

LPG and 

potential fire 

explosion 

Sensitive 

verification 

and Gas 

detectors 

Occasional 

failures 

Gas is 

odorized, 

Combustible 

gas detectors 

4 8 2 64 

5 
Storage tank 

failure 

External fire 

due to large 

spill of 

gasoline near 

the storage 

Potential 

failure of tank 

due to 

overheating of 

metal 

Sensitive 

verification 

and Gas 

detectors 

Relatively 

few 

failures 

Gas is 

odorized 

Combustible 

gas detectors 

2 9 2 36 
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Fig 2:a) Input  membership functions         b) Output  membership functions (FRPN) 

(Occurrence, not detection and severity) 

 

FUZZIFICATION PROCESS 

 From the fig 2 a & b, while creating membership functions for input values 

the 10-level scale is divided into 5 different regions. Being represented by triangular 

membership functions, these sub-regions respectively are almost none, low, 

medium, high and very high. For the output variable RPN, the10-level scale is 

tank 

6 Piping failure 

Vehicle 

impact to 

dispenser 

Potential fire 

or explosion 

Visual 

inspection 

and Gas 

detectors 

Relatively 

few 

failures 

Bollards 

around 

dispenser 
2 8 3 48 

LPG Dispenser 

7 

Drive away 

while 

connected to 

dispenser 

Human error 

Rupture of 

hose and 

potential of 

fire 

Visual 

indication 

Occasional 

failures 

Break away 

coupling 4 6 2 48 

8 Hose failure 
Mechanical 

failure 
Potential fire 

Visual 

indication 

Occasional 

failures 

Hose rated for 

LPG service 5 5 2 50 

9 
Leak in 

connection 

O-ring 

damaged or 

nozzle 

damaged 

Potential fire 

Sensitive 

verification 

and Gas 

detectors 

Occasional 

failures 

Dispenser 

conducts leak 

check before 

fill 

5 5 2 50 

10 

Vehicle 

pressure 

relief device 

leaks 

Mechanical 

failure 

Potential fire 

or explosion 

Sensitive 

verification 

and visual 

inspection 

Relatively 

few 

failures 

Relief valve 

on vehicle 

tank vents 
2 6 2 24 

11 

Nozzles 

leaks after 

disconnect 

Mechanical 

failure 
Potential fire 

Visual 

indication 

Occasional 

failures 

Dispenser 

valve closes 5 4 2 40 

LPG filling process 

12 

Vehicle 

tank 

isolation 

valve leaks 

Mechanical 

failure 
Potential fire 

Sensitive 

verification 

and visual 

inspection 

Occasional 

failures 

Checking 

before loading 2 8 2 32 

13 

Overfill 

storage 

tank 

Human error 

or instrument 

Failure 

LPG  release 

from 

pressure relief 

valve with 

potential fire 

Visual 

indication 

Occasional 

failures 

Driver training 

and 

established 

procedures for 

unloading 

5 8 2 80 

14 

LPG 

transferring  

trailer 

bullet leak 

Vehicle 

impact to 

truck while 

unloading 

damages 

LPG piping 

Potential 

fire/explosion 

Sensitive 

verification 

and Gas 

detectors 

Occasional 

failures 

Place 

barricades 

before 

unloading 

2 8 2 32 

15 

Unloading 

hose 

connection 

leaks 

Mechanical 

failure or 

improper 

connection 

Potential fire 

Sensitive 

verification 

and Gas 

detectors 

Occasional 

failures 

Check hoses 

before 

connecting 
4 8 2 64 

16 

Release 

from 

connecting 

hose 

Hose not 

vented prior 

to Disconnect 

human error 

Potential fire 

Sensitive 

verification 

and Gas 

detectors 

Occasional 

failures 

Release vapor 

via vents 

before 

disconnecting 

5 4 2 40 
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divided into 10 different parts. These are, respectively, none, very-low, low, high-

low, low-medium, medium, high-medium, low-high, high and very high. 

  

RULE EVALUATION:  

The occurrence, severity and not detection values of the failures were identified with 

the help of expert opinions and by using a database of 125 decision rules determined 

by them specifically. The rules were designed to take into account all possible 

situations. Examples are given here: “IF occurrence IS almost none AND severity IS 

almost none AND not detection IS almost none (found) then RPN IS none (no 

risk),” & “IF occurrence IS almost none AND severity IS medium AND not 

detection IS very high then RPN IS low medium.” 

 

DEFUZZIFICATION 

 Mamdani min/max method of inference mechanism (input method: min; 

aggregate method: max) was used and the results were defuzzified by center of 

gravity method. As to the types of failure, the fuzzy RPN values provided in the 

model are given in a descending order in Table 3 in comparison with the RPN values 

of classical FMEA. The failure types containing the same RPN values were arranged 

according to the values of occurrence, severity and not detection (priority queues). 

The average number of RPN was found to be 4.733 (high low–low medium). 

 

Table 3 Results of traditional& fuzzy FMEA 

 

No

s 

Freuenc

y 

Consequ

ence 

Detection 

(not) 

RPN Rank Fuzzy RPN Fuzzy Rank 

1 2 6 2 24 15 5 2 

2 2 9 2 36 10 7 1 

3 2 9 2 36 9 7 1 

4 4 8 2 64 2 5 2 

5 2 9 2 36 10 7 1 

6 2 8 3 48 5 5 2 

7 4 6 2 48 5 5 2 

8 5 5 2 50 4 5 2 

9 5 5 2 50 4 5 2 

10 2 6 2 24 15 5 2 

11 5 4 2 40 7 5 2 

12 2 8 2 32 12 5 2 

13 5 8 2 80 1 5 2 

14 2 8 2 32 13 5 2 

15 4 8 2 64 2 5 2 

16 5 4 2 40 7 5 2 
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CONCLUSION 
 The top ranking by traditional fmea results are totally revised by fuzzy 

fmea method. The top ranked failures of overfill storage tank, unloading hose 

connection leaks are reallocated in second priority level. The fuzzy method conveys 

the top priority failure to be considered as over pressure and failure of storage tank, 

pressure relief device failure and storage tank failure. The use of linguistic terms in 

the proposed approach allows for the experts to assign a more meaningful value for 

the factors considered. This ensures that identified events do not get overlooked (due 

to low a RPN) when considering the priority for attention. The proposed approach 

using fuzzy rule base could be suitable for use in formal safety assessment (FSA) 

process (at the hazard-screening phase). During the hazard-screening phase, only a 

relative ranking order is needed. This will distinguish the hazards with a high-risk 

level from those with a low-risk level. As the proposed method provides the analyst 

with the flexibility to decide which factor is more important to the analysis, the 

outcome of the analysis will provide valuable information for the decision making 

process. 

  The advantages of the proposed fuzzy rule base approach for application to 

FMEA of LPG refueling station can be summarized as follows: 

 It provides an organized method to combine expert knowledge and 

experience for use in an FMEA study. 

 The use of linguistic terms in the analysis enables the experts to express 

their judgements more realistically and hence improving the applicability of 

the FMEA. 
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Abstract:  Human reliability analysis (HRA), related to various parameters such as the human factor, technology, and 

ergonomics, is always a critical consideration as regards to safety and environment in engineering industries. Human reliability 

(operation without failure) plays a crucial role in engineering industries where the execution of highly repetitive and 

standardized tasks occurs. Therefore, in this scenario, centrality and responsibility of the role entrusted to the human operators 

are exalted because it requires problem solving and decision making ability. Thus, human operator is the core of a cognitive 

process that leads to decisions, influencing the safety of the whole system in function of their reliability. The main focus of the 

research is to systematically predict human error potentials for designated tasks and to determine the required safety control 

levels during welding operations. The paper adopted CREAM (Cognitive reliability and error analysis method) basic and 

extended versions in order to assess human reliability and is demonstrated with an operational case study. Consequently, the 

research provides should contribute to safety at work and prevention of human injury and loss of life. 

I.   INTRODUCTION 

Over the past years, technological developments have led to a decrease of accidents due to technical failures. The 

use of these advanced technologies, beside managerial advantages, has led to reliability issues specifically intended 

as the probability that a system fulfills the assigned mission. To the reliability concept are closely related risk and 

workers’ safety that may be directly and indirectly affected by the processes on site. In this context one of the most 

“critical” components is “man”, whose rate of error changes the rate of breakdowns of components with which it can 

interact. This has highlighted that the “human factor” contributes significantly in accident dynamics, both 

statistically and in terms of severity of consequences. It has been observed that system failures due to human 

intervention are not negligible [1]; in particular, some sources report that human error is the cause of failure systems 

which, in many cases, have disastrous consequences due to man - machine - environment interaction. In fact, 

estimates agree that the errors committed by man are causes over 60% of accidents and for the remaining part the 

causes are due to technical deficiencies.  

 Generally, in reliability systems studies [2], [3], assessment focuses on industry processes and technologies 

constituting it, disregarding aspects that depend on human factors and its contribution to the same reliability system; 

but it should be noted that human error is a major contributor to the risks and reliability of many systems: over 90% 

in nuclear industries [4], over 80% in chemical and petro-chemical industries [5], over 75% of marine casualties [6], 

and over 70% of aviation accidents [7], [8]. Thus, in order to ensure effective prevention of dangerous events, the 

role of humans in accident dynamics should be considered during risk assessment processes [9]. The researchers’ 

great efforts to propose models of human behaviour [10] favouring numerical values of error probability in order to 



predict and prevent unsafe conduct are clearly evident [11], [12]. Nowadays, the analysis of human factors constitute 

a highly interdisciplinary field of study not yet well defined, therefore, a complete and universally accepted 

taxonomy of different types of human errors and causes determining them, does not exist. We note that the objective 

difficulties of governing the human factor and human error have made many experts believe that the conduct of 

prevention and safety were related to a person’s intrinsic characteristics, such as personality traits. [13], [14]. 

 Fortunately, in recent years, technological advances have shifted human intervention from a direct 

commitment to the simple manual control of automatic machine processes. For this reason, starting from high risk 

industrial areas, such as nuclear, aerospace and petrochemical, up to individual SMEs, there was the need to analyze 

techniques of risk analysis with human factor evaluation methodologies, collected under the name Human 

Reliability Analysis (HRA). Human Reliability Analysis identifies errors and weaknesses in a system by examining 

methods of work including those who work in the system. HRA falls within the field of human factors and has been 

defined as the application of relevant information on human characteristics and behaviors to the design of objects, 

facilities and environments that people use [15]. HRA techniques may be used retrospectively, in accident analysis, 

or more likely prospectively to examine a system. Most approaches are firmly grounded in a systemic approach 

which sees the human contribution in wider technical and organizational contexts [16], [17]. The purpose is to 

examine task, process, system or organizational structure for where weakness may lie or create a vulnerability to 

errors, not to find fault or apportion blame. Any system in which human error can arise can be analyzed with HRA, 

which in practice, means almost any process in which humans are involved [18], [19]. These human reliability 

analysis methodologies are born first of all to be applied in the nuclear energy field, where it is greater than the risk 

of a relevant accident. Furthermore, the application of these methodologies is nontrivial and requires a high level of 

training. 

II. CREAM APPROACH 

 CREAM methodology was developed by Eric Hollnagel in 1998 following an analysis of already in place 

HRA methods. It is the most widely utilized second generation HRA technique and is based on three primary areas 

of work; task analysis, opportunities for reducing errors and possibility to consider human performance with regards 

to overall safety of a system. 

 This methodology is a technique used in HRA for the purposes of evaluating probability of a human error 

occurring throughout completion of a specific task. From such analyses measures can then be taken to reduce 

likelihood of errors occurring within a system and therefore lead to an improvement in the overall levels of safety. 

HRA techniques have been utilized in a range of industries including healthcare, engineering, nuclear, transportation 

and business; each technique has varying uses within different disciplines. Compared to many other methods, it 

takes a very different approach to modelling human reliability. 

 There are two versions of this technique: basic version and extended version. Basic version provides an 

initial screening of human error, to understand the error probability range. Instead, extended version uses the results 

of basic version to obtain the detailed value of error probability. The application of the extended version is needed 

when the probability of action failures is acceptably low. These have in common two primary features: ability to 



identify importance of human performance in a given context and a helpful cognitive model and associated 

framework, usable for both prospective and retrospective analysis. 

 CREAM methodology is based on a cognitive model which presents an error classification that integrates 

individual, technical and organizational factors and provides a step by step description of operator performance 

analysis. In particular, classification is based on two principles (Fig.1):  

 • human error may be related with its manifestations, called phenotypes, and its causes, called genotypes; 

 • phenotypes are result of interaction between genotypes and environment. 

The identified cognitive model for CREAM methodology is called “CoCoM” (Contextual Control Model). In Fig.2 

is shown Contextual Control Model. 

Figure. 1. Contextual Control Model “CoCoM” 

 Through this model it was possible to determine the requested cognitive functions level in order to 

implement the analysed performance. The cognitive model application takes place via the individuation of total 

occurrence of CoCoM functions in performance. Cognition concept is included in the CoCoM model through use of 

four basic “control modes” which identify differing levels of control that an operator has in a given context and 

characteristics which highlight occurrence of distinct conditions. The control modes which may occur are as follows 

(Fig.2): 

 - Scrambled control: The choice of next action is random or unpredictable. These modes indicates that the 

operator have minimum control over the system; 

 - Opportunistic control: The choice of next action is ascertained by careless characteristics of the situation 

which is due to lack of time, operator inexperience, etc. Situation is characterized by lack of planning and this may 

possibly be due to the lack of available time; 

 - Tactical control: performance typically follows planned procedures while some ad-hoc deviations are still 

possible; 

 - Strategic control: plentiful time is available to consider actions to be taken in light of wider objectives to 

be fulfilled and within the given context. This mode enables an operator to perform better and more efficient than 

the other modes. 



 
Figure. 2. Relations between Common Performance Conditions (CPCs) score and control modes 

  

 Error probability intervals classified on the basis of the various control modes are the following (Table I): 

The particular control mode determines level of reliability that can be expected in a particular setting and this is in 

turn determined by collective characteristics of relevant CPCs. 

TABLE I  
ERROR PROBABILITY INTERVALS 

CONTROL MODES ERROR PROBABILITY INTERVAL 

STRATEGIC 0.5e-5 < p < 1e-2 

TACTICAL 1e-3 < p < 1e-1 

OPPORTUNISTIC 1e-2 < p < 0.5e0 

SCRAMBLED 1e-1 < p < 1e0 

 

CREAM methodology (basic and extended version) consists in the following steps: 

BASIC VERSION 

 Step 1. Hierarchical Tasks Analysis (HTA); 

 Step 2. CPCs evaluation; 

 Step 3. Control Mode/error interval determination; 

EXTENDED VERSION (if needed) 

 Step 4. Requested cognitive profile construction; 

 Step 5. Possible failure modes of cognitive functions; 

 Step 6. Error probability definition. 

 The main advantages of this methodology are: the technique uses the same principles for retrospective and 

predictive analyses; the approach is very concise, well-structured and follows a well laid out system of procedure; 

the technique allows for the direct quantification of HEP; it also allows evaluator using the CREAM method to 

specifically tailor the use of technique to contextual situation [20]; [21]. Instead, the main criticism are: this 

technique requires a high level of resource use, including lengthy time periods for completion; CREAM also 

requires an initial expertise in field of human factors in order to use technique successfully and may therefore appear 

rather complex for an inexperienced user; CREAM does not put forth potential means by which identified errors can 

be reduced; time required for application is very lengthy. 



III. A CASE STUDY OF A HUMAN RELIABILITY ANALYSIS 

 In this paper the CREAM methodology applied in a real case study is presented. Here below the  

methodological approach is presented. 

PHASE 1: MODEL DEFINITION 

 In the present phase the tool is defined. We applied the tool to a welding process. 

ACTIVITY 1.1 - DEFINITION OF THE SCENARIO 

The aim of the activity 1.1 is to define: 

 the reference organizational scenario of mechanical sector(Welding Process) . It was outlined a description 

of the mechanical sector organization, through the analysis of main organizational and productive aspects 

including: time and processing methods; duty cycles; human aspects of work. 

ACTIVITY 1.2 - ANALYSIS OF SAFETY AND RELIABILITY 

 The most critical activities are analyzed in the welding process. Check list and safety data sheets were 

defined according to risks associated for welding activity. In Figure. 3 is shown an extract of data analyzed. 

Name Welding 

 

Descripti

on 

 Arc welding is a liquid state welding process 

of joining two metals in which electrical 

energy produced by an arc between an 
electrode and a work piece is converted into 

heat and used for fusion welding. 

Risks 
 Source of ignition 

 Accidental contact 

Preventi
on and 

Protection 

 The machine must not be used in an explosive 
atmosphere 

 Suitable protective clothing 

 Hand held helmets with filter lens, Protective 

Clothing, and gloves 

 
Figure. 3. Process descriptions 

PHASE 2: CREAM METHODOLOGY APPLICATION 

 In the present phase CREAM methodology is applied. Basic Version and Extended version is analysed. 

BASIC VERSION 

ACTIVITY 2.1 - HIERARCHICAL TASKS ANALYSIS (HTA) 

 In a logical time sequence, specific operators’ tasks are ordered. In this example is analysed the welding 

process of a manufacturing industry. (Table II). 

TABLE II 
TASK ANALYSIS OF WELDING PROCESS 

ID  GOAL ID ACTIVITY 

I Work piece and electrode Positioning 

I.1 Fix the work piece 

I.2 Open electrode holder 

I.3 Fix the electrode 

I.4 Close electrode holder 

II Welding process manual assistance 
II.1 

Make contact 450 between electrode and work piece 

with adequate gap 

II.2 Move to the weld length 

III Work piece removing 

III.1 Remove weld electrode 

III.2 Space out the electrode holder 

III.3 Remove the work piece 

IV Cleaning ( Slag removal) 

IV.1 Take the hammer 

IV.2 Examine 

IV.3 Chipping 

IV.4 Re-examine 



IV.5 Remove & store the work piece 

 

ACTIVITY 2.2 - CPCS EVALUATION 

CPCs evaluation is made. The expected effect on the reliability of performance is shown in Table III. 

TABLE III 

CPCS TABLE REPRESENTATION AND EVALUATION 

CPCs Qualitative Level Expected effect 

Adequacy of organisation 

Very efficient  Improved 

Efficient  Not significant 

Inefficient Reduced 

Deficient  Reduced 

Working conditions 

Advantageous  Improved 

Compatible  Not significant 

Incompatible  Reduced 

Adequacy of man-machine interaction and 

operational support 

Supportive  Improved 

Adequate  Not significant 

Tolerable Not significant 

Inappropriate Reduced 

Feasibility of procedures and plans 

Appropriate Improved 

Acceptable Not significant 

Inappropriate Reduced 

Number of simultaneous goals 

Fewer than capacity Not significant 

Matching current capacity Not significant 

More than capacity Reduced 

Available time 

Adequate  Improved 

Temporarily inadequate  Not significant 

Continuously inadequate Reduced 

Time of day 
Day time  Not significant 

Night time  Reduced 

Adequacy of training and preparation 

Adequate (high experience)  Improved 

Adequate (low experience)  Not significant 

Inadequate  Reduced 

Crew collaboration quality 

Very efficient  Improved 

Efficient  Not significant 

Inefficient  Not significant 

Deficient  Reduced 

 

ACTIVITY 2.3 - CONTROL MODE/ERROR INTERVAL DETERMINATION 

 In the present activity CPCs characterization is made. Considering the relations between CPC score and 

control modes (Fig.3), it was possible determine the control mode. According to the previous results, the Control 

Mode is “Oppurtunistic/Tactical” and it is necessary to apply the extended version. 

TABLE IV 

CPCs Characterization 

Common Performance 
Conditions 

∑Improved 2 

∑Reduced 3 

EXTENDED VERSION 

ACTIVITY 2.4 - REQUESTED COGNITIVE PROFILE CONSTRUCTION 

 The purpose of this step is to define the Cognitive Profile considering dependencies between cognitive 

activities and CoCoM functions as shown in the following table (Table V): 

TABLE V 

Methodological Matrix of Cognitive Activities 

 

COGNITIVE 

ACTIVITY 

CoCoM Functions 

Observation Interpretation Planning Execution 

Coordinate   X X 

Communicate    X 

Compare  X   

Diagnose  X X  

Assess  X X  



Execute    X 

Identify  X   

Maintain   X X 

Monitor X X   

Observe X    

Plan   X  

Set  X  X 

Adjust X   X 

Examine X    

Verify X X   

 

In the specific case of welding it has (Table VI): 
TABLE VI  

Methodological Matrix of Cognitive Activities for Weldng 

GOAL ID ACTIVITY 
Cognitive 

activity 

CoCoM Functions 

Observat

ion  

Interpretati

on 

Plannin

g 

Execution 

Work piece and 

electrode 

Positioning 

I.1 Fix the work piece Set  X  X 

I.2 Open electrode holder Execute    X 

I.3 Fix the electrode Set  X  X 

I.4 Close electrode holder Execute    X 

Welding process 
manual assistance 

II.1 
Make contact 450 between electrode 

and work piece with adequate gap 
Adjust X   X 

II.2 Move to the weld length Execute    X 

Work piece 

removing 

III.1 Remove weld electrode Execute    X 

III.2 Space out the electrode holder Execute    X 

III.3 Remove the work piece Execute    X 

Cleaning  

(Slag removal) 

IV.1 Take chipping hammer Execute    X 

IV.2 Examine Examine X    

IV.3 Chipping Execute    X 

IV.4 Re-examine Observe X    

IV.5 Remove & store the work piece Execute    X 

 

ACTIVITY 2.5 - POSSIBLE FAILURE MODES OF COGNITIVE FUNCTIONS 

 In the present activity, the error of cognitive function is identified through the use of the following error 

modes, relating welding operations (Table VII; Table VIII): 

TABLE VII 

Cognitive Functions and Error Modes 

Cognitive function CoCoM functions 

Error Modes Mode Description 

Observation 

O1 Observation of wrong object 

O2 Wrong identification made 

O3 Observation not made 

Interpretation 

I1 Faulty (wrong or incomplete) diagnosis 

I2 Decision error (not making or wrong decision) 

I3 Delayed interpretation (not in time) 

Planning 
P1 Priority error 

P2 Inadequate plan formulated 

Execution 

E1 Execution of wrong type (force, distance, speed or direction) 

E2 Action at wrong time 

E3 Action at wrong object 

E4 Action out of sequence 

E5 Action missed (not performed) 

 
TABLE VIII 

Application on Welding Operations 

ID ACTIVITY 
Cognitive 

activity 

CoCoM Functions 

Observatio
n  

Interpretati
on 

Plannin
g 

Execution 

O

1 

O

2 

O

3 

I

1 

I

2 

P

1 

P

2 

P

3 

E

1 

E

2 

E

3 

E

4 

E

5 

I.1 Fix the work piece Set    X     X     

I.2 Open electrode holder Execute          X    



I.3 Fix the electrode Set     X       X  

I.4 Close electrode holder Execute          X    

II.1 
Make contact 450 between electrode 

and work piece with adequate gap 
Adjust  X          X  

II.2 Move to the weld length Execute          X    

III.1 Remove weld electrode Execute          X    

III.2 Space out the electrode holder Execute          X    

III.3 Remove the work piece Execute            X  

IV.1 Take chipping hammer Execute            X  

IV.2 Examine Examine  X            

IV.3 Chipping Execute            X  

IV.4 Re-examine Observe  X            

IV.5 Remove & store the work piece Execute            X  

 

ACTIVITY 2.6 – COGNITIVE FAILURE PROBABILITY (CFP) DEFINITION 

 Final values of Cognitive Error Probability (Table XI)  are determined from  nominal values of CFPs 

(Table IX), and the “weighting factors” (Table XI) to adjust nominal values of CFPs. The weighting factors are 

determined from the CFPs corrective factors described by Hollnagel. 

TABLE IX 

Nominal Value of CFPs 

Cognitive function 

CoCoM functions 

Error Modes Mode Description 
Nominal 

value 

Observation 

O1 Observation of wrong object 1.0E-3 

O2 Wrong identification made 7.0E-3 

O3 Observation not made 3.0E-3 

Interpretation 

I1 Faulty (wrong or incomplete) diagnosis 2.0E-1 

I2 Decision error (not making or wrong decision) 1.0E-2 

I3 Delayed interpretation (not in time) 1.0E-2 

Planning 
P1 Priority error 1.0E-2 

P2 Inadequate plan formulated 1.0E-2 

Execution 

E1 Execution of wrong type (force, distance, speed or direction) 3.0E-3 

E2 Action at wrong time 3.0E-3 

E3 Action at wrong object 5.0E-4 

E4 Action out of sequence 3.0E-3 

E5 Action missed (not performed) 3.0E-2 

 

TABLE X 

CPCs Characterization 

Common Performance Conditions Associated Judgment OBS INT PLAN EXE 

Appropriateness of organization  Not significant 1.0  1.0 1.0 1.0 

Work place conditions  Improved 0.8  0.8 1.0 0.8 

Appropriateness of man/machine interaction  Not significant 1.0  1.0 1.0 1.0 

Feasibility of the procedures and planning  Reduced 2.0 1.0 5.0 2.0 

Number of simultaneously tasks carried out by the operator  Reduced 2.0  2.0 5.0 2.0 

Available time  Improved 0.5  0.5 0.5 0.5 

Time of day in which the activity is carried out  Not significant 1.0  1.0 1.0 1.0 

Adequacy of training and experience of worker  Not significant 1.0  1.0 1.0 1.0 

Level of collaboration and interaction of department staff  Reduced 2.0 2.0 2.0 5.0 

Total Influence of CPCs 3.2 1.6 25 8 

 



TABLE XI 

Adjusted CFPs for Cognitive Function Failures 

ID ACTIVITY 
Error 

Modes 
Nominal 

CFP 
Weighting 

Factor 
Adjusted 

CFP 

I.1 Fix the work piece 
I 1 2.0E-1 1.6 3.20E-01 

E 1 3.0E-3 8 2.40E-02 

I.2 Open electrode holder E 2 3.0E-3 8 2.40E-02 

I.3 Fix the electrode 
I 2 1.0E-2 1.6 1.60E-02 

E 4 3.0E-3 8 2.40E-02 

I.4 Close electrode holder E 2 3.0E-3 8 2.40E-02 

II.1 
Make contact 450 between electrode and work piece with adequate 

gap 

O 2 7.0E-3 3.2 2.24E-02 

E 4 3.0E-3 8 2.40E-02 

II.2 Move to the weld length E 2 3.0E-3 8 2.40E-02 

III.1 Remove weld electrode E 2 3.0E-3 8 2.40E-02 

III.2 Space out the electrode holder E 2 3.0E-3 8 2.40E-02 

III.3 Remove the work piece E 4 3.0E-3 8 2.40E-02 

IV.1 Take the hammer E 4 3.0E-3 8 2.40E-02 

IV.2 Examine O 2 7.0E-3 3.2 2.24E-02 

IV.3 Chipping E 4 3.0E-3 8 2.40E-02 

IV.4 Re-examine O 2 7.0E-3 3.2 2.24E-02 

IV.5 Remove & store the work piece E 4 3.0E-3 8 2.40E-02 

  

  

IV. RESULTS AND DISCUSSION 

 The welding process consists of 14 sub-tasks which h shall be conducted correctly in order to complete the 

whole sequential process in a manufacturing industry. From Table XI is possible determine the value of Cognitive 

Failure Probability. The probability value for most of the control modes are included in the “tactical” control mode 

range (1.0E-3 < p < 1E-1), as shown by the basic version of methodology. It means that if any of 14 sub-task 

operations fails, will lead to the failure of the welding operations which may lead to rework or replacement of the 

job. Since the subtasks have high dependency, overall human error probability value can be assigned as the 

maximum value of the sub-tasks which is 3.2 E-01. Further decrease in failure rate due to precautionary measures 

like, having a preset holder to the work piece or educating/training the operator futher reduces the failure probability 

in the ranges of tactical control mode. 

 

V CONCLUSION 

 It is quite difficult to attain error data for most of HRA methods. Therefore, cognition method is an 

alternative solution to overcome scarcity of data. The CREAM extended version apparently gives satisfactory result 

since the methodology based on cause and effect classification scheme. Thus, the method should be utilised as 

guidance for data collection and assessment 

 

REFERENCES 
[1] B., Kirwan, Practical Guide to Human Reliability Assessment. Taylor and Francis (CRC Press), London, 1994. 

[2] R. E., Barlow and F. Proschan, Statistical Theory of Reliability and Life Testing. Holt, Reinhart and Winston, New York, 1975. 

[3] A. Høyland, M. Rausand, System Reliability Theory. John Wiley and Sons, New York, 1994. 
[4] J. Reason, The contribution of latent human failures to the breakdown of complex systems. Philosophical Transactions of the Royal Society 

of London. B327(1241) 475-484, 1990. 

[5] S. G. Kariuki and K. Lowe, Integrating human factors into process analysis. Reliability Engineering and System Safety. 92 1764-1773, 
2007. 

[6] J. Ren, I. Jenkinson, J. Wang, D. L. Xu and J. B. Yang, A methodology to model causal relationships in offshore safety assessment focusing 

on human and organisational factors. Journal of Safety Research. 39 87-100, 2008. 
[7] R. L. Helmreich, On error management: lessons from aviation. British Medical Journal. 320(7237) 781–785, 2000. 

[8] E. Hollnagel, Cognitive Reliability and Error Analysis Method – CREAM. Elsevier Science, Oxford, 1998. 



[9] F. Longo, A.G. Bruzzone, Modelling and simulation applied to security systems Summer Computer Simulation Conference 2005, SCSC 

2005, Part of the 2005 Summer Simulation Multiconference, SummerSim 2005, Pages 183-188. 
[10] S. French, A. J. Maule and K. N. Papamichail, Decision Making: Behaviour, Analysis and Support. Cambridge University Press, 

Cambridge. 

[11] A. Silvestri, F. De Felice, A. Petrillo. Multi-criteria risk analysis to improve safety in manufacturing systems. International Journal of 
Production Research 50 (17) , pp. 4806-4821, 2012 

[12] G. Di Bona, V. Duraccio, A. Silvestri, A. Forcina. Validation and application of a safety allocation technique (integrated hazard method) to 

an aerospace prototype. 32nd IASTED International Conference on Modelling, Identification and Control, Innsbruck, 11-13 February 2013 
[13] F. De Felice, A. Petrillo. Methodological Approach for Performing Human Reliability and Error Analysis in Railway Transportation 

System. International Journal of Engineering and Technology Vol.3 (5), 2011, 341-353. 

[14] D. Falcone, G. Di Bona, V. Duraccio. A. Silvestri. Integrated hazards method (IHM): A new safety allocation technique. Proceedings of the 
IASTED International Conference on Modelling and Simulation , pp. 338-343, 2007. 

[15] E. Grandjean, Fitting the Task to the Man. Taylor and Francis, London, 1980. 

[16] D. E. Embrey, Data Collection Systems. Human Reliability Associates, Wigan, 2000. 
[17] M. Lyons, A. Sally, M. Woloshynowych, C. Vincent, Human Reliability Analysis in healthcare: A review of technique. International 

Journal of Risk & Safety in medicine, 2004. 

[18] O. Sträter, The use of incidents for human reliability management. Safety & Reliability, Vol. 26, No. 2 pp 26-47, 2006. 
[19] P. C. Cacciabue, Human error risk management for engineering systems: a methodology for design, safety assessment, accident 

investigation and training. Reliability Eng System Safety RE & SS 83, 229–240., 2004. 

[20] P. Salmon, N. A. Stanton and G. Walker, Humans Factors Design Methods Review. Defence Technology Centre, 2003. 
[21]  I.S. Kim Human reliability analysis in the man-machine interface design review. Annals of Nuclear Energy 28 (2001) 1069-1081. 

[22] F. De Felice, A. Petrillo, Productivity analysis through simulation technique to optimize an automated assembly line. Proceedings of the 

IASTED International Conference, June 25 - 27, 2012 Napoli, Italy. Applied Simulation and Modelling (ASM 2012) DOI: 
10.2316/P.2012.776-048 – pp 35-42. 

[23] R. J. Vidmar. (1992, August). On the use of atmospheric plasmas as electromagnetic reflectors. IEEE Trans. Plasma Sci. [Online]. 21(3). 

pp. 876–880.   Available: http://www.halcyon.com/pub/journals/21ps03-vidmar 
 



INDO-BRAZIL Bilateral International Conference on  

ADVANCED MATERIALS AND MANUFACTURING – ICAMM 2015 

Tirunelveli-TN/INDIA, March 27-28, 2015 

OPTIMIZATION OF BLIND SPOTS IN HEAVY TRANSPORT 
VEHICLES THROUGH THE OPTIMIZATION OF DRIVER SEAT 

DESIGN  
 
 

Vincent. D.S
1
,
 
Pitchipoo. P

2#
 , Rajini. N

3
 and Rajakarunakaran. S

4
   

1
Tamil Nadu State Transport Corporation Ltd., Thiruvannamalai, India 

2
Department of Mechanical Engineering, P.S.R. Engineering College, Sivakasi, India 

3
Department of Mechanical Engineering, Kalasalingam University, Krishnankoil, India 

4
Department of Mechanical Engineering, Ramco Institute of Technology, Rajapalayam, India 

# Corresponding Author Email: drpitchipoo@gmail.com 

 

Abstract: Statistics show that around 60% road accidents occur due to poor visibility of driver & fatigue. 

Reduction of blind spot area (Fig.1) improves the area of visibility of the driver which reduces the causes of the 

accidents. The driver seat design plays vital role in the driver‟s visibility while he is in the driver seat. This aim 

of this paper is to optimize the blind spot area by considering the design parameters used in the design of driver 

seat. To achieve this, a hybrid multi criteria decision making (MCDM) approach is proposed by integrating 

COPRAS (Complex Proportional Assessment of alternatives) technique and Fuzzy Analytical Hierarchy 

Process (FAHP). To prove the effectiveness of the developed model, a case study is conducted in a public 

transport corporation located in the southern part of India. 

 

Keywords: Driver seat design, Blind spots, COPRAS, FAHP 
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1  Introduction 

The driver seat is the only thing that the driver uses 

all the time while driving the vehicles. And so, the 

design of driver seat is very vital point to be 

considered in any automobile vehicle. The well – 

designed driver seat should assure the driver‟s 

satisfaction and less fatigue by way of its safety 

aspects, comfort and versatility. To design the seat 

the following criteria such as driver‟s 

anthropometric data, driver‟s visibility, driver reach 

to controls and size, shapes and deflection of the seat 

are considered (Mehdi and Christopher, 2005). Even 

though the design of driver seat by considering the 

above points will have the effect of reducing 

accident considerably, driver‟s fatigue is a major 

factor in commercial vehicle accidents (Shen and 

Vertiz, 1997). The fatigue and design of driver seat 

are having close relationships. Unlike sitting in a 

chair traditionally, a driver can‟t depend on his feet 

to assist with the support of the body because they 

are primarily devoted to the operation of pedals. 

Hence the design of seat should give assurance to 

the driver‟s body balance and control (Carrier, 1992). 

Seats that don‟t accommodate the size and shapes of 

the driver body will force the occupant into a poor 

sitting posture. Thus, lack of effective adjustable 

seats correlates with low back pain (LBP) in long – 

term drivers (Onawumi and Lucas, 2012). Hence it 

is evident that the poorly designed seats will cause 

fatigue to the drivers and in turn the fatigue will 

make the driver to drive without concentration 

ignoring completely all the blind spots which are the 

areas that the driver can‟t see with either side view 

or rear view mirrors or spots not within the area of 

driver‟s visibility (Park et al., 1998). Even if the 

driver drives with fatigue, he should be able to 

manage and control the blind spot and the design 

should support for this effect.  

 

 
Fig. 1. Area of the blind spot in front of heavy 

vehicle 

 

Wu et al. (2006) evaluated the safety of vehicles 

used in a coal mine by using TOPSIS. The criteria 

weights were computed based on grey entropy 

measurement. Qiong et al. (2012) proposed an 

intelligent decision support system (IDSS) to 

evaluate the road safety performance in European 

countries. To develop the IDSS, an improved 

hierarchical fuzzy TOPSIS model was used. The 

experts' knowledge was incorporated in the proposed 

model. To develop the IDSS, an improved 

hierarchical fuzzy TOPSIS model was used. The 

experts' knowledge was incorporated in the proposed 

model. Moataz and Julian (2013) evaluated the 

user‟s perception towards bus transit services by 

using a review. The gap in the perceptions held by 

current and potential users was also measured. First 

AHP model was developed to measure user 

preference. Then a weighted perception index (WPI) 

of both preference and satisfaction is developed 

through a multi criteria model. Finally, multivariate 

analysis of variance (MANOVA) is conducted to 

identify the level of variation in the perception of 

both current and potential users towards bus service 

quality.  

In this paper an attempt is made to optimize the 

driver seat design to reduce the blind spots for heavy 

transport vehicles by conducting a case study.  

2. Model Development 

For the optimization of blind spot in heavy vehicle 

through the optimization of design parameters 

involved in driver‟s seat design, the tools such as 

COPRAS and FAHP are used. Fig.2 depicts the 

proposed framework followed in this paper. 

2.1. COPRAS Method  

The procedure consists of the following steps:  

 Identification and selection of influencing 

criteria (attributes) and the available 

alternatives 

First the attributes which are influencing the 

decision in the MCDM problem are identified and 

the available alternates are selected. 

 Preparation of decision matrix (Alternatives vs 

attributes) (X) 

The collected data (Alternatives and attributes) are 

shown in matrix form as shown in equation (1). 

  [

           

           
 

   

 
   

 
   

]   (1) 

where n= number of alternatives; m = number of 

attributes 
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Fig. 2. Proposed frame work 

 Normalization of decision matrix ( ̅  

The decision matrix is normalized as shown in 

equation (2). 

 ̅  [

 ̅   ̅     ̅  

 ̅   ̅     ̅  
 

 ̅  

 
 ̅  

 
 ̅  

]   (2) 

where  ̅   
   

∑    
 
   

; I = 1, 2, …..n; and j = 1, 2, … 

m 

 Determination of the weight of the attributes (Wj) 

The weights of the attributes are determined by 

using FAHP.  

 Determination of the weighted normalized 

matrix   ̂   

The determined weights are multiplied with the 

corresponding attribute value of all alternate to get 

the weighted normalized matrix. 

( ̂ )  [

 ̂   ̂     ̂  

 ̂   ̂     ̂  
 

 ̂  

 
 ̂  

 
 ̂  

]   (3) 

Determination of weights of the attribute 

Determination of weighted 

normalized matrix 

Identification and selection of influencing criteria (attributes) 

for the design of driver seat and the available alternatives 

Collection of data 

Preparation of decision matrix 

(Alternatives vs attributes) 

 

C
O

P
R

A
S

 

F
A

H
P

 

Normalization of decision matrix 

 

Determination of maximizing 

index Pj 

Determination of minimizing 

index Rj 

Determination of minimal 

value of Rj 

Determination of relative weights of all alternatives 

Determination of priority of alternatives 

Pairwise comparison matrix 

 

Fuzzificztion 

Determination of 

normalized matrix 

Check for 

consistency 

If yes 

If no 
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where  ̂    ̅      

 Determination of maximizing index (Pj) and 

minimizing index (Rj) 

Based on the qualitative nature of the attribute, the 

maximizing index (Pj) and minimizing index (Rj) 

values are calculated. If the maximum value is 

optimum, for that attribute Pj is determined using 

equation (4). For others Rj will be calculated using 

equation (5).   

 
  ∑  ̂  

 
   

     (4) 

   ∑  ̂  
 
     

     (5) 

where k = number of attributes which is to be 

maximized 

 Determination of relative weights of each 

alternative (Qj) 

Finally, the relative weights of all the attributes will 

be calculated by using equation (6). 

      
∑   

 
   

  ∑
 

  

 
   

    (6) 

The alternative with the highest relative weights 

is considered as the best alternative. 

2.2. FAHP 

In FAHP, Saaty‟s (1990) analytical hierarchy 

process is combined with fuzzy concept. Based 

on the opinion of the decision maker, the 

evaluation criteria are compared. The ranking of 

the criteria used for evaluation was collected. 

Based on that first the criteria matrix was 

formed based on the Saaty‟s nine point scale 

which is shown in Table 1.   

The pair wise comparison matrix is called original 

matrix or criteria matrix which is given by matrix 

Xatt as shown below.   

     [   ]           (7) 

where, aij = Pair wise comparison of i
th
  and j

th
  

attribute. m = the number of alternatives 

This was converted into fuzzy original matrix using 

TFN prescribed by Mohamad et al. (2009) which is 

also shown in Table 1.  The fuzzy number in a fuzzy 

set can be represented by equation (8). 

  {           }    (8) 

 

Table 1 Equivalent triangular fuzzy number for 

Saaty‟s nine point scale 

Verbal judgment or 

preference 

Saaty‟s 

scale of 

relative 

importance 

Triangular 

fuzzy 

numbers 

Extremely preferred 9 9,9,9 

Very strongly to extremely 

preferred 
8 7,8,9 

Very strongly preferred 7 6,7,8 

Strongly to very strongly 

preferred 
6 5,6,7 

Strongly preferred 5 4,5,6 

Moderately to strongly 

preferred 
4 3,4,5 

Moderately preferred 3 2,3,4 

Equally to moderately 

preferred 
2 1,2,3 

Equally preferred 1 1,1,1 

 

where F is fuzzy set; x is fuzzy number;      
    and µF(x) is a continuous mapping from R in 

the interval [0, 1].  A TFN expresses the relative 

strength of each pair of elements in the same 

hierarchy and denoted as TFN (M) = (l, m, u) where 

      in which l is the smallest possible value, 

m is the most promising value and u is the largest 

possible value in a fuzzy event. The triangular 

membership function of M fuzzy number can be 

described in equation (9). Then the fuzzy original 

matrix is normalized using equation (10).  

           {

                                           
          ⁄                

          ⁄            
                                           

 (9) 

    
   

  
      (10) 

where  aij is the cell value of i
th
 row and j

th
 column in 

the fuzzy original matrix;        ; and 

   ∑    
 
      

The weights were calculated by converting fuzzy 

numbers into crisp values by using defuzzification 

technique. The defuzzification has the capability to 

reduce a fuzzy to a crisp single-valued quantity. 

There are seven methods were used for 

defuzzification of the fuzzy output functions such as 

max-membership principle, centroid method, 

weighted average method,, mean–max membership, 

centre of sums, centre of largest area and first of 

maxima or last of maxima. In this study, centroid 

method was used for defuzzification which is given 

in equation (11).  
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Weights (Crisp value)    
∑   

     
   

∑   
  

   

  (11) 

where k is the number of rules, O
i
 is the class 

generated by rule i  ( from 0, 1, …. L-1); L is the 

number of classes and  

  
  ∏    

 
         (12) 

where n is the number of inputs and mli is the 

membership grade of feature l in the fuzzy regions 

that occupies the i
th
 rule. 

Since the pairwise comparison matrix is formulated 

based on human judgment, it is must to ensure that 

the values collected are accepted values. To check 

the consistency, the Consistency Ratio (CR) is 

calculated using equation (13) 

CR = CI/RI     (13) 

where CI is Consistency Index  which is determined 

using equation (14) and RI is random indices for 

criteria size „m‟.  

   
      

   
     (14) 

where max  is the maximum eigen value and m is 

the number of criteria  

RI was approximated by Saaty (1990) which is 

shown in table 2. If the CR is < 0.10 the decision 

maker's pairwise comparison matrix is acceptable.  

Table 2. Random Indices 

m 1 2 3 4 5 6 7 8 9 10 11 12 

RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 1.51 1.58 

 

3. Case Study  

Tamil Nadu, one of the States in India, is having 

eight Transport Divisions satisfying, the transport 

need of people. Among the eight divisions, Madurai 

is having a fleet strength of 1235 vehicles covering 

nearly 4 Lakh Km/ day and nearly 9 lakh people are 

using these vehicles per day. Many of the vehicles 

run in the rural area and mainly through villages and 

stop at various stops which are in the residential area. 

The driver allows the passengers to alight and board 

the buses at these stops and again moves the bus to 

next stop. During this process, at bus stops, the 

driver is concentrating more on passenger activities 

and he is totally unaware of what is happening in 

front of the vehicle near the front bumper and in the 

blind area to the right and left side. Despite of 

consideration of all the factors for the design of 

driver seat, the current design are not concentrating 

on the blind spots.  

Vincent et al. (2013) identified the following factors 

such as platform to seat height (A), total seat height 

(B), seat back rest to windscreen distance (C) and 

seat back rest to steering centre distance (D) are the 

influencing criteria for the design of driver seat to 

optimize the blind spot. In order to reduce the blind 

spot, maximum values are desirable in platform to 

seat height (A) and total seat height (B) while the 

minimal values are desirable in seat back rest to 

windscreen distance (C) and seat back rest to 

steering centre distance (D). The data of influencing 

criteria for the design of driver seat for four different 

body structures are given in Table 3. 

 

TABLE 3 Data of influencing criteria for the design 

of driver seat 

Types of Vehicle 
A 

(cm) 

B 

(cm) 

C 

(cm) 

D 

(cm) 

In-House built vehicle 

(IS) 
48.5 100 136 62 

Outsourcing built 

vehicles (OS-1) 
53 102 166 64 

TATA Marocobolo 

built vehicles (OS-2) 
49 99 134 63 

Ashok  Leyland Irizar 

built vehicles(OS-3) 
49 99 144 66 

 

3.1 COPRAS Based Ranking 

The collected data are given in Table 3. These 

datasets are known as criteria matrix. These data are 

preprocessed (normalized) by using equation (2) and 

the values are given in Table 4.  Then the absolute 

difference between the normalized cell value and the 

corresponding referential series value was 

determined by using equation (18). Then the weights 

are determined by using FAHP. It starts with the 

pairwise comparison matrix.  Based on the ranking 

by Vincent et al. (2013) and from the experts, the 

criteria are compared with each other using Satty‟s 

nine point scale (Table 1). The crisp matrix is 

converted into fuzzy matrix using triangular fuzzy 

numbers recommended by Mohamad et al. (2009). 

The equivalent triangular fuzzy number for Saaty‟s 

nine point scale is shown in Table 1 was used.  By 
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using this, the criteria matrix is converted into fuzzy 

criteria matrix which is shown in Table 5. The fuzzy 

criteria matrix was normalized and shown in the 

Table 6. The fuzzy numbers are defuzzified using 

equation (11) and the weights are obtained [Table 6]. 

The Consistency Ratio for this proposed FAHP 

model is calculated using equation (13) and is found 

as 0.0755 for the design of driver seat which is less 

than 0.1 and so the developed comparison is 

acceptable. 

 

Table 4 Normalized Data 

Types of 

Vehicle 

Design of driver seat 

A B C D 

IS 0.243 0.250 0.234 0.243 

OS – 1 0.266 0.255 0.286 0.251 

OS – 2 0.246 0.248 0.231 0.247 

OS - 3 0.246 0.248 0.248 0.259 

 

 

Table 5 Fuzzy Pairwise Comparison matrix 

 

A B C D 

A 1.00 1.00 1.00 3.00 4.00 5.00 1.00 0.50 0.33 1.00 2.00 3.00 

B 0.33 0.25 0.20 1.00 1.00 1.00 0.20 0.17 0.14 1.00 0.50 0.33 

C 1.00 2.00 3.00 5.00 5.99 6.93 1.00 1.00 1.00 2.00 3.00 4.00 

D 1.00 0.50 0.33 1.00 2.00 3.03 0.50 0.33 0.25 1.00 1.00 1.00 

Total 3.33 3.75 4.54 10.0 12.99 15.96 2.70 2.00 1.72 5.00 6.50 8.33 

 

Table 6 Fuzzy normalized matrix for the design of driver seat 

 

A B C D Weights 

A 0.30 0.27 0.22 0.30 0.31 0.31 0.37 0.25 0.19 0.20 0.31 0.36 0.2834 

B 0.10 0.07 0.04 0.10 0.087 0.06 0.07 0.08 0.08 0.20 0.08 0.04 0.0860 

C 0.30 0.53 0.66 0.50 0.46 0.44 0.37 0.50 0.58 0.40 0.46 0.48 0.4745 

D 0.30 0.13 0.07 0.10 0.15 0.19 0.19 0.17 0.15 0.20 0.15 0.12 0.1604 

 

By using the weights, weighted normalized matrix is 

computed using equation (3) and shown in Table 7. 

Table 7. Weighted Normalized Matrix 

Types of Vehicle A B C D 

IS 0.069 0.022 0.111 0.039 

OS-1 0.075 0.022 0.136 0.040 

OS-2 0.070 0.021 0.110 0.040 

OS-3 0.070 0.021 0.118 0.042 

 

Based on the qualitative nature of the criteria, the 

maximizing index (Pj) and minimizing index (Rj) 

values are calculated using equation (4) & (5). 

Finally, the COPRAS grades (Qj ) of all the 

alternatives  will be calculated by using equation (6). 

Table 8 shows Pj, Rj and Qj values.  

From Table 15 and Figure 3, it is understood that OS 

- 2 vehicle has the higher GRG values followed by 

IS, OS-3 and OS-1 body built vehicles. Hence the 

vehicle body built by the second outsourced body 

building unit is having minimum blind spot. 

 

Table 8 COPRAS Calculations 

Types of 

Vehicle Pj Rj 1/Rj Qj 

Ran

k 

IS 0.090 0.150 6.655 0.257 2 

OS-1 0.097 0.176 5.680 0.240 4 

OS-2 0.091 0.149 6.700 0.259 1 

OS-3 0.091 0.159 6.277 0.248 3 

 

 

Fig.3. Ranking of vehicle 
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4. CONCLUSION  

This paper discusses the optimization of blind spots 

in the front of the heavy vehicle which is an 

important aspect of road safety. A hybrid multi 

criteria optimization model by integrating COPRAS 

and FAHP was proposed in the reduction of blind 

spot. This model was tested by a case study and the 

effectiveness of the model was proved. Based on the 

suggestion of optimized design of driver‟s seat, there 

is a great chance for the reduction of area of blind 

spots in the front of the heavy vehicle.  
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Abstract: Selecting the right suppliers significantly reduces the purchasing costs and improves corporate 

competitiveness. The importance on quality and timely delivery of raw materials plays a major role, since most 

of the industries have been spending around 60% of their revenues on purchasing. The supplier selection 

problem involves multiple conflicting tangible and intangible issues. The aim of this study is to develop an 

intelligent based hybrid decision model for supplier selection using Data Envelopment Analysis (DEA) and 

Fuzzy Analytic Hierarchy Process (FAHP). The DEA used to determine the relative efficiencies of multiple 

suppliers.  FAHP is used to compute the weights of the evaluation criteria involved in supplier selection process. 

A case study is performed in a chemical processing industry and the effectiveness of the developed model is 

verified.  

 

 

Keywords: Supplier evaluation, Supplier selection, Data envelopment analysis, Fuzzy analytic hierarchy 

process 
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1  Introduction 

In the current global economy, organizations are 

forced to face variety of changes due to competitions. 

This situation increases pressures on organizations 

to adopt the concept of supply chain management 

(Tracey & Tan 2001). Supplier management 

comprises supplier evaluation, supplier selection and 

supplier development. The selection of supplier 

makes impact on the performance and competitive 

elements of the supply chain. The evaluation of 

supplier is an unstructured decision problem because 

of lack of adequate needed information and the 

availability of qualitative information in the form of 

intangible sense. In supplier evaluation decisions, 

the following fundamental questions such as “what 

criterion is used” and “what methods can be used” 

should be addressed. In today‟s competitive 

operating environment it is impossible to 

successfully produce low cost, high quality products 

without satisfactory vendors. Thus one of the 

important purchasing decisions is the selection and 

maintenance of a competent group of suppliers 

(Weber et al., 1991). The objective of this paper is to 

develop a hybrid model by combining DEA and 

FAHP for selecting the best supplier for a chemical 

processing industry. The remaining part of the paper 

is organized as follows: Section 2 illustrates the 

review of related literatures; Section 3 explains the 

development of model for supplier selection. In 

section 4, the case study is discussed. Finally, 

Section 5 concludes the study. 

 

2 Literature Review 

 

2.1 Review on supplier selection 

Dickson (1966) carried out a study by the help of a 

survey which was conducted in 300 business 

organizations. The purchasing managers of those 

organizations were requested to identify the factors 

that were influencing the supplier selection. As an 

outcome of the survey, totally 23 factors were 

identified as important factors for the supplier 

selection decision problem. Supplier selection is 

complicated by the fact that various criteria must be 

considered in the decision making process. The 

analysis of criteria for selection and measuring the 

performance of the suppliers has been the focus of 

many research papers. Weber et al. (1991) reviewed 

a total of 74 research papers on supplier selection 

and identified net price (cost), delivery, quality, 

production capability, geographical location, 

technical capability, reputation, financial position, 

performance history and warranty are the most 

contributed criteria for supplier selection.  Wilson 

(1994) reviewed the relative importance of supplier 

selection criteria and observed that quality, service, 

price and delivery are the most important selection 

criteria. Ho et al. (2010) made review about the 

literatures of the multi-criteria decision making 

approaches for supplier evaluation and selection. 

This research not only provided evidence that the 

multi-criteria decision making approaches are better 

than the traditional cost-based approach, but also 

aided the researchers and decision makers in 

applying the approaches effectively. 

 

2.2 Review on DEA 

Narasimhan et al. (2001) applied DEA model to 

evaluate alternative suppliers for a multinational 

corporation in the telecommunications industry. 

Eleven evaluating factors were considered in the 

model, in which there are six inputs related to the 

supplier capability, and five outputs related to the 

supplier performance. Talluri and Sarkis (2002) 

developed DEA based model for performance 

monitoring of suppliers. Wu and Blackhurst (2009) 

proposed a supplier evaluation and selection 

methodology based on an extension of DEA to 

evaluate suppliers. The weight constraints were 

introduced to reduce the possibility of having 

inappropriate input and output factor weights. 

Mishra and Patel (2010) will develop an application 

guideline for the assessment, improvement, and 

control of quality in SCM using DEA. Improvement 

in the quality of all supply chain processes lead to 

cost reductions as well as service enhancement. The 

data is collected from 25 suppliers of food and agro 

based industry. Amindoust et al. (2012) stated that 

the multiple attribute utility theory based on DEA 

applied to tackle this problem with consideration of 

some inputs and outputs. A real case study was 

implemented to show the application of DEA 

method and through this method the efficient and 

inefficient suppliers were identified to ranking them. 

 

2.3 Review on FAHP 

Chan et al (2008) applied FAHP to efficiently tackle 

both quantitative and qualitative decision factors 

involved in selection of global supplier. Kuo et al 

(2010) developed a performance evaluation method 

by integrating FAHP method and fuzzy DEA for 

supplier selection problem. FAHP method was first 

applied to find the indicators‟ weights through 

expert questionnaire survey and fuzzy DEA was 

applied for ranking. Pitchipoo et al (2013) used 

FAHP to determine the weights of the influencing 
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criteria while developing a decision model for 

supplier evaluation and selection.  Ayhan (2013) 

used FAHP in a gear motor company to determine 

the best supplier. Do and Chen (2014) applied FAHP 

and DEA for measuring the efficiency scores of 

universities. FAHP was employed to get the weights 

of output indicators then. DEA approach measured 

the performance of Vietnamese universities.  

 

 

3 Model Development 

In this study the best supplier was selected by 

using Data Envelopment Analysis (Fig. 1). It can be 

used to evaluate the efficiency of a number of 

producers, generally referred as decision making 

unit (DMU).  

 
 

Fig.1. Proposed model 
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DEA compares each producer with only the 

“best” DMU in the group, which is better than 

the comparison with average of the group. In 

DEA, we can consider number of DMUs, each of 

them consuming similar inputs to varying level 

to produce. A fundamental assumption behind 

this method is that if a given DMU, is capable of 

producing units of output with inputs, then other 

DMUs shall also be able to do the same if they 

were to operate efficiently. Similarly, if DMU is 

capable of producing units of output with inputs, 

then other DMUs should also be capable of the 

same. DMUs and others can then be combined to 

form a composite producer i.e. virtual producer 

with composite inputs and composite outputs. 

The emphasis of DEA is on finding the “best” 

virtual producer for each real producer. Figure 1 

explains the frame work for the supplier 

selection. DEA was used to evaluate the 

performance of hospitals, universities, cities, 

business firms etc. 

A general mathematical formulation is needed to 

handle the case of multiple inputs and multiple 

outputs. This mathematical formulation was 

provided by Charnes et al. (1978). Let us use x 

and y to represent inputs and outputs, 

respectively. Let the subscripts i and j to 

represent particular inputs and outputs 

respectively. Thus xi represents the i
th
 input, and 

yj represent the j
th
 output of a decision-making 

unit. Let the total number of inputs and outputs 

be represented by I and J respectively, where I, J 

> 0. In DEA, multiple inputs and outputs are 

linearly aggregated using weights. Thus, the 

virtual input (eqn. 1) of a firm is obtained as the 

linear weighted sum of all its inputs. 

Virtual Input = ∑   
 
                   (1)  

Similarly, the virtual output (eqn. 2) of a firm is 

obtained as the linear weighted sum of all its 

outputs. 

Virtual Output = ∑   
 
         (2) 

Given these virtual inputs and outputs, the 

Efficiency (eqn. 3) of the DMU in converting the 

inputs to outputs can be defined as the ratio of 

outputs to inputs. 

Efficiency =  
              

             
               (3)    

            
∑   
 
     

∑   
 
     

   

Where, 

       i = 1, 2, 3…..I are inputs 

       j = 1, 2, 3…..J are outputs 

       s = 1, 2, 3…..N are DMUS 

       ui = weight of i
th
 input 

       vi = weight of j
th
 output 

       xis = amount of the i
th
 input for s

th
 DMU  

       yjs = amount of the j
th
 output for s

th
 DMU  

 

In this paper FAHP method is used to compute 

the weights of each criterion. In FAHP, Saaty‟s 

(1990) analytical hierarchy process is combined 

with fuzzy concept. Based on the opinion of the 

decision maker, the evaluation criteria are 

compared. The ranking of the criteria used for 

evaluation was collected and the criteria matrix 

was formed based on the Saaty‟s nine point scale 

which is shown in Table 1. 

The pair wise comparison matrix is called 

original matrix or criteria matrix which is given 

by matrix Xatt as shown below.   

     [   ]          (4) 

where, aij = Pair wise comparison of i
th
  and j

th
  

attribute. m = the number of alternatives 

 

Table 1 Equivalent triangular fuzzy number for 

Saaty‟s nine point scale 

Verbal judgment or 

preference 

Saaty‟s scale 

of relative 

importance 

Triangular 

fuzzy 

numbers 

Extremely preferred 9 9,9,9 

Very strongly to 

extremely preferred 
8 7,8,9 

Very strongly preferred 7 6,7,8 

Strongly to very 

strongly preferred 
6 5,6,7 

Strongly preferred 5 4,5,6 

Moderately to strongly 

preferred 
4 3,4,5 

Moderately preferred 3 2,3,4 

Equally to moderately 

preferred 
2 1,2,3 

Equally preferred 1 1,1,1 

 

This was converted into fuzzy original matrix 

using TFN prescribed by Mohamad et al. (2009) 

which is also shown in Table 1.  Then the fuzzy 

original matrix is normalized using equation (5).  

    
   

  
     (5) 

where  aij is the cell value of i
th
 row and j

th
 

column in the fuzzy original matrix;        ; 

and    ∑    
 
      

The weights were calculated by converting fuzzy 

numbers into crisp values by using 

defuzzification technique. In this study, centroid 

method was used for defuzzification which is 

given in equation (6).  

Weights    
∑   

     
   

∑   
  

   

   (6) 
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where k is the number of rules, O
i
 is the class 

generated by rule i  ( from 0, 1, …. L-1); L is the 

number of classes and  

  
  ∏    

 
        (7) 

where n is the number of inputs and mli is the 

membership grade of feature l in the fuzzy 

regions that occupies the i
th
 rule. 

Since the pairwise comparison matrix is 

formulated based on human judgment, it is must 

to ensure that the values collected are accepted 

values. To check the consistency, the 

Consistency Ratio (CR) is calculated using 

equation (8) 

CR = CI/RI    (8) 

where CI is Consistency Index  which is 

determined using equation (9) and RI is random 

indices for criteria size „m‟.  

   
      

   
    (9) 

where max  is the maximum eigen value and m 

is the number of criteria  

RI was approximated by Saaty (1990) which is 

shown in table 2. If the CR is < 0.10 the decision 

maker's pairwise comparison matrix is 

acceptable.  

Table 2. Random indices 
m 1 2 3 4 5 6 7 8 9 10 11 12 

RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 1.51 1.58 

 

4 Case Study 

The case study was performed in a chemical 

industry which is located in the southern part of 

Tamilnadu. For this study, the supplier selection 

model was developed based on five suppliers 

(S1, S2, S3, S4 and S5) with five evaluating 

factors, that include three inputs and two outputs 

namely, delivery (D) in days, capacity (Ca) in 

units, warranty (W) in number of days, cost (C) 

in rupees and quality (Q) in percentage of 

acceptance respectively. The Table 3 shows the 

data of suppliers and the corresponding inputs 

and outputs. 

 

 

 

Table 3 Datasets of inputs and outputs 

Suppliers 
Inputs Outputs 

D Ca W C Q 

S1 12 170 28 2439 0.87 

S2 12 260 21 2567 0.90 

S3 14 280 21 2711 0.92 

S4 10 260 24 2800 0.96 

S5 13 290 18 2302 0.89 

 

The weights of the attributes are calculated by 

using FAHP method using equations (4) to (6). 

The fuzzy original matrix is shown in Table 4.  

Then the fuzzy original matrix is normalized 

using equation (5) and shown in Table 5.  

Table 4.  Fuzzy original matrix 

  C Q D W Ca 

C 1 1 1 1/3 1/4 1/5 1/5 1/6 1/7 4 5 6 4 5 6 

Q 3 4 5 1 1 1 1 1/2 1/3 4 5 6 6 7 8 

D 5 6 7 1 2 3 1 1 1 6 7 8 9 9 9 

W 1/4 1/5 1/6 1/4 1/5 1/6 1/6 1/7 1/8 1 1 1 2 3 4 

Ca 1/4 1/5 1/6 1/6 1/7 1/8 1/9 1/9 1/9 1/2 1/3 1/4 1 1 1 

Total 9.5 11.4 13.3 2.75 3.59 4.5 2.48 1.92 1.71 15.5 18.33 21.25 22 25 28 

 

Table 5.  Fuzzy normalized matrix 

 

  C Q D W Ca 

C 0.11 0.09 0.08 0.12 0.07 0.04 0.08 0.09 0.08 0.26 0.27 0.28 0.18 0.20 0.21 

Q 0.32 0.35 0.38 0.36 0.28 0.22 0.40 0.26 0.19 0.26 0.27 0.28 0.27 0.28 0.29 

D 0.53 0.53 0.52 0.36 0.56 0.67 0.40 0.52 0.58 0.39 0.38 0.38 0.41 0.36 0.32 

W 0.03 0.02 0.01 0.09 0.06 0.04 0.07 0.07 0.07 0.06 0.05 0.05 0.09 0.12 0.14 

Ca 0.03 0.02 0.01 0.06 0.04 0.03 0.04 0.06 0.06 0.03 0.02 0.01 0.05 0.04 0.04 
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Then the weights are calculated by using equation 

(6) and shown in Table 6. Then DEA efficiency for 

all suppliers is determined by using equation 3 and 

the values are tabulated in Table 7. 

 

Table 6 Weights of the attributes  
Criteria Weights 

Input 

Delivery 0.442 

Capacity 0.050 

Warranty 0.078 

Output 
Quality 0.275 

Cost 0.165 

 

Table 7 Efficiency of suppliers 

 

Fig.2 depicts the DEA Efficiency of the suppliers. 

From the table 7, the supplier with higher efficiency 

(ie. Supplier 4) is selected as best supplier.  

 
Fig. 2. DEA efficiency 

 

Sensitivity analysis is used to determine how 

“sensitive” a model is during the changes in the 

value of the parameters of the model and in the 

structure of the model. It is performed to do a 

tradeoff study and to check the robustness of the 

model. In sensitivity analysis, the values of any one 

input parameter were changed and the changes in 

output performance indices were measured.  In this 

study, equal weights were assumed for the criteria 

and the efficiency was observed. Fig. 3 shows the 

result of the sensitivity analysis. From the Fig. 3, it 

is observed that the ranking of the suppliers is not 

changing and hence the robustness of the proposed 

model is proved. 

 

 
Fig. 3. Sensitivity of the DEA model 

 

5 Conclusion 

 
In this work a multi-criteria decision making model 

based on DEA for selecting the best supplier was 

developed. For the selection of supplier, multiple 

criteria which include quality, delivery, cost, 

capacity and warranty were considered. And the 

weights of the criteria were computed in FAHP 

technique. The results were compared and finally the 

robustness of the developed model was checked by 

the sensitivity analysis. This model gives a reliable 

result and it can be extended for the same kind of 

industries. This proposed model can be more 

flexible to accommodate the qualitative and 

quantitative criteria for supplier selection. 
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Abstract: A considerable interest nationwide is shown for using LPG as a vehicle fuel to address clean 

air goals and environmental issues. Safe practices in storage, handling, distribution, and end uses of 

LPG are essential for the successful promotion of LPG vehicles. Systematic risk control at each stage 

is required to minimize or eliminate failures. In this work, a risk analysis was performed using the 

FMEA technique, which helps to identify potential problems that may exist in a dispensing system of a 

LPG refuelling station before they occur. It was performed in a commercial LPG refueling outlet in 

Chennai (India). Possible failure modes contributing a risky hazardous situation or pose a disturbance 

to normal operation are identified, documented and analysed. Risk priority numbers were calculated to 

identify the risk level of each potential failure and ranked. A preventive maintenance schedule is 

suggested based on the FMEA results. The implemented FMEA study will aid, decreasing failures 

noticeably in all the processes and operations performed. The findings of this study can be used by the 

LPG refueling outlets located in different regions to ensure safe operation. 
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1 Introduction 

 Automotive Liquefied Petroleum Gas (LPG) 

is a mixture of light hydrocarbons primarily 

predominantly Propane or combinations of Propane : 

Butane „mixes‟ derived from petroleum( BIS 14861), 

which is gaseous at ambient temperature and 

atmospheric pressure, is liquefied at ambient 

temperature with application of moderate pressure. 

 Increased public awareness for 

environmental protection and stricter pollution 

control norms propagating use of efficient fuels have 

steadily pulled to the trend for LPG conversion for 

auto fuel and diversion of domestic fuel to auto fuel 

at a steady growth of @ 8% p.a. in LPG 

consumption in India. [1]. LPG is a flammable, 

noncorrosive, nontoxic, odorless, liquid [2].  LPG, 

being heavier than air, having low boiling point and 

any leakage, will quickly vaporizes and accumulates, 

increasing the risk of explosion and fire [3]. Contact 

with LPG fire can cause the severe burns on skin 

and asphyxiation effects are possible [4]. Meticulous 

understanding of the failure of systems and its 

components, the causes, the consequences and the 

actions needed to avoid them is an important 

concern for stakeholders in the industry, highly 

recommended for loss prevention. 

 The FMEA is a proactive analysis tool, 

allowing engineers to define, identify, and eliminate 

known and/or potential failures, problems, errors, 

and so on from the system, design, process, and/or 

service [5,6]. Developed and implemented by the 

United States Army in the 1970s, its application 

field extended first to aerospace and automotive 

industry, then to general manufacturing [7]. Since 

then, it has become a powerful tool extensively used 

for risk and reliability analysis of systems in a wide 

range of industries, including automotive, 

construction, aerospace, nuclear, and electro-

technical. FMEA is a structured, bottom-up 

approach that starts with potential/known failure 

modes at one level and investigates the effect on the 

next sub-system level [8]. Hence, a complete FMEA 

analysis of a system often spans all the levels in the 

hierarchy from bottom to top. In this case FMEA is 

applied to LPG dispensing in a refuelling station.  

 The organization of the paper is as follows: 

The paper begins with the introduction and 

motivation behind the work done on the paper. 

Discussion about the LPG dispensing outlet, 

technical details, the dispensing system and its 

operations are mentioned in Section 2. A brief 

introduction to FMEA is given in Section 3. The 

application of the FMEA for the risk analysis of the 

dispensing system is reported in Section 4. The 

concluding remarks and further research proposals 

are expressed in Section 5. 

2 Liquefied petroleum gas dispensing station 

Liquefied petroleum gas is delivered in LPG 

bullets to the sites via trucks. A Positive 

displacement sliding vane pump is used to transfer 

LPG from bullet to high pressure storage tank of 

10,000 liters capacity. The storage tank is provided 

with a pump well for installing a submersible pump 

which fuels at 700 kPa with a flow rate of 65 L/min. 

A dispenser of flameproof type transfers LPG to 

vehicles from storage tank via nozzle. A return line 

leading to the vapor space of the LPG storage tank is 

provided for the dispenser. 

        Remote operated shut-off valve is provided for 

the return line of the dispenser. A pump control 

mechanism is provided in the dispenser such that the 

submersible pump of the filling system can be 

switched on/off automatically when the dispensing 

nozzle is in and out of its receptacle. A breakaway 

coupling is provided to protect against leakage of 

LPG liquid in the event of drive away with nozzle 

engaged to the vehicle. The LPG Fueling Station 

outlet studied has its common design bases as 

follows; Vehicles refueled=120 per day; Vehicles 

per hour= 5No‟s & Vehicle refueling time= 2 

min/vehicle. The specifications for installation of an 

auto LPG Dispensing Station confirms with Oil 

Industry Safety Directorate Guidelines, SMPV Rules  

as amended in Feb 2000. The layout observes the 

separation distances of storage vessels between each 

other and from boundary line of the dispensing 

station stated in SMPV Rules. Figure 1 shows the 

process flow diagram. 

 

 
Fig.1. LPG dispensing station process flow diagram  

. 
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3 FMEA 

 Applying FMEA follows a series of 

successive steps: analysis of the process, product or 

system in every single part, list of identified 

potential failures, evaluation of their frequency, 

severity (in terms of effects of the failure to the 

process/product/system and to its surroundings) and 

detection technique, global evaluation of the 

problem and identification of the corrective actions 

and control plans that could eliminate or reduce the 

chance of the potential failures [7, 9].  

 The Risk Priority Number (RPN) is 

calculated for each failure mode by multiplying the 

three determined values of occurrence, severity and 

not detection (O x S x D). The global value of the 

damages caused on the function or on the 

surroundings by every failure is indicated with the 

risk priority number (RPN) [7]. The RPN values of 

each failure mode are expressed on ordinal 

qualitative scales [10,11]. A number between 1 and 

10 (with 1 being the best and 10 being the worst 

case) is given for each of the three factors to 

quantify them. The RPN calculated represents the 

seriousness of potential risks critical to reliability, 

safety of systems or productivity of process [12]. 

The RPN value helps the FMEA team to identify the 

components or subsystems that need the priority 

actions for improvement. Depending on the 

maintenance decisions, different criteria are used to 

trigger the improvement actions. 

 The process for carrying out an FMEA [13] 

using different standards are similar and simple. 

Table 1 show the qualitative scales commonly used 

for the occurrence, severity, and (not) detection 

indexes. This depicts the traditional use of five 

scales and scores of 1–10, to measure the probability 

of occurrence, severity and the probability of 

detection. 

Table 1: FMEA scale for occurrence (O), severity 

(S), not detection (D) 

Descript

ion 
Occurrence Severity Detection Rank 

Very 

high 

Persistent 

failures 

Hazardous 

without 

warning 

Absolute 

certain to 

not detect 

10 

Very 

high 

Persistent 

failures 

Hazardous 

with warning 

Probably 

not detect 
9 

High 
Frequent 

failures 
Very high 

Poor 

chance  
8 

High 
Frequent 

failures 
High 

Poor 

chance 
7 

Medium Occasional Moderate May 6 

failures detect 

Medium 
Occasional 

failures 
Low 

May 

detect 
5 

Medium 
Occasional 

failures 
Very low 

Good 

chance 
4 

Low 
Relatively 

few failures 
Minor 

Good 

chance 
3 

Low 
Relatively 

few failures 
Very minor 

Almost 

certain  
2 

Almost 

none 

Failure is 

unlikely 
None 

Certain to 

detect 
1 

4 FMEA applied to dispenser 

 The failure modes which are more possible 

to occur provided with higher ranking and other 

failure modes are ranked according to their 

percentage of occurrence. A single failure mode may 

be the result of a sequence of sub events each of 

which has an associated frequency of occurrence. In 

such cases, the relative risk rating that was assigned 

to the failure mode occurrence frequency was the 

sub-event frequency with the lowest risk rating. 

Typically this sub event would prevent other sub-

events with higher risk-ratings from materializing. 

The failure modes which are related to safety and 

which has the potential to stop the process for more 

than two hours provided with higher severity rating. 

The severity ranking for the failure modes which 

have the tendency to stop the process for less than 

two hours are ranked according to their approximate 

repair time. Simple problems like rupture in hose are 

quite easy to detect. So these failure modes are 

categorized into low detection rating. Similarly 

complex problems like pump clearance checking, 

loose connections in electrical panel has higher 

detection rating and other failure modes were ranked 

according to the criticality of their detection. Based 

on the FMEA team‟s recommendation the scores for 

frequency, occurrence and detection were applied. 

The RPN scores allow for the overall identification 

of the prioritization of safety improvement efforts 

for the dispensing system. 

 

5 Results and Discussion 

 The FMEA analysis shows the failure 

modes that are categorised as follows: 

 LPG Dispenser - II.1 to II.6 - (6 failure modes) 

 LPG dispensing pump - V.1 to V.9 - 

(Submersible) (9 failure modes) 

 Remote operated valve - VI.1 to VI.4 - (4 

failure modes)  
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No Failure Mode Cause Effects (C) Detection (D) 
Frequency 

(F) 
Controls F C D 

RP

N 

LPG Dispenser 

1.  Piping failure 
Vehicle impact 

to dispenser 

Potential fire or 

explosion 

Visual, Gas 

detection 

Relatively 

few failures 

Bollards 

around 

dispenser 

2 8 3 48 

2.  

Drive away  

connected to 

dispenser 

Human error 
Rupture of hose & 

potential of fire 

Visual 

indication 

Occasional 

failures 

Break away 

coupling 
4 6 2 48 

3.  Hose failure 
Mechanical 

failure 

Release of & 

potential of fire 

Visual & 

Sensitive 

verification 

Occasional 

failures 

Odorized gas 

& LPG rated 

hose  

5 5 2 50 

4.  
Leak in 

connection 

O-ring damaged 

or nozzle 

damaged 

Release of & 

potential of fire 

Sensitive 

verification & 

Gas detectors 

Occasional 

failures 

Dispensers 

leak check 

before fill 

5 5 2 50 

5.  

Vehicle 

pressure relief 

device leaks 

Mechanical 

failure 

Release of LPG & 

potential of fire or 

explosion 

Visual & 

Sensitive 

verification  

Relatively 

few failures 

Relief valve on 

vehicle tank 

vents 

2 6 2 24 

6.  

Nozzles leaks 

after 

disconnect 

Mechanical 

failure 

Release of LPG 

and potential of 

fire 

Visual & 

Sensitive 

verification 

Occasional 

failures 

Dispenser 

valve closes 
5 4 2 40 

LPG Dispensing Pump (Submersible) 

7.  

No Vehicle 

Fill 

Dispenser 

malfunctioning 

or not 

authorizing 

No delivery of fuel 

& fuel filling 

interrupted 

Check the 

function of 

trigger 

Occasional 

failures 

Check function 

periodically 
4 8 3 96 

8.  Blocked filters 

No delivery of fuel 

and fuel filling 

interrupted 

Check the 

filter 

indicators 

Occasional 

failures 

Change filters 

periodically 
4 8 3 96 

9.  
Insufficient LPG 

in tank 

No delivery of fuel 

and fuel filling 

interrupted 

Visual 

inspection 

Occasional 

failures 

Check fluid 

level 

periodically 

4 8 3 96 

10.  

Low Fuel 

Flow 

Restriction in 

nozzle 

Fuel filling 

interrupted 

Visual 

inspection 

Occasional 

failures 

Clean 

periodically 
4 8 3 96 

11.  
Dirt/debris in 

pump 

Heat generation 

and contamination 

Visual 

inspection 

Relatively 

few failures 

Change filters 

periodically 
2 5 4 40 

12.  
Faulty bypass 

valve 

Pump system over 

pressure 

Check the  

valve function 

Relatively 

few failures 

Provide good 

valve settings 
3 5 5 75 

13.  Pulsing Flow 

Insufficient LPG 

in  

tank/excessive 

inlet restriction 

Low pump output 

fuel supply 

interrupted 

Visual 

inspection 

Occasional 

failures 

Check fluid 

level 

periodically 

4 8 2 64 

14.  
No Fuel 

Output 

No power 

supply to pump  

or pump 

contactor fault 

No delivery of fuel 

and fuel filling 

interrupted 

Check the 

voltage 

Occasional 

failures 

Provide correct 

fuse ratings 
4 8 2 64 

15.  Drive Motor fail 

No delivery of fuel 

and fuel filling 

interrupted 

Check 

Resistance of 

motor coils 

Relatively 

few failures 

Check & tight 

the terminals 

periodically 

3 8 2 48 
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No Failure Mode Cause Effects (C) Detection (D) 
Frequency 

(F) 
Controls F C D 

RP

N 

Remote Operated Valve (ROV) 

16.  

Valve Not 

Opening 

No power 

supply 

No fuel 

Delivery/Filling 

Check the 

voltage 

Relatively 

few failures 

Provide correct 

fuse ratings 
3 5 2 30 

17.  Solenoid failure 
No fuel 

Delivery/Filling 

Check the coil 

resistance  

Relatively 

few failures 

Do 

thermography 
3 7 5 105 

18.  
No adequate 

pneumatic 

pressure 

No fuel 

Delivery/Filling 

Check the air 

pressure 

Occasional 

failures 

Check 

compressor 

periodically 

4 5 3 60 

19.  
Closing Very 

Slowly 
Dirt in valve 

Potential spreading 

of fire in case of 

any fire 

Jerk in 

movement -

valve spool 

Relatively 

few failures 

Change filters 

periodically 
2 8 4 64 

The results indicated that the ROV solenoid failure 

was source of major risks to safety and operation 

with the highest RPN followed by the  dispenser 

malfunctioning and blocked filters in dispensing 

pump. The quantitative results derived from FMEA 

application are emphasized in this section. The 

average of the computed RPN number is found as 

“62.84‟‟ that is recognized as the threshold value to 

decide whether the precautions are required. 

According to this assumption, a severe level of 

preventive action necessitates for especially for 

system components such as, ROV and dispensing 

pump, due to their high RPN values (i.e. RPN # 105, 

RPN # 96, RPN # 96, etc.). Dispenser failures were 

of RPN values less than the average computed RPN. 

Counting over the whole FMEA, the top 9 failure 

modes are depicted as histograms in Fig. 2. To 

express the utilization of the FMEA application 

results, one of the failure modes is discussed in 

detail. The results addresses that, solenoid failure on 

remote operated valve is the most significant failure 

mode with highest RPN value # 105. The aim is to 

remedy the gap between the process technology and 

operational practices by suggesting proactive 

maintenance regime and producing combined 

precautions. The number of times of open & close 

can be reconsidered in accordance life of the 

solenoid before maintenance/replacement. This 

operational control can be appreciated with 

technology integration into existing control systems. 

An additional unit that continuously monitors pumps 

performance (i.e. Opening/Closing, Inlet/Outlet flow 

rate, pressures, noise levels) can be integrated. The 

similar approach can be followed for the other 

components and their corresponding failure modes 

subsequently. 

 Consequently, the FMEA of the system aid 

us to produce precautions both in system design and 

operational levels to prevent the risks of failure 

mode. A preventive maintenance schedule is 

prepared, by which the reliability of the system 

enhances, is shown in Table4. The results from this 

study might help operators/manufacturers since the 

all LPG dispensing outlets share common 

operational stages.  

6 Conclusion 

 FMEA approach, widely used for risk 

analysis, has been successfully applied to the 

dispensing system of a LPG refuelling station. The 

results from this study might help 

operators/manufacturers worldwide, since the all 

LPG dispensing outlets share common operational 

stages. A cost-benefit analysis for reducing failures 

could also be conducted based on a priority list of 

the most frequent failure modes. A similar analysis 

could also be considered based on failure modes 

severity. Further study proposals might include 

analyzing the major operating failures in other LPG 

systems and infrastructures such as; tankers, tanker 

transfers, vaporisers cylinder filling plant and stacks 

of cylinders and its transportation, storage yards, etc. 

TABLE 3 : FMEA RESULTS (RANKING) 

Rank FM No Failure Mode RPN 

1 17 Valve Not Opening 105 

2 7 No Vehicle Fill 96 

3 8 No Vehicle Fill 96 

4 9 No Vehicle Fill 96 

5 10 Low Fuel Flow 96 

6 12 Low Fuel Flow 75 

7 13 Pulsing Flow 64 

8 14 No Fuel Output 64 

9 19 Valve Closing Very Slowly 64 

10 18 Valve Not Opening 60 

11 3 Hose failure 50 
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12 4 Leak in connection 50 

13 1 Piping failure 48 

14 2 
Drive away connected to 

dispenser 
48 

15 15 No Fuel Output 48 

16 6 Nozzles leaks after disconnect 40 

17 11 Low Fuel Flow 40 

18 16 Valve Not Opening 30 

19 5 Vehicle pressure relief leaks 24 

  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.  Top  Failure Modes and RPN scores 

  

Table: 4 Preventive Maintenance Schedule 

Maintenance procedures 

PERIODICITY 

Da

ily 

W

ee

kly 

M

ont

hly 

Qu

art

erl

y 

Ha

lf 

Ye

arl

y 

1 
Check operation of 

emergency switch 
▲     

2 
Check function of Gas 

detectors 
  ▲ 

 
 

3 
Check Mechanical seal / 

gland/pipe line leakage 
  ▲   

4 Check Current ratings     ▲ 
 

5 Check vibration/Noise     ▲ 

6 
Check full closing/opening 

of valves 
 ▲ 

 
  

7 Check tightness of  joints    ▲  

8 
Check suction strainers of 

Pumps 
  ▲   

9 
Check alignment pump/ 

motor 
    ▲ 

10 
Check Resistance value of 

earth connections 
    ▲ 

11 Check lubrication Bearings   ▲ 
 

 

12 
Check function of level 

Gauges/switches 
  ▲ 

 
 

13 
Check function of pressure 

relief valve 
    ▲ 

14 
Check Hoses for 

damage/leak 
 ▲ 

 
  

15 
Check Dispenser nozzle for 

damage/leak 
 ▲ 

 
  

16 

Check breakaway 

couplings/excess flow 

valves 

  ▲ 
 

 

17 Check Fire fighting system   ▲   
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Abstract - Many decisions made in real world environment are depending on the evaluation of several influencing criteria called 

multi criteria decision making (MCDM) problems. The crucial part of MCDM problem is the determination of weights to the 

evaluation criteria. Improper weights lead poor decisions. Several methods are used to find the weights of the criteria. In this 

paper, a comparison of three human judgment based techniques such as Factor Relationship (FARE), Analytical Hierarchy 

Process (AHP) and Fuzzy Analytical Hierarchy Process (FAHP) is discussed using a case study.  

 

Keywords - Multi criteria decision making; Weights; FARE; AHP; FAHP 

I.INTRODUCTION 

Evaluation of alternatives based on many criteria belongs to discrete MCDM models where all the alternatives 

and criteria are known. To solve this problem, it is must to know the preferences of the decision maker. These 

preferences can be described by the weights of the criteria. Lot of different methods ([1] & [2]) was used to 

determine the weights of the criteria. Entropy measurement, a mathematical method was used to determine the 

weightage of the criteria. Siva et al [3] used entropy measurement method to find the weights of the output 

responses while improving the mechanical properties of natural fiber composites. Pitchipoo et al [4] developed a 

decision model to select the optimal supplier for a chemical processing industry using grey relational analysis 

(GRA). Entropy measurement method was used to determine the weightage of the influencing criteria for supplier 

selection. Accommodation of qualitative criteria is the limitation of this method.  

In real world many data are available in qualitative nature. To make accurate decisions all data should be used. In 

order to use the qualitative data, human judgment based techniques are used. Pitchipoo et al [5] used AHP and 

FARE methods to determine the weights of the design parameters used in the design of rear view mirror to reduce 

the blind spot area in heavy vehicles. The results are compared with the result obtained with the result obtained 

through entropy measurement method. As an outcome AHP and FARE outperform entropy measurement method. 

Ginevicius and Podvezko [6] applied FARE method for determining the criteria weights, to find the alternative 

solutions of wall insulation or winter proofing of buildings. Ginevicius [7] developed a new method of determining 

the criteria weights called FARE, based on the relationships between all the criteria describing the phenomenon 

considered. 

Wang et al [8] developed an optimization model to address the modification of spare parts and evaluate the 

suppliers and distributes spare parts supplied by the suppliers. In this mathematical model, AHP was proposed for 



the formulation of factor weights and particle swarm optimization (PSO) algorithm was used for solving the 

mathematical model. Lin and Hsu [9] developed a model for selecting Internet advertising networks. This model 

comprised of two parts in which AHP was used to determine the relative weights of evaluative criteria and in the 

second part GRA was used to rank the alternatives and select the best Internet advertising network for advertisers.  

Yang and Chen [10] proposed supplier evaluation model using combined AHP and GRA to select the optimal 

supplier for a notebook computer manufacturing industry. The AHP was used to determine the weightage of the 

criteria and GRA was used to rank the suppliers. Cao et al [11] developed an integrated decision making system 

using AHP and GRA for the selection of material for housing of an electronic device.  AHP was used to determine 

the relative importance among the criteria and the GRA was used to select the material. Sevkli et al [12] developed 

data envelopment analytic hierarchy process for supplier selection Turkey. The weights of the criteria were 

determined using AHP and ranking was done by data envelopment analysis (DEA).For selecting optimum route of 

gas pipeline FAHP and GRA were integrated [13]. FAHP was used to find the weights and GRA was used for 

classification. Olson and Wu [14] presented the simulation of a multi attribute models for uncertain environment. 

The model was developed using fuzzy and GRA. This paper demonstrated how simulation can be used to reflect 

fuzzy inputs, which allows more complete probabilistic interpretation of model results.  

Several researchers used different methods for the determination of weights of the criteria for MCDM problems. 

In this paper three different weight determination methods are compared using a MCDM problem. 

II.METHODOLOGY 

The weights of the criteria are calculated using FARE, AHP and FAHP methods. The algorithms of these 

methods are shown in Figure 1a, 1b and 1c. 

A. FARE Method 

 

Ginevicius [7] developed FARE method (Figure 1a) for determining the criteria weights in multi criteria decision 

making environment. First the potential impact of the criteria is determined using equation (1).  

P = S (m - 1)          (1) 

where  P – Potential of the system’s criterion impact; S – Maximum value of the scale of evaluation used (TableI); 

      m – Number of the system’s criteria. 

Next the criteria are ranked by the experts based on the importance. Then the relationship between the criteria is 

determined based on the rank using Table I. The procedure is as follows: the criterion of a lower rank has the 

smaller impact on the criteria having higher ranks and, therefore, it should transfer a larger part of its potential 

impact to them.  

 



 
 

Figure 1a. FARE algorithm Figure 1b. AHP algorithm 

 

 

Figure 1c. FAHP algorithm 
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The impact of the criteria ai on the main criterion is determined and then, this impact is transformed as follows: 

a1i = S – ã1i                                               (2) 

where, 

 ai – the impact of i
th 

criterion on the first main criterion; 

 ãi – the part of i
th

 criterion’s potential impact transferred to the main criterion 

TABLE I  

SCALE OF QUANTITATIVE EVALUATION OF INTERRELATIONSHIP BETWEEN THE SYSTEM’S CRITERIA 

No. Type of the Effect Produced Rating of the Effect Produced by Interrelationship (in points) 

1 Almost none 1 

2 Very Weak 2 

3 Weak 3 

4 Lower than Average 4 

5 Average 5 

6 Higher than average 6 

7 Strong 7 

8 Very Strong 8 

9 Almost absolute 9 

10 Absolute 10 

 

 The total impact of any criterion, as well as the consistency level of a subset may be determined based on the 

data provided in the form of matrix. The subset considered in the matrix is consistent and stable if the total impact of 

its criteria with a positive sign is equal to their total impact with a negative sign, i.e. their sum is equal to zero [7]. 

Next the total impact Pi calculated using equation (3).  

 𝑃𝑖 = ∑ 𝑎𝑖𝑗 ,
𝑚
𝑖=1  𝑗 ≠ 𝑖        (3) 

After that, the total potential, required for determining the criteria weights, will be calculated based on the data 

presented in the first row of the matrix, thereby making the filling of all other rows of the matrix unnecessary. The 

following equation (4) is used for determining the total potential.  

Pi = P1 – m. a1i,                                    (4) 

where  

 Pi – the total impact (dependence) of the i
th

 criterion. 

Finally, the criteria weights can be determined using equation (5).  

𝜔𝑖 = 
𝑃𝑖

𝑓

𝑃𝑆
 =   

𝑃1− 𝑚𝑎1𝑖+ 𝑆(𝑚−1)

𝑚𝑆(𝑚−1)
                       (5) 

where  PS = Total potential of a set of criteria which is found using equation (6) and   

 𝑃𝑖
𝑓
 = Actual total impact of the i

th
 criterion of the system which is calculated using equation (7) 

PS = m. P = mS (m - 1)                       (6) 

𝑃𝑖
𝑓

= 𝑃𝑖 +  𝑃                          (7) 

where Pi = Total impact produced by the i
th

 criterion of the system or its total dependence on other criteria.  

 

B. AHP Method 



AHP one of the human judgment based tool used to determine the weights of the criteria in the MCDM problems 

was introduced by Saaty [15], The weights of the criteria using AHP are determined by the following steps (Figure 

1b): 

 Pairwise comparison of attributes 

Each attribute is compared with other attributes in a natural, pairwise mode. The fundamental scale that captures 

individual preferences with respect to quantitative and qualitative data [15] is shown in Table II. It converts 

individual preferences into a linear additive weight for each alternative. The pair wise comparison matrix is also 

called original matrix which is given by matrix Xatt as shown in equation (8).  

TABLE II 

MEASUREMENT SCALE FOR PAIR WISE COMPARISON AND EQUIVALENT TRIANGULAR FUZZY NUMBER 

Verbal judgment or preference Numerical rating Triangular fuzzy numbers 

Extremely preferred 9 9,9,9 

Very strongly to extremely preferred 8 7,8,9 

Very strongly preferred 7 6,7,8 

Strongly to very strongly preferred 6 5,6,7 

Strongly preferred 5 4,5,6 

Moderately to strongly preferred 4 3,4,5 

Moderately preferred 3 2,3,4 

Equally to moderately preferred 2 1,2,3 

Equally preferred 1 1,1,1 

 

All the cell values are assigned based on the importance of the attributes received from the experts.  

 𝑋𝑎𝑡𝑡 = [𝑎𝑖𝑗]; 1 ≤ 𝑖, 𝑗 ≤ 𝑛         (8) 

where, aij = Pair wise comparison of i
th

  and j
th

  attribute; n = the number of alternatives 

𝑋𝑎𝑡𝑡 = [

𝑎11 𝑎12 … . 𝑎1𝑛

𝑎21 𝑎22 … . 𝑎2𝑛
:

𝑎𝑛1

:
𝑎𝑛2

:
𝑎𝑛𝑛

]  

 Normalization 

Then the pairwise comparison matrix is normalized using the equation (9) and the normalized matrix Natt is 

obtained. 

𝑁𝑖𝑗 =
𝑎𝑖𝑗

𝑇𝑗
          (9) 

where 𝑇𝑗 = ∑ 𝑎𝑖𝑗 ,1 ≤ 𝑗 ≤ 𝑛𝑛
𝑖=1    

𝑁𝑎𝑡𝑡 = [

𝑁11 𝑁12 … .𝑁1𝑛

𝑁21 𝑁22 … .𝑁2𝑛
:

𝑁𝑛1

:
𝑁𝑛2

:
𝑁𝑛𝑛

]         

  Computation of weights 

After the normalization, the weights Wj are computed from the normalized matrix using equation (10).  

 𝑤𝑗 =
∑ 𝑁𝑖𝑗

𝑛
𝑗=1

𝑛
          (10) 



From the weights of the attributes Watt matrix will be formulated as shown in equation (11) 

𝑊𝑎𝑡𝑡 =

[
 
 
 
 
 
𝑤1

𝑤2

𝑤3

∷
∷
𝑤𝑛]

 
 
 
 
 

          (11) 

 Consistency checking 

The consistency of the proposed pairwise comparison was checked using the equation (12).  

Consistency Ratio CR = CI/RI        (12) 

where CI = Consistency Index  and RI = Random indices. 

𝐶𝐼 =
λ𝑚𝑎𝑥−𝑛

𝑛−1
          (13) 

where max  = Max of  B or n; 

𝐵 = (

𝐴1
𝑤1

+
𝐴2
𝑤2

+
𝐴3
𝑤3

+⋯+
𝐴𝑚
𝑤𝑚

𝑚
)         (14) 

where m=Number of criteria and A1, A2 ….. Am are calculated using the equation (16).  

[𝑋𝑎𝑡𝑡] ∗ [𝑊𝑎𝑡𝑡] = [𝐴]         (15) 

[

𝑎11 𝑎12 … . 𝑎1𝑛

𝑎21 𝑎22 … . 𝑎2𝑛
:

𝑎𝑛1

:
𝑎𝑛2

:
𝑎𝑛𝑛

] ∗ [

𝑊1

𝑊2
:

𝑊𝑛

] = [

𝐴1

𝐴2
:

𝐴𝑛

]       (16) 

Random indexes (RI) for various number of variables ‘n’ have been approximated by Saaty [15] as shown in 

Table III. 

TABLE III 

RANDOM INDICES 

n 1 2 3 4 5 6 7 8 9 10 

RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 

 

If the CR < 0.10 the decision maker's pairwise comparison matrix is acceptable [15].  

 

C. FAHP method 

 

In FAHP (Figure 1c), Saaty’s  [15] analytical hierarchy process is combined with fuzzy concept. Based on the 

opinion of the decision maker, the evaluation criteria are compared. The ranking of the criteria used for evaluation 

was collected and the criteria matrix was formed based on the Saaty’s nine point scale which is shown in Table II. 

This was converted into fuzzy original matrix using TFN prescribed by Mohamad et al. [16] which is also shown in 

Table II.  Then the fuzzy original matrix is normalized using equation (9). The weights were calculated by 

converting fuzzy numbers into crisp values by using defuzzification technique. In this study, centroid method was 

used for defuzzification which is given in equation (17).  

Weights 𝑊𝑖 =
∑ 𝐷𝑝

𝑖 ∗𝑂𝑖𝑘
𝑖−1

∑ 𝐷𝑝
𝑖𝑘

𝑖=1

         (17) 



where k is the number of rules, O
i
 is the class generated by rule i  ( from 0, 1, …. L-1); L is the number of classes 

and  

𝐷𝑝
𝑖 = ∏ 𝑚𝑙𝑖

𝑛
𝑖=1            (18) 

where n is the number of inputs and mli is the membership grade of feature l in the fuzzy regions that occupies the i
th

 

rule. 

Since the pairwise comparison matrix is formulated based on human judgment, it is must to ensure that the values 

collected are accepted values. To check the consistency, the Consistency Ratio (CR) is calculated using equation 

(12). 

III.RESULTS AND DISCUSSION 

To test the developed models, a case study is conducted in a public transport division in Tamilnadu with four 

different types of vehicle bodies. One of the bodies of the vehicles is built in the same organization (IS) and other 

three are outsourced (OS -1, OS – 2 & OS – 3) bodies. The design and implementation of rear view mirror in heavy 

vehicle is a MCDM problem which is highly influenced by the following variables such as the distance between the 

driver and the right side of the body pillar or frame structure (A), the distance between the driver and the left side of 

the body pillar or frame structure (B), the distance of driver’s eye right height from the platform (C) and the distance 

between the centre of the rear view mirror and the ground level (D).  The data set collected through the case study is 

given in Table IV.  

TABLE IV 

DATA SET 

Types of Vehicle A (cm) B (cm) C (cm) D (cm) 

IS 36 178 122 242 

OS – 1 34 181 123 240 

OS – 2 34 182 123 224 

OS - 3 34 177 119 204 

 

A. Determination of Weights by FARE Method 

 

 No. of criteria (m) = 4 

 Max. value of scale (s) = 10 

 Potential of the system (P) = 30 

 total potential of individual criteria =PS = 120 

 

The potential impact of the attributes for this work is 30. Next the attributes are ranked by the experts based on the 

importance. As per the experts opinion the order of attributes are A, B, D and C. The interrelationships between the 

system’s attributes (Table V) based on their ranks are quantified by using Table I.  

The potential impact transferred to the first main criterion is calculated by using equation (2) and shown in Table 

VI. Finally the weights of the attributes are determined by using the equations (3) to (7) and tabulated in the Table VI. 

 



 

TABLE V 

 INTER RELATIONSHIP BETWEEN THE ATTRIBUTES 

Attributes A B C D 

A 
 

2 6 4 

B -2 
 

4 2 

C -6 -4 
 

-2 

D -4 -2 2 
 

TABLE VI 

POTENTIAL IMPACT, ACTUAL IMPACT (PI
F) AND WEIGHTS OF THE CRITERIA 

Attributes A B C D Sum 𝑃𝑖
𝑓
 Weight 

A 
 

8 4 6 18 48 0.4 

B -8 
 

6 8 6 36 0.3 

C -4 -6 
 

-8 -18 12 0.1 

D -6 -8 8 
 

-6 24 0.2 

 

B. Determination of Weights by AHP Method 

The pair wise comparison matrix for this study is shown in Table VII. For the quantification, Table II is used.  

TABLE VII 

PAIR WISE COMPARISON MATRIX  

  A B C D 

A 1 2 5 3 

B 0.5 1 4 2 

C 0.2 0.25 1 0.25 

D 0.333 0.5 4 1 

Total 2.033 3.75 14 6.25 

 

Then the normalized matrix (Table VIII) is computed using equation (9). Next the consistency of the proposed 

pairwise comparison was checked using the equation (12) and found as 0.037 which is less than 0.1. Hence the used 

pairwise comparison is acceptable. The weights are computed from the normalized matrix using equation (10) and 

shown in Table VIII.  

TABLE VIII 

NORMALIZED MATRIX 

  A B C D Weights 

A 0.492 0.533 0.357 0.480 0.466 

B 0.246 0.267 0.286 0.320 0.280 

C 0.098 0.067 0.071 0.040 0.069 

D 0.164 0.133 0.286 0.160 0.186 

 

 

 



C. Determination of Weights by FAHP Method 

First the pairwise comparison matrix shown in Table VII is fuzzified using triangular fuzzy numbers (Table II) 

and converted into fuzzy original matrix (Table IX). Then the fuzzy original matrix is normalized using equation (9) 

and given in Table X. The consistency of the proposed pairwise comparison was checked and found as 0.0907 which 

is less than 0.1. Hence the used pairwise comparison is acceptable. The weights are computed from the normalized 

matrix after defuzzification using equation (17) and shown in Table X. 

TABLE IX 

FUZZY ORIGINAL MATRIX 

  A B C D 

A 1.000 1.000 1.000 1.000 2.000 3.000 4.000 5.000 6.000 2.000 3.000 4.000 

B 1.000 0.500 0.333 1.000 1.000 1.000 3.000 4.000 5.000 1.000 2.000 3.000 

C 0.250 0.200 0.167 0.333 0.250 0.200 1.000 1.000 1.000 0.333 0.250 0.200 

D 0.500 0.333 0.250 1.000 0.500 0.333 3.003 4.000 5.000 1.000 1.000 1.000 

Total 2.750 2.033 1.750 3.333 3.750 4.533 11.003 14.000 17.000 4.333 6.250 8.200 

 

TABLE X 

FUZZY ADJUSTED MATRIX 

  A B C D Weights 

A 0.364 0.492 0.571 0.300 0.533 0.662 0.364 0.357 0.353 0.462 0.480 0.488 0.459 

B 0.364 0.246 0.190 0.300 0.267 0.221 0.273 0.286 0.294 0.231 0.320 0.366 0.281 

C 0.091 0.098 0.095 0.100 0.067 0.044 0.091 0.071 0.059 0.077 0.040 0.024 0.075 

D 0.182 0.164 0.143 0.300 0.133 0.074 0.273 0.286 0.294 0.231 0.160 0.122 0.210 

 

D. Comparison of weights  

The weights computed by the three different techniques are shown in Table XI and Figure 2. All the three 

methods gave very closer weights for the criteria. Among these methods FAHP performs well because both tangible 

and intangible factors can be accommodated well than any other methods. 

 

TABLE XI 

 COMPARISON OF WEIGHTS 

 

Weights of Criteria 

Criteria FARE AHP FAHP 

A 0.4 0.466 0.459 

B 0.3 0.280 0.281 

C 0.1 0.069 0.075 

D 0.2 0.186 0.210 

 



 

Figure 2 Comparison of weights 

IV.CONCLUSION 

This paper analyzes three human judgment based weight determination techniques and the results were compared.  

FARE method is basically simple method and the weights obtained are not accurate as AHP and FAHP. Conceptually 

both AHP and FAHP are same but FAHP gave accurate weights due to its ability to use vague and inaccurate data. 

AHP is a better method when the available data is in crisp form. FAHP can able to use continuous data and hence it 

produces accurate result than others.   
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Abstract 

 Competitive international business environment has forced many firms to focus on supply chain management to 
cope with highly increasing competition. Selecting the right suppliers in the supply chain significantly reduces 
the purchasing costs and improves corporate price competitiveness. The emphasis on quality and timely delivery 
in today’s globally competitive marketplace plays a major role, since most of the firms have been spending 
considerable amount of their revenues on purchasing. The supplier selection problem involves multiple 
conflicting issues that are tangible and intangible. Hence, the purpose of this study is to propose an integrated 
model for supplier selection based on Data Envelopment Analysis (DEA). It has been used to evaluate suppliers’ 
performance when there are multiple inputs and outputs in the supplier selection problem. The DEA determines 
the relative efficiencies of multiple suppliers.  In this paper, the Factor Relationship (FARE) is used to 
determine the weights of criteria involved in supplier selection process. A case study is made in chemical 
process industry based on the above model and its efficiency is verified.  
 
Keywords:  Supplier Evaluation, Supplier Selection, Data Envelopment Analysis, FARE 

1 Introduction 
Supply chain management (SCM) is the process 

of planning and monitoring the transformation of raw 
material into product in an organization. The concept 
of SCM was originally introduced by consultants in 
1980s and has gained tremendous attention now. 
Several issues were identified and addressed by the 
researchers such as network planning, supplier 
management and physical distribution. Among those, 
supplier management is the key issue because more 
than 60% of the sales revenue is spent for the 
purchase of raw material. Supplier management 
comprises supplier evaluation, supplier selection and 
supplier development. Selecting a good set of 
suppliers to work with is crucial to a company’s 
success. Over the years, the significance of supplier 
selection has been long recognized and emphasized. 
In today’s competitive operating environment it is 
impossible to successfully produce low cost, high 
quality products without satisfactory vendors. Thus 
one of the important purchasing decisions is the 
selection and maintenance of a competent group of 
suppliers (Weber et al., 1991). More recently, with 
emergence of the concept of Supply Chain 
Management (SCM), more and more scholars and 
practitioners have realized that supplier selection and 
management was a vehicle that can be used to 

increase the competitiveness of the entire supply 
chain (Lee et al., 2001).  

The evaluation of supplier is an unstructured decision 
problem because of lack of adequate needed 
information and the availability of qualitative 
information in the form of intangible sense. In 
supplier decisions, two fundamental questions must 
be addressed. Firstly, what criterion should be used 
and secondly, what methods can be used compare 
suppliers. The objective of this paper is to develop a 
hybrid model by combining AHP and for selecting the 
best supplier for a chemical processing industry. The 
remaining part of the paper is organized as follows: 
Section 2 illustrates the review of related literatures; 
Section 3 explains the development of model for 
supplier selection. In section 4, the case study is 
discussed. Finally, Section 5 concludes the study and 
outlines some future research directions. 
 
2 Literature Review 

Dickson (1966) carried out a study by the help of 
a survey which was conducted in 300 business 
organizations. The purchasing managers of those 
organizations were requested to identify the factors 
that were influencing the supplier selection. As an 
outcome of the survey, totally 23 factors were 
identified as important factors for the supplier 



selection decision problem. Supplier selection is 
complicated by the fact that various criteria must be 
considered in the decision making process. The 
analysis of criteria for selection and measuring the 
performance of the suppliers has been the focus of 
many research papers. Weber et al. (1991) reviewed a 
total of 74 research papers on supplier selection and 
identified net price (cost), delivery, quality, 
production capability, geographical location, technical 
capability, reputation, financial position, performance 
history and warranty are the most contributed criteria 
for supplier selection.  Wilson (1994) reviewed the 
relative importance of supplier selection criteria and 
observed that quality, service, price and delivery are 
the most important selection criteria. Ho et al. (2010) 
made review about the literatures of the multi-criteria 
decision making approaches for supplier evaluation 
and selection. This research not only provided 
evidence that the multi-criteria decision making 
approaches are better than the traditional cost-based 
approach, but also aided the researchers and decision 
makers in applying the approaches effectively. 

Narasimhan et al. (2001) applied DEA model to 
evaluate alternative suppliers for a multinational 
corporation in the telecommunications industry. 
Eleven evaluating factors were considered in the 
model, in which there are six inputs related to the 
supplier capability, and five outputs related to the 
supplier performance. Talluri and Sarkis (2002) 
developed DEA based model for performance 
monitoring of suppliers. Wu et al. (2007) proposed an 
augmented DEA approach for selection of suppliers. 
The model was capable to handle imprecise data to 
rank the efficient suppliers and covered the 
discrimination among them based on discriminating 
efficient suppliers from relatively poor performers. 
Wu and Blackhurst (2009) proposed a supplier 
evaluation and selection methodology based on an 
extension of DEA to evaluate suppliers. The weight 
constraints were introduced to reduce the possibility 
of having inappropriate input and output factor 
weights. Mishra and Patel (2010) will develop an 
application guideline for the assessment, 
improvement, and control of quality in SCM using 
DEA. Improvement in the quality of all supply chain 
processes lead to cost reductions as well as service 
enhancement. The data is collected from 25 suppliers 
of food and agro based industry. Amindoust et al. 
(2012) stated that the multiple attribute utility theory 
based on DEA applied to tackle this problem with 
consideration of some inputs and outputs. A real case 
study was implemented to show the application of 
DEA method and through this method the efficient 
and inefficient suppliers were identified to ranking 
them. 

 
3 Model Development 

In this study the best supplier was selected by 
using Data Envelopment Analysis (Figure 1). It can 
be used to evaluate the efficiency of a number of 

producers, generally referred as decision making unit 
(DMU).  

 

Figure 1 Proposed model 

DEA compares each producer with only the 
“best” DMU in the group, which is better than the 
comparison with average of the group. In DEA, we 
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can consider number of DMUs, each of them 
consuming similar inputs to varying level to produce. 
A fundamental assumption behind this method is that 
if a given DMU, is capable of producing units of 
output with inputs, then other DMUs shall also be 
able to do the same if they were to operate efficiently. 
Similarly, if DMU is capable of producing units of 
output with inputs, then other DMUs should also be 
capable of the same. DMUs and others can then be 
combined to form a composite producer i.e. virtual 
producer with composite inputs and composite 
outputs. The emphasis of DEA is on finding the 
“best” virtual producer for each real producer. Figure 
1 explains the frame work for the supplier selection. 
DEA was used to evaluate the performance of 
hospitals, universities, cities, business firms etc. 

A general mathematical formulation is needed to 
handle the case of multiple inputs and multiple 
outputs. This mathematical formulation was provided 
by Charnes et al. (1978). Let us use x and y to 
represent inputs and outputs, respectively. Let the 
subscripts i and j to represent particular inputs and 
outputs respectively. Thus xi represents the i th input, 
and yj represent the j th output of a decision-making 
unit. Let the total number of inputs and outputs be 
represented by I and J respectively, where I, J > 0. In 
DEA, multiple inputs and outputs are linearly 
aggregated using weights. Thus, the virtual input (eqn. 
1) of a firm is obtained as the linear weighted sum of 
all its inputs. 

 
Virtual Input = ∑ ��

�
��� ��                                         (1)  

 
Similarly, the virtual output (eqn. 2) of a firm is 
obtained as the linear weighted sum of all its outputs. 
 
Virtual Output = ∑ 	


�
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                                     (2) 

            
Given these virtual inputs and outputs, the Efficiency 
(eqn. 3) of the DMU in converting the inputs to 
outputs can be defined as the ratio of outputs to 
inputs. 

 

Efficiency =  
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Where, 
       i = 1, 2, 3…..I are inputs 
          
         j = 1, 2, 3…..J are outputs 
         s = 1, 2, 3…..N are DMUS 
        ui = weight of ith input 
        vi = weight of jth output 
        xis = amount of the ith input for sth DMU  
        yjs = amount of the jth output for sth DMU  
 

In this paper Factor Relationship (FARE), a new 
weight determining method is used to compute the 
weights of each criterion. Romualdas (2011) 

developed FARE method for determining the criteria 
weights in multi criteria decision making 
environment. First the potential impact of the criteria 
is determined using equation (4).  

P = S (m - 1)            (4) 
where   
      P – Potential of the system’s criterion impact; 
      S – Maximum value of the scale of evaluation 
used (Table1); 
      m – Number of the system’s criteria. 

Next the criteria are ranked by the experts based 
on the importance. Then the relationship between the 
criteria is determined based on the rank using table 1. 
The procedure is as follows: the criterion of a lower 
rank has the smaller impact on the criteria having 
higher ranks and, therefore, it should transfer a larger 
part of its potential impact to them.  

 

Table 1 Scale of quantitative evaluation of 
interrelationship between the system’s criteria 

No. 
Type of the Effect 

Produced 

Rating of the Effect 
Produced by 

interrelationship (in 
points) 

1 Almost none 1 
2 Very Weak 2 
3 Weak 3 
4 Lower than Average 4 
5 Average 5 
6 Higher than average 6 
7 Strong 7 
8 Very Strong 8 
9 Almost absolute 9 
10 Absolute 10 

 
The impact of the criteria ai on the main 

criterion is determined and then, this impact is 
transformed as follows: 

a1i = S – ã1i                                         (5) 
where, 
ai – the impact of i th criterion on the first main 
criterion; 
ãi – the part of i th criterion’s potential impact 
transferred to the main criterion 

 The total impact of any criterion, as well as the 
consistency level of a subset may be determined based 
on the data provided in the form of matrix. The subset 
considered in the matrix is consistent and stable if the 
total impact of its criteria with a positive sign is equal 
to their total impact with a negative sign, i.e. their 
sum is equal to zero. 
Next the total impact Pi calculated using equation (6).  
 �� �  ∑ ��
 , 

���  ! " �                          (6) 
After that, the total potential, required for determining 
the criteria weights, will be calculated based on the 
data presented in the first row of the matrix, thereby 



making the filling of all other rows of the matrix 
unnecessary. The following equation (7) is used for 
determining the total potential.  

Pi = P1 – m. a1i,                                           (7) 
where  
 Pi – the total impact (dependence) of the i th 
criterion. 
Finally, the criteria weights can be determined using 
equation (8).  
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where  PS = Total potential of a set of criteria which 
is found using equation (9) and   

 ��
. = Actual total impact of the i th criterion 

of the system which is calculated using equation (10) 
PS = m. P = mS (m - 1)                               (9) 
��

.
�  �� /  �                                         (10) 

Where 
 Pi = Total impact produced by the i th criterion of the 
system or its total dependence on other criteria.  
 
4 Case Study 

The case study was performed in a chemical 
industry which is located in the southern part of 
Tamilnadu. For this study, the supplier selection 
model was developed based on five suppliers (S1, S2, 
S3, S4 and S5) with five evaluating factors, that 
include three inputs and two outputs namely, delivery 
(D) in days, capacity (Ca) in units, warranty (W) in 
number of days, cost (C) in rupees and quality (Q) in 
percentage of acceptance respectively. The Table 2 
shows the data of suppliers and the corresponding 
inputs and outputs. 

 
Table 2 Datasets of inputs and outputs 

Suppliers 
Inputs Outputs 

D Ca W C Q 
S1 12 170 28 2439 0.87 
S2 12 260 21 2567 0.90 
S3 14 280 21 2711 0.92 
S4 10 260 24 2800 0.96 
S5 13 290 18 2302 0.89 
 
The weights of the attributes are calculated by 

using FARE method using equations (4) to (10). The 
weights are shown in Table 3.  

 

Table 3 Weights of the attributes  

Criteria Inputs Outputs 

Deliver
y 

Capacit
y 

Warrant
y 

Qualit
y 

Cost 

Weight
s 

0.167 0.500 0.333 0.625 
0.37

5 
 

Then DEA efficiency for all suppliers is 
determined by using eqn. 3 and the values are 
tabulated in Table 4. 

 
Table 4 Efficiency of suppliers 

 

Figure 2 depicts the DEA Efficiency of the 
suppliers. From the table 4, the supplier with 
higher efficiency (ie. Supplier 4) is selected as 
best supplier. For this case study supplier 4 is 
selected as best supplier. 

 

Figure 2 DEA efficiency 

Sensitivity analysis is used to determine how 
“sensitive” a model is during the changes in the 
value of the parameters of the model and in the 
structure of the model.  

 
Figure 3 Sensitivity of the DEA model 
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criteria and the efficiency was observed. Figure 3 
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shows the result of the sensitivity analysis. From 
the Figure 2, it is observed that the ranking of the 
suppliers is not changing and hence the 
robustness of the proposed model is proved. 

 

5 Conclusion 
Decisions of evaluation and selection of a 

supplier is an important part of chain 
management. In today's intense competition, 
producing high quality products with minimum 
cost without satisfactory suppliers is not 
possible. In this work a multi-criteria decision 
making model based on DEA for selecting the 
best supplier was developed. For the selection of 
supplier, multiple criteria which include quality, 
delivery, cost, capacity and warranty were 
considered. And the weights of the criteria were 
computed in FARE technique. The results were 
compared and finally the robustness of the 
developed model was checked by the sensitivity 
analysis. This model gives a reliable result and it 
can be extended for the same kind of industries. 
This proposed model can be more flexible to 
accommodate the qualitative and quantitative 
criteria for supplier selection.  DEA can help to 
evaluate and compare suppliers on different 
evaluation criteria which can offer a more robust 
tool to select and evaluate suppliers based on 
both qualitative and quantitative criteria. Future 
research can be possible by taking different 
factors relating to the supplier side by the help of 
soft computing multi criteria decision making 
approach like fuzzy set theory. 
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Abstract– Composite materials are widely used in a number of industrial sectors from aviation, space, to boat building, 

automotive, and sports goods. The nondestructive testing and inspection of composite structures, both for 

manufacturing quality assurance and for in-service damage detection.. Characterization process is mandatory to carry 

out the NDT test for predicting the failure in the test coupons by using IR thermography method. IR thermography 

method is used to detect the internal defects. It is a powerful NDT method for the characterization of composite 

material. This technique involves heating of a specimen with short duration pulse of energy and monitoring the transient 

thermal response of the surface of the specimen with an infrared camera. It can detect internal voids, delamination and 

cracks. 

Keywords:  NDT, IR Thermography, CFRP, Cracks, Thermogram. 

I. INTRODUCTION 

Composites are combinations of two materials  in  which  one  of  the  materials, called the reinforcing phase 

is in the form of fibres, sheets or particles, and is embedded in  the  other  materials  called  the  matrix phase. For 

instance, the term “FRP” (for Fiber Reinforced Plastic) usually indicates a thermosetting polyester matrix containing 

Fibers. Fiber – reinforced composites can be classified into broad categories according to the matrix used:  polymer, 

metal ceramic, and carbon matrix composites. 

FRPs are commonly used in the aerospace, automotive, marine, and construction industries [1]. 

Manufacturers of not only commercial airplanes but also military planes and helicopters have developed various 

usage of composite material. In every case, objectives of using composite material have been to reduce weight of 

planes and to have highly performing flying machines. Composite material also has contributed to those secondary 

objectives as saving of assembling manpower. Typical speeds for hypersonic aircraft are greater than 3000 mph and 

Mach number M > 5[1]. Thus, it will be experiencing the flight environment of an upper stage in launch vehicle 

during it’s ascend phase and the flight conditions of an aircraft during its descend phase. Since lift and drag depend 

on the square of the velocity, hypersonic aircraft do not require a large wing area. 

Carbon-fiber-reinforced   polymers are composite materials. They have unique properties of relatively high 

strength at high temperatures coupled with low thermal expansion and low density. The physical properties of 

composite materials are generally not isotropic in nature, but rather are typically anisotropic (different depending on 

the direction of the applied force or load) [2].  For instance, the stiffness of a composite panel will often depends 

upon the orientation of the applied forces and/or moments. 

II. MATERIALS AND METHODS 

1.   MATERIALS 

a)  Carbon Fibre 

Carbon fibre is composed of carbon atoms bonded together to form a long chain. The fibres are extremely 

stiff, strong, and light, and are used in many processes to create excellent building materials. It has a good weight to 

strength ratio. Depending on the orientation of the fibre, the carbon fibre composite can be stronger in a certain 

direction or equally strong in all directions. A small piece can withstand an impact of many tons and still deform 

minimally. 
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b)  Epoxy Resin & Hardener 

Epoxy resins are the most used just after polyesters, their price being the only limit to their usage. They have 

better mechanical characteristics in tension, compression, impact and others when compared with polyester resins, 

and so they are preferred in the manufacturing of high performance parts like those used in aeronautics and others. 

Besides they present good heat resistance up to 150 to 1900 C, have good chemical resistance, [6] low retraction, 

good reinforcement wetting and an excellent adhesion to metallic materials. As disadvantages, their cost is high, 

polymerization time is long there is the need to protect the workers that deal with it and they are sensible to cracks.  

The hardener will used to cure the matrix materials in fibre as faster than usual curing time. From that we can get 

excellent adhesive bonding together and normally the proportion of hardener, epoxy resin is equal amount and equal 

to weight of fibre. 

2. Test Coupon Preparation 

 Hand lay-up is the conventional method for preparing composite materials. In Hand lay-up method 

Gel coat is first applied to the mold using a spray gun for a high-quality surface. When the gel coat has cured 

sufficiently, roll stock fiberglass reinforcement is manually placed on the mold. [7]The laminating resin is applied by 

pouring, brushing, spraying, or using a paint roller. FRP rollers, paint rollers, or squeegees are used to consolidate 

the laminate, thoroughly wetting the reinforcement, and removing entrapped air. Subsequent layers of fiberglass 

reinforcement are added to build laminate thickness. Low density core materials, such as end-grain balsa, foam, and 

honeycomb, are commonly used to stiffen the laminate to produce sandwich construction.  Fig. (a – d) shows the 

ASTM D30309 of  tensile test specimen.  

 
(a) 

 
 

 

 

 

(b) 

 
( c)  

 
(d) 

Fig. 1 (a-d) Test coupon preparation & configuration  

III. EXPERIMENTATION 

1. Experimental Setup 

IR is a powerful NDT method for the characterization of composite material. Generally, this technique involves 

the heating of a specimen with a short duration pulse of energy and monitoring the transient thermal response of the 

surface of the specimen with an infrared camera. It can detect internal voids, delamination, and cracks [3].  

   Principal components in IR Thermography   : 

1. Halogen lamp 

2. Infrared Camera 

3. Sample holder 

4. Personal computer 



 

 

 

Fig.  2 Experimental setup for IR THERMOGRAPHY 

 

Fig. 3 NDT testing on CFRPtest Coupon 

Table I 

Test conditions 

Name Avg Min Max Emissivity Background St. Dev. 

L0 86.4°C 45.1°C 97.0°C 0.98 20.0°C 9.63 

1.1 Information About the Image   

Background temperature 33°C 

Emissivity 0.98 

Image Range 34.0°C to 97.3°C 

Camera Model Fluke Ti32 

IR sensor Size 320 × 240 

Camera Serial Number Ti32-10060564 (9 Hz) 

Camera Manufacturer Fluke Thermography 

Calibration Range -10.0°C to 600.0°C 

Table II 

IR Thermography – consolidated Test Results 

Sample No. TAvg TMin TMax Emissivity 
Background 

Temp 

Standard 

Deviation 

CFRP1 F 86.4°C 45.1°C 97.0°C 0.98 33.3°C 9.63 

CFRP1 B 75.5°C 58.2°C 83.0°C 0.98 33.3°C 6.17 

CFRP2 F 110.8°C 45.6°C 118.4°C 0.98 33.3°C 8.85 

CFRP2 B 83.8°C 61.7°C 88.2°C 0.98 33.3°C 5.15 

 Highlighting Indicates the maximum defective materials that can be rejected for material characterization purpose. 

 

 

 

IV. RESULTS AND DISCUSSIONS 

1. IR THERMOGRAPHY RESULTS 

From the table II the IR thermography result shows the white color indicates maximum defects, the red indicates next 

level of white, the yellow color indicates intermediate level of defect, and finally the blue color indicates low level of defect, [4] 

finally CFRP1, CFRP4, CFRP5 test coupon selected for material characterization. The following thermogram and graph results 

shows the NDT method for CFRP Test Coupons 
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CFRP 02 (FRONT) THERMOGRAM 
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Fig.  4 IR Thermography Image with graph 



 

 

 

 

V. CONCLUDING REMARKS 

 
 The following conclusions were drawn from the present experimental investigations: 

1. The test coupon preparation method is a conventional one, so the defect will occur due to the hand operation.        
(Fig. 1). 

2. To identify these defects by IR Thermography method with HOT and Cold conditions 

3. The test results shows the rejection and selection rate of test coupon for further use.. 

4. The Thermogram and Graph gives the damage identification with specified location of the specimen and we can 
avoid the damage during the test coupon preparation. 

5.  This paper would give an ample suggestion to carry out experiments for the estimation of defect in composite 
material with the help of NDT method.. 
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ABSTRACT 

The principal objective of this paper is to describe the finite element modelling studies that are 
performed for the development of carbon fabric reinforced epoxy composite shell structures. 
Analysis of composite structures using FEA certainly needs the assistance of commercial software 
packages to predict the behaviour of composite structures under impact loading by the numerical 
simulation of the actual composite structure. The scope of the present paper is to study the dynamic 
response of the thin-walled carbon fabric epoxy composite shell under axial compression using 
Finite Element investigations. The finite element analysis for the present study is employed with 
the explicit finite element software LSDYNA® wherein the experimentally determined material 
properties of carbon fabric/epoxy composite are incorporated into the FEModel. The history of 
deformation for carbon fabric/epoxy composite shells under impact loading is generated using LS-
PrePost®. In every impact analysis, the maximum vertical displacement at the mid node of the top 
shell structure and element stresses are recorded and plotted. Low velocity axial impact 
experiments using drop mass setup are also conducted for the validation of finite element model 
made with LSDYNA®.

Keywords: Thin-walled shell; CFRP; fabric; axial impact; Finite Element Analysis & LS-DYNA®. 

Introduction 
 
Structures composed of carbon fibre (Mitra, 1992) reinforced epoxy composite laminates are 
mainly applied in the aircraft and spacecraft industries because of the weight saving of the principal 
structural components. Researchers have indicated that woven fabric reinforced or Textile 
composites (Murphy, 1998) become more applicable to many engineering applications like aircraft 
and spacecraft structures due to their low processing cost, superior impact resistance and high 
process ability. The spacecraft industry predominantly uses carbon fabric composites (Mazumdar, 
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2010) impregnated with epoxy matrix system due to their high performance characteristics at 
elevated temperatures. The rocket motor cases, space platforms, supporting structures, antenna and 
solar panels have been constructed using carbon fabrics (Brent, 2008). 

Materials 

The fiber used in this study was plain weave carbon fabrics (Bhardwaj, 1992). The carbon fabrics 
(Fig.1b) were 3k count along warp and 3k count along weft directions. The matrix material used 
was AW106 type epoxy resin with hardener HV 953 U. The warp and weft directions of the carbon 
fabric are clearly indicated in Fig.1(a). Fig.1(c) shows the surface morphology of carbon fiber using 
a SEM photograph. 

 

(a) Principal Direction (b) Photograph (c) SEM Photograph 

                                            Fig. 1. Carbon Fabric structure 

The unidirectional mechanical properties of Carbon fabric reinforced epoxy have been considered 
for the present analysis work. 

Thin-walled Composite Shell Structures 

Advanced composite structures widely used in aerospace and spacecraft structures include thin-
walled laminated shell structures which are composed of layers of Carbon Fabric Reinforced 
Plastic (CFRP) material. Thin-walled composite shells are widely used in launch vehicles and 
satellite structures because of its high energy absorbing capabilities.  

Fig. 2. Applications of Thin-walled Composite shell structures 
 

  

5th International Congress on Computational Mechanics and Simulation 551



 
Thin-walled composite shells are used as space capsules (Narasaiaha et al., 2009) in launch vehicle 
(ISRO, 2007) and re-entry vehicle applications which accommodate expensive electronic packages. 
Thin-walled composite shells (Mazumdar, 2010) are widely used in commercial aircrafts for 
making components like radome, rudders, centre fuselage, rear fuselage, nacelle, air conditioning 
ducts, outboard and inboard aircraft flaps, aileron, engine nose cone and rotor blades which are 
represented in Fig.2. 

Structural Geometry 

The present research is aimed at making a composite shell structural model subjected to impact 
loading which would be useful in space applications. The structural shell model selected in this 
paper is a thin-walled structure with a combined geometry of frustum of conical shell and a shallow 
spherical shell at the top. 

 

In this paper, the specimen configuration (hc = 95; hs= 45; db =147; dt= 90; α = 220; t = 3; All 
dimensions are given in mm) shown in Fig.3 is considered as a structural module. The geometry of 
the shell specimen is modeled by using PROE® software package as shown in Fig.4. 

Finite Element Modeling & Simulation using LSDYNA® 

The finite element modeling and simulations of the thin-walled CFRP shell structures under low 
velocity (Shiuh, 2004) axial impact (Gupta, 2007) is carried out using LS-Dyna® (Vasanthanathan, 
2013a) finite element software. Fig.5 describes the Finite Element Model of the axial impact setup. 
The unidirectional mechanical properties (Vasanthanathan, 2013b) of Carbon fabric reinforced 
epoxy composite obtained from the material characterization as per ASTM standards (Hodgkinson, 
2000; Daniel, 2007) are incorporated into the FEModel. The modes of collapse of carbon 
fabric/epoxy composite shells under impact are numerically investigated using LS-Dyna®. The 
impact time duration and output time step are specified in LS-DYNA® for controlling the 
computational run and to get the results at desired time interval. The output file is stored in the 
form of d3plot which can be analysed using LS-Prepost®.  

 

Fig. 3. Shell Structural Configuration 

 

 

 

 

 

 

         
Fig. 4. Shell Modeling using  PROE ® 
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Fig. 5. FEModel of CFRP shell structure under axial impact 

Table 1 illustrates the Finite Element Analysis descriptions which are given as input into the 
FEModel using LS-DYNA®. 

 

Table 1. FEA Description-CFRP shells under axial impact 
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FEA Results 

(a) Deformation Plot for impact velocity 3m/s 

 

(b) Y-Stress Plot for impact velocity 3m/s 

 

 

 

 

 

 

 

(c) Resultant Velocity Plot 
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(d) Resultant Acceleration Plot 

 

 

 

 

 

 

 

 

(e) Deflection Plot 

 

 

 

 

 

 

 

(f) Energy Plot for impact velocity 3m/s 

Fig. 6. History of Deformation 
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Fig 6 illustrates the history of deformations for the finite element studies performed using LS-
DYNA® with reference to time for every impact analysis between 3 m/s to 6 m/s. A sample for the 
deformation plot and stress plot are included in this paper an impact velocity of 3m/s.  

Experimental Validation 

The validation of the finite element model is done by conducting experiments using drop mass set 
up which is schematically shown in Fig.7. The low velocity impact experiments (Fig.8a, 8b) were 
conducted on carbon/fabric epoxy composite shell specimens and visual inspection were carried 
out for the sake of comparing the experimental deformed shape with the finite element counterpart. 
The dynamic axial compression tests (Vasanthanathan, 2012) are performed by using the drop mass 
setup at a low-velocity impact range of 3m/s to 6m/s. For impact experiments, the top plate is freely 
dropped from a height so as to ensure a low-velocity impact. The experiments were carried out 
using the same drop height and impact velocity as that of Finite Element Analysis (Vasanthanathan, 
2011). Visual inspections were carried out for the observation of the experimental and numerical 
damage pattern of the carbon/fabric epoxy composite shells. The experimental deformed shape of 
the carbon/fabric epoxy composite shell (Fig.9a) matches with the numerical deformed shape (Fig. 
9b).  

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Schematic Sketch of Drop Mass setup 

For all the impact tests, the centroid of the drop hammer and the carbon fabric shell specimen were 
to be aligned collinear. Different loads could be applied by varying the respective drop height in 
the drop mass setup. The drop heights are changed by the chain hoist movement and the top plate is 
dropped by an electromagnet.  
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  (a) At the time of Impact                                  (b) After Impact 

Fig. 8. Impact Testing of CFRP Shells 

 

 

 

 

 

 

  (a) Experimental                                  (b) FE Analysis 

Fig. 9. Deformed shape of CFRP Shells 

Fig.9 represents the experimental and numerical deformed shape of the carbon/fabric epoxy 
composite shell under axial impact under 3m/s impact velocity. All the deformed shapes between 
impact velocity 3m/s to 6 m/s were not included in this paper just for the sake of brevity. 

Conclusion 

The impact responses of the carbon fabric reinforced epoxy composite shells are evaluated in the 
present study by finite element predictions. Finite Element Simulation is implemented by creating 
Finite Element Model using LSDYNA® under axial impact loads and the results are compared with 
the experimental drop test results. Using LS-Prepost the history of deformation for every low 
velocity impact analysis between 3 m/s to 6 m/s are generated. It has been numerically found that a 
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maximum of 54 mm CFRP shell compression are recorded using the FEA software. The qualitative 
deformed shapes of the thin-walled carbon/fabric epoxy composite shells under impact loading 
conditions are found in good agreement with the experimental counterparts. 
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ZnO nanoparticle-Chitosan composites are prepared from the aqueous phase at neutral pH. 
The change in properties of the nanoparticles is explained in detail. The potential 
applications of the composites are discussed. 
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Scintillator ceramics are finding interest in the areas of radiation detectors as an alternative 
to single crystals. In this current paper, recent work on the development of barium chloride 
transparent ceramics are studied.  
 
 
 

SECURITY PROBLEMS OF STORING BIG DATA IN CLOUD 
M.Swarna Sudha, B.Vijayalakshmi, and P.M.G.Jegathambal  
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With the advancement in technology, industry, e-commerce and research a large amount of 
complex and pervasive digital data is being generated which is increasing at an exponential 
rate and often termed as big data. Big Data concern large-volume, complex, growing data 
sets with multiple, autonomous sources. Traditional Data Storage systems are not able to 
handle Big Data and also analysing the Big Data becomes a challenge and thus it cannot be 
handled by traditional analytic tools. Cloud computing plays a very vital role in protecting 
data, applications and the related infrastructure with the help of policies, technologies, 
controls, and big data tools. Cloud Computing can resolve the problem of handling, storage 
and analysing the Big Data as it distributes the big data within the cloudlets. Currently, 
storing the data safely and efficiently on Cloud is one of the biggest challenges in Cloud 
computing. There is always a potential risk to the security of Big Data storage in Cloud 
Computing. These security and privacy issues have been addressed in this paper.  
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