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Adsorption Efficiency of Synthetic Nano Iron Oxide and Commercial Activated Carbon
Towards the Removal of the Cu(II) Ions-Comparative Study

G. Kanthimathi*', P. Thillai Arasu', P. Kotteeswaran?, and M. Kottaisam

!Department of Chemistry, Kalasalingam University, Krishnankoil, India— 626 126; Department of Chemistry,
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Engineering, Madurai India - 625 015; *Email: kamhi_somu@/edt_'ﬁ'mail.com
The adsorbent Nano Iron Oxide (SNIO) was synthesized and essential characteristics were ascertained

using FT-IR, SEM, and EDAX techniques. Commercially available carbon (CAC) was activated further by acid
treatment to enhance its adsorption capacity. Adsorption experiments were carried out by using Batch method to
compare the sorption behaviour of SNIO and CAC for the removal of Cu(Il) ions. The study was conducted on the
basis of parameters such as a function of initial concentration of the adsorbate, adsorbent dosage, contact time and
pH. Freundlich and Langmuir isotherm models have been tested. The applicability of various first order kinetic
equations like Natarajan-Khalaf, Lagergren, Elovich and Power functions equations were also testcd. The optimum
conditions of the various factors for the maximum removal of the Cu(II) ions arrived at from this studies.
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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.

© Springer International Publishing Switzerland 2015
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DOI: 10.1007/978-3-319-20294-5_24
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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:

mlnFT - Fdiesel + Ffuelcell (1)

where, Fgiesel 1S Fuel cost of diesel generator, Fryercenr is Fuel cost Fuel-cell
Subject to,

Pp = iPGi (2)
=1

PG" < Po < PG (3)

where, Pp is Demand, Pg is Real power generation of DGs,n is number of DG’s and
PN P2 js 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.

n
Fliesel = Zi: . (ai * Pfiiesel,i + b * Pgiggeli + Ci) (4)

where Fi 1s the diesel generator fuel cost; n is the number of diesel generator; Pgieser i
is the diesel generation output in kW of unit i. a;, b;, ¢; 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:

n Prc;
Ffuelcell = Zi:l bz( <, ) (5)

neci

where Fjcenr is the fuel cell generation cost; b; is the natural gas cost in $/kg; Prc; is
fuel cell generation of the ith plant; npc; 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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Input layer Hidden layer Output layer

Fig. 1. Structure of BPA based neural network

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,

x—u?
@xx>exp< 262’) (6)

J

Where x is the input vector u;,0; are the center and the spread of the corresponding
Gaussian function. || . || denotes the Euclidean distance between x and u;. Then, the
connections in the second layer is weighted and the output nodes are linear summation
units [11].

The value of the kg, output node yy is given by,

yelx) = D7 Wiy (x) + g ™)

Xm-1

Xm
Input
layer

Hidden layer of m, Output
radial basis functions

Fig. 2. Structure of RBF neural network
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where w,; is the connection weight between the ky, output node and jg, hidden node and
Wyo 1S the bias term.
The training algorithm for RBF neural network is summarized as below.

e Determine the unit centres u; by the K-means clustering algorithm.

e Determine the unit width ¢; 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.

e 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:

e 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

v

Data qumalization

v

Construct optimal neural network

+

v

Real time power dispatch

Fig. 3. Schematic diagram of the proposed approach
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e 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.

Xy = (= Xin) + starting value (8)
(xmax - xmin)

Where x,, is the normalized value, X,,;, and X, 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-
Iutionary 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

281

DG type Fuel cost coefficient for diesel/natural gas Generation Cell efficiency
cost for fuel cell capacity
kW)
c($/hr) | bS/AKWhY/($/Kg) | a®/(kW)* h) | Puin | Prax
Diesell 0.4333  |0.2333 0.0074 25 400 —_—
Diesel2 0.2731 [0.1453 0.0042 15 350 —
Fuel celll |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)
Pbiesel1 Ppicser2 Pruel cem Pruel cenz
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

Error

Testing Pattems

Error plot for testing patterns of BPNN

Error

L
20

25
Testing Patterns

Error plot for testing patterns of RBFNN
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Mean Squared Error (mse)

-

100
150 Epochs

150

Fig. 6. Training performance of BPNN

Performance (MSE)

Tain []

100

150 Epochs

150

Fig. 7. Training performance of RBFNN

Table 3. Performance of the network

Neural No. of No. of |No. of |Training | Training Testing | Testing
network hidden inputs |outputs |time (s) | error (mse) |time (s) |error (mse)
type neurons

BPNN 6 1 4 69 0.00170 0.0936 | 0.0641
RBFNN —_ 1 4 1.62 0.00028 0.046 0.0021

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
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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-IL 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 e-
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 € [24]. These values are adjusted
to generate the entire Pareto optimal solution. It is obvious that the solution will
depends upon the chosen ¢ 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).

T
A=Y [FiP) +STi(1 = Uy )| Uy + (1= Us,)SDi, $/hr (1)
i=1 =1
where, F;(P!) is represented as,
N
F,(P;) = Zai—l—biP,-—i—c,-Piz (2)
i=1

where, N is the number of generators, T is the number of time periods, a;,b; and c; are
fuel cost coefficients of the i™ generator; and P! is the real power output of the i
generator at t™ hour and U, is the i unit status at " 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/Nm®) as

A=Y (a+BPi+yP) (3)

i=1 =1

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:

Pimin Uiy < Piy < Pimax Uiy (4)

2.2.2 Power Balance Constraint
By neglecting losses, the total electric power generation must cover the total power
demand P’ ... Hence,

N
ZPU Uiyf = Pilemand (5)
i=1

2.2.3 Spinning Reserve Constraint

N
Pilemand + Rl = ZPi.max Ui,t (6)
i=1

2.2.4 Minimum up/Down Time Constraints
Minimum Up time

t—1
Ui=1; Y Up;<MUT;, fori=1,..... N, t=t;+1,...... T (7

Jj=ts
Minimum Down time
—1

U= 0; Y (1-Uj)<MDT;, fori=1,...... N, t=t;+1,...... T (8)
j=td
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3 Modified Non-dominated Sorting Genetic Algorithm - II
(MNSGA -1I)

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 -1I

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.

1 <
CDi:;Zlﬁ]j—l *f,»k_ll )
k=1
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where, r is the number of objectives, i’fH is the k" objective of the i 4+ 17 individual

and f¥, is the k™ objective of the i — 1™ 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].

f2

fi

Fig. 1. Crowding distance of individuals

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:

CD;

DCD; = ——~— (10)
log (%)
Where CD; is calculated by Eq. (9), V; is based on Eq. (11),
1< 2
Vi=—> (I s - cp) (11)

k=1
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V; is the variance of CDs of individuals which are neighbors of the i individual. V; can
give information about the difference variations of CD in different objectives. In Fig. 1,
the individual B has larger value of V; 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.

Initialize parent population

Stopping
criteria is
met ?

Y

Stop

Create child population

Tournament Selection

SBX Crossover

Polynomial
Mutation

Il

Combined population

|

Create parent population

A

Nondomination ranking

Calculate dynamic
crowding distance

Select N individuals

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].

fx) ifgix)>0vVj=12,.........m
Flx) = Smax + ; (gi(x)) otherwise (12)

3

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
(P.) and mutation probability (P,,) are fixed at 0.9 and 0.1 respectively. Crossover
index (,.) and mutation index (1,,) 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 = Wfl_norm + (1 - W) f2_n0rm (13)

where, C is the combined objective function, f; ,o:m and f; o are the normalized
objectives of f; and f,. 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/Nm®, using NSGA-IIL Similarly Table 2 represents the best total emis-
sion release is 700010 mg/Nm?, and the corresponding total operating cost is 810040
$/hr using NSGA-IL

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/Nm®, using MNSGA-IL. Similarly Table 4 represents the best
total emission release is 585830 mg/Nm®, and the corresponding total operating cost is
789870 $/hr using MNSGA-IL.
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Table 1. Hourly dispatch, best total operating cost ($) and corresponding total emission release
(mg/Nm>) using NSGA-II

Hour Hourly dispatch (MW) Best total Corresponding

Ul u2 U3 U4 Us U6 u7 U8 U9 u10 operating total emission
cost ($) release (mg/Nm®)

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 6391 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 7 90 108 135 0 435.99 88.01 288 0

6 54 7 90 108 135 0 445.32 94.85 288 26.84

7 0 7 90 108 135 0 468 134.10 288 76.90

8 54 7 90 108 135 0 445 94.85 288 26.84

9 54 7 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 7 9% 108 0 0 435.94 87.98 288 18.08

14 54 7 90 108 0 0 429.94 83.58 288 1248

15 54 7 90 108 0 0 424.69 79.73 288 7.57

16 54 7 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 7 90 108 0 0 420,94 0 288 406

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

2 54 7 90 108 0 0 370.20 39.80 288 0

23 54 7 90 108 0 0 404.25 64.75 288 0

24 54 7 90 108 135 0 468 135 288 109

Table 2. Hourly dispatch, best total emission release (mg/Nm®) and corresponding total

operating cost ($) using NSGA-IT

Hour Hourly dispatch (MW) Best total Corresponding
U1 85 U3 U4 Us U6 u7 us U9 ulo emission total operating
release cost ($)
(mg/Nm)
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

10" FUEL COST Vs EMISSION
9 . . , . . .
+ NSGA Il
8.5 NSGA Il DCD
+ RGA
£
£ 75" + 1
b4 +
@) +
s 7 * * 4
% %
+ +F
W 6.5 L. + b
+ + +
N +
6 + + 1
—
L
5 = Il Il +\ Il + Il 1
75 7.6 7.7 7.8 7.9 8 8.1 8.2
FUELCOST ($/hr) x10°

Fig. 3. Pareto optimal solutions for the 10 unit 24 h test system using NSGA-II, MNSGA-II and
RGA

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-IL
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Indian Road Traffic Surveillance System using
Blob Tracking for ATIS Applications

Balaji Ganesh Rajagopal, Appavu alias Balamurugan Subramanian, and Midhun Kumar Ayyalraj

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
vehicle 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. [60]

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.

Image Red Mean | Green Mean | Blue Mean
Number Value Value Value

img10.jpg 92.3166666 | 118.041025 | 109.735353
imgl1.jpg 92.3166666 | 118.041025 | 109.735353
imgl2.jpg 92.2833333 | 118.046153 | 109.711111
imgl4.jpg 92.2833333 | 118.046153 | 109.711111
imgl5.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
imgl7.jpg 92.064583 117.710769 | 109.413131
imgl8.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

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.
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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
ABC
DS
Assign Labels for each Pixel and enter it into labelTable
Iterate through pixels looking for connected regions.

Find the neighbouring pixel with the least labelValue

A

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 Framel, Key Frame2, Middle Frame)

Read Input Image

v

Init Xmin=Ymin=Xmax=Ymax=0,
Set MassTable = 0, Init labelTable =1
For Each Pixel in Image
Array, Verify the Four
Verify Connected Component with Neighbours

Find Pixel with the Least Value

Verify
Neighbour
Pixel

A 4 A 4

Set Neighbour Pixel Label = Label (S) Update

! !

Update Xmin,Xmax,Ymin,Ymax; Increment Label Value

Mass= Mass+ 1

| [
v

Repeat for all the Pixels

v

Rearrange the LabelBuffer from 0

v

Assign Color to all LabelBuffer

v

List the Blobs with Mass
Xmin,Xmax,Ymin,Ymax

Figure. 4. Flow Chart Depicting Blob Detection Algorithm
based on Connected Pixel Region.



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.

bi where ((u(b)>thl)& &
(5, s, (x), by gy () > 1h2) & & (D
(S(by 1, (7). by 5, (7)) > th 2))

Bi=

Where, H —Mass of the Blob, Ja =Frame 1,f b= Frame 2,

S —Difference in the position of the object between frame 1
and frame 2, Number of Blobs Detected (i) = 0 to n,
thl, th2 = Threshold. B; is the list of blobs from the set b;
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

1

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 , ¢ 2 ...c n must be established

Ed :\/(Px _xcb)2+(Py _ycb)2 5 VbeB )

For every blob b € B, in the image, the bounding box and

centroid, A = (X, Yeb) are extracted where X, and y, 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.

m=1 n-1
Mpq=XbZ:O ybzzoxbp Vo' (Xy, v,)€D,VDEB  (3)

Xep=—" s Veb=" 4)

The ratio between the pixels and length in meters can
then be defined by assuming that the ratio of world to pixel

[0
space is given as —, which is calculated by determining the



Systems DPI with relative to the input image.
Further, we can derive the velocity in actual world unit
using is given in (5) as

w
( ﬂ’n - ﬁ’n—l ) ~
v, = ¢ ms! (%)
Ty =~ Tha

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:

| (v=(vg—vp))?

e’i a2 +0,2

1
fv(")z Pyo, + 0, @)

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.

No. of Frame Blob
. . Input . Detection Blob
Video Scenario Videos Sele:tlon s Tracking*
(120)

At Bad Light 38 91.8 95.4 89.7
At Rain (or) 20 95.67 91.43 90.25
Snow Days
Interrupted

Traffic 22 98.4 99.32 97.646

Uninterrupted 27 99.21 99.98 98.89

Traffic
At Tunnels 13 98.12 97 89.91

(* 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

No. of Accuracy of
Video Scenario Input Videos the Results
(120 (%)
At Bad Light 38 92.3
At Rain (or) Snow 20 92 45
Days
Interrupted Traffic 22 98.45533
Uninterrupted Traffic 27 99.36
At Tunnels 13 95.01

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

Results of the Proposed Method at Different Data
Sets

At Tunnels; At Bad Light;
95.01 92.3

At Rain (or)
Uninterrupte:

. Snow Days;
Traffic; 99.36 Interrupted 92.45
Traffic;
98.45533333

Graph 1. The Distribution of the System’s Performance over
Different Data Sets.



Input Video Color Median Filtering to Convert to Binary Blob Detection
Sequence from Histogramming to » Remove High Level » Based on Threshold Algorithm
Camera Select 2 Key Frames Noise
\ 4
Correlation Between Calculate the Centroid Extraction Blob Matching — Blob Filtering to
the blobs Movement |4 Displacement of < Blobs having Same |4 Remove
using Mean & SD Each Blob Mass Unclassified Objects
Figure.7. Overall Architecture of the System
Traffic Situation, the proposed method plays a vital role for
Methods Advantages (+), Short Comings(-) future enhancements The outputs of this system, can be a
Lane Masking | + Easy to Implement, Quick Results mandatory input for all kind of Advanced Traveler
& Contour - Applicable Only to Uninterrupted Information Systems and also for various domains of ITS
Extraction Traffic Situations on Highways with applications.
Lanes The proposed solution is based on some input constrain
Cell + Very Simple Model, Traffic is including illumination effect of the video frames and camera
Transmission simulated based on Kinetic Theory angle. Future research work may be directed towards
Model - | Less Precision, Cant able to deduce accounting the illumination changes as the object moves across

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 | + Individual Analysis of Vehicles is

Method Easy.
- Hard to implement at Interrupted
Traffic Flow Junctions
Proposed + Easy to Implement, Good flow of
Method Logic from Top to Bottom,

Readapted to Different Density —
Flow Correlation.
- Long Mathematical Steps, High
Time Bound, Constraints in Input
Video

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.

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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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.

LINTRODUCTION

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
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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
VL

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() is obtained by performing the

element wise multiplication between B} and a “’pinch
oft” p(l) function so that
g() =p() h(l) where
|( %—%cos(;—:) L< N,
p@) = i §+ %cos (7"(1_2;:+Np)) 1=255—-N,
1 else

where N, is the width of the region over which p(l)
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(l) by p(l), 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(l) according to the formula

E=3X BOG(K) |

where N is the total number of pixels in the image,
G(k) is the DCT of g(l), and B(l) is a weighting
function which takes values between O and 1. The
purpose of B(l) is to deemphasize low frequency
regions of G(k) 1is to deemphasize low frequency
regions of where nonzero values do not necessarily
correspond to contrast enhancement artifacts.

1, c<k
Bk = {0 else
where c is the entry of the 256 point DFT corresponding to a
desired cut off frequency. B(k) 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
8 . 1s used to classify an image as unaltered or contrast
enhanced, such that

5 = {image is not contrast enhanced, E <6 .,
¢ = limage is contrast enhanced, E =6,

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.

1Il. 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) Binkis called as zero height gab bin if it satisfies

nh(k) =0
min{ nh(k — 1),nh(k + D} >r

1 =
STt nh(x) > ¢

first sub equation says that the current bin is null.
The second sub-equation keeps two neighboring
bins larger than the threshold t. In the third sub
equation the average of neighboring (2wl + 1)
bins are taken which should be larger than 1. Here
wl =2 and t = 0.00001. This algorithm focus on
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
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4) If Nis 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
[V, (0),V,, " (1) ...V ' (K, ..., V" (255)] where
Vip (k) =1 if the bins at k is a gap; Vg, (k) =0
otherwise.Peak bins which behave as impulse noise can be
locate by median filtering and labelled as

Vit (00, Vi (1) Vi (K, e, Vi (255))

where V,,;, (k) =1 refers to peak ; V,, (k) =0 otherwise.
i=1,2...Ny; N, — Number of divided blocks.

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

Cop = @
N,
i=1
The detected co-existing gap positions as labelled
as

Vi = [V (0), Vo (1) oo Yy (KD, -0, Vyy (255)] .

Vop (k) =1 if Cg, (k) is larger than the threshold,
V;p (k) = 0 otherwise. The corrected gap position
vector, generated as

Vive = Vip OV
Similarly, the corrected peak position vector can
also be calculated.

Test [mage

Peak/Gap

Similarity
Compute block Measure

wise histogram

Composition

Peak/Gap bins Detection

detection

l

Detection Result

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

V.. =V .* where

gpc

__arg max i
k ~if1,2..Np} (”I{qlpc |D

Effective Detection Range (g, = {}; . Similarity

between Vgipc and Vg, , denoted by Sm; and
calculated by

Tkeq; ngpr Vipe () Vgpr ()

Zkeﬂi NQgpr Vgipc (k)-Vgpr (k)+‘7gipc (k)-Vgpr (k)+V;pc (k)-vgpr (k)

C. Peak based similarity measure

The reference peak position vector calculated
by

Vpkr (k) =1 Z pr;cc (k) >0

neNpg

Where k =1,2...255 and
Ny = {i|Sm} > t,}

t, is a threshold taken as 0.7. Q,.=
Upe npQy -Similarity  between V. and V.,

denoted by Smi

p» and  calculated by

i Voke GOV pier (k)

Tkt 0 Voke (D Vpier ()+V5see (D Vi () +Vyee () Ve (k)

Zkeq; nQ

D. Fusion

Fusion value for each block denoted by m!
and calculated by

If Smj # —1and Smj, # —1 then

Sm'=(Smj, + Smj,)/2
Otherwise

Sm' = max(Smj, Sm},)
for all blocks m‘ > t then it is identified as single
source enhanced image. Otherwise m' values
classified as 2 sets. (i.e) Sm! > tin one set and
Sm' < tin 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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(c]

(d)

Fig. 4 (a) and (b) Source images;(c) Composite image created by contrast enhancement (d) Detection Result

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 Sm'
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

CASIA1
Dataset UCID images Spliced
images

True Positive | True Positive

Rate Rate
Proposed
Composite image 85% 80%
detection
ExistingMethod 55% 75%

Stamm and Liu [3

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
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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 - 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 (1SO) 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
1
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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 Il explains the methods for reactive power production cost
model of the generator. Section |11 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.

Il. 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

2
CQ=aQ +bQ+c (1)

wherea, b, c are cost coefficients which are derived from the active power cost coefficient (ap, by and cp) and
generator power factor (cos 0). They are calculated as follows from power triangle relationship.
' 9 ' '
[a:apSin 6, b=bpsingand c:cp]

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.

3
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Iis the steady state armature current.
Pgand Qg are real and reactive power generation from the synchronous generator.
E; is the excitation voltage and

X is the synchronous reactance of the generator.

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]:

I ]

7 7
Cogi @)=c (sGi,maX)—cpgi\/s Gimax - Q %Gi |Kg; @)

where Cqgjis the reactive power production cost of the i-thgenerator, Cpgi is the active power production cost of
the i-th generator, Pgj and Qg; are the real and reactive power of generator i, Sgj maxiS the apparent power of

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

P = P?max—Q 2 ©)
A A

AP =Pmax — PA @)
The opportunity cost of Qa depends on the profit of AP = Pmayx — PA . Hence the generator production cost of

in reduction of real power [2].

reactive power Qa while the generator operating point is moved from P,y to P4 is as follows
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Cost(QA) = Cost(AP) (5)
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Cost(QA) = Cost(Pmax ) — Cost(PA) (6)
Cost(QA) = Cost(Pmax ) — Cost(Pmax — AP) (7
Usingthe equations 3, 4 and 7, the cost value of reactive power is calculated for different values of Q awith

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

form as below

2
Cost(Q)=a'Q +b'Q+c' (8)
This reactive power cost equation is simple and can provide results for reactive power pricing.

I1l. 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

2 Cpgi (Pgi) +Cqgi Qgi) ©
ieg

where g is the number of generators; Cpgi(Pg;i) 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

g

flowlimits of the system, as shown below:

Load flow equations:

Y |cos(6ij #0,-0)=0 (10)

ij

°
P -P- % r/
gi di jEN i

Qgi_Qdi+ > }vi

jeN

Y
Vil ii| sin(aii+ 8- ) =0 (11)

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

respectively; Pgi and Qgjare the active and reactive power demand in i-th bus, respectively; Yij = Yij LQU- is the

element in the bus admittance matrix between busiand j; Vi =V Zd andV; =Vj £ are the bus voltage at
bus i and j, respectively. 9
Active and Reactive power generation limits: i,mi
<
n
P <P <P
gi,min gi gi,max Qg
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<

i gi,max

(12)

(13)
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2 2
P C+Q _2£S gi,max (14)
gl al
where Pgi min and Pgi max are the minimum and maximum value of the active power generation at i-th bus; Qg;,
min and Qg max are the minimum and maximum value of the reactive power generation at i-th bus; Sgj maxis the

maximum apparent power at i-th bus, respectively.

V. <l IgV
i,min L/|| i,max (15)

where V; min and V; max are the minimum and maximum value of the voltage limit at i-th bus, respectively.

Bus voltage limits:

Transmission line limits:

maX
§|<9| TeN| (16)
o i max . . L . .
whereSI is line loadingand S is maximum loading limit of I-th lineand N | is the total number of
I
transmission line.
The optimization problem takes the form
min f(x) a7
X
Subject to
9(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 | and Table 11 shows the generator characteristics and load characteristics with
non capacitive load respectively. The base of generator apparent power is 100MVA. The voltage limit is

09pu SM <1.05 p.u and swing bus voltage is Vj =1.05 p.u and §j = 0 .The generator power factor are taken as

0.97 and generator 3 with power factor of 0.85.
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TABLE |

GENERATOR CHARACTERISTICS

Generator No. Busno. | Prax(MW) | Pmin(MW) Omax(MVAN | Qmin(MVAY) fea' Power Ct;)eff'c'em -
1 1 332 50 100 100 50430 20 0
2 2 140 10 50 50 0.25 20 0
3 3 100 7 100 ) 0.01 40 0
2 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 Il shows the
comparison of results for these three cases.

TABLE Il

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 Il

ANALYSIS OF RESULTS IN IEEE 14 BUS SYSTEM

P Qo Generator Generator actual reactive Total cost
Bus. No (gMW) (MVAr) Actual real power power production cost ($/h)
production cost ($/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 3 53.1396 10.0170 21538 40.1682 12282.12
based opportunity
cost method) 6 10.1046 12.8339 405.2 51.5005
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 21405 133.9180 12534.39
opportunity cost
method) 6 10.0171 30.0 401.7 186.4606

10
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8 26.9906 20.0211 1086.9 | 81.2575
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From Table I11, the following observations are made:

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

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

e The active power production cost is much higher than the reactive power production cost at various
generator buses.

e When the reactive power production cost is included in the objective function, the total production cost
of the generator is increased.

e 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.
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Abstract— Asset Management Systems (AMS) are pivotal to
build reliable and safe smart grids. An important function of
AMS is the monitoring and diagnosis of the power transformers.
Various tests are performed on power transformers to detect
incipient faults. Among the available methods, Dissolved Gas
Analysis (DGA) has been widely used and shown promise.
However, interpreting the results of the DGA is challenging due
to the availability of wide variety of methods such as Rogers
ratio, Doernenburg ratio, key gas procedure of IEEE, Basic gas
ratio and Duval triangle methods of IEC. The accuracy of the
interpretation methods influences AMS performance leading to
reliability issues in the grid. This investigation compares the
accuracy of Duval method and basic gas ratio method to detect
transformer faults from real-time fault data obtained from power
transformers. Our results on data obtained from Electrical
Research and Development Association for seven transformer
incipient faults shows that the Duval method is accurate than the
basic gas ratio method for identifying incipient transformer fault
based on DGA results. Further, the basic gas ratio was not able to
detect two of the seven faults. These results illustrate the need to
integrate Duval method to detect power transformer faults within
AMS.

Keywords—Transformer Condition Monitoring, Asset Management
Systems, Dissolved Gas Analysis (DGA), Duval, basic gas ratio
method.

I

Power Transformers are vital equipment in the electric grid
and their outage leads to significant economic loss. Further,
replacement time of power transformer is quite high due to
cost and logistics difficulties. Consequently, condition
monitoring and fault-diagnosis of power transformers have
received significant attention. The importance of power
transformer condition monitoring can be understood from the
various tests such as the insulation resistance, tan-delta, oil
quality inspection, winding resistance test, dissolved gas
analysis (DGA), and so on, that are conducted at regular
intervals by utilities to avoid outages. Although, many tests
are conducted on transformers, DGA has emerged as a
promising solution, due to their ability to detect incipient
faults and possible failures. However, interpreting DGA
results is still challenging due to the availability of various
methods such as Duval, basic gas ratio, Rogers ratio,
Doernenburg ratio, and key gas procedure (see, [1]-[3] and
references therein). Further, the accuracy of these methods

INTRODUCTION

978-1-4799-8371-1/15/$31.00 (©2015 IEEE

|9

B. Subathra, Seshadhri Srinivasan
Sr.Associate Professor, Professor
Kalasalingam University
Krishnankoil, Srivilliputtur (via),
Virudhunagar District
Tamilnadu, India

S.Kannan
Professor and Head,
Department of Electrical and
Electronics Engineering
Ramco Institute of Technology
Virudhunagar District
Tamil Nadu, India

differ for a given fault. For instance, the accuracy of the
methods for the seven faults described in Table 1 has not been
studied extensively in literature. However, such a comparison
is required for building future Asset Management Systems
(AMS). Therefore, the accuracy of these interpretation
methods in detecting incipient faults and predicting failures
for enhancing the capabilities of AMS needs to be studied.

TABLE 1
OCCURRED FAULTS
Tr. Actual fault occurred
Case
1 hot-spot on connecting lead due to bolted joint loose
connection
2 melting of core-stamping bolt
3 arcing between high voltage leads
4 arcing between LT bus bars
5 inter-turn fault
6 arcing at OLTC (on-load tap changer) contact
7 arcing in diverter switch

The accuracy of DGA interpretation methods for diagnosing
faults has been studied by researchers and some useful
comparisons have been reported in literature. As reviewing the
complete literature is not within the scope of this paper; here a
brief idea on significant results is presented. The authors in
[2], used key gas ratio and basic gas ratio methods for
diagnosing power transformer faults using DGA results.
Further, the investigation developed a fuzzy inference system
for improving the fault-diagnosis and detection of thermal
faults using fuzzy has been studied. Although, this method is
an improvement in detecting multiple faults, the approach
suffers from the efficacy of the DGA interpretation methods in
detecting faults. The investigation in [4] studied the use of
Rogers and IEC -ratio methods for power transformer fault
detection using artificial neural network using data from 30
faulted transformers. The investigation concluded that both the
ratio methods are effective and simple, as the volume of the
oil involved in the dissolution of the gas is not required.
Though, the method is a progress towards developing expert
systems for transformer condition monitoring, accuracy of
inference method has not been studied. Importance of
inference method accuracy can be understood in the light of
results of investigation [5], that used Roger’s ratio to interpret
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DGA results, and concluded that the efficiency of the method
in detecting incipient faults to be 45-52%. Reading the results
of the investigation [4] and [5] in unison reveals that, while it
is essential to harness the features of computational
intelligence in building expert systems for transformer
condition monitoring, their performance is however dictated
by the accuracy of the DGA inference method. This
necessitates studying the accuracy of the inference methods
for various faults envisaged in a power transformer. Seeing,
the potential of accuracy of inference methods in designing
expert systems that can be used in building dependable AMS,
the authors in [3], studied the accuracy for 92 common faults
in power transformers. Further, the investigation concluded
that Duval method showed good accuracy in detecting
incipient faults. However, comparison of Duval and gas ratio
method that have competing accuracies for detecting faults
listed in Table 1, has not been studied in literature extensively.
In particular, accuracy of these methods studying incipient and
operating faults has not been studied. Motivated by this
research gap, this investigation aims to determine the accuracy
of two methods: Duval and basic gas ratio in detecting
incipient and operating faults. The two methods have been
selected due to their competing accuracies and absence of
results comparing both these approaches.

To reach the objectives of this investigation, first DGA data
from seven faulted transformer is collected. Then
computations that perform Duval and gas ratio method are
applied to the results to detect the faults. The obtained results
are compared with the actual faults to draw conclusions on the
accuracy of the interpretation approaches. Our results show
that the accuracy of Duval method in detection of power
transformer faults is quite high compared to gas ratio method.

The investigation is organized into five sections. Section II
reviews the gas ratio and Duval method. The condition
monitoring of transformer and the DGA data from faulted
transformers is presented in section III. The fault-case studies
and results are presented in section IV. Conclusions are drawn
from the obtained results in Section V.

II. REVIEW OF DISSOLVED GAS BY BASIC GAS RATIO AND
DUVAL TRIANGLE

The DGA results of the failed transformers obtained from the
laboratory can be analyzed by both the IEC basic gas ratio
method and Duval triangle method

A. IEC basic gas ratio method

In IEC basic gas ratio method, DGA results are used to
determine the C,H,/C,H,4, CH4/H,, C,H4/C,Hg gas ratios.

DGA interpretation in Table 2 can be used to detect faults
based on the gas ratio from the failed transformers.

TABLE 2
DGA INTERPRETATION

[39)
38
N

Case | Characteristic | C,H,/C,Hy | CH4/H, | C,H4/C,Hg
fault in ppm in ppm | in ppm

PD | Partial NS <0.1 <0.2
discharges

D1 Discharges of | >1 0.1-05 | >1
low energy

D2 Discharges of | 0.6-2.5 0.1-1 >2
high energy

Tl Thermal fault | NS 1 but| <l
t<300°C NS

T2 Thermal fault | <0.1 >1 1-4
300°C <t <
700°C

T3 Thermal fault | <0.2 >1 >4
t>700°C

NS = Non-significant whatever the value

B. IEC Duval triangle method:

In Duval method, the gas concentration values are used to
construct the coordinates of the triangle shown in Figure 1.
The Duval coordinates are computed by using (1-3).

%C,H, = (100 x)/(x+y+z) for x =[C,H;] in ppm. 1)
%C,H4 = (100y)/(x+y+z) fory=[C,H,] in ppm. 2)
%CH,4 = (100 z)/(x+y+z) for z=[CH,] in ppm. 3)

60 40
C,H, [%]

Figure 1: Duval triangle

After constructing the Duval triangle the faults are identified
from the intersections of the coordinates computed from (1-3).
This triangle forms the basis of analysis for the faults. The
various faults that can be studied using Duval coordinates/gas
ratio are defined in the standard IEC 60599 and are illustrated
in Table 3, and Table 4, respectively.
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TABLE 3

TYPICAL FAULTS IN POWER TRANSFORMERS

laminations, in ground wiring,
defective welds or clamps in
magnetic shields

Abraded  insulation  between
Type | Fault Examples adjacent parallel conductors in
PD | Partial Discharges in gas-filled cavities windings
discharges resulting from incomplete T3 Thermal  fault | Large circulating currents in tank
impregnation, high-humidity in t>700°C and core. Minor currents in tank
paper, oil super saturation or walls created by a high
cavitation, and leading to X-wax uncompensated magnetic field
formation Shorting links in core steel
laminations
D1 Discharges  of | Sparking or arcing between bad
low energy connections of different or floating
energy potential, from shielding In addition to diagnosing transformer faults, DGA can be used
rings, toroids, adjacent disks or | to diagnose faults in switching equipment and accessories. The
conductors of winding, broken | type of faults that are defined within the standard IEC 60599 is
brazing or closed loops in the shown in Table 4.
corona
Discharges between clamping TABLE 4
parts, bushing and tank, high TYPICAL FAULTS IN SWITCHING DEVICES
voltage
and ground within windings, on
tank walls Type | Fault Examples
Tracking in wooden blocks, glue | | D1 Discharges | Normal operation of OLTC, selectors
of insulating beam, winding of low | Arcing on off-load selector switch ring,
spacers, Breakdown of oil, energy OLTC connections
selector breaking current D2 | Discharges | Switch contacts do not reach their final
D2 Discharges  of | Flashover, tracking, or arcing of of  high | position but stop halfway, due to a
high energy high local energy or with power energy failure of the rotating mechanism,
follow-through inducing a spark over discharge
Short circuits between low voltage Arcing on off-load selector switch ring,
and ground, connectors, windings, OLTC connections, of high energy or
bushings and tank, copper bus and with power follow-through, with failure
tank, windings and core, in oil often  transmitted to  transformer
duct, turret. Closed loops between windings
two adjacent conductors around T3 Thermal Increased resistance between contacts of
the main magnetic flux, insulated fault OLTC or change-over selector, as a
bolts of core, metal rings holding result of pyrolitic carbon growth,
core legs selector deficiency or a very large
DT | Thermal and | Mixture of thermal and electrical number of operations
electrical faults faults
Tl Thermal  fault | Overloading of the transformer in
t<300°C emergency situations
Blocked item restricting oil flow
in windings III. CONDITION MONITORING AND DGA DATA
Stray flux in damping beams of | The transformer condition monitoring method using DGA test
yokes results is shown in Figure 2. The transformer oil collected
T2 Thermal fault | Defective contacts between bolted from the transformer is the input to the DGA test, while the
300°C<t<700°C | connections (particularly between | composition of dissolved gases in the transformer oil is the

aluminium  busbar), gliding
contacts, contacts within selector
switch (pyrolitic carbon
formation), connections from
cable and draw-rod of bushing

Circulating currents between yoke

clamps and bolts, clamps and
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output. An analysis of the gas compositions gives information
on possible transformer faults and gas ratio/Duval coordinates
are used to this extent. This information is used by the
diagnostic methods to detect the faults. As stated earlier,
numerous methods are available in diagnosing the DGA
results and their accuracy differs for a given fault. The DGA
results and the gas ratios obtained from the laboratory for the
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seven cases of faults studied in the investigation are given in
Table 5 and Table 6, respectively. The gas ratios are analyzed
with the DGA interpretation (Table 2) and the corresponding
type of fault is determined as shown in Table 8.

1 2 PPMof

dissolved gas
- DGA result

v 3
Gas Ratio/
Duval
Coordinates

Tr. Gil
~  DGA Test

v

Diagnostic
Method

Incipient Fault

Figure 2: DGA based transformer condition monitoring
system

TABLE 5
DGA RESULTS FROM THE FAULTED POWER
TRANSFORMERS
Tr. DGA results in ppm
Case HZ CH4 C2H2 C2H4 C2H5 CO C02

1 1049 | 6986 | 1476 | 39998 | 6462 | 40773 | 949998
2 45 296 | 4 2228 1292 | 68 1458
3 2113 | 319 | 408 | 469 82 1632 | 4190
4 161 34 90 55 3 118 1151
5 821 1030 | 2 48 25 213 522
6 1064 | 1409 | 133 2046 1436 | 4779 1152
7 72 273 0 326 35 67 1383
TABLE 6

GAS RATIOS
Tr. Gas ratios
Case Csz/ C,Hy CH4/ H, C2H4/C2H6 COZ/CO C,H,/ H,
1 0.04 6.6 6.19 2.3 1.407
2 0.002 6.58 1.72 21.44 0.088
3 0.87 0.151 5.72 2.57 0.193
4 1.63 0.211 18.33 9.75 0.56
5 0.042 1.25 1.92 2.45 0.003
6 0.065 1.32 1.42 0.24 0.125
7 0.0 3.79 9.3 20 0

336

The Duval coordinates constructed from the DGA test is
shown in Table 7 and used as the basis to study transformer
faults. These Gas ratios and Duval co-ordinates are analysed
in the Duval triangle (Figure 1) and the corresponding type of
fault is determined as shown in Table 8.

TABLE 7
DUVAL CO-ORDINATES

Tr. Duval co-ordinates
Case % C,H, % C,H, %CH,
1 3.05 82.54 144
2 0.16 88.14 11.7
3 34.11 39.21 26.67
4 50.27 30.72 18.99
5 0.185 4.44 95.37
6 4.12 63.38 32.5
7 0.16 54.33 45.5
TABLE 8
FAULTS
Tr. Fault found | Fault found b
Case Actual fault occurred by gas ratio | Duval trianglz
1 Hot spot on one connecting
leads due to joint loose T3 T3
connection
2 Bolt on stamping got ™ T3
melted
3 Sparking on HT leads D2 D2
4 Arcing between LT busbars DI D2
5 Damaged winding T2 T1
6 Arcing at contacts (OLTC) T2 T3
7 Arcing in diverter switch
(OLTC) Tl T3

IV. FAULT ANALYSIS

This section computes the faults using the Duval and basic gas
ratio method using the DGA results of seven faulted
transformers from Electrical Research and Development
Association (ERDA). Computations based on Duval and basic
gas ratio methods were used to analyse the faults and the
finding are reported in this section.

A. Case 1: Hot-spot in connecting lead due to bolted joint
loose connection

The hot spot in one of the connecting lead due to joint loose
connection causes power transformer failure. Further, it
results in pitting and melting of the mild steel bolt. As the
melting point of mild steel is greater than 700°C, the fault is
in the T3 zone of the transformer. One can find from our
analysis that both Duval and basic gas ratio methods were
able to detect the faults as illustrated in Table 8.
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B. Case 2: Melting of core stamping bolt

The second case of fault considered is the melting of core
stamping bolt as shown in Figure 3. Since, the transformer
grade stainless steel bolt melting point is above 1500°C; the
fault region T3 identified by Duval suggests that the fault has
been identified accurately. But, our computation with basic
gas ratio reveals that the method cannot capture this type of
fault accurately.

Figure 3: Melting of core stamping bolt

C. Case 3: Arcing between high voltage leads

The third case considered is the arcing between high voltage
leads due to insulation failure resulting in a short circuit
between two phases that is caused by heavy current flow
which corresponds to high energy discharge D2 of Table 3.
Our calculations with Duval and basic gas ratio illustrates
that both these methods were able to detect the fault
accurately as illustrated from Table 8.

D. Case 4: Arcing between LT bus bars

The fourth case of failure considered in our analysis is the
arcing between the LT bus bars due to insulation failure. This
results in increased current flow due to short circuiting of two
phases with a high energy discharge. This fault corresponds
to D2 of Table 3. Our computations with DGA results reveal
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that only Duval method is able to capture this fault, while
basic gas ratio method fails to diagnose it.

E. Case 5: Inter-turn fault

The inter turn fault is most common in power transformers
that leads to insulation of the winding to be overheated and
decolorized. The fault results due to thermal breakdown in
the insulation resistance of the oil immersed transformer
windings (class-B insulation) which will withstand a
temperature of up to 130°C. From our computations, one can
find that the Duval method computed the fault to be in zone
T1 is more appropriate that the T2 detected by gas ratio
method. This illustrates that the Duval method is able to
diagnose inter-turn fault more accurately than the basic gas

d ratio method.

. Case 6: Arcing at OLTC contacts

The sixth fault analyzed is the improper contact at OLTC
slider that happens due to switching of transformer taps
(Figure 4). The faulted transformer is subjected to arcing and
melting of copper contact surfaces. This leads to a thermal
fault. The Duval method predicted the fault to be in T3 that
corresponds to thermal fault. On the other hand, the basic gas
ratio method predicted the failure to be in zone T2, which is
not included in the switching and equipment accessories fault
(Table 4). Therefore, our computations establish that Duval is
more accurate and efficient in detecting arcing at OLTC
contacts.

Figure 4: Arcing at OLTC contacts

G. Case 7: Arcing in diverter switch

Arcing in the diverter switch is an external fault that leads to
thermal fault. This is an operation fault that can lead to
failures. Our computations on power transformer indicated
that, while Duval method was able to diagnose the fault, the
basic gas ratio method failed to detect this fault. One can
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conclude that the Duval method is more suitable for detecting
such external faults from the DGA results.

Our analysis on the DGA data obtained from the transformer
and computations performed using Duval and basic gas ratio
method illustrated the accuracy of the methods. While, Duval
was able to capture all seven faults successfully; the basic gas
ratio was not able to capture five out of seven faults. It is to be
noted here that, the case 6 of the fault is not even listed in the
possible faults that can detected by basic gas ratio. However,
Duval computed the fault accurately. This naturally suggests
us to conclude that Duval is a more accurate method in
detecting faults from DGA results and affirms the finding of
the investigation [1]. Therefore, Duval method could well turn
out to be the method required for building dependable AMS in
future.

V. CONCLUSION

The paper compared the accuracy of two DGA interpretation
methods in practice: Duval and basic gas ratio method. The
study was based on seven faults (incipient, operational, and
external) on the power transformers. The DGA results of the
faulted transformers were obtained from Electrical Research
and Development Association (ERDA) and studied in our
investigation. Computations were performed on the DGA
results using both Duval and basic gas ratio method. Our
computations illustrated that Duval was successful in detecting
the seven faults, while basic gas ratio failed in five cases as
shown in Table 8. This leads us to the conclusion that Duval
method is more accurate method in detecting the faults studied
in the paper. Interpreting our results, one can conclude that
the accuracy of Duval makes it the promising approach in
interpreting DGA results for building dependable AMS.
Combining Duval with measurements and other routine tests
to diagnose power transformer faults and handling multiple
faults are the future course of this investigation.
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Abstract. This paper presents an application of Long-Range Energy Alternative
Planning (LEAP) software to investigate a range of various technologies for
generating electricity at least cost for Tamil Nadu. The cost of generating electricity
includes the capital, fuel, operation and maintenance costs for those technologies
that are considered. Detailed analyses are performed with and without the inclusion
of externality costs of local air pollution in order to examine the cheapest option of
electricity generation. The impact of imposing Green House Gases (GHG) emission
limit on the change in generating technologies was analyzed, considering least cost
of electricity generation. Moreover, the corresponding overall cost of electricity
generation was found for each case. The LEAP model to estimate least cost
Electricity Generation for Tamil Nadu is proposed. The electricity generation is
predicted for future years until 2025, keeping 2015 as base year. This model can be
further used for predictive electricity generation after 2025 also.

Keywords. GHG Emissions, Externality costs, LEAP, least cost Electricity
Generation and Tamil Nadu.

1 Introduction

Electricity plays an important role for the development of any country. It was
reported that southern region of India had the highest peak demand and electrical energy
shortage in 2013. Tamil Nadu, one of the states in southern region of India, had an
average electrical energy shortage of 10.5 % in 2013. In the last few years Tamil Nadu is
facing huge electrical energy shortage due to several reasons [1]. This problem of
electrical energy shortage is being felt mainly by the industries, leading to a loss in
production efficiency and heavy loss of income. This electrical energy shortage should be
removed, because electrical energy is most important for socioeconomic development,
particularly in the developing countries. In this era of globalization, a quick increase in
urbanization, population and the energy demand show that electrical energy shortage will
be the major problem in the developing countries as well as in the world in the coming
years. Therefore, the electrical energy generation forecasting should be done effectively
and economically. The first developed energy supply models were established on only one
feature of the problem namely costs, environmental impacts, or energy supply security.
The old energy supply models only reflect one energy sector or even one energy carrier.



They were developed based on econometric methods and they relate energy demand with
some macroeconomic indicators such as Gross Domestic Product (GDP). Because those
models were not able to take into consideration two differing goals of using low-cost
electrical energy production and environment conservation, they did not have sufficient
efficiency in facing the recent energy concerns [2].

In recent years, a great number of wide-ranging energy models have been
developed which consider not only all energy consumption sectors and energy carriers,
but also environmental aspects and the trend of energy utility’s efficiency. LEAP has a
significant impact in shaping energy and environmental polices worldwide. It had been
successfully used in more than 150 countries worldwide for different purposes. For
example, in California, (2001) LEAP was used for energy forecasting and identifying
alternative fuels [3]. In Mexico, it was used to determine the feasibility of future scenarios
based on moderate and high use of biofuels in the transportation and electricity generation
sectors [4]. In Lebanon, mitigation options were assessed to reduce emissions from
electricity generation with emphasis on the usage of renewable energy resources [5]. The
energy consumption and various types of emissions in consumption sectors in Iran were
analyzed by using LEAP model [6]. So far, for Tamil Nadu, an energy model of electricity
is proposed using Energy and Power Evaluation Program (ENPEP-BALANCE) tool, with
consideration of different RETs (Renewable Energy Technologies) for 30 years from
2013 to 2042 [7]. The various factors such as average capacity, Energy Not Served (ENS),
energy consumption by demand sectors, ratio of supply and demand, average cost of
energy generation, pollutants CO2, SO, and Particulate Matter (PM) emitted by thermal
plants are evaluated [7]. It is necessary to plan an economic future electricity generation
method with low emission of GHG by concentrating the renewable energy sources (RES).
The modeling studies carried out to demonstrate the impact of bringing in solar plants into
the generating system as a technology alternative power plant is presented in [8]. Hence,
in this paper, the application of LEAP software to investigate a range of various
technologies for generating electricity in Tamil Nadu for two different cases namely
single-technology simulation scenarios and optimization scenario is presented.

2 Leap and Its Features

Future prediction of electricity generation through various technologies is a
challenging task. To assist the Power System Planning Engineer in this task, various tools
are developed. LEAP is one such energy-planning tool developed by the Stockholm
Environment Institute, Boston (SEI-B). It consists of an EDB (Environmental Database),
which was also developed by SEI-B with additional support from the United Nations
Environment Programme (UNEP), and is a joint UNEP/SEI activity [9]. LEAP is an
accounting framework, within which the user can develop models of demand and supply.
It is a long-term integrating and modelling tool. The LEAP model requires data for at least
the base year and any of the future years. Then, using the function such as interpolation or
extrapolation or the growth rate method, the future energy demand and emissions are



predictable for the other years. The fundamental concept in LEAP is an end-use driven
scenario analysis [10].

LEAP model is mostly used for energy and environmental planning for both
medium and long-term consideration. LEAP works with an unlimited time horizon with
an annual time setup that can be extended up to 50 years. Different modeling approaches
used by LEAP cover both the demand and supply side of energy. To model electricity
generation planning and generation capacity expansion, LEAP offers a series of
methodologies accompanied with accounting and simulation [11].

3 LEAP Model for Tamil Nadu

The LEAP model is developed for Tamil Nadu and the electricity is set as the
only demand. The electricity can be generated by the plants namely Natural Gas (NGCC),
RES, Coal, Hydro, Nuclear and Diesel. In addition, they are entered into the Process
branch of LEAP model. The Carbon emitting substances to the environment are entered
into the Effects branch of LEAP model.

The LEAP model for Tamil Nadu has been developed by setting the base values
shown in Table 1. The model has been developed for the base year 2015 and extrapolated
until 2025. The electricity demand for the year 2025 will be 200 Thousand GWh and it is
one of the inputs for LEAP [7]. The electricity losses are taken as 18% for developing the
model [12].

This data for various electricity generation technologies is taken from [13], [14]
and [15] for January 2015. These data are entered into the Transformation module called
Electricity Generation in the LEAP model, which include various electricity generation
plants namely Coal, Gas, Diesel, Nuclear, Hydro and Renewable Energy Sources (RES)
and its properties are fixed to Capital cost, Fixed Operation and Maintenance (OM) Cost,
Variable OM Cost, Fuel cost, Capacity, Efficiency, Maximum availability, Capacity
credit, Life time, system load curve and a planning reserve margin. The discount rate is set
as 5% while entering the cost data.

Table 1. The Base Values of LEAP for The Year 2015 Including Various Electricity Generation
Technologies

. . | Capita | Fixed | Variab .
Name | Capaci - Maximu | Capaci | cost oM le OM Fuel L_|fe
Efficien m ty 3 Cost Time
of the ty cy (%) | availabili | credit (x10 Cost Cost ($/MW | (year
plant | (MW) ty (%) %) $IMW | ($/M $/Mm h) )
) W) W)
coal | %811 35 90 00 | 2934 | 3118 | 447 | 956 | 40
Gas | 10203 3 90 00 | 917 | 1317 | 360 | 758 | 40
Diesel | 411.66 40 90 90 950 30 3.10 85 40




N‘;‘;'e 986.50 35 80 90 | 5530 | 9328 | 214 | 96.1 50
Hydro 21%2'2 90 90 50 | 293 | 1413 | 0O 845 50
RES 8025'3 25 100 25 | 3000 | 5200 | 0 100 | 50

4 Result and Discussions

The fossil fuels are expected to unavailable in 50 more years if the consumption rate
remains to grow at high rate. With the unstable nature of international crude prices, it is
important to reduce this dependence and look for alternatives. Therefore, the renewable
energy technologies also be expanded to supply secure electrical energy at least cost and
low GHG emission. The developed LEAP model for Tamil Nadu having two different
cases namely Single-technology simulation scenario and Optimization scenario. In Single-
technology simulation scenario the LEAP having various electricity generation
technologies namely Coal Only, Diesel Only, Hydro Only, Natural Gas Only, RES Only
and Nuclear Only. LEAP decides the types of power plants to be added and when to be
added to meet out the demand by giving more preference to a single generation
technology, based on its availability and fuel cost. The Optimization scenario is simulated
to explore least cost electricity generation by considering GHG emission limit also.

4.1 Case 1: Single-Technology Simulation Scenario

In this case, a simple scenario using each of single generation technology have
been simulated. They are namely, Coal only, Diesel only, Hydro only, Natural Gas only,
RES only and Nuclear only. In the Coal only technology, LEAP automatically gives more
preference to coal plant for generating electricity to meet out the electricity demand based
on its availability. If the coal is not sufficient to generate the required electrical energy,
then other sources for generating electrical energy are considered based on its fuel cost.
Based on standard simulation calculations, LEAP decides the types of power plants to be
added and when to be added to meet out electrical energy demand. This simulation is also
carried out for all the other single generation technologies such as Diesel only, Hydro
only, Natural Gas only, RES only and Nuclear only. The predicted values of capacity,
Electrical energy output and Social cost in the year 2025 for various single technologies
are shown in figures 1, 2 and 3 respectively.
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Fig. 1. Capacity values predicted by LEAP by single-technology simulation scenarios for the year
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Fig. 2. Electrical Energy Output predicted by LEAP by single-technology simulation scenarios for
the year 2025
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Fig. 3. Social Cost predicted by LEAP by single-technology simulation scenarios for the year 2025

The results from LEAP model show that for most of the single-technology
simulation scenarios, Natural Gas technology is used to generate more amount of
electrical energy and is shown in Figure 2. Figure 3 shows that the Natural Gas only
generation technology will be the cheapest option for power generation in the year 2025,
due to their low fuel cost.

4.2 Case 2: Optimization Scenario



The Optimization scenario allows LEAP to decide the combination of power
plants which will meet demand at the lowest cost and lowest emission of GHG.

Evaluation of Least Cost Electricity Generation.

The LEAP model runs the OSeMOSYS optimization model, which is used to
simulate the optimization scenario. The comparison of capacity, electrical energy output
and social cost in the year 2025 using single-technology simulation scenarios and
Optimization Scenario are shown in figures 4, 5 and 6 respectively.

Transformation: Capacity: 2025
Year: 2025, Capacity Type: All Capacity Types
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Fig. 4. Comparison of Capacity by single-technology simulation scenarios and Optimization
Scenario predicted by LEAP for the year 2025
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Figure 5 shows that the LEAP has chosen a mix of power plants in the
Optimization scenario, unlike the other single-technology simulation scenarios. The
results show that peak load periods favor Natural Gas power plants that are relatively
cheap to build but expensive to operate. Base load periods favor Hydro power plants that
have higher capital cost but with low running costs. Figure 6 shows that, because of the
low variable and fixed O&M cost, the total social costs of Optimization Scenario are
slightly cheaper than even the cheapest of the other single-technology simulation
scenarios which were created previously.

All the single-technology scenarios having maximum penetration of non-
renewables in its fuel mix. So the fixed and variable O&M cost will be high. But the
Optimization scenario penetrates renewables in more amount. So the fixed and variable
O&M cost will be very low. So the overall cost will be minimum. The Optimization
Scenario also shows a maximum level of GHG emissions is imposed on the system with
least cost. The comparison of total GHG emission for generating electrical energy by
single-technology simulation scenarios and Optimization Scenario predicted by LEAP for
the year 2025 is shown in Figure 7.

sent: Global Warming Potential: 2025

Year: 2025, Fuel: All Fuels

Fig. 7. Comparison of Total GHG Emission by single-technology simulation scenarios and
Optimization Scenario predicted by LEAP for the year 2025

Figure 7 shows that the emission of GHG is less in Optimization Scenario next to
Hydro Only single-technology simulation scenario, compared to other single-technology
simulation scenarios.

5 Conclusion

The application of Long-Range Energy Alternative Planning (LEAP) software to
investigate a range of various technologies for generating electricity, at least cost for
Tamil Nadu is presented in this paper. The LEAP model was developed to estimate least
cost Electric Generation by considering GHG emission factor for Tamil Nadu for the base
year 2015 and extrapolated till 2025 for the future generation expansion planning. The
LEAP model was developed for two different cases such as single-technology simulation
scenario and optimization scenario. The predicted electrical energy output and social cost



values are obtained for the two cases. The results show that the optimization scenario
gives the least cost generating capability to meet the demand with less emission of GHG.
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Abstract:

Blind spot is a key phenomenon related to the visibility of the driver while he is driving. It plays a vital
role in road accidents. Reduction of the area of blind spot is very much required in order to reduce the
accidents. In this paper an attempt is made to overcome the problems of blind spot by optimizing the design
parameters used in the rear view mirror design of heavy transport vehicles. The blind spot of the existing body
structure was studied in a public transport corporation of Tamilnadu, India. First the area of the blind spot of
the existing body structure was studied and the optimal design parameters are ranked by Fuzzy Analytical
Hierarchy Process (FAHP). FAHP was also used for the determination of the weights of the design parameters
and ranking of the vehicle body structures.

Keywords: Blind spots, Rear view mirror, Optimization, FAHP

1. INTRODUCTION

Statistics revealed that most of the road accidents were happened due to vision related problems of the
driver. Good driver visibility results safe road traffic (Hatamleh et al., 2013). A blind spot in a vehicle is the area
around the vehicle that cannot be directly seen by the driver when he is in the seat. The heavy vehicle drivers
can’t see some areas on the roadway in the front, behind and on either sides of the vehicle. Front side blind spots
are influenced by many design criteria such as vehicle body structure, human anthropometric data, road
geometry, driver seat design etc., Among the main factors to be considered for driver seat design was identified
as important factor. While designing the driver’s seat, height of the seat from platform, total seat height, distance
of seat back rest to windscreen glass and distance of seat back rest to steering wheel centre, to reduce blind
spots, the distance between seat back rest to windscreen glass attracts major importance. A large enough blind
spot in the rear or sides of the heavy vehicle can completely hide a portion of pedestrian / motor-cycle or even a
full vehicle. Because, blind spots hide the road to verify them before making such maneuvers on roads while
turning, reversing, changing lanes, or while overtaking other vehicles. This places the driver in a risky situation
resulting sometimes in untoward incidents and accidents.

Blind spots exist in a wide range of vehicles such as cars, trucks, motorboats and aircraft. Figure 1
reveals the area of the blind spot existing in a heavy transport vehicle.

Figure 1. Area of the blind spot
In this paper the blind spot on either sides of the driver while driving is considered. Rear view mirrors
reduce some area of the blind spots behind and on either sides of the heavy vehicle. Adjustment and installation
or positioning of mirrors with larger fields-of-view will be helpful in reducing the blind spots. While
considering the installation of mirrors, the distance between the driver and the pillar or frame structure to the left
and right side of the front body structure, driver eye sight height while he is in the driver seat from the platform,
and the centre height of the mirror from the ground level are all the important data.
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Cho and Han (2010) stated that the vision of the driver is the most vital factor for an unusual driving
situation. Burger (1974) analyzed the rear vision systems in twelve passenger vehicles and three trucks under
actual driving conditions and predicted the critical zone in the rear side of the vehicle using expert’s opinion.
Ayres et al (2005) assessed the safety aspects during the usage of rear view mirrors and analyzed the research
issues involved in the design of rear view mirrors. The rear view mirrors may not be related with any significant
accident prevention, possibly they are not consistently used by all the drivers while driving. More over the major
accidents were caused when the target vehicle appears in the driver's blind spot during lane change or crowded
urban travelling and the driver has not carefully observed the approaching vehicle from the rear and side
mirrors. Pardhy et al. (2000) introduced the concept of computer graphics display driven by differential global
positioning system as a virtual mirror. This display was intended to be used as a rear or side view mirror in
automobiles or trucks. Kojima et al. (2005) proposed a vision support system "NaviView" as visual assistance
for safe driving. Llaneras et al (2005) developed driver interface criteria for a rear obstacle detection system and
evaluated various interface approaches for presenting warning information to drivers.

Fuzzy based intelligent blind spot detecting system was presented by Qidwai (2009). In this system
several ultrasonic sensors were used to monitor the chosen blind spots in a vehicle. Hughes et al (2009)
discussed the use of electronic vision systems in vehicles. The benefits of using wide-angle lens camera systems
to minimize the vehicle's blind-zones were described. The application of RFID and bluetooth technology in the
blind zone area reduction was proposed by Lakshmi and Wahida Banu (2010). Kim et al. (2011) studied the
surface flow around an automotive external rear view mirror and explained the visualizations over the mirror
housing surface and the driver side vehicle skin. Computer based simulation method was also used to detect and
warn of objects present within the blind spots in automobiles (Hatamleh et al., 2013).

Bao et al. (2010) developed a fuzzy TOPSIS decision model for road safety using performance index
by incorporating experts’ opinions. This approach effectively handled experts' linguistic expressions into
account in the current index research. TOPSIS was used for evaluation of road safety measures focused on road
users, vehicles, road infrastructure, and comprehensive measures by using a survey with a questionnaire. An
intelligent decision support system (IDSS) was developed to evaluate the road safety performance in European
countries (Bao et al., 2012). To develop the IDSS, an improved hierarchical fuzzy TOPSIS model was used. The
experts' knowledge was incorporated in the proposed model. FAHP method was used in several multicriteria
decision making problems such as supplier evaluation and selection (Pitchipoo et al , 2013), material handling
equipment selection (Kulak, 2006), machine tool selection (Taha and Rostam, 2011) etc.,

From the study of literature, it is evident that the design parameters involved in the design and
installation of rear view mirror should be in the optimal conditions to overcome the problems of blind spots on
the either sides of the vehicle. The aim of this work is to optimize the blind spots for heavy transport vehicles by
optimizing the design parameters used for the design and implementation of rear view mirrors. To achieve this,
fuzzy based decision model is developed and the model is validated by a case study conducted in the transport
corporation of Tamilnadu, India. The remaining part of this paper is organized as follows: Section 2 depicts the
development of model, and the case study is explained in Section 3 and finally, Section 4 concludes the study
and outlines some future research directions.

2. MODEL DEVELOPMENT

In this paper the weights of the criteria and the ranking of the vehicle body structures are determined by
FAHP method FAHP is developed by integrating Saaty’s (1990) analytical hierarchy process 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
Xeri @S shown below.

Xeri=lag;1<ij<m (1)

where, a; = Pair wise comparison of i"" and j" criteria. m = the number of alternatives

Table 1 Equivalent triangular fuzzy number for Saaty’s nine point scale

Verbal judgment or preference Sagty’_s scale of Triangular fuzzy
relative importance numbers
Extremely preferred 9 9,99
Very strongly to extremely preferred 8 7,89
Very strongly preferred 7 6,7,8
Strongly to very strongly preferred 6 5,6,7
Strongly preferred 5 45,6
Moderately to strongly preferred 4 34,5
Moderately preferred 3 2,34
Equally to moderately preferred 2 1,2,3




| Equally preferred | 1 | 1,11

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 (2).
F = {x,uF(x),x € R} 2)
where F is fuzzy set; x is fuzzy number; R: —x< x <o« and pF(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) = (I, m, u) where [ < m < u in which I 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 (3). Then the fuzzy original matrix is normalized using equation (4).
0 x <l
x-D/(m-=1D I<x<l

ta(x) = f(x) = w—x)/(u—m) m=Zx<u 3
w 0 x>u
— %4j
N;; = T 4)
where a; is the cell value of i row and j" column in the fuzzy original matrix; 1 <i,j <m; and Tj =
Din1 aij

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 (5).

. . ¥ Dh+ot
Weights (Crisp value) W,; = S (5)
where k is the number of rules, O'is the class generated by rule i (from 0, 1, .... L-1); L is the number of classes
and

Dy =Iliz;my (6)
Wheg«]a n is the number of inputs and m;; is the membership grade of feature | in the fuzzy regions that occupies
the i™" 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 (7)

CR=CI/RI (7
where Cl is consistency index which is determined using equation (8) and RI is random indices for criteria size

Cand

m-.
Ccl = Pmax—m (8)

m-1
where @4, 1S 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 1.49 151 | 1.58

Then all the alternatives are compared together using Saaty’s nine point scale (Table 1) based on each
criterion and the pairwise matrix for alternatives are developed. This matrix is converted into fuzzy matrix using
the fuzzy numbers given in Table 1. Then the fuzzy matrix is normalized using equation (4) to formulate fuzzy
normalized alternative matrix. From this the weights of the alternatives based on each criterion are computed.
Finally overall priority matrix is determined using equation (9).

0 = [Cpyn] * [Wi] 9)
where Cmn is the weights of the alternative ‘m” for criterion ‘n’.

From the overall priority, the higher value is selected as the best alternatives

3. CASE STUDY

To prove the effectiveness of the proposed model, a case study is conducted in a transport division
located in the southern part of India. At present, four different types of vehicle bodies are used in that division.
They are, body built in the same organization (in-sourcing — IS) and three outsourced (OS -1, 0OS -2 & OS - 3)
bodies. The following data 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) are identified as the influencing criteria for the design and implementation
of rear view mirror in heavy vehicle. The data of influencing criteria for the design of driver seat 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)
IS 36 178 122 242
0s-1 34 181 123 240
0S-2 34 182 123 224
0s-3 34 177 119 204

After the data were collected, the comparisons of criteria were obtained from the transport corporation
and the same is given in Table 4.
Table 4. Crisp original matrix

B C D
A 1 2 5 3
B 1/2 1 4 2
C 1/5 1/4 1 1/4
D 1/3 1/2 4 1

The crisp matrix is converted into fuzzy matrix using triangular fuzzy numbers (Table 1) recommended
by Alias et al (2009). The fuzzy criteria matrix is shown in Table 5. The fuzzy criteria matrix was normalized
and shown in Table 6. The consistency ratio for this proposed FAHP model is calculated using equation (7) and
is found as 0.091 which is less than 0.1. So this model is acceptable.
Table 5. Fuzzy criteria matrix

A

B

1.000

1.000

1.000

1.000

2.000

3.000

4.000

5.000

6.000

2.000

3.000

4.000

1.000

0.500

0.333

1.000

1.000

1.000

3.000

4.000

5.000

1.000

2.000

3.000

0.250

0.200

0.167

0.333

0.250

0.200

1.000

1.000

1.000

0.333

0.250

0.200

oO|wm|>

0.500

0.333

0.250

1.000

0.500

0.333

3.003

4.000

5.000

1.000

1.000

1.000

Table 6.The fuzzy normalized matrix

A

B

Weights

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

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

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

O O|m|>

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

Table 7. Fuzzy alternative matrix

IS

0S-1

0S-2

0S-3

IS

1.000

1.000

1.000

0.250

0.200

0.167

0.250

0.200

0.167

0.250

0.200

0.167

0S-1

4.000

5.000

5.988

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0S-2

4.000

5.000

5.988

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0S-3

4.000

5.000

5.988

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.500

0.333

0.250

0.250

0.200

0.167

2.000

3.000

4.000

0Ss-1

2.000

3.003

4.000

1.000

1.000

1.000

2.000

3.000

4.000

4.000

5.000

6.000

0S-2

4.000

5.000

5.988

0.500

0.333

0.250

1.000

1.000

1.000

6.000

7.000

8.000

0S-3

0.500

0.333

0.250

0.250

0.200

0.167

0.167

0.143

0.125

1.000

1.000

1.000

1.000

1.000

1.000

2.000

3.000

4.000

2.000

3.000

4.000

0.500

0.333

0.250

0S-1

0.500

0.333

0.250

1.000

1.000

1.000

1.000

1.000

1.000

0.250

0.200

0.167

0S-2

0.500

0.333

0.250

1.000

1.000

1.000

1.000

1.000

1.000

0.250

0.200

0.167

0S-3

2.000

3.003

4.000

4.000

5.000

5.988

4.000

5.000

5.988

1.000

1.000

1.000

Ba| Based on C | Based on B | Based on A
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1.000

1.000

1.000

0.500

0.333

0.250

0.200

0.167

0.143

0.111

0.111

0.111




0Ss-1

2.000 | 3.003 | 4.

000 | 1.000

1.000

1.000 | 0.250

0.200

0.167

0.111

0.111 | 0.111

0S-2

5.000 | 5.988 | 6.

993 | 4.000

5.000

5.988 | 1.000

1.000

1.000

0.167

0.143 | 0.125

0S-3

9.009

9.009 | 9.

009 | 9.009

9.009

9.009 | 6.000

7.000

8.000

1.000

1.000 | 1.000

After checking the consistency, the weights of the criteria are determined using equation (5) and shown in
Table 6. Next all the alternatives are compared with each other based on all selected criteria which are shown in
Table 7. Then these fuzzy matrixes are normalized and shown in Table 8. Finally the overall priority is
determined using equation (9). From the overall priority the best alternative is selected. Table 9 depicts the
overall priority for all the alternatives.

Table 8. Normalized alternative matrix

IS

0S-1

0S-2

0S-3

Score

IS

0.077

0.063 | 0.053

0.077

0.063

0.053

0.077 | 0.063

0.053

0.077

0.063

0.053 | 0.064

0S-1

0.308

0.313 | 0.316

0.308

0.313

0.316

0.308 | 0.313

0.316

0.308

0.313

0.316 | 0.312

0S-2

0.308

0.313 | 0.316

0.308

0.313

0.316

0.308 | 0.313

0.316

0.308

0.313

0.316 | 0.312

Based on A

0S-3

0.308

0.313 | 0.316

0.308

0.313

0.316

0.308 | 0.313

0.316

0.308

0.313

0.316 | 0.312

0.133

0.107 | 0.089

0.222

0.178

0.150

0.073 | 0.046

0.032

0.154

0.188

0.211 | 0.156

0s-1

0.267

0.322 | 0.356

0.444

0.536

0.600

0.585 | 0.691

0.756

0.308

0.313

0.316 | 0.509

0S-2

0.533

0.536 | 0.533

0.222

0.179

0.150

0.293 | 0.230

0.189

0.462

0.438

0.421 | 0.408

Based on B

0S-3

0.067

0.036 | 0.022

0.111

0.107

0.100

0.049 | 0.033

0.024

0.077

0.063

0.053 | 0.074

0.250

0.214 | 0.182

0.250

0.300

0.334

0.250 | 0.300

0.334

0.250

0.192

0.158 | 0.259

0s-1

0.125

0.071 | 0.045

0.125

0.100

0.083

0.125 | 0.100

0.083

0.125

0.115

0.105 | 0.102

0S-2

0.125

0.071 | 0.045

0.125

0.100

0.083

0.125 | 0.100

0.083

0.125

0.115

0.105 | 0.102

Based on C

0S-3

0.500

0.643 | 0.727

0.500

0.500

0.500

0.500 | 0.500

0.500

0.500

0.577

0.631 | 0.553

IS

0.059

0.053 | 0.048

0.034

0.022

0.015

0.027 | 0.020

0.015

0.080

0.081

0.082 | 0.058

0s-1

0.118

0.158 | 0.190

0.069

0.065

0.062

0.034 | 0.024

0.018

0.080

0.081

0.082 | 0.109

0S-2

0.294

0.315 | 0.333

0.276

0.326

0.369

0.134 | 0.120

0.107

0.120

0.105

0.093 | 0.265

Based on D

0S-3

0.530

0.474 | 0.429

0.621

0.587

0.555

0.805 | 0.837

0.859

0.720

0.733

0.742 | 0.686

Table 9 Overall priority score

A

B

C

D

Overall Score

IS

0.029

0.044

0.020

0.012

0.105

0S-1

0.143

0.143

0.008

0.023

0.317

0S-2

0.143

0.114

0.008

0.056

0.321

0S-3

0.143

0.021

0.042

0.144

0.350

From Table 9 & Figure 2, OS - 3 vehicle has the higher score (FAHP score) values followed by OS -2, 0OS -1
& IS body built vehicles.
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Figure 2. FAHP score




4.

CONCLUSION
This paper discusses the elimination of blind spots in the sides and rear side of the heavy vehicle which

is an important aspect of road safety. An intelligent multi criteria optimization model was proposed in the
reduction of blind spot area in heavy transport vehicle. FAHP was used to determine the weights of the
influencing criteria and the best alternative was also selected. In the model fuzzy concepts are combined with
AHP. The model was tested by a case study and the effectiveness of the model was proved. FAHP is an
effective tool which can accommodate both tangible and intangible factors. Based on the suggestion of
optimized positioning of rear view mirror, there are great chances of reduction of area of blind spots in the sides
and rear of the heavy vehicle.
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Abstract: Recent advances and cost reductions has simulated interest in fiber optical sensing. This
technique helps to detect the damage in aircraft structure. Nowadays, most of the critical components
of aircraft structure made up of composite structure. CFRP can significantly reduce the weight while
increasing strength and durability. The weight reduction of the structure will increase the fuel
efficiency. The composite structure subjected to static and dynamic loading during the running
condition. This paper overviews the cost effective material selection (CFRP) and damage detection
setup using fiber optic sensor under dynamic loading condition.The spectrum received from the
damage detection setup is analysed to ensure the size, shape and damage condition. The intensity of
spectrum depends on the damage size of the given component. The entire paper shows the damage
detection under dynamic loading with various indenter for impact.

Keywords:Fiber optic sensor, Composite Laminate, CFRP, Impact.

I. Introduction
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[1] . 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). For instance,
the stiffness of a composite panel will often depends upon the orientation of the applied forces and/or
moments.

Static and Dynamic loads are known to induce damage to the composite in the form of matrix
cracking delamination, debonding and fibre breakage (Serge Abrate, 2011). Research has shown that
composites are capable of absorbing energy and dissipating it by various fracture and elastic
processes when subjected to a loads. The ability of composite material is to absorb energy elastically
depends on the mechanical properties of the matrix and fibres, the interfacial strength, the velocity of
impact (Hualin Fan eLal, 2009) and the size of the component. Materials and structures, in addition to
enabling technologies for future aeronautical andspace systems, continue to be the key elements in
determining the reliability, performance,testability, and cost effectiveness of these systems. The focus
of the present paper is ondevelopments damage identification using fiber optic sensor.
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Il. MATERIALS AND METHODS

1. MATERIALS
a. Carbon Fibre

Carbon fibers are commercially available with a variety of tensile modulus values ranging from
207 MPa on the low side to 1035 MPa on the high side. In general, the low-modulus fibers have
lower density, lower cost, higher tensile and compressive strengths, and higher tensile strains-to-
failure than the high-modulus fibers.

Carbon fibers are their exceptionally high tensile strength—weight ratios as well as tensile modulus—
weight ratios, very low coefficient of linear thermal expansion high fatigue strengths, and high
thermal conductivity. Their high cost has so far excluded them from widespread commercial
applications. They are used mostly in the aerospace industry, where weight saving is considered more
critical than cost.

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 15° to
190° C, have good chemical resistance, [2] low retraction, good reinforcement wetting and an
excellent adhesion to metallic materials. The hardener is 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.

c. Fiber Optic Sensor

Fiber optic sensor technology has been a major user of technology associated with the

optoelectronic and fiber optic communications industries. The ability of fiber optic sensors to displace
traditional sensors (Shizhuo Yin, Paul B. Ruffin, Francis T. S. Yu 2008) for rotation, acceleration,
electric and magnetic field measurement, temperature, pressure, acoustics, vibration, linear and
angular position, strain, humidity, viscosity, chemical measurements, and a host of other sensor
applications has been enhanced. The inherent advantages of fiber optic sensors, which include their
ability to be lightweight, of very small size, passive, low power, and resistant to electromagnetic
interference, high sensitivity [9].Fiber optic sensors are often loosely grouped into two basic classes
referred to as extrinsic, or hybrid, fiber optic sensors and intrinsic, or all fiber, sensors.

Light Modulator

Input Fiber Output Fiber
— T

Environmental Signal

Fig. 1 Overview of Fiber Optic Sensors.

d. Material Properties
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The following material properties from Test Data results [3,4] have been taken into account
for analysis 1 Psi = 0.0069 MPa. Composites are the orthotropic material the property varies along the
three directions. The stiffness of a composite panel will often depend upon the orientation of the
applied forces and/or moments. Panel stiffness is also dependent on the design of the panel.

Table 1 Material Property of CFRP

Properties Carbon/epoxy
Ea (GPa) 125.485
Eo (GPa) 8.067
Ec (GPa) 8.067
Gap (GPa) 41.29
Ghe (GPa) 2.42
Gea (GPa) 4.129

Yba 0.0176
Yeb 0.0176
Yea 0.4657
Density | Kg/m® 4.152

[1l. EXPERIMENTATION
3.1 Low velocity impact test Data

Damage in unidirectional carbon/fibre composite resulting from low velocity/energy impacts
was evaluated embedded fiber optic sensor. [6] The value for conducting experiments based on the
experimental results taken from the output of the experimental value the Impactor and energy
consideration taken into account for the further improvement of the velocity impact energy. Initially
low velocity impact was conducted by using two types of impactor shape [7]. The laminates used in
the low velocity impact tests were manufactured from uni-directional carbon fibre/epoxy prepreg. The
panels 200 mm x90 mm x 3 mm.

1. Impactor for testing
e Conical -167gm
e Hemi Spherical -180 gm
2. Impact Energy for conducting test
e 0.33 Jwith Corresponding velocity 1.3 m/s
e 0.56 J with corresponding velocity 2.5 m/s
3. Formula for calculating the impact energy
e E=Wxh
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V=,/2gh Where W- Weight of the Impactor (N),h- Vertical height,

Courtesy: “Evaluating impact damage in CFRP using fibre optic sensors” A.R. Chambers a,*, M.C.
Mowlem b, L. Dokos a

V- velocity (m/s), E — Energy (J)

3.2 Experimental Setup

Figure 2 — 4 shows the configuration of the test specimen of impact detection with flat plat.
The specimen is a quasi-isotropic laminate plate. A single mode fiber sensor was bonded to the
specimen surface for impact damage detection. The following components are used for the
experiments (a) Electrical Input Signal — 1MHz, (b) Optical Transmitter, (c) Single mode fiber cable,
(d) Optical receiver, (e) Digital Oscilloscope with data acquisition system. The low velocity impact
experimental setup was created for damage detection.

Fig. 2 Dynamic Load Test Setup
Arrangement

Fig. 4 Test Specimen with fiber optic sensor



First International Conference on “Productivity, Efficiency and Competitiveness in Design and Manufacturing” 7 —9 January 2016

W:Chal s s SR IER
= INSTEK PERENE I~ EasUre S INTER v 8.8985 I _Measure
H Wop Yop
1 156U 1: 1,889
2 7.eBU 27480
o ,-:.'"_-'.. R T . - W|dth ."-.I” I -:':: :.‘.-c Y ¥ :l-.'.'-. - Wldth
" FAEE AN 0 N4 ame, Bus " PN A o 1 465, Bus
“ y ﬁ'-. A L g 3 mEe . @i y N F -..::, .-'f A2 389, 0us
i o Frequency o - - Frequency
1: 1. ZdEkHg 1: 1. 24dkHg
2 1.253kHd 2 1.253kHd
™ e Duty Cycle AN Duty Cytle
F ; 5 A1: 58, 86k AY f1: 49, 63%
Y i A w12 s1.28n H LN C 4 2s1.25n
' ' +Width ' S e width
1: 4081, Bus 1: 299 8us
2: 4@3. Bus 2 489, Bus
@ 256us EDGE £DC @ 256us EDGE FDC
1.27648kHz =E 1. 9965k He =
Fig (3) h=186.88mm at 0.33J Hemi Spherical Fig (4) h=317.1 mm at 0.56J Hemi Spherical
Impactor Impactor

IV. RESULTS AND DISCUSSIONS

The following experimental result graph Fig (2) h= 341.4mm at 0.56J  Conical
shows that the various impact energy with Impactor

5= INSTEK W r @, BEEs ™ E35UNE ——
hd G INSTEK w3 v @, BEAs M Measure
Ypp - -
1: 1,880 Rl
2 7,58 1: 1,980
S “Width . LooEmE
N N S amtous T Ty S - Width
o AR Y U2 399, Bus K Wy LY y Sd1 412, Bus
L b r? Frequency ._{-‘ ‘ ) .;; 2 488, Bus
1: 1.242kH; = Frequency
2 1.242kH 1: 1.241kH;
Pt N g—Duta_.r Cyde 2 1.244kH
: F158.19% N Duty Cycle
y N o E5a.dn SN A S #1: 48.88%
= et g | H rd LY A "y e .
+Width I Ll
1: 4@4. Bus +Width
20 486, Bus 1: 294, Bus
@ 256us EDGE FOC 2 484, Bus.
1. 34948k Hz = @ 258us EDGE FDC
. " — 1,29858kHz =k
respect to the various height level [8]. Fig (1) —

h=201.4mm at 0.33J Conical Impactor



First International Conference on “Productivity, Efficiency and Competitiveness in Design and Manufacturing” 7 —9 January 2016
Department of Mechanical Engineering, PSG College of Technology — Coimbatore, Tamilnadu, India.

15 INSTER ~ v @, BEE=S ™ ; EeasUre 3% INSTEK ~ v W, @EA= a8 5 e3sre
- -
Wpp la]
1: 192U 11,544
2: 5. 60U 25,26
; - Widlth A7 - Width
k. E Y 7 , ¥ %41 482, Bus L8 i’ ki Y r Y1 4@, ous
) ! E f % W2 483, Bus oo R N W2 428, Bus
Frequency e o ! Frequency
1: 1. 248kH 1: 1.242kH
2 1.238kH; el 1.244kH;
. Duty Cycle i, — Duty Cycle
& i, Py Y- ) & uy "__r‘ 1: 49.81% ' b ' : , \_;' W, SA1 49,945
b M R - NP b S o R L -
+Width + Width
1: 299, Bus 1: 482, Bus=s
2: 4685, Bus 2 376, Bus
@ 258us EDGE FDC 6 256us EDGE FDC
1.26374kHz 1.29186kHz
Fig (5) h=320.4mmat 0.33) Conical Impactor  Fig (6) h= 543.66mm at 0.56J flat Impactor (@
(D 12mm) 12mm)

Fig. 5 Output Results for Dynamic Analysis

The damage detection principle of this system is based on the energy change of the received
waveform. If a damaged section exists in the path of the elastic wave, the energy of the elastic wave
will change. By detecting this change, the system can detect the damage in a composite structure. We
could successfully detect the damage propagation by this system. Figure 5 [1-6] shows an output
wave form of the impact load condition. We have conducted the impact detection test using a drop-

weight type impact machine.

The weight of was 167 gm and its tip was a conical shape. The energy of the impact is 0.33 )
at velocity 1.3 m/s. The figures 5 [1,3,5] shows the received waveform and the enlarged waveform
of the elastic wave of fiber optic sensors under 0.33 J energy with height range of 201.6 mm, 186.88
mm and 320.4 mm. The figures 5 [2,4,6] shows the received waveform and the enlarged waveform
of the elastic wave of fiber optic sensors under 0.56 J energy with height range of 341.4 mm, 317.1
mm and 543.6 mm. Based on this output wave the experimental setup detect the resulting damage.
As the result of this study, it was revealed that two kind of detections, damage monitoring and
impact detection, with the same system construction by the damage monitoring using single mode
fiber sensor.

V. CONCLUDING REMARKS
The following conclusions were drawn from the present experimental investigations:

1. Carbon fibre is suitable material for absorbing more energy during the impact loading condition.
Based on the material property.

2. For the constant input voltage of 1.88v the output voltage varies with respect to the impact [Fig. 5
(1 - 6)] load energy of 0.56 J, the output voltage is 5.20v.

3. The shape of the impactor in this experimental work: conical, Hemi spherical and flat shape.

4. In this paper, the low velocity impact load is applied in between the range of 1.3 to 2.5 m/s.
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5. The figure 5 [1 — 5] shows the output of the impact load on the composite plate and it shows the
energyabsorption capability of carbon fiber material.
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UTILIZATION OF DRY SOLID WASTE IN
BRICKS

C. Subha, V. Abinaya Sundhari, P. Navabharathi, S. Pavithra, M.Suveetha
Assistant Professor in Civil Engineering, Ramco Institute of Technology
B.E. student in Civil Engineering, Ramco Institute of Technology

Abstract: There is an increasing demand on building materials especially in the recent years because of increasing
population. The main challenge is to convert wastes to useful construction materials. Recycling of waste as raw material
alternatives, may reduce the exhaustion of the natural resources and waste disposal costs. Bricks are commonly used
building material around the world. Conventional bricks are produced from clay with high temperature kiln firing which
emits nearly 1 ton of CO,. For environmental protection and sustainable development, extensive research has been
conducted on production of bricks from waste materials. The waste materials to be filled in the landfill is greatly reduced
and thereby saving the environment. This project emphasizes on the use of waste materials like Flyash, marble dust, rice
husk ash, quarry dust and egg shell powder replacing clay in bricks. The bricks are manufactured and tested as per IS
standards.

Keywords: waste materials, clay, environmental protection, kilns, hydraulic compression

I.LINTRODUCTION

Brick is one of the oldest and commonly used building materials. In 8000 BC, the dried-clay bricks were used for
the first time. The fired clay bricks were used as early as 4500 BC. The worldwide annual production of bricks and
demand for bricks is continuously increasing in the recent years. Conventional bricks are produced from clay with
high temperature kiln firing. The high temperature kiln firing not only consumes significant amount of energy, but
releases large quantity of greenhouse gases. Clay bricks, on average, have an embodied energy of approximately 2.0
kwWh and release about 0.41 kg of carbon dioxide (CO,) per brick. The process of brick making has not changed
since many centuries except some minor refinements. There have been hardly any efforts in the country to improve
the brick-making process for enhancing the quality of bricks. The main reason for this attitude is that the production
of bricks has been largely remained confined to the unorganized small sector. Some of the large mechanized brick
plants came up in the past but they failed for some reason or other. The result is that the construction industry is
largely dependent on the small sector which is unable to deliver high quality bricks in view of rising fuel cost,
outdated technology and lower efficiency of production. Environmental concerns are also being raised against
uncontrolled extraction of clay. The main concern is land degradation. Therefore, clay should be replaced in bricks
with some other suitable materials.

Various attempts were made to incorporate various waste material in bricks production such as natural fibers, textile
laundry wastewater sludge, foundry sand, granite sawing waste, perlite, processed waste tea, sewage sludge,
structural glass waste, PC and TV waste, fly ash, sugarcane bagasse ash, organic residue, steel dust, bottom ash, rice

husk ash, silica fume, marble and granite waste, municipal solid incineration fly ash slag.



Il. MATERIALS USED
A. Clay
Clay soils are compounds of silica and alumina. Calcareous clays have calcium carbonate and will burn to a yellow
or cream color. Non-calcareous typically contain feldspar and iron oxides, and will burn to a brown, pink or red,
depending on the amount of iron oxide. The silica in the clay, when fired at 900-1200 degrees C, will turn to a
glassy phase. This process, called vitrification, will turn the clay to a crystalline structure. Clay was replaced with
the following materials such as fly ash, rice husk ash, marble dust, egg shell powder, quarry dust, cement.
B. Flyash
Fly ash or pulverized fuel ash (PFA) is the residue from the combustion of pulverized coal collected by mechanical
or electrostatic separators from the flue gases or power plants. It constitutes about 75% of the total ash produced. Fly
ash is puzzolanic in nature, and contains less than 7% lime. The puzzolanic property coupled with lime reactivity
makes it very suitable for cementitious / binding applications
C. Rice husk ash
Combustion of rice hulls affords rice husk ash. This ash is a potential source of amorphous reactive silica, which has
a variety of applications in materials science. The amount of silica increases with increase in burning temperature.
This ash is also a very good thermal insulation material and maintains temperature.
D. Marble Dust
The marble dust is a Very fine powder obtained during cutting or dressing of marble. 25% marble mass becomes
marble dust. It is also used as an admixture, increases cohesiveness to the mixture and enhances good binding.
E. Egg Shell Powder
It is obtained by grinding of egg shells. Egg shell Contains lot of calcium and its chemical compaosition is similar to
limestone It offers high density, compressive strength and durability.
F. Quarry dust
It is a byproduct of quarrying of rocks. It used as a substitute for fine aggregate and the construction cost reduces
and in addition it increases the strength to a little.
G. Cement
Cement is a powdery substance made by calcining lime and clay.Cement is a great binding material and hence it is
used in small quantity in the bricks for binding the waste materials.

I11. CASTING OF BRICKS

Bricks made of waste materials were cast by means of hydraulics compression technique. The
following steps were involved in the casting of bricks.The waste materials that were used in the
manufacture of bricks were collected from various places and is shown in the Table | and the collected

materials are shown in the Fig.1



TABLE |
MATERIALS COLLECTED

MATERIALS

PLACE OF COLLLECTION

Fly ash

Local dealer from Rajaplayam

Egg shell powder

Schools and hotels

Rice husk ash

Rice mills

Mandeep Marbles& Stones Private Limited, Madurai

Marble dust
Quarry dust Local dealers from Rajapalayam
Cement Local dealers from Rajapalayam

Figl. Mixture of materials used



https://www.indiamart.com/mandeep-marble-stones/

The collected materials are put in the mixer and water was added till it attains proper consistency.
Comparatively for all the trials the quantity of water added was 3 to 4 litres for a weight of 21kg of materials.
The weight of one brick was estimated to be around 3.5kg so that 6 bricks weigh around 21kg.The materials
were allowed to mix in the pan mixer for 10 to 15 minutes until a uniform mixture was obtained. The mixed raw
materials are taken to the compression machine through conveyor belt for casting and compaction. The pan
mixer in which materials were mixed is shown in Fig.2

Figure 2: Cylindrical pan mixer

The bricks were produced finally from hydraulics pressing machine which runs at a rate of 2200Psi.
The bricks were of size 23 x 11 x 7 cm. The produced bricks are taken and then stacked for curing for a

period of at least 21 days to ensure good strong brick. The bricks were cast in five trials of various
proportions as shown in Table Il

TABLE II:
PROPORTION OF MATERIALS USED IN BRICK
TRIAL 1 TRIAL 2 TRIAL 3
MATERIALS % % %
Flyash 40 40 40
Marble dust 10 10 10
Cement 5 5 5
RHA 2 2 2
ESA 3 5 10
Quarry dust 40 38 33

IV.RESULT AND DISCUSSION

The various tests were conducted and the results are shown in table. The bricks were tested
for their compressive strength after 21 days of curing. The bricks were tested in the compression

testing machine by providing two iron plates. The water absorption is found by immersing the brick



for 24 hours at room temperature.

percentage.

The difference between the dry and wet weight is calculated in

TABLE Il
TEST RESULTS
TYPE OF TEST TRIAL1 TRIAL 2 TRIAL 3
Weight Around 3 Kg Around 3 Kg Around 3 Kg
Compressive strength 7.2 N/ mm? 7.8 N/ mm? 8.45 N/ mm?
Water absorption 5.12% 5.28% 541 %
Efflorescence Nil Nil Nil
Shape Even Even Even
Structure No pores/ honey comb No pores/ honey comb No pores/ honey comb
Soundness Produces cling sound Produces cling sound Produces cling sound

The graph plotted with the compressive strength values is shown in Fig.3
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Fig 3. Compressive strength chart

The graph plotted with the water absorption values is shown in Fig.4
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Figure 4: Water absorption chart
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V.CONCLUSION

The compressive strength of the brick increases with increasing percentage of egg shell powder and
decreasing percentage of quarry dust.

The maximum compressive strength value obtained is 8.45 N/mmZ,

The water absorption value is less than 7% for all the trials.

The optimum proportion of waste materials is fly ash 40 %, marble dust 10%, cement 5%, RHA 2%,
Egg shell powder 10%, quarry dust 33%.
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Abstract - This paper examines the thermal conductivity of concrete. The thermal conductivity is increased by the
addition of copper slag and steel slag. Many hit and trial methods have been done to identify the correct mix proportion
of slag in concrete and also to find the compressive strength of the concrete. From the experiments that have been done, it
has been inferred that 20% replacement of weight of concrete by slag is suitable without any compromise on strength.
Thermal studies have been conducted on the controlled concrete M30 with and without adding slag separately. The
results have been studied and have been found that the induction concrete attained high temperature faster than the
normal concrete and the heat retaining capacity was also found to be much more than the normal concrete. The main
application of this induction concrete is de-icing and anti-icing in bridge decks and highways.

I.INTRODUCTION

Concrete bridge decks are prone to ice accumulation. The use of road salts and chemicals for deicing is an effective
method for ice removal, but causes damage to concrete and corrosion of reinforcing steel in concrete bridge decks.
This problem is a major concern to transportation officials and public works due to rapid degradation of existing
concrete pavements and bridge decks. The use of insulation materials for ice control and electric or thermal heating
for deicing have been attempted and met limited success. Conductive concrete may be defined as a cementitious
composite that contains a certain amount of thermally conductive components to attain stable and relatively high
thermal conductivity. When power supply is given to the light weight iron element which is embedded in concrete,
heat is induced in it.

This is based on the principle of thermal conductivity. In physics, thermal conductivity (often denoted k, 4, or «) is
the property of a material to conduct heat. It is evaluated primarily in terms of Fourier's Law for heat conduction.
Heat transfer occurs at a lower rate across materials of low thermal conductivity than across materials of high
thermal conductivity. Correspondingly, materials of high thermal conductivity are widely used in heat sink
applications and materials of low thermal conductivity are used as thermal insulation. The thermal conductivity of a

material may depend on temperature. The reciprocal of thermal conductivity is called thermal resistivity.

Ongoing IRC research is now focused on optimizing conductive concrete formulations for the best combination of
strength, electrical properties, and production methods at the lowest possible cost, leading ultimately to commercial

development and widespread use.
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Fig 1 Principle of thermal conductivity

Il. OBJECTIVES AND SCOPE
The main objective of this thesis is to prepare a conductive concrete mix specifically for cold regions, for
deicing and anti-icing application and to increase the thermal conductivity of concrete by incorporating steel slag
and copper slag in the concrete mix. The thermal conductivity of the copper and steel slag along with the concrete
has been studied.

I1l. MATERIALS BACKGROUND

A.Copper Slag

Copper slag is a by-product of copper extraction by smelting. During smelting, impurities become slag
which floats on the molten metal. Slag that is quenched in water produces angular granules which are disposed of as
waste or utilized as discussed below Copper slag is one of the materials that is considered as a waste material that
could have a promising future in construction industry as partial substitute of either cement or aggregates. Studies
are already being carried out to increase the output by using copper slags and other materials as composites. From
this project, it is evident that copper slag can be used to enhance the characteristics when used with other materials.
Hence, it has a huge potential to be used for industrial applications.

Fig-2 Copper slag



TABLE |
PROPERTIES OF COPPER SLAG

Thermal
Cost (Per Ton)
Name conductivity
(Rs)
(W/mK)
Copper slag 385 200/tonne

B.Steel Slag
Steel slag, a by-product of steel making, is produced during the separation of the molten steel from impurities

in steel-making furnaces. The slag occurs as a molten liquid melt and is a complex solution of silicates and oxides that

solidifies upon cooling.

Fig-3 Steel slag

TABLE 2
PROPERTIES OF STEEL SLAG
Thermal
o Cost (Per
Name Conductivity
Ton) Rs.
(W/mK)
STEEL
50.2 650
SLAG

V. EXPERIMENTAL PROGRAMME

C.Compressive Strength Test
In order to find the compressive strength of concrete, specimens of size 15cm x 15cm x 15¢cm were casted for

various proportions. The test were performed with a 2000kN compression testing which provided essentially fixed end
condition to the bottom and the top was free end. Specimen end plates provide a uniform load distribution over the
cross section. The cube was generally loaded at the rate of 99.9kN/s. Near and after failure, the load was manually

controlled to allow visual observation. The load was applied to the specimen up to failure mode.



Fig-4 Compressive strength machine

From the experimental result, it has been found that the concrete cube which was formed by replacing 20%
by weight of the concrete showed satisfiable results. The comparative study of the various mix proportions are

tabulated.

TABLE 3
COMPRESSION TEST RESULTS

Mix proportion Copper slag in % Steel slag in % Peak load in kN

M30 _ _ 667.25
5 5 511.5

10% replacement
75 25 545.3
10 10 634.25

20% replacement
15 5 659.5
15 15 640.7

30% replacement
225 75 602.6

Cracks are formed in the 30% replaced concrete cube, even though it has achieved the nearer strength as

that of the 20% replaced concrete.
D. Thermal Study

After finding the correct mix proportion with the required strength, thermal studies were conducted on the

concrete cubes .The temperature of the cubes were raised to about 10 degree Celsius from room temperature. It was



found that the concrete cube with the addition of slag attained the temperature 64.4 degree Celsius 13 minutes earlier
than the concrete cube without the addition of the slag. After the supply of electricity is stopped the heat retaining
capacity of the cubes were also found .From that it was inferred that the heat retaining capacity of the concrete with
the addition of the slag was 2 hours more than that of the normal concrete. Graphs were drawn between the
temperature and the time and results were found.
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V.APPLICATIONS

e Conductive concrete has the potential to address a wide variety of applications, including grounding,
heating, cathodic protection of reinforcing steel in concrete structures such as bridges and parking garages,
and electromagnetic shielding.

e Electrical heating using conductive concrete has excellent potential for domestic and outdoor environments,
especially for de-icing of parking garages, sidewalks, driveways, highway bridges, and airport runways.

VI.CONCLUSIONS

The thermal conductivity of copper and steel slag are studied. The heat retaining capacity of the conductive
concrete proved to be a valuable asset for its de-icing and anti-icing applications. Research is also being made to

implement the conductive concrete in the steam power plants.
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Abstract— Cement manufacturing industry is one of the carbon dioxide emitting sources besides deforestation and
burning of fossil fuels. The global warming is caused by the emission of greenhouse gases, such as CO,, to the
atmosphere .Among the greenhouse gases; CO, contributes about 65% of global warming. The global cement
industry contributes about 7% of greenhouse gas emission to the earth’s atmosphere. In order to address
environmental effects associated with cement manufacturing, there is a need to develop alternative binders to make
concrete. Efforts have been made in the concrete industry to use waste glass as partial replacement of coarse or fine
aggregates and cement. In this study, finely powdered waste glass is used as a partial replacement of cement in
concrete and compared it with conventional concrete. This work examines the possibility of using Glass powder as a
partial replacement of cement for new concrete. Glass powder was partially replaced as 5%, 10%, 15%, 20%,
25%and 30% and tested for its Compressive, Tensile and Flexural strength up to 28 days of age and were compared
with those of conventional concrete. From the results obtained, it was found that 10% replacement of cement with
glass powder as optimum;

Keywords—powdered glass; workability, alkalinity, split tensile, pozzolanic

I. INTRODUCTION

A. Glass
Glass is a widely used manufactured product in our life in various forms such as sheet glass, bottles, glassware
etc. Glass is an amorphous material with high silica content(SiO,) i.e.72% waste glass when grounded to very
fine powder (600 micron) reacts with alkali in cement (Pozzolana reaction) &cementations product that help to
contribute to the strength development [Veena et al,2014].Since glass is a non-bio-degradable product, ideal for
recycling. The physical and chemical properties of glass powder is mentioned in table I, 11 and 111
B. Recycling of Glass
An enormous quantity of waste glass is generated all around the world. The land filling of waste glass is
undesirable, since it is a non-biodegradable it is less environmental friendly. Use of recycled materials in
construction is the most attractive option because of the large quantity due to widespread sites of construction.
Thus there is a need of utilizing waste glass. There is huge potential for using waste glass in the concrete
construction sector. Waste glasses when reused in making concrete products can decrease the cost of
construction.

Il. OBJETIVE OF THE WORK
The main objective of this research is to assess the properties of concrete when the cement was partially
replaced by the waste glass powder of size less than 75um.
a) To find the optimum replacement percentage of waste glass powder as the partial replacement of cement in
concrete production.
b) To determine the strength characteristics of concrete like flexural strength, compressive strength and split

tensile strength.



I1l. MATERIALS AND METHOD
C. Cement

In this research, locally available cement which is of the Ordinary Portland Cement type (53 grade) was used
conforming to IS 8112 throughout the work.

D. Water
Water used was potable, fresh, colorless, odorless, and tasteless water that is free from organic matter of any

type conforming to 1S3025.

E. Fine Aggregates
The locally available sand confirming to zone Il having the specific gravity 2.48 was used for this study. The

coarse aggregate used for this research is 20mm size with specific gravity 2.8. The tests were done as per
Indian Standard Specifications IS: 2386.

F. Waste Glass Powder
Waste glass locally available and it has been collected and made in to glass powder. Before adding glass powder

in the concrete it has to be powdered to required size. In this experiments glass powder (GLP) having particle

size less than 75um was used.

Fig: 1 Waste Glass Powder

TABLE |
PHYSICAL PROPERTIES OF GLASS POWDER
S.No Physical Properties of Glass Powder
1 Specific gravity 2.6
2 Fineness Passing 150um 99.5
3 Fineness Passing 90um 98
TABLE Il
CHEMICAL PROPERTIES OF GLASS POWDER
S:No Chemical Properties of Glass Powder
1 pH 10.25
2 Colour Grayish white
TABLE Il
CHEMICAL COMPOSITION OF GLASS POWDER
S Chemical Properties of % by
No Glass Powder mass
1 Si02 67.330
2 Al203 2.620
3 Fe203 1.420
4 TiO2 0.157
5 Ca0 12.450
6 MgO 2.738
7 Na20 12.050
8 K20 0.638
9 Zr02 0.019
10 ZnO 0.008
11 SrO 0.016
12 P205 0.051
13 NiO 0.014
14 CuO 0.009
15 Cr203 0.022




G. Experimental plan
Experiments were conducted on concrete prepared by partial replacement of cement by waste glass powder of
particle size 75um.The cement was replaced by waste glass powder as 5%,10%, 15%, 20%, 25% and 30%.

Three specimens were prepared and tested for each replacement of cement.

H. Mix Design

The concrete mix design was prepared as per 1S 456:2000 and IS 10262:2009. The grade of concrete used for
this study is M35. The mixture was prepared with the cement content of 413.33 kg/m? with w/c ratio of 0.45.
The mix proportion of materials is 1:1.63:2.94.Chemical admixture was not used here. The partial Replacement

of cement by using glass powder is mention in table V.

TABLE IV
PARTIAL REPLACEMENT OF CEMENT BY USING GLASS POWDER
S Cement Glass Fine Coarse
Nc.) % of Replacement Ka/m? powder aggregate aggregate
' g Kg/m? Kg/m? Kg/m?
1 0% 413.33 - 673.712 1215
2 5% 389.33 20.67 673.712 1215
3 10% 372 41.33 673.712 1215
4 15% 351.33 62 673.712 1215
5 20% 330.66 82.67 673.712 1215
6 25% 310 103.34 673.712 1215
7 30% 289.33 124 673.712 1215

IV DURABILITY TEST

The concrete prepared with various percentage replacement of the cement such as 5%, 10%, 15%, 20%, 25%
and 30%was cured under normal condition as per IS recommendation and were tested at 28 days for
determining the compressive, tensile and flexural strength and also compared with the test results of
conventional concrete

I. Compressive Strength

The specimen cubes of size 150mm x 150mmx 150mm were casted and the compressive strength test was carried
out as per 1S: 516 — 1959 AT 28th day using compression testing machine. The results obtained from the test have

been tabulated in Table V. Compressive Strength of M35 Grade V/S % Of Glass Powder is mentioned in figure 2

TABLE V
COMPRESSIVE STRENGTH OF CONCRETE
Percentage .
Slno replacement of Number of Cosrggrr]estshlve
" | cement with glass cubes N /m?nz
powder

1 0 3 35.52
2 5 3 38.28




3 10 3 40.25
4 15 3 34.62
5 20 3 34.25
6 25 3 32.82
7 30 3 31.26
Compressive strength N/mm?
50
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Fig 2: Compressive Strength of M35 Grade V/S % of Glass Powder

J. Tensile Strength

The specimen cylinders of diameter 150mm and height 300mm were casted and the tensile strength test was
carried out as per IS: 516 — 1959 AT 28th day using compression testing machine. The results obtained from the
test have been tabulated in Table VI. Tensile Strength of M35 Grade V/S % Of Glass Powder is mentioned in

figure 3

TABLE VI

TENSILE STRENGTH OF CONCRETE

Percentage replacement .
Sl.no. of cemsg\tN \év(ietrh glass ’\él;rl?r?ggrgf Tensll\lﬁ msrtrzzength
1 0 3 5.99
2 5 3 9.79
3 10 3 10.98
4 15 3 8.08
5 20 3 7.79
6 25 3 7.23
7 30 3 6.59
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Fig 3: Tensile Strength of M35 Grade V/S % Of Glass Powder
K. Flexural Strength
The prism of size 100mm x 100mm x 500mm were casted and the flexural strength test was carried out as per IS:
516 — 1959 AT 28th day using compression testing machine. The results obtained from the test have been
tabulated in Table VII. Flexural Strength of M35 Grade V/S % Of Glass Powder is mentioned in figure 4

TABLE VII
FLEXURAL STRENGTH OF CONCRETE

o, | or g | Mumberof | Flal g
powder
1 0 3 4.8
2 5 3 5.7
3 10 3 6.2
4 15 3 54
5 20 3 5.0
6 25 3 4.3
7 30 3 4.0

Flexural strength N/mm?

== Flexural
strength

O R N W b U1 OO0

0 10 20 30 40

Fig 4: Flexural Strength of M35 Grade V/S % Of Glass Powder

L. Alkalinity test:
After 28 days curing the specimen are taken out from curing tank. Specimens are dried in oven at 105°C for

24 hours. The dry specimens are cooled to room temperature. Dry specimens are broken and separated the

mortar from the concrete. Then the mortar is grinded into powder form. The powdered mortar is sieved in 150p.



10 gm of mortar is taken and it is diluted in 50ml distilled water and completely stirred it. Then the pH
meter immerse into the solution and pH value of the solution is noted Fig.4. The general pH value of the
solution and the level of inducing corrosion in the concrete was noted and the results are shown in table

VIII. Alkalinity test on Glass powder added concrete is mentioned in figure 5

Fig 5: Alkalinity test on Glass powder added concrete

TABLE VIII
THE ALKALINITY TEST VALUES FOR GLASS POWDER ADDED CONCRETE
% Replace_ment of Glass powder pH Value
in concrete
0 12.3
5 121
10 12.7
15 124
20 12.6
25 125
30 12.67

V. RESULT AND DISCUSSION

e The compressive strength test on both conventional and glass added concrete was performed on
standard  compression  testing  machine of  3000kN  capacity, as per 1S516-
1959.cubicalspecimensofsize150mmX150mmX150mm was casted and tested for the compressive
strength at the age of 28days . Each of the compressive strength test data corresponds to the mean value
of the compressive strength of three cubes. At 28 days the glass powder shows a strength of
40.25N/mmz2, strength at 10% cement replacement,

e The Tensile Strength test on both conventional and glass added concrete was performed on standard
compression testing machine, as per 1S: 516-1959prism specimens of size cylinders of diameter
150mm and height 300mm was casted, glass powder added concrete at the age of 28 days. At 28 days,
in 10% replacement the strength has been increased to 10.98N/mm?2 .

e The flexural strength test on both conventional and glass added concrete was performed on standard
Universal testing machine,asperlS:516-1959prism specimens of sizel00mmX100mmX500mm was
casted glass powder added concrete at the age of 28 days . At 28 days, in 10% replacement the strength
has been increased to 6.2N/mm2



e The pH value observed from the alkalinity test showed that the specimen tested found to be more

alkaline and hence more resistant towards corrosion.

V1. CONCLUSION
Conventional concrete shows at 28 days compressive strength as 40.25N/mm?, split tensile strength of
10.98N/mm? and flexural strength of 6.2N/mm?

1. Replacement of glass powder in cement by 10% increases the compressive strength by 13.32%, respectively.
2. Replacement of glass powder in cement by 10% increases the split tensile strength by 83..5% respectively
3. Replacement of glass powder in cement by 10% increases the flexural strength by 29.16% respectively.

4. Glass powder concrete increases the compressive, tensile and flexural strength effectively, when compared
with conventional concrete
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LABORATORY STUDY OF POROSITY
AND STRENGTH PROPERTIES OF
PERVIOUS CONCRETE

K.VISHALINI, T.SHEELARANI, S.YAMINI, T.CHOCKALINGAM
B.E. Student, Ramco Institute of Technology-Rajapalayam.
Assistant professor, Ramco Institute of Technology-Rajapalayam

Abstract: The main aim of this project is to check the properties of pervious concrete without using any admixtures.
Pervious concrete is a special type of concrete with high porosity used for concrete flat work applications that allow
water from precipitation and other sources to pass directly through, thereby reducing the runoff from a site and
allowing ground water recharge. This paper mainly focus on compressive strength, flexural strength, split tensile
strength and porosity of pervious concrete. Consider to investigate the result of compressive strength, “cube” of size
150mm x 150mm x 150mm, for split tensile strength and “cylinder” of size 300mm x150mm are prepared and tested
should be carried out at a regular interval of 7 ,14 and 28 days. Different concrete mix proportion such as 1:5, 1:4.5,
1:3.2 and with size of coarse aggregate such as 12.5mm should be used to check the properties of pervious concrete.
Keywords: Aggregates, Mix Proportion, Compressive strength, Porosity, Curing.

I. INTRODUCTION

Pervious concrete which is also known as the no-fines, porous ,gap-graded, and permeable concrete and
enhance porosity concrete has been found to be a reliable storm water management tool. By definition, pervious
concrete is a mixture of coarse aggregate, cement, water, little or no sand (fine aggregate) ,with or without
admixtures. It has just enough cementitious paste to coat the coarse aggregate particles while preserving the
interconnectivity of the voids.It consists of 15% to 35% voids, allowing for quick drainage.In late 1940s and
early 1950s ,the no-fines concrete had been used for the construction of high rise buildings due to its light
weight.Pervious concrete can be used in a wide range of applications, although its primary use is in pavements
which are in; residential roads, alleys and driveways, low volume pavements, low water crossings, sidewalks
and pathways, parking areas, tennis courts, slope stabilisation, sub-base for conventional concrete pavements
etc. Pervious concrete has a lower compressive strength and a lower unit weight (approximately 70% of

conventional concrete). However, pervious concrete has a greater advantage in many regards.
I1.LAIM AND OBJECTIVES

The aim of this research work is to study the properties of no-fines concrete with different mix proportion by
varying aggregate-cement ratio. The main aim behind this research work was to produce a concrete block
without fine aggregate particle which would result in lower density with sufficient strength thereby reducing

production cost. The objectives are as follows:

» To investigate the performance characteristics of the pervious concrete such as Compressive strength
and flexural strength, split tensile strength.

» To determine the effect of mix type on the engineering properties of thepervious concrete.



I1l. EXPERIMENTAL STUDY

Number of no-fines concrete mixes was prepared by varying aggregate-cement ratio and water-cement ratio
were a/c ratio of 1:5, 4.5:1 & 3.2 :1, wic ratio of 0.4 and coarse aggregate of 12.5mm down size has been used

in this study. Mixing of concrete was carried in concrete mixer for thorough mixing.

Firstly dry mix of coarse aggregate and cement was carried for about 1.5minutes and later calculated water was
added to the dry mix and mixed for about 3minutes in the mixer. After thorough mixing, concrete mixture is
then placed over a tray and then concrete was transferred into cube of size 150mm x150mmx150mm ,cylinder
of size 300mm x 150mm and beam of size 500mmx100mmx100mm. Concrete specimens were de-molded after
24 hours and is cured by means of gunny bag curing. Then these cube and beam specimens were tested for

compressive strength and flexural strength respectively at the age of 7 days, 14days and 28 days.

IV. MATERIALS AND METHODOLOGY
Constituent materials used for the study were cement, coarse aggregate, fine aggregate and water. Properties of
the material used in this study are mentioned below.
» Cement: Ordinary Portland Cement of 53 grade was used in this study. The properties of cement are
given below.
» Coarse aggregate: Crushed angular aggregate of 12.5mm down size obtained from local quarry was
used in this study and its properties are given below.
» Water: Tap water available in concrete laboratory was used for mixing and curing of concrete .

TABLE 1
PHYSICAL PROPERTIES OF MATERIALS
S.No Properties Cement Coarse aggregate
1. Consistency 36%
2. Initial setting time | 35 minutes
3. Final setting time | 230 minutes
4. Specific gravity 3.15 2.7
5. Water absorption - 0.5%
6. Soundness 4 mm
7. Fineness modulus - 7.67%

V. CASTING OF SPECIMEN

Cubes of size 150x150x150mm, cylinder of size 300mm x 150mm and beams of size 500x100x100
mm were casted to carry out the compression, split tensile strength and flexural strength respectively. The fresh
mix was placed in the mould . After demoulding they were cured by means of gunny bag curing for 7, 14 and 28

days respectively.

VI. TESTING OF CONCRETE
A. Compression Test
The compression test was studied in the CTM (Compression Testing Machine) 2000KN capacity. The

load is applied at a uniform rate till failure. The compression test values are tabulated below:



TABLE 2
COMPRESSIVE STRENGTH OF SAMPLES

Size Of Aggregate Mix Type Compressive Strength
WI/C Ratio
7 Days 28 Days
5:1 04 24 4.59
125 45:1 0.4 3.91 6.12
3.2:1 04 5.91 10.08

Mix Type vs Compressive
£
= strength
1S3 10.08
g 6.12
Eé_ 10 4.59
g2 o I L
g 5:1 4.5:1 3.2:1
S Mix Type

Fig 1.Mix Type vs Compressive Strength

B. Split Tensile Strength

The tensile strength of concrete is one of the basic and important properties. Splitting tensile strength test on
concrete cylinder is a method to determine the tensile strength of concrete.The concrete is very weak in tension
due to its brittle nature and is not expected to resist the direct tension. The concrete develops cracks when
subjected to tensile forces. Thus, it is necessary to determine the tensile strength of concrete to determine the

load at which the concrete members may crack.

Split tensile strength (T) = 2P/ aDL

TABLE 3
SPLIT TENSILE STRENGTH OF SAMPLES

Size of Aggregate | Mix Type | W/C Ratio | Split Tensile Strength at the end of 28 Days
5:1 0.4 0.58
125 45:1 0.4 0.654
3.2:1 0.4 0.94

Mix Type vs Split Tensile Strength

c

'é 1

g 08

% g 0.6

==04

c

E 0.2

= 0

@ 5:1 4.5:1 3.2:1

Mix Type

Fig 2.Mix Type vs Split Tensile Strength



C.Porosity

The porosity test was carried out at 28 day of age. The open porosity was measured as the percentage of pore

volume or void space within the concrete that can contain water

— W2-Wy
V.= [1'm] 100%

TABLE 4
POROSITY OF SAMPLES
Mix Type | Size of Aggregate (mm) | Weight of dry specimen(w,) | Weight of saturated specimen(w,) | Porosity in %
5:1 8.94 11.37 28
45:1 12.5 8.64 11.13 26.2
3.2:1 9.65 12.26 22.67

Porosity vs Compressive
Strength

20
10 Lo 612 10.08

0
28 26.2 22.67

Compressive Strength
in Mpa

Porosity in %

Fig 3.Porosity vs Compressive Strength

VII. RESULT &DISCUSSION

The following conclusion are based on the experimental study on no-fines concrete.

>

(1
[2
(3]

[4]
[5]

From this study, for building application aggregate-cement ratio of 3.2 :1 without fines aggregate mix
at 0.4 wic ratio is recommended whose 28 day Compressive Strength was found to be 10.08 N/mmz2.
Strength properties of investigated no-fines concrete are found to be lower than that of conventional
concrete but are sufficient enough for structural use such as sidewalks, roadways, tennis courts and low
traffic areas.
A decreases in porosity of the pervious concrete mixtures were found to be increasing in compressive
strength. A reduction in compressive strength were observed when the pre sizes in the mixture were
higher.
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vulnerabilities, and the presence of malicious threats. Smaller areas, such as vulnerability
assessment and penetration testing, are also covered because they are very significant in the
security of information. While vulnerability assessment is a necessity, penetration testing is
purely an option to the security engineer. This paper aims to propose methods to avoid the
cyber crimes.

CAREER DENDROGRAM
R. Venkatesh, N. Rajalakshmi, V. Priyadharshini, N. Siva Sakthi and K. Logeswari
Department of Computer Science and Engineering, Ramco Institute of Technology, Rajapalayam.

A national database of actual requirement of workforce, category-wise for both Government
and Industry, the type of educational or skill qualification required, nature of job, eligibility
criteria, salary, career development /progression in every field / sector of employment is
urgently required. Employment is the greatest challenge these days. The problem is not that
we do not have employment opportunities but that we do not get exposed to all the available
opportunities. This is because there is no website application that can provide both career
guidance and job opportunity to individuals at the same time. So the anticipated outcome of
this paper is to build a website application that makes this type of website a reality. In this
paper, the proposed scheme is not only efficient in providing career guidance and exposing
individuals to all the job opportunities but it also helps in increasing the career development.

RANKING BASED ON SENSITIVITY SCORE AND DATA

CLASSIFICATION
J. Sabthami, K. Esakki, K. Kandha Vivek Raj, M. Mathu Kumar and P. Muthu Manickam
Department of Computer Science and Engineering, Ramco Institute of Technology, Rajapalayam.

Large amount of data are used in our day to day life. To improve the security and find the
category name of the document, all documents need to be assigned with a sensitivity value
that properly indicates their business value and criticality to the organization. The system
proposed in this paper aims to semi-automatically measure the sensitivity levels of data assets.
The categories of data in the organization and their sensitivity levels are initially determined
by Subject Matter Experts (SMEs). From the set of documents of different category, the
features (Unique words in the document) are extracted using pre-processing like Bag of
Words (BOW) Extraction, Stop Word Removal, POS Tagging, Noun phrase identification.
The useful feature from pre-processed document is selected by Term Frequency and Inverse
Document Frequency (TF-IDF). The categories of the documents are identified using the
classification algorithm like Naive Bayesian Algorithm (NB). Finally, based on the
classification result to the sensitivity of the assets is calculated.

PREDICTING EMPLOYABILITY OFASTUDENT INR

PROGRAMMING

V. Manjula, M. Devi Uma Sankari, A. Periya Nayaki and R. Saranya
Department of Computer Science and Engineering, Kamaraj College of Engineering and Technology,
Virudhunagar.

The students employability is a major concern for the institutions offering higher education

and a method for early prediction of employability of the students is always desirable to take

timely action. The company invests huge time & money (budget) on training the fresh

engineering graduates to make them ready for work. Various classification techniques of data
18
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TWO LEVEL QR CODE USING PRIVATE MESSAGE SHARING AND
DOCUMENT AUTHENTICATION

P. Vasantha, M. Sangeetha, P. Rajeswari and P. Gopikannan
Department of Computer Science and Engineering, P.S.R Rengasamy College of Engineering for Women,
Sivakasi.

The quick response (QR) code was designed for storage information and for high speeds
reading application. In this paper we present a new rich QR code that has two storage levels
and used for document authentication. The two level QR code means private level and public
level. The public level QR code is same as the standard QR code storage level and it is
readable by any classical QR code applications. The private level QR code allows us not
only to increase the storage capacity of the QR code but also distinguish the original
document from a copy. The experimental results show a perfect restoration of private
information. It also highlights the possibility of using this new rich QR code for document
authentication.

ACOMPARATIVE STUDY BETWEEN SUPPORT VECTOR MACHINE
AND NAIVE BAYESALGORITHMS FOR CARDIOTOCOGRAM DATA
CLASSIFICATION

D. Jagannathan
Department of Computer Science, Dr. C.V Raman University, Chhatisgarh

Cardiotocography (CTG) is a simultaneous recording of Fetal Heart Rate (FHR) and Uterine
Contractions (UC). It is one of the most common diagnostic techniques to evaluate maternal
and fetal well being during pregnancy and before delivery. By observing the
Cardiotocography trace patterns doctors can understand the state of the fetus. There are
several signal processing and computer programming based techniques for interpreting a
typical Cardiotocography data. Even few decades after the introduction of Cardiotocography
into clinical practice, the predictive capacity of these methods remains controversial and still
inaccurate. In this paper, a model based CTG data classification system using a supervised
SVM and Naive Bayes is implemented which can classify the CTG data based on its training
data. According to the arrived results, the performance of the supervised machine learning
based classification approach provided significant performance. In this paper, we have used
Accuracy, Specificity, NPV, Precision, Recall and ROC are used as the metric to evaluate the
performance. It was found that, the SVM based classifier was capable of identifying Normal,
Suspicious and Pathologic condition, from the nature of CTG data with very good accuracy.

SECURE DE-DUPLICATION IN HYBRID CLOUD
R. Venkatesh, L. Ramesh, M. Siva, S. Manikandan and C. Manojkumar
Department of Computer Science and Engineering, Ramco Institute of Technology, Rajapalayam.

Data de-duplication is a data compression technique for eliminating duplicate copies of
repeating data (file formats) and has been widely used in cloud storage to reduce the amount
of storage space and efficient access. To protect the privacy of sensitive data while supporting
de-duplication, the convergent encryption technique has been used to encrypt the data before
outsourcing. To maintain data security, formally address the problem of certified data de-
duplication. Unlike other traditional de-duplication systems, the differential privileges of
users are further considered in duplicate check besides in data. We also present several new
de-duplication structures supporting authorized duplicate check in hybrid cloud architecture.
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POWER PRODUCTION FROM WASTEWATER BY
MICROBIAL FUEL CELL

! M.Chinthamani, °G.Daniel, *M.Ganapathisubramanian, “C.Subha
U.G student, *Assistant professor
Department of Civil Engineering
Ramco Institute of Technology, Rajapalayam, Tamil Nadu
civilchinthamani@gmail.com, williamdanielgp@gmail.com, ganapathisubramanian090@gmail.com

Abstract - Microbial fuel cell (MFC) is a new
technology that not only generates energy but
treats wastewater as well. A air-cathode MFEC was
operated under laboratory conditions.
Wastewater samples from chemical industries
were collected and treated for 312 h in MFC. The
treatment efficiency for COD removal in MFC
was in range of 85-90% at hydraulic retention
time (HRT) of 310 h and had significant impact on
wastewater treatment as well. The maximum
voltage of 1130 mV was generated .The minimum
voltage was produced in wastewater which was
139 mV. There was positive significant co-relation
between COD concentration and generated
voltage. Further research should be focused on the
organic contents of wastewater and various ionic
species affecting voltage generation in MFC.

I. INTRODUCTION

Microbial fuel cells (MFCs) are a
promising technology for sustainable wastewater
treatment. In an MFC, biochemical reactions are
carried out by electro genic bacteria in an
anaerobic anode chamber, generating electrons
and protons through the degradation of the
organic substrates embedded in wastewater;
concurrently, electrochemical reactions occur in
the aerobic cathode chamber, whereby electrons
and protons are accepted through an oxygen
reduction reaction (ORR). Anaerobic treatment
of wastewaters is substantially less energy
intensive than aerobic treatment, however it
takes longer to accomplish due to the inherently
slow  growth process of  anaerobic
microorganisms. Because of this, there has been
little interest in applying anaerobic processes to
dilute wastewaters (e.g., domestic wastewater).

MFC systems operate on the
fundamental mechanisms of microbiology (e.g.
biofilm growth on electrode), biochemistry (e.g.
COD removal inside biofilms), and
electrochemistry (e.g. electron generation and
transfer on anodes and cathodes), which make it
truly challenging to achieve effective power
generation  simultaneously — with  effective
wastewater treatment.

Microbial fuel cell is found to be an
alternative  technology for direct power
generation. It is clean power generation
technique which does not generate secondary e
pollutants. Power generation of an MFC is
affected by many factors including microbe
type, ionic strength, pH, temperature, and
reactor  configuration.  These  operating
parameters can be regulated to decrease the
polarizations in order to enhance the
performance of an MFC. Use of wastewater in
the anode chamber reduces the cost of treatment
and reduces the problem of sludge deposal.
Other than power generation application of MFC
it has many other application such production of
bio hydrogen from MFC and used as biosensor
offset the large power demand from aerobic
treatment, it is important that cost-effective
processes be developed that can convert the
contaminant loads in domestic wastewater to
useable forms of energy. Over the past several
years, a great amount of effort has been invested
in testing MFCs at bench-scale, successfully
converting the organic substrates inherent in the
wastewater treatment to power.
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I1. MATERIALS AND METHODS

1.SURGICAL WASTEWATER

Surgical wastewater from chemical
industry is one of the most difficult industrial
wastewaters to treat since Surgical wastewater
are degradation organic molecules. It adversely
affects environment due to its immense colour
and toxicities.

Chemical industry generates high-volumes of
wastewater containing various chemical used is
bleaching and Drycleaning. Since, effluents of
Bleaching units are highly polluted and
dangerous, they have to be treated with right
technologies to nullify its harmful effect on the
environment. Since characteristics of effluents
varies with the type of raw materials used in the
Bleaching process, adopting right wastewater
treatment technology is a challenge.

2.ELECTRODE

Zhang et al., (2009) described the
electrode materials in MFC have some general
characters and also its self-characteristic. For all
the types of electrodes, their base materials must
generally of good conduction, good chemical
stability, high mechanical strength, and low cost.
Carbon materials and non-corrosive metals,
which can basically meet the general
requirements above, are currently the most-
widely used base materials. In addition, there are
some specific requirements for each group of
electrodes. Bio-electrodes function not only as a
conductor, but also as a carrier of bacteria, and
some special surface characteristics of electrode
materials, such as high surface roughness, good
biocompatibility, and efficient electron transfer
between bacteria and electrode surface, are
essential for high bio-catalytic activity. In order
to improve bacterial adhesion and electron

transfer, electrode surface modification has
become a new topic of interest in the research
field of MFCs. The electrode material for air—
cathodes with a catalyst is composed of a base
material, a catalyst, a binder, and a waterproof
coating. Material characteristics and functions
are specific for each part. The base material
generally only serves as supporting material and
current  collector. High conductivity and
mechanical strength are critical for it. But there
is no special requirement for bacteria adhesion.
A catalyst is important for air—cathodes, but not
absolutely necessary.

If necessary, the catalyst is
immobilized on the substrate surface with a
binder, and a hydrophobic coating is regularly
added onto the cathode to avoid water loss. To
reduce the cost of air—cathodes, several highly
specific materials, such as activated carbon, that
do not require a catalyst have been developed
and reported. For agueous air—cathode, only
base material, catalyst and binder are needed.

Another great challenge in making
MFCs a high performance and scalable
technology is  electrode  configuration.
Commonly used electrodes can be classified
according to their configurations: the plane
electrode and the three-dimensional electrode. A
good configuration for bio-electrodes must
provide a large surface area for bacterial
adhesion and ensure efficient current collection.
Plane electrode is more common for air—
electrode. When the air—electrode contains a
chemical catalyst, an effective configuration is
necessary to ensure the oxygen reduction into a
three-phase reaction involving the catalyst, the
air, and water.

3.MICROBIAL FUEL CELL

B.E.Logan, (2008) clarified that
microbial fuel cells (MFCs) are devices that use
bacteria as a catalyst for the conversion of



organic matter into electricity. An MFC
typically consists of anode (anaerobic) and
cathode (aerobic or aerated). In MFCs, microbes
on the anode surface oxidize substrates (organic
matter) and generate electrons and protons.
These electrons are transferred to the anode and
pass towards the cathode through an external
circuit to generate electricity. The generated
protons diffuse through the solution towards the
cathode.

S.No Parameter Test results
10.58 + 0.2
1 pH
8130 + 150
2 Total solids
3135 + 100
3 Total dissolved
soilds
681 + 20
4 Total susbended
soilds
4000 £ 50
5 Chemical  oxygen
demend
1200 + 50
6 Total alkalinity
Mfc Operation

Several disadvantages of batch operation
for the purpose of power generation in MFCs.
The nutrients available in the working volume
become depleted in batch mode. The substrate
depletion in batch MFCs results in a decrease in
bioelectricity production with respect to time.
This problem is solved in continuous MFCs that
are more suitable than batch systems for
practical applications. The advantages of
continuous culture are that the cell density,
substrate and product concentrations remain
constant while the culture is diluted with fresh
media. The fresh media is sterilized or filtered
and there are no cells in the inlet stream. The
batch operation was switched over to continuous

operation mode by constantly injection of the
prepared substrate to the anode compartment.
The other factors were kept constant based on
optimum conditions determined from the batch
operation.. The system was operated for 314 h
with the fixed HRT. Produced power and current
were recorded after 12, 24, 36 up to 302 h. The
obtained data had no significant improvement in
power and cell condition for any time after 120
h. Production of bioelectricity reached to steady-
state condition after 4 HRT.

Electrochemical measurment

Chong yang Gao et al., (2014)
reported that the Current (1) was calculated from
I = U/R, and cell power output (P) was
calculated from P = U * I. The power density
(Pv) was calculated using the equation: Py (W m’
%) = P/V, where P is cell power output, V is the
volume of the anodic chamber.

4.Result and discussion
COD removal

The Surgical cotton wastewater is often
complex with high COD concentration. COD
removals at the MFC were measured at different
HRTs. 120 h of HRT, 65% COD was removed
at the MFC .The Surgical cotton wastewater was
treated anaerobically in the anode chamber
where the anaerobic bacteria degraded
biodegradable organic— inorganic materials and
the high COD removal was achieved because the
cathode process acted as an additional aerobic
polishing step following the standard anodic
treatment. MFC anodes do not have ability to
thoroughly remove slowly biodegradable COD.

EFFECT OF COD CONSUMPTION RATE
ON POWER GENERATION

The power generation in the Air
cathode MFC was analysed by varying different



HRT from 24 days to 7 days. Surgical cotton
wastewater COD was in the range of 4000 = 300
mg L ™., voltage of 1130mV was achieved in
MFC. At the starting HRT of 24 days, voltage
was at 139mV.The highest voltage of 1130mV
was achieved at 6 days HRT. The Surgical
cotton wastewater is often complex with high
COD concentration. COD removals at the MFC
were measured at different HRTs. The Surgical
cotton wastewater was primarily treated
anaerobically in the anode chamber where the
anaerobic bacteria degraded biodegradable
organic— inorganic materials and the high COD
removal was achieved because the cathode
process acted as an additional aerobic polishing
step following the standard anodic treatment.
When a higher output power density is
produced, more energy is derived from the
respiratory chain. This compels microorganisms
to consume more carbon sources to maintain
their rate of metabolism.

Figure 4.3 shows the maximum COD removal of
71% obtained at 12 days HRT. At the time of 24
days HRT, organic loading was sufficient
therefore the microorganisms consumed enough
carbon as their food. So at 24 days HRT the
COD removal was high as 66%. Overall COD
removal decreased from 66% to 30% with an
increase in Surgical cotton concentration and
organic loading. In this experiment increase in
the HRT from 24d to 7 d enhanced the
performance of total COD removal from 66% to
30%. At the time of 7 days, organic loading was
high compare to 24 days HRT, so the removal
decreased to 30%.

COULOMBIC EFFICIENCY

The Coulombic efficiency or
charge acceptance is a measure of how much
usable energy is available during discharging
compared with the energy used to charge the
cell. The coulombic efficiency was increased
due to the presence of electro genic bacteria, but

it may decrease due to high saturation condition
in anode surface. At the time of 24 days HRT
the coulombic efficiency is low, because at the
time production of power density is low. Figure
4.6 shows the coulombic efficiency at different
HRT with power density. Due to the effective
role of electro genic bacteria at the anode
chamber. The power generation was maximum
at the HRT of 6 days with the coulombic
efficiency of 45%. The minimum efficiency
obtained at the HRT of 7 d was found to be 14
%.
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CONCULSION

The present study explains that air cathode MFC
operated in continuous mode with surgical
cotton industry waste water proved to be
efficient for generating electricity.the continuous
air cathode MFC achived maximum efficiency
at OLR 1000gCOD/I where the highest power
density of 34.63 Mv/cm® and maximum cod
removal of 66% was observed . Hence it is
concluded that MFC could be feasible obtion as
primary treatment to treat and generate
electricity from surgical cotton industry
wastewater.
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Abstract - Concrete is one of the most important composite materials in construction industry.
This paper deals with the study of concrete in hot weather condition and aims to increase the
performance of concrete and its workability. To improve the workability and to retard the setting
time of concrete, the paper suggests using an admixture called Haritaki which is eco-friendly to
environment. The thesis also deals with the properties and reaction of another retarding agent
called sulphonated naphthalene formaldehyde (CPLAST 144) and a comparison study is carried
out. Setting times of cement pastes prepared with Haritaki at different dosages were determined
and it was found that Haritaki addition causes considerable increase in both initial and final
setting times. Split tensile and compressive strength were determined on hardened concretes at
both early ages (7 days and 28 days). Further the respective tests are proposed to find the
optimum content of retarders on the basis of Setting time, Compressive strength and Split tensile
test.

1. INTRODUCTION

Concrete is a material composed of coarse granular material embedded in a hard matrix of
material that fills the space among the aggregate particles and glues them together. Globally, the
ready-mix concrete industry, the largest segment of the concrete market, is projected to exceed
$150 billion in revenue by 2017. A large number of retarding admixture products are available in
the market. Overdosing of retarders may result in decrease in strength of concrete or failure of
structures. Most of the constructions require pumpable and workable concrete. Thus, chemical
admixtures are required to be added to the fresh concrete mix. To increase the setting time,
achieve high workability in fresh state and desired compressive strength in hardened state of
normal concretes, Sulphonated naphthalene formaldehyde and Haritaki based admixture has
been incorporated. The setting behavior varies significantly from one brand of cement to another.
Hence, it is required to study the compatibility between the retarder and Haritaki replaced
concrete before a suitable combination is used, especially when increase in time, high
workability, slump retention and required strength are to be obtained.

2. PROPERTIES OF MATERIALS

2.1 Haritaki

Haritaki (Terminalia chebula) possesses a great therapeutic value and is widely
distributed in India. It is an admixture used in medicinary plant. This plant leaves powder, which
can be replaced partially with cement. Detail Experimental investigation is done in the laboratory
to determine the optimum usage of these herbal products in Concrete, Reinforced concrete
structures as well as in prestressed concrete.

Table 2.1 Properties of Haritaki
pH Value 35t04.1
Cost of Haritaki 50 per kg
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2.2 Sulphonated Napthalene Formaldehyde

Sulphonated Napthalene formaldehyde is a major ingredient of super plasticizers. It takes
role in neutralizing the surface charges on the cement particles and enhancing water tied up in
the cement agglomerations and thereafter reducing the viscosity of the paste and concrete. It
promotes dispersing of cement particles and reduce water requirements without affecting the
workability, thus resulting high strength concrete and lower permeability.

Table 2.2 Properties of Sulphonated Napthalene Formaldehyde

pH value 7.0t0 9.0
Appearance Brownish colour
Specific gravity 1.19t0 1.24
Cost 190 per litre

2.3 M-Sand

Manufactured sand (M-Sand) is a substitute of river sand for concrete construction. It is
used as a partial replacement of fine aggregate. It is produced from hard granite stone by
crushing. The crushed sand is of cubical shape with grounded edges, washed and graded.

Table 2.3 Properties of M-sand

Bulk density 1.75kg/m3
Specific gravity 2.73 10 4.66
Slump value 55 mm
Sieve size 150 micron to 4.5 mm
Water absorption 2.2

3. MATERIAL TESTING

3.1 Specific Gravity

Specific gravity is the ratio of the density of a substance to the density of a reference
substance; equivalently, it is the ratio of the mass of a substance to the mass of a reference
substance for the same given volume.

11{2 = .“Il
(F= :
(M, M,)-(M;-M,)
1. Fine Aggregate 2.94
2. Coarse Aggregate 2.85
3. Cement 2.9

3.2 Water Absorption
Water absorption is the amount of water taken up by the fine or coarse aggregate to
achieve the desired consistency or optimal end result.
Water absorption = [(B — A)/B] x 100%

Water Absorption of Coarse Aggregate = 0.5%

3.3 Particle Size Distribution
Particle size distribution also known as gradation refers to the proportions by dry mass



of a soil distributed over specified particle size ranges. Gradation is used to classify soils for

engineering and agricultural purposes.

4. MIX DESIGN

Fineness Modulus = 8.14

In this study, mix of concrete grade (Ms;) were produced with partial replacement of
Haritaki with water (5%,10%,15%,20% and 25%) The mix design process adopted was the
Indian Standard Method. However, a certain amount of water was replaced with Haritaki by its
weight of cement. Mix design for Mgp as per 1S 10262:2009 and IS 456:2000is 1:1.58 : 2.71

5. REPLACEMENT PROPORTIONS OF SETTING TIME TEST

5.1 Haritaki
Replacement (%) 5 10 15 20 25
Initial Setting Time (mins) 30 45 55 75 95
2 100
E
)]
E 50
8
T o0
5 10 15 20 25
Replacement (%)
Fig 5.1 Replcement vs Initial Setting time of Haritkai replaced concrete
5.2 Sulphonated Napthalene Formaldehyde
Replacement (%) 0.4 0.6 0.8 1.0 1.2
Initial Setting Time (mins) 45 50 50 80 95
100
£ 80 -
E 6o -
[}
E 40 -
T 20 -
T o0
04 06 08 1 12

Fig 5.2 Replacement vs Initial Setting Time of retarder replaced concrete

Replacement (%)




6. REPLACEMENT PROPORTIONS OF COMPRESSION TEST

6.1 Haritaki
Replacement (%) Average Compressive Strength of 3 cubes (N/mm?)
7 days 28 days
5 20.49 33.93
10 21.6 34.9
15 20.2 31.8
20 19.1 31.3

6.2 Sulphonated Napthalene Formaldehyde

Replacement (%)

Average Compressive Strength of 3 cubes (N/mm?)

7 days

28 days

0.8

23.55

34.48

7.REPLACEMENT PROPORTIONS OF SPLIT TENSILE STRENGTH TEST

7.1 Haritaki
Replacement (%) Average Split Tensile Strength of 3 cylinders (N/mm?2)
7 days 28 days
5 2.56 4.12
10 2.76 4.26
15 2.23 3.84
20 2.14 3.58

7.2 Sulphonated Napthalene Formaldehyde

Replacement (%)

Average Split Tensile Strength of 3 cylinders (N/mm?)

7 days

28 days

0.8

2.86

4.15

8. EXPERIMENTAL INVESTIGATION

8.1 Compressive strength

The cube specimens were tested in the compression testing machine with the capacity of 200
tonnes. The load is applied constantly at increased rate until the specimen is broken. The 28 days
strength of cubes with various proportions is compared below. Cube of size 150 mm x 150 mm x
150 mm concrete specimens were casting.




Compressive Strength of cubes
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Conventional Retarders Haritaki

concrete
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Fig 8.1 Comparison graph for compressive strength of cubes

8.2 Spilt tensile strength

Split tensile strength of concrete is usually found by testing plain concrete cylinders.
Cylinders of size 150 mm x 300 mm were casting using M3, grade concrete.

Split tensile strength of cylinders

H 7 days
M 28 days

Strength (N/mmg2)
o [l N w H w

Conventional Retarders Haritaki
concrete

Composition

Fig 8.2 Comparison graph for split tensile strength of cylinders

8.3 Setting time

Within the hardening time of cement, it continues to react with water and slowly starts
losing its plasticity. This complete cycle is called Setting time of cement. Retarders and Haritaki
shows increase in setting time.



Setting time of Retarder and Haritaki
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Fig 8.3 Comparison graph for setting time

9. DISCUSSION

®  Mjo concrete mix was designed.

® Consistency and setting time for various replacement of retarders and Haritaki based on
mass of cement was determined.

e Compressive strength and split tensile strength was checked for the Mgy concrete,
retarders and Haritaki replaced concrete cubes which was found to be satisfiable.

e Comparison graphs were drawn on the setting time study between the various replaced
concrete cubes.

* From the comparison it was inferred that the setting time of concrete gets increasing but
10% replaced concrete has a high strength capacity.

e Hence 10% - 15% replacement of concrete is found to be the Optimum content from all
the trial methods carried out.

10. CONCLUSION

The retarder was used as an admixture in concrete at hot weather condition to extend the
initial setting time of concrete. The properties of specifications are studied carefully to
manufacture the concrete with retarding admixtures. The initial setting time was extended and
the improvement in compressive strength was also achieved at an appropriate level of using the
retarders. The setting time of Haritaki is gradually increasing for each 5% replacement, but 10%
is suitable for achieving the required high strength of concrete. Hence the optimum dosage of
Haritaki in replacement with water is found to be 10% - 15%. It is evident that the over dosage of
admixture results in the decrease in strength of concrete.
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Shape and Size effect on Mechanical Properties of Pervious
Concrete
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Abstract-In this paper, influence of the different shape and size of specimens on the
properties such as compressive strength, split tensile strength and flexural strength of pervious
concrete was investigated. The value of aggregate-cement ratio and water-cement ratio was kept
constant as 3.2 and 0.4. It also focuses on permeability of pervious concrete. In order to find out
the result of specimen size on mechanical properties, “cubes” of size 100 x 100 x 100 mm, 150 x
150 x 150 mm, 200 x 200 x 200 mm, “cylinders” of size 50 x 100 mm, 100 x 200 mm, 150 x 300
mm were casted. Beams” of size 100 x 100 x 200 mm, 150 x 150 x 300 mm, 200 x 200 x 400
mm were also casted to check the size effect on flexural strength. Testing was carried out at a
period of 28 days. Size of the aggregate used was 10 mm. The slenderness ratio of 1, 2, and 2
was adopted for cube, cylinder, and prism respectively. Experimental results indicate that smaller
the size of specimen compressive strength, split tensile strength and flexural strength increases.
The reduction aspect of properties of pervious concrete, particularly with increasing the
slenderness ratio (L/D) was seen as a matter of great worry. With the results achieved the
correction factor has been developed for the further experimental investigations in pervious
concrete.

Keywords: Size effect, Specimen Shape, Pervious Concrete, Slenderness ratio

1 Introduction

Pervious concrete which is also known as the no-fines, porous, gap-graded, and
permeable concrete and enhance porosity concrete has been found to be a reliable storm water
management tool. By definition, pervious concrete is a mixture of coarse aggregate, cement,
water, little to no sand (fine aggregate) ,with or without admixtures. It has just enough
cementitious paste to coat the coarse aggregate particles while preserving the interconnectivity of
the voids. It consists of 15% to 35% voids, allowing for quick drainage. Due to increased void
ratio, water is conveyed through the surface and allowed to infiltrate and evaporate whereas
conventional surfaces will not do so. In late 1940s and early 1950s the no-fines concrete had
been used for the construction of high rise buildings due to its light weight. For porous concrete,
water permeability is the main specification requirement instead of its strength and continuity of
the open porous is the main concern in the production of porous concrete. The high water
permeability of porous concrete makes it to be considered as an environmentally friendly
concrete.

Pervious concrete can be used in a wide range of applications, although its primary use is
in pavements which are in: residential roads, alleys and driveways, low volume pavements, low



water crossings, sidewalks and pathways, parking areas, tennis courts, slope stabilization, sub-
base for conventional concrete pavements etc.

The proposed laboratory work is intended to study the effect of specimen size and shape on the
mechanical properties of the pervious concrete. Specimens of various sizes and shapes were cast
with square and circular cross sections i.e, cube, prism, cylinder to investigate the compressive
strength, flexural strength, split tensile strength at 28 days. Subsequently the compressive
strength will decrease with increase in the size of the specimen.

2 Experimental Program

2.1 Physical Properties of materials

Pervious concrete mixes with aggregate cement ratio of 3.2:1 and water cement ratio of 0.4 were
prepared containing Portland pozzalano cement (PPC), aggregate of 10 mm, water in a stable
form. The physical properties of aggregate were studied experimentally and it is tabulated below.

Table 1. Physical properties of aggregate

Specific gravity, G 2.39
Impact value 13.46%
Crushing Strength 24.46%
Abrasion value 57.2%

Water Content 0.5%
Fineness Modulus 7.93%

2.2 Specimens

Three different shapes of specimen (cube, cylinder, and prism) with I/d of 1, 2, 2 respectively
with mix ratio 1:3.2 and the water cement ratio 0.4. Three sizes of specimen were cast for each
shape of specimen which is listed in the table below.

Table 2. Size of Specimen

Cube 100x100x100 mm, 150x150x150 mm, 200x200x200 mm

Cylinder 50x100 mm, 100x200 mm, 150x300 mm

Prism 100x100x200 mm, 150x150x300 mm, 200x200x400 mm




(a) 200x200x200 mm (b) 150x150x150 mm (c) 100x100x100 mm
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(d) 150x300 mm (e) 100x200 mm (f) 50x100 mm

(g) 200x200x400 mm (h) 150x150x300 mm (i) 100x100x200 mm



2.3 Curing

After demoulding, samples were wrapped with the gunny bag and water was sprayed five times
a day (as shown in figure 2). Samples were unwrapped on day 27(28 day strength) and it is
allowed to dry under sunlight for 24 hours before the samples are tested.

Figure 2. Samples wrapped in gunny bag for curing

3 Results and Discussions

The compression test was carried out in accordance with MS 26: Part 2: 1991. Testing was
carried out in the compression testing machine (Figure 3) with a loading rate of 0.3 N/ (mm?2.s)

Figure 3. Compression testing machine, with 2000 kN loading capacity



Table 3.Experimental results for the samples

Shape Specimen Size in Density in Load in kN Compressive
mm kg/m?3 Strength at 28 days
in N/mm?
100 x 100 x 100 2010 73.1 7.31
Cube 150 x 150 x 150 1822 115.2 5.12
200 x 200 x 200 1694 181.6 4,54
50 x 100 2280 14.78 7.53
Cylinder 100 x 200 2095 49.22 6.27
150 x 300 1821 95.73 5.42
100 x 100 x 200 2450 27.33 5.47
Prism 150 x 150 x 300 2320 49.48 4.40
200 x 200 x 400 2041 75.71 3.78
Table 4. Compressive Strength comparison between Samples A
SAMPLE A | Cube 100 | Cube 150 | Cube 200 Cylinder Cylinder Cylinder
50 100 150
Cube 150 -29.96% +12.78% -32.01% -18.34% -5.54%
Cylinder 150 | -25.85% | +5.86% +19.38% -28.02% -13.56%
Inference:

From Table 4, there is 5.54% compressive strength increases, when the I/d ratio of
cube and cylinder increased from 1.0 to 2.0. For comparison of same I/d ratio 29.96%
compressive strength increases for 100 mm cube and 12.78% compressive strength reduction in
200 mm cube with respect to standard size of cube (150 mm cube). There is 5.86% compressive
strength reduction, when the I/d ratio of cylinder and cube reduced from 2.0 to 1.0. For
comparison of same I/d ratio 28.02% and 13.56% compressive strength increases for both 50 mm
cylinder and 100 mm cylinder respectively with respect to 150 mm cylinder.

Table 5. Correction Factor for Cube

Average
S.No | Specimen Size in mm Compressive Correction Factor
Strength in N/mm?
1. 100 x 100 x 100 7.31 1.43
2. 150 x 150 x 150 5.12 1
3. 200 x 200 x 200 4.54 0.89
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Inference:

Figure 5. Strength Factor (w.r.t., 150 mm
cube) vs Depth of cube

From Figure 4 and Figure 5, it can be concluded that the compressive strength of concrete
decreases linearly with the increase of cube depth. This also confirms the presence of a size
effect where the nominal compressive strength at failure decreases with the specimen size
increases. From Figure 5, the following empirical equation can be proposed:

y = -0.0054 x + 1.9167

Where,

y = the ratio of the given sample strength to 150 mm cube strength

x = Depth of cube in mm

Table 6. Correction Factor for Cylinder

Average
S.No | Specimen Size in mm Compressive Correction Factor
Strength in N /mm?
1. 50 x 100 7.53 1.39
2. 100 x 200 6.27 1.16
3. 150 x 300 5.42 1
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Inference:

From Figure 4 and Figure 5, it can be concluded that the compressive strength of concrete
decreases linearly with the increase of cylinder diameter. This also confirms the presence of a
size effect where the nominal compressive strength at failure decreases with the specimen size
increases. From Figure 5, the following empirical equation can be proposed:

y =-0.0039 x + 1.5733
Where,

y = the ratio of the given sample strength to 150 mm cylinder strength

x = Diameter of cylinder in mm

4 Conclusions

The effect of size and shape of a specimen on the pervious concrete compressive strength was
examined. From the experimental test results, the following conclusions may be derived:

1. The strength of cube specimens increases with the decrease of specimen sizes of same
slenderness ratio due to frictional effect.

2. The strength of cylinder specimens increases with the decrease of specimen sizes of same
slenderness ratio due to frictional effect.

3. The ratio of the 28 days compressive strength of non —standard cubes compared that of
standard 150 x 150 x150 mmcubes varied from 0.89 t01.43

4. The ratio of the 28 days compressive strength of non —standard cylinders compared that
of standard 150 x300 mm cylinders varied from 1 t01.39



5. Specimen sizes decreases with increases the compressive strength, split tensile strength

and flexural strength.
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NETWORK INTRUSION DETECTION
SYSYEM USING MACHINE LEARNING
ALGORITHMS

G.Mahalakshmi,
Assistant Professor,
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Rajapalayam, India

Abstract-Security of computers and the networks that
connect them is increasingly becoming of great
significance. Computer security is defined as the
protection of computing systems against threats to
confidentiality, integrity, and availability. The proposed
system has a machine learning based data classification
algorithm which is applied to network intrusion detection.
The classification of network is done by combining
Support Vector Machine (SVM) and Ant Colony Network
(AC).By using CSVAC (Combined Support Vector and
Ant Colony Network), the overall detection rate, false
positive and false negative are obtained. This algorithm is
implemented and evaluated using a standard NSLKDD
data set. This increases the performance on both
classification rate and run-time efficiency.

Keywords-Intrusion Detection System, Support
Vector Machine, Ant Clustering, NSLKDD Dataset.

LINTRODUCTION

An intrusion detection system (IDS) is a
network security technology originally built for
detecting vulnerability exploits against a target
application or computer. In other words intrusion
detection system is a device or software application
that monitors network or system activities for
malicious activities or policy violations and produces
electronic reports to a management station. Intrusion
Prevention System extended IDS solutions by adding
the ability to block threats in addition to detecting
them and has become the dominant deployment
option for IDS/IPS technologies. It is a type of
security software designed to automatically alert
administrators when someone or something is trying
to compromise information system through malicious
activities or through security policy violations.
An IDS works by monitoring system activity through
examining vulnerabilities in the system, the integrity
of files and conducting an analysis of pattern based
on already known attacks. It also automatically
monitors the internet to search for any of the latest

Kaleeswari M, Ponthamarai S, Sangeetha K,
Vyshali Rajeswari G V
Final year, Computer Science,
Ramco Institute of Technology,
Rajaplayam, India

threats which could result in a future attack. More
specifically, the goal of intrusion detection is to
identify entities attempting to subvert in-place
Security controls. There are two types of intrusion
detection systems such as,

NIDS - Network Intrusion Detection Systems.

HIDS - Host Intrusion Detection Systems.

A Network Intrusion Detection Systems

Network Intrusion Detection Systems (NIDS) are
placed at a strategic point or points within the
network to monitor traffic to and from all devices on
the network. It performs an analysis of passing traffic
on the entire subnet, and matches the traffic that is
passed on the subnets to the library of known attacks.
Once an attack is identified, or abnormal behavior is
sensed, the alert can be sent to the administrator.
While classifying the design of the NIDS according
to the system interactivity property, there are two
types: on-line and off-line NIDS. On-line NIDS deals
with the network in real time. It analyses the Ethernet
packets and applies some rules, to decide if it is an
attack or not. Off-line NIDS deals with stored data
and passes it through some processes to decide if it is
an attack or not

B. Host Intrusion Detection Systems

Host Intrusion Detection Systems (HIDS) run on
individual hosts or devices on the network. A HIDS
monitors the inbound and outbound packets from the
device only and will alert the user or administrator if
suspicious activity is detected. It takes a snapshot of
existing system files and matches it to the previous
snapshot. If the critical system files were modified or
deleted, an alert is sent to the administrator to
investigate.

I.LRELATED WORK
Security is an important issue for all the



networks of companies and institutions at the present
time and all the intrusions are trying in ways that
unsuccessful access to the data network of these
companies and Web services and despite the
development of multiple ways to ensure that the
infiltration of intrusion to the infrastructure of the
network via the Internet, through the use of firewalls,
encryption, etc. But IDS is a relatively new
technology of the techniques for intrusion detection
methods that have emerged in recent years. Intrusion
detection system's main role in a network is to help
computer systems to prepare and deal with the
network attacks.

Intrusion detection functions include:

1. Monitoring and analyzing both user and system
activities.

2. Analyzing system configurations and
vulnerabilities.

3. Assessing system and file integrity.

4. Ability to recognize patterns typical of attacks.

5. Analysis of abnormal activity patterns.

6. Tracking user policy violations

HIL.METHODOLOGY

A new machine-learning based data
classification algorithm 1is applied to network
intrusion detection system. Here the combination of
the SVM method and Ant Colony Network (CSVAC)
is used. Due to this modeling, the problem should be
described in terms of some standard mathematical
objects. In a CSVAC, ant moves the object on two
dimensional grids so as to cluster similar objects into
same region. In this process objects and ants are the
two basic entities. This algorithm is implemented
and evaluated using a standard NSLKDD data set.
The advantage of this system is that the there is a
high performance in classification rate and run-time
efficiency.

A. Normalizing data
The raw data set is given as input and it needs to
be normalized to avoid biasing.

B. SVM training phase

The SVM training is repeated upon different
training data sets. An SVM classifier is trained by
using only small amount of data sets from the whole
training data set and it is classified as normal and
abnormal.

C. Ant clustering phase

The clustering process is divided into several
periods by clustering around certain objects each
time. The objects for each clustering period are
support vectors marked by the last SVM training
phase.

D. Constructing classifier
A binary classifier based on intrusion detection
can be constructed by the result generated by SVM

Raw Data

v

Generalizing Data
I \ 4

SVM Ant Clustering

Training

Until least

v
Combination of

SVM and AC
Generation of Hyper plane *

clusters formed

Attack Classification

v

Calculation of
performance metrics

‘ Finish ’

Fig 1.System Architecture

training phase. For the normal data, the centers of the
clusters which include the support vectors are
computed, the computing times for normal data are
decreased. For the abnormal data, when the amount
of training data from each abnormal class is small,
the cluster centers of each data can be computed
quickly. The SVM is used to minimize the reduction
of detection rate which may be caused by the partial
clustering process.

E. Classifier modification
The classifiers can be modified gradually by

repeating the three steps,

e SVM training phase

e Ant clustering phase

e  Constructing the classifier
The repeating loops will terminate when both of the
two classifiers (SVM and AC classifiers) obtain a
satisfying detection rate upon the entire training data.



IV. SVM TRAINING

SVM is a learning method for the
Classification and Regression analysis of both linear
and nonlinear data. It uses a hypothesis space of
linear functions and maps input feature vectors into a
higher dimensional space all the way through some
nonlinear mapping. The SVM training is repeated
upon different training data sets. The training data for
each SVM training iteration are objects selected
randomly.

SVM testing is done based on the records in
SVM training data set. SVM constructs a hyper plane
or set of hyper planes only the good separation is
achieved by the hyper plane. The hyper plane
searching process in SVM is achieved by the leading
margin.

A network connecting record can be
described by several features of the connection and is
represented as a data point for SVM training. The
traditional SVM algorithm is operated over the entire
training data set. The number of training data points
determines the dimension of the matrix for
computing the kernel functions, which influences the
time of solving the QP problems. However, SVMs
have the property that the points that do not lie on the
margin do not need to be involved in the
computation. The same decision function is obtained
if some of the training data points, excepting the
support vectors, are removed. Hence, the number of
training data points can be reduced without losing
accuracy. An active learning SVM has to reduce the
amount of training data. Initially, an SVM classifier
was trained by using only small amount of data
points from the whole training data set. The SVM
classifier was then gradually modified by adding new
data points for the training. After each training
process, the output classifier is used to separate the
entire data. The recurrence of training a new
classifier can stop when a required correct
classification rate is obtained.

V. ANT CLUSTERING
The ant clustering algorithm can used for
intrusion detection problem. In natural the ants have
the intellective character. This algorithm describes
the Ant system manner based on such nature of ants
and it produced great result.
The ant colony algorithm classify the objects into
different classes the first one is normal and the
remaining classes are different kind of intrusions. The
intrusion detection classifier can be built based on
anomaly and misuse detection pattern.
The heuristic features of this algorithm are
robustness, distributed and parallel computing feature
and positive feedback characteristic. The clustering
process is divided into several periods by clustering

around certain objects each time. The objects for each
clustering period are support vectors marked by the
last SVM training phase.

Algorithm 1: Ant Clustering

Input: Number of Trails and Ants
1 begin
2 Randomly choose data points from each class
3 While number of agents added to the cluster
Do
4 While each ant completes the tour
Do
5 update the local trail
6 End
7  Analyze the tour for each Ants
8 Globally update the trail
9 end
10 end

VIL.SVM WITH ANT CLUSTERING

A new machine learning algorithm has been
introduced namely combine support vector and ant
colony (CSVAC). It is based on a mixture of
customized version of SVM and AC algorithm. The
interactive algorithm SVM and AC are taken multiple
times for intrusion detection system. At first SVM
finds the support vectors and then generate hyper
plane that is used to separate normal and as well as
for each class of abnormal data while an AC is used
to discover data added to the SVM training set. At
last Ant colony create models for normal data and
abnormal data.
Algorithm 2: SVM with clustering.
1 begin
2 Randomly select data points from each class.
3 Generate a SVM classifier.
4 while more points to add to training set do
5 Find support vectors among the selected
points;
6 Apply CSOACN clustering around the support
vectors;
7 Add the points in the clusters to the training set;
8 Retrain the SVM classifier using the updated
training set;
9 end
10 end

VII. DATA SET
The data set used in this process is NSL-KDD.
But the existing system used KDDCUP'99 data set.
KDDCUP'99 data set is not preferred in our proposed
system as it creates many inherent problems such as
very poor evaluation of anomaly detection. Some of



the advantages of NSL-KDD over the original KDD
data set are mentioned below,

NSL KDD data set does not include redundant
records in the train set, so the classifiers will not be
biased towards more frequent records. The number of
selected records from each difficulty level group is
inversely proportional to the percentage of records in
the original KDD dataset. As a result, the
classification rates of distinct machine learning
methods vary in a wider range, which makes it more
efficient to have an accurate evaluation of different
learning techniques.

The number of records in the train and test sets is
reasonable, which makes it affordable to run the
experiments on the complete set without the need to
randomly select a small portion.

VIII.LATTACK CLASSIFICATION

In this phase the new machine learning
algorithm has been introduced namely Combined
Support Vector and Ant Colony (CSVAC).It is based
on a mixture of the customized version of the two
algorithms discussed above (SVM and AC). The
interactive algorithm SVM and AC are taken multiple
times at this phase for intrusion detection. At first
SVM finds the support vectors and then generate
hyper plane that is used to separate normal and as
well as for each class of abnormal data while an AC
is used to discover data added to the SVM training
set.
At last ant colony create models for normal data and

CATEGORY | ATTACKTYPE

Normal Normal

Saten, [Psweep, Nmap, Portsweep,
Probe Mscan, Saint.

Back, Land, Neptune, Pod, Smurf,
DOS Teardrop, Mailbomb, Processtable,
Udpstorm, Apache2, Worm

Buffer overflow, Loadmodule,
U2R Rootkit, PErl, Sqlattack, Xterm, Ps

Guess_password, Ftp_Write, Imap,
R2L Phf, Multihop, Warezmasster,
Xlock, Xsnop, Snpguess,
Snmpgetattack, Httptunnnel,
Sendmail, Named

Table 1. Types of Attacks

abnormal data. It establishes the CSVAC based
classifier, which is a hybrid of the SVM classifier and
the Ant clustering classifier. By repeating the
processes of SVM training and Ant clustering, the
classifier is established.

Attacks are classified based on,
Probe, Dos, U2R, R2L

Four types of attacks, those features are derived as
the following four categories,

1. Basic features of individual TCP connection.

2. Traffic features computed using a 2s time
window.
3. Host-based traffic features.
4. Content features within a connection suggested by
domain knowledge
Attacks in testing dataset:
A. Probe

Probe is an attempt to gain access to a

Computer and its files through a known or probable
weak point in the computer system.
In this type of attack, an attacker examines a network
to gather information or discover well-known
vulnerabilities.

B. Dos: Denial Of Service

DOS is performed against an information
system to prevent legitimate users from accessing the
compromised system for service.

It makes the system to slows down or shut
down so it interrupt the service and rebuff the
indented authorized user. Due to this attack high
network traffic occurs.

C. U2R: User To Root

Attacker has local access to the victim
machine and tries to gain super user privileges.

In this attack, the attacker starts at client
level like snatching the password, dictionary attack
and at last attacker achieves the root to access the
system.

D. R2L: Remote To Local

Attacker does not have an account on the
victim machine but tries to gain access.

In this attack, the attacker can produce
vulnerability over a network and have the ability to
send a packet over a network which does not have an
account on that machine.

Algorithm 3: Attack classification

Input: Training set with each data labeled as normal
or abnormal

1 begin

2 Randomly choose data points from each class

3 Generate a SVM Classifier

4 While n number of data points added to training set
Do

5 Locate support vector among the chosen point;
6 Apply Ant clustering around support
vectors;

7 Add the points in the cluster to the training

set;



8 Retain the SVM classifier using the updated
training set;

9 Classification based on the attack types
10 end
11 end

XI.CALCULATION OF PERFORMANCE
METRICS

Compares the system performance under the
three different modes (SVM, AC, CSVAC), the
classifiers generated by them should be tested
separately by the same testing data set. The CSVAC
mode can be used to balance the performance of IDS
in terms of efficiency and accuracy. The following
measurements which are often used to evaluate the
efficiency of the classifier, is used in this research.
True positive: The number of sample that is
correctly classified into the class.
False positive: The number of samples being
wrongly classified into the class.
True negative: The number of outer samples that is
correctly classified.
False negative: The number of the class samples
which is wrongly classified into the other classes.

X.RESULTS AND DISCUSSION

By applying CSVAC Algorithm on selected
features it finds the attacks accurately, From the
exceeding implementation we have effectively
produce some rules those categorize the declared
attack connection, The training phase and testing
phase are executed by two independent modules. The
new algorithm processes the training and testing
phases parallel in the new IDS. This is an important
ability of IDSs that are intended for real- time
detection.

XI.CONCLUSION

In this proposed system, a new algorithm
(CSVACQ) for generating classifiers with clustering is
designed and applied to the intrusion detection
problem. This process combines the SVM and Ant
colony networks to classify the network data as
normal and abnormal. Due to modeling, the problem
should be described in terms of some standard
mathematical. The experimental result shows the
better performance in both detection accuracy rate
and faster running time.

X.FUTURE WORK
As future work, there is a consideration for
integrating the privacy preserving OLAP with the
proposed framework in order to improve the
effectiveness and the flexibility of IDS system. There

is a plan to enhance the CSVAC algorithm to
generate more SVM classifiers to handle multiclass
cases and find ways to convert a nonlinear
classification problem to a linear one by applying the
recently proposed Maximum Information Coefficient
(MIC) method.
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Abstract- With the booming trends in various
domains of the online social network; there is a need
for security and privacy concerns. As there is a
massive population of online social network users, it
is difficult to detect anomalous behavior of the users.
The present study aims at detecting the abnormal
activities exhibiting different behaviors in social
media application using Behavior-based anomaly
detection approach. Anomaly detection is a technique
to identify the anomalous activities from the social
media. In this paper, we have used the unsupervised
method to detect anomalies. For detecting such
anomalies, we group the users into clusters using K-
Means clustering algorithm. From the graph, the
abnormalities have been detected. The Risk score is
estimated by the Expectation Maximization algorithm
to identify the abnormal activities of the user. This
analysis is carried out using Facebook dataset.

Keywords-Online Social Network, Data Mining,
Anomaly Detection, Clustering, Risk Analysis,
Facebook.

I. INTRODUCTION

The popularity of online social network is ever
increasing. The social media are exposed to many
security and privacy concerns because of the threats
and attacks in it. These attacks exploit the
infrastructure to collect and expose personal
information of users. Lack of knowledge about the
social media leads public to suffer. To prevent this,
we prepare a framework to analyze the abnormal user
in the online social network. Our paper proposes a
solution to predict the abnormal behavior of the user
whose behavior diverges from the normal user. An
anomaly is a set of activities that deviate from the
normal behavior of the user. Anomalies are also
called as outliers, abnormities. Anomaly detection is
the processing technique for removing anomalous
data from the dataset. Therefore, in this paper
technique to analyze and detect the anomalous

behavior is covered. The paper is organized into
various sections. In section Il data mining topic is
discussed. In section 11l related works are discussed.
In section IV data mining approaches to anomaly
detection are discussed. Section V will discuss the
anomaly detection techniques available. Section VI
presents the risk assessment based on user behavior.
Section VII risky behaviors in online social networks
are discussed. Section VIII tells how the system is
implemented. Section X Clustering approaches is
discussed. Section X conclusion for the paper is
discussed.

I1. DATA MINING

Data mining is the process of discovering the
patterns, associations, changes, anomalies from large
amounts of data stored in datasets. The discovery
process consists of an iterative sequence of the
following steps:

Data cleaning — This handles noisy, erroneous,
missing or irrelevant data from the collection.

Data integration - In this stage multiple,
heterogeneous are combined in a common source.
Data selection — The data relevant to the analysis
task are retrieved from the dataset.

Data transformation - Where the data are
transformed are consolidated into forms appropriate
for mining by performing aggregations operations.
Data mining — It is a crucial step, where intelligent
methods are applied to extract data patterns.

Pattern evaluation — In this step, interesting patterns
representing knowledge are identified based on given
measures.

Knowledge representation — It is a final phase,
where visualization and knowledge representation
techniques are used to present the mined knowledge
to the user.
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Fig I1: Data mining process

I1l. RELATED WORK

Since information can spread rapidly and widely
more than ever on online social network, they have
become new hot beds of false rumor diffusion. Due to
the potential harm this false information may bring to
the public, false rumor detection has become a
significant but challenging research topic. While
previous research work mostly views it as a
classification task, we treat it as an anomaly detection
problem. The false rumors are viewed as anomalies
and we perform factor analysis of mixed data on our
proposed features to detect these anomalies. Two
strategies based on Euclidean distance and cosine
similarity are proposed to describe the deviation
degree. A rank based on deviation degree is
computed which can facilitate further rumor
detection. We show our method can achieve good
performance and can shed light on automatic
detection of false rumors on online social networks.

IV. DATA MINING APPROACHES TO
ANOMALY DETECTION

Anomaly detection is defined as “an observation that
deviates so much from the other observation”. From
data mining perspectives, anomaly detection is
classified into the following categories:

e  Supervised method

e  Semi-supervised method

e Unsupervised method

A) SUPERVISED METHOD

It involves studying anomaly detection as a
classification problem with the pre-labeled data,
labeled either as normal or as anomalous. These
methods model both the normal and abnormal
behaviors. There are two applicable approaches for it.
o One, experts may pre-label the normal data
and any such data which is not analogous to

this model is considered anomalous.

The other way is to do the opposite i.e. have
the predefined set of anomalous data and
any objects not corresponding to the set of
anomalous data are considered as normal.

Supervised Classification Example

Fig IV: A(1) Supervised method
B) SEMI-SUPERVISED METHOD

Semi-supervised method, where the model is trained
using the normal data, only to build the profile of
normal activity. Semi-supervised methods work with
two sets of data, labeled and unlabeled. So, these
methods are used when out of the complete data set
only few instances of data labeled as normal are
available. Using the small amount of labeled data a
classifier can be constructed which then tries to label
the unlabeled data. Hence, a model for normal data
objects is built which is used to detect the anomalies
in a way that the objects not fitting the normal model
are classified as anomalies. This is the simplest
approach called self-training used under semi-
supervised model.

Semi-Supervised Clustering Example

Fig IV: B(1) Semi-supervised method
C) UNSUPERVISED METHOD

Unsupervised methods, where the anomaly detection
model is trained using unlabeled data that consists of
both normal as well as abnormal data. Unsupervised
anomaly detection methods are used when labeled
data objects are not available i.e. no predefined labels
as “anomalies” or “normal” are attached to the data
objects. Unsupervised methods are usually studied as
a clustering problem.

Finding the group of objects such that the objects in
the group will be similar to one another and different
from the objects in other group. Two major
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challenges faced by unsupervised methods are as
follows:

e First, a data object not belonging to any
cluster is considered as anomalous but many
times this deliberation can be false because,
such a data object can be a noise rather than
an anomaly.

e Secondly, what is usually practiced is to
firstly find the clusters and then the
anomalies. But this methodology seems to
be quite expensive as number of anomalies
present in a data set is pretty less than
normal data objects.

Unsupervised Clustering Example

Fig 1V: C(1) Unsupervised method
V. ANOMALY DETECTION TECHNIQUES

In social networks, the node disobeying these
similarity measures by following behavior which is
deviates from the other nodes are detect as
anomalous. Anomaly detection techniques in social
networks can be categorized as follows:

e Behavior based techniques

e  Structural (graph) based techniques

e  Spectral based techniques

A) BEHAVIOR BASED TECHNIQUES

Behavior based techniques handle the behavioral
properties of the users such as number and content of
message, content of the items shared, number of likes
or comments on a post and duration of a
conversation.

B) STRUCTURAL BASED TECHNIQUES

Structural based methods work on the basic principle
of using structural properties to check the
characteristics of normal and anomalous users. A
particular graph metric is figured out for different
nodes and structure and the nodes showing different
values than other users are considered as anomalous.
Just like supervised approach, here also a predefined
normal pattern is already known and any deviation
from that known pattern depicts the anomalous
behavior. These techniques help to identify dynamic
unlabeled anomalies by predicting future events and

analyzing previous network behavior which is a
precondition for dynamic anomalies.

C) SPECTRAL BASED TECHNIQUES

Spectral anomaly detection techniques help in
detecting  anomalies using  some  spectral
characteristic in the spectral space of the graph.

VI. RISK ASSESSMENT BASED ON USER
BEHAVIOR

Our main goal is to associate a risk score with the
user based how he/she behaves in online social
networks. The key idea is that the more the user
behavior diverges from what is considered to be a
normal behavior, more it should considered being
risky. Therefore we first define a user behavioral
profile.

In an online social network variety of activity
are possible, such as post, comment, share, like and
different types of interaction. In designing this
behavioral profile, there is no need for monitoring all
the users’ activities. But only those that might reveal
risky behavior is monitored. For example, writing
more comments/posts without receiving any likes on
them. Can we consider as a warning and they might
be victim of an attack. On the contrary, having huge
number of friends, posts, comments, likes in a short
period is also consider as risky. The online social
network population is heterogeneous in observed
behavior, so it is not possible to define unique
standard behavioral model that fits all online social
network user behaviors.

However, we expect similar people tend to follow
similar rules which results in similar behavioral
model. For this reason, we propose risk assessment
organized into two phases: The first phase aims at
identifying the groups in online social network. This
is achieved by clustering techniques. The second
phase aims at creating behavioral model for each
group identified by first phase.

VII. RISKY BEHAVIORS IN ONLINE SOCIAL
NETWORKS

Due to the popularity of social network sites, cyber
criminals or attackers started to exploit them in
propagating malwares and carry out scams. The
discrepancy is defined in terms of frequency, number,
as well as type of activities.

In general, attackers use online social network
infrastructure to collect and expose personal
information about a user and their friends by making
the user to click on some specific malicious links so
as to propagate them in the network. In the following,
we illustrate the most notable types of attacks:

Sybil attack: Sybil attack is one of the practical
attacks in online social networks. As an example
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there are more than thousand social bots has been
detected on Facebook. To launch this attack, a
malicious user has to create multiple fake identities
known as Sybil’s, with the purpose to legitimate
his/her identity. After that, the attackers initiate their
work by sending friend requests to users in the
community. Once the request has been accepted, the
social bot can gather the user’s private data.

Identity clone attack: In this attack, malicious user
creates similar or identical profiles. The key goal is to
obtain personal information about the victim’s friend
after successfully forging the victim and established
an increased level of trust with the victim’s social
circle. Afterwards, he/she sends friend requests to the
victim’s contacts. Once the friend requests have been
accepted, he builds the victim’s friend network and
gains access to the profiles of the victim’s friends.

Socware attacks: In this attack, an adversary creates
malware items, called socware, in the form of
applications, pages or events containing malicious
link to be propagated in the online social networks.
This attack lures victims by offering false rewards to
who will install/accept the socware. Once users have
installed the socware, it is not only gets access to the
user’s personal information but also gains ability to
post them on the victim’s wall. As a consequence the
users unknowingly end up sending socware messages
or post to their friends, essentially assisting the
socware’s viral spread.

VIIl. METHODOLOGY

Our Methodology flows through the concepts of the
collection of the dataset, removing the null values,
categorizing the data, clustering, risk analysis.

1. A dataset is a collection of data corresponds
to the content of single database table.

2. From the dataset remove the null values.

3. Risk assessment approach is based on the
idea of estimating the user’s risk on the basis
of how much his\her behavior deviates from
the normal user. Risk assessment is
composed of two phase clustering :

a. The first phase consists of
organizing the users according to
group identification features.

b. In the second phase, users are

categorized  using  behavioral
features using K-means and
Expectation Maximization
algorithm.
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4. The risk score is estimated using
Membership probability based on a value of
group identification features.

a. High membership  probability-
normal user.
b. Low membership  probability-

abnormal user.

— el Sl

Fig VIII: Methodology
IX. CLUSTERING

e Clustering is a task of partitioning a set of
data based on their characteristics into
clusters.

e It is used for pattern recognition; image
processing and data analysis. It discovers
structures and patterns in high dimensional

data.
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Fig IX: Clustering

A) K-Means Clustering Algorithm

e K-Means is one of the simplest
unsupervised learning algorithm to
cluster n objects based on attributes
into k partitions where k>n.

e The goal is to find groups in data,
with the number of groups
represented by variable K.

Page 586

Clustered data

3


http://www.internationaljournalssrg.org/

International Conference on Recent Trends in Engineering, Computers Information Technology and Applications (ICRTECITA-2018)

e Stepl - Initialization: Randomly
choose k vectors from the dataset
and make them initial cluster
centers.

e Step2 - Assignment: Assign each
vector to its closest center.

e Step3 - Updating: Replace each
center with a mean of its
members.

e Stepd - Iteration: Repeat step 2
and 3, until there is no more
updating.

IX.A (1) BOX PLOT

It is method of representing statistical data on a
plot in rectangle for depicting groups of numerical
data through their quartiles and vertical line inside to
indicate the median value.
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Fig IX: A(1) Box plot
IX.A(2) OUTLIERS

It is an observation point that is distant from
other observations.It may indicate experimental error
or variability in the measurement.It can cause
problem in statistical analysis.

Awrane

K Mdeans resut ant § Ousery

Fig IX: A(4) K-Means Clustering

B) Expectation Maximization Algorithm
It is a iterative method to find the maximum
likelihood function that estimates for model
parameters when your data is incomplete or
has unobserved latent variables.
e Step 1 - Parameters are initialized
by random positive values.
e Step 2a - The membership
probability for each user in each

cluster is calculated  using
Expectation step.
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e Step 2b - The parameter is
optimized based on current
membership property using

Maximization step.

IX.A (5) HISTOGRAM

A histogram is an accurate representation of
distribution of numerical data. It is an estimate of the
probability distribution of a continuous variable.

trererwweee  S—

e e

Histogram of temp
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Fig IX: A(5) Histogram
X. CONCLUSION

In this paper, we proposed risk assessment
approach to assign risk score to each OSN user. This
assessment is based on user behavior under idea more
user behavior diverge, it is considered to be risky.
This analysis is carried out in Facebook dataset for
effectiveness of our estimation.
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Abstract—Smart door lock system aims at developing a smart
and safe security system using QR code encryption, Bluetooth
and GSM Technology. In this system, a mobile application is
created in which the users name and details are taken as input.
Once the data is input, a QR code scanner from the app opens.
With the help of the scanner, the QR code affixed to the main
door, is scanned. If the reference key in the owner’s mobile phone
is same as that of the code in the door, the app sends a signal
along with the user’s detail to the microcontroller, via Bluetooth.
If the details are verified correct, the microcontroller opens the
door and sends an SMS along with the user’s detail to the
owner’s mobile using GSM technology. The code on the door is
generated using ESP32 and OLED display.

Keywords—Bluetooth, GSM technology, Microcontroller, Quick
Response Code, Mobile Application, ESP32, OLED

I. INTRODUCTION

In some high security areas, the gateways and
entrance are not so secured. In spite of high security, they are
easily breached without any acknowledgement. In order to
overcome the disadvantages, we have designed a smart
security lock. The main aim of the project is to develop a
smart and safe door lock system which uses QR code
encryption and GSM Technology. In this project, a mobile
application is created in which the users name and details are
taken as input. Once the data is input, a QR code scanner from
the app opens. With the help of the scanner, the QR code
affixed to the main door, is scanned. If the reference key in the
owner’s mobile phone is same as that of the code in the door,
the app sends a signal along with the user’s detail to the
microcontroller, via Bluetooth. If the details are verified
correct, the microcontroller opens the door and sends an SMS
along with the user’s detail to the owner’s mobile using GSM
technology. The code on the door is generated using ESP32
development board and OLED display [1] [2] [3].

Il. COMPONENTS

A. Arduino:

Arduino is an open source, computer hardware and
software company, project, and user community that designs
and manufactures microcontroller kits for building digital
devices and interactive objects that can sense and control
objects in the physical world. The project's products are
distributed as open-source hardware and software, which are
licensed under the GNU Lesser General Public License
(LGPL) or the GNU General Public License (GPL), permitting
the manufacture of Arduino boards and software distribution
by anyone. Arduino board designs use a variety of
microprocessors and controllers. The boards are equipped with

sets of digital and analog input/output (1/0) pins that may be
interfaced to various expansion boards (shields) and other
circuits. The boards feature serial communications interfaces,
including Universal Serial Bus (USB) on some models, which
are also used for loading programs from personal computers.
The microcontrollers are typically programmed using a dialect
of features from the programming languages C and C++the
Arduino project provides an Integrated Development
Environment (IDE) based on the Processing language project.
Arduino microcontrollers are pre-programmed with a boot
loader that simplifies uploading of programs to the on-chip
flash memory. The default boot loader of the Arduino UNO is
the optiboot loader. Boards are loaded with program code via
a serial connection to another computer.Some serial Arduino
boards contain a level shifter circuit to convert between RS-
232 logic levels and transistor—transistor logic (TTL) level
signals. Current Arduino boards are programmed via
Universal Serial Bus (USB), implemented using USB-to-serial
adapter chips such as the FTDI FT232. Some boards, such as
later-model Uno boards, substitute the FTDI chip with a
separate AVR chip containing USB-to-serial firmware, which
is reprogrammable via its own ICSP header. Other variants,
such as the Arduino Mini and the unofficial BoArduino, use a
detachable USB-to-serial adapter board or cable, Bluetooth or
other methods, when used with traditional microcontroller
tools instead of the Arduino IDE, standard AVR in-system
programming is used.

B. Arduino Software:

A program for Arduino may be written in any
programming language for a compiler that produces binary
machine code for the target processor. Atmel provides a
development environment for their microcontrollers, AVR
Studio and the newer Atmel Studio. The Arduino project
provides the Arduino integrated development environment
(IDE), which is a cross-platform application written in the
programming language Java. It originated from the IDE for
the languages Processing and Wiring. It includes a code editor
with features such as text cutting and pasting, searching and
replacing text, automatic indenting, brace matching, and
syntax highlighting, and provides simple one-click
mechanisms to compile and upload programs to an Arduino
board. It also contains a message area, a text console, a toolbar
with buttons for common functions and a hierarchy of
operation menus.

A program written with the IDE for Arduino is called a sketch.
Sketches are saved on the development computer as text files
with the file extension.ino. Arduino Software (IDE) pre-1.0
saved sketches with the extension .pde. The Arduino IDE
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supports the languages C and C++ using special rules of code
structuring. The Arduino IDE supplies a software library from
the Wiring project, which provides many common input and
output procedures. User-written code only requires two basic
functions, for starting the sketch and the main program loop,
that are compiled and linked with a program stub main() into
an executable cyclic executive program with the GNU tool
chain, also included with the IDE distribution. The Arduino
IDE employs the program avrdude to convert the executable
code into a text file in hexadecimal encoding that is loaded
into the Arduino board by a loader program in the board's
firmware.

A minimal Arduino C/C++ sketch, as seen by the Arduino
IDE programmer, consist of only two functions:

« Setup: This function is called once when a sketch
starts after power-up or reset. It is used to initialize variables,
input and output pin modes, and other libraries needed in the
sketch.

* Loop: After setup has been called, function loop is
executed repeatedly in the main program. It controls the board
until the board is powered off or is reset.

Thus the Arduino helps to interface Bluetooth with
the application in the mobile phone. It also helps in the
process of interfacing GSM with the door locking system for
sending SMS to the owners.

C. MIT App Inventor 2:

App Inventor for Android is an open-source web
application originally provided by Google, and now
maintained by the Massachusetts Institute of Technology
(MIT).1t allows newcomers to computer programming to
create software applications for the Android operating system
(OS). It uses a graphical interface, very similar to Scratch and
the StarLogo TNG user interface, which allows users to drag-
and-drop visual objects to create an application that can run on
Android devices. App Inventor and the projects on which it is
based are informed by constructionist learning theories, which
emphasizes that programming can be a vehicle for engaging
powerful ideas through active learning. As such, it is part of an
ongoing movement in computers and education that began
with the work of Seymour Papert and the MIT Logo Group in
the 1960s and has also manifested itself with Mitchel
Resnick's work on Lego Mindstorms and StarLogo. This
software is used for the purpose of creating the mobile
application required for the scanning of QR codes.

-

FIGURE. 1 (MIT APP INVENTOR 2)

D. Global System for Mobile Communications:

GSM (Global System for Mobile Communications) is
a standard developed by the European Telecommunications
Standards Institute (ETSI) to describe protocols for second-
generation (2G) digital cellular networks used by mobile
phones .The GSM module is interfaced with the Arduino for
sending messages at time of opening the door. The port
number 9, which is TX port of Arduino, is interfaced to GSM
module via RX port of GSM and the GND port of GSM is
grounded.

E. Relay:

A relay is an electrically operated switch. Many
relays use an electromagnet to mechanically operate a switch,
but other operating principles are also used, such as solid-state
relays. Relays are used where it is necessary to control a
circuit by a separate low-power signal, or where several
circuits must be controlled by one signal. The first relays were
used in long distance telegraph circuits as amplifiers: they
repeated the signal coming from one circuit and re-transmitted
it to another circuit. Relays were used extensively in telephone
exchanges and early computers to perform logical operations.
This relay switch is used for the purpose of controlling the
actions of the door lock using the signals from the Arduino.

F. Solenoid Door Lock:

In physics, the term solenoid refers to a coil whose
length is substantially greater than its diameter, often wrapped
around a metallic core, which produces a uniform magnetic
field in a volume of space (where some experiment might be
carried out) when an electric current is passed through it. A
solenoid is a type of electromagnet when the purpose is to
generate a controlled magnetic field. If the purpose of the
solenoid is instead to impede changes in the electric current, a
solenoid can be more specifically classified as an inductor
rather than an electromagnet. Here, the same principle of
solenoid is employed in electric locks to control the opening
and closing of lock levers.

G. Bluetooth Module HC-05:

HC-05 module is an easy to use Bluetooth SPP
(Serial Port Protocol) module, designed for transparent
wireless serial connection setup.

Serial port Bluetooth module is fully qualified
Bluetooth V2.0+EDR (Enhanced Data Rate) 3Mbps
Modulation with complete 2.4GHz radio transceiver and
baseband. It uses CSR Blue core 04-External single chip
Bluetooth system with CMOS technology and with AFH
(Adaptive Frequency Hopping Feature). It has the footprint as
small as 12.7mmx27mm. Using this module, the mobile app
communicates with the Arduino microcontroller [4].

H. ESP32 development board:

SP32 is a series of low cost, low power system on a
chip microcontrollers with integrated Wi-Fi and dual-mode
Bluetooth. The ESP32 series employs a Tensilica Xtensa LX6
microprocessor in both dual-core and single-core variations
and includes in-built antenna switches, RF balun, power
amplifier, low-noise receive amplifier, filters, and power
management modules. It is a successor to the ESP8266



microcontroller. [6]The ESP32 module gives input to the
OLED Display to generate the required QR Code.

I. OLED display (SSD1306):

An organic light-emitting diode (OLED) is a light-
emitting diode (LED) in which the emissive
electroluminescent layer is a film of organic compound that
emits light in response to an electric current. This layer of
organic semiconductor is situated between two electrodes;
typically, at least one of these electrodes is transparent.
OLEDs are used to create digital displays in devices such as
television screens, computer monitors, and portable systems
such as mobile phones, handheld game consoles and PDAs. A
major area of research is the development of white OLED
devices for use in solid-state lighting applications.Thus, the
OLED display converts the input from ESP32 into visible QR
Code in it [6].

I1l. BLOCK DIAGRAM DESCRIPTION OF THE SYSTEM
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Camera
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FIGURE. 2 (BLOCK DIADRAM)

The block diagram shows the connection of Arduino,
Bluetooth module, Relay, GSM module, ESP32, OLED
display and Solenoid Door lock. The working of the system,
can be divided into 3 stages:

A. User details input stage:

Once the Bluetooth connection is set up with HC-05,
the user who has to open the door has to input the username
and his set password or address in the mobile application
created. After typing OK button is pressed. Once the button is
pressed, the user details are sent to the Arduino through
Bluetooth for registration. Following the user details input
stage, scanning of QR codes take place.

QR DOOR LOCK

CONNECT

Enter Name
|
|

Enter Address

oK

FIGURE. 3 (APP INPUT STAGE)

B. Scanning of QR Code:

Once the QR scanner from the app opens, the QR
code affixed to the door is scanned. The app decodes the QR
code and verifies it with the key in the app. If the verification
is correct, the app sends a string key to the Arduino via
Bluetooth.

FIGURE. 4 (QR CODE SCANNER)

C. Verification and Intimation using GSM:

In the Arduino, the code developed verifies the sent
string from the app. After verification, the code sets the AT
commands for GSM to send SMS intimation to the owners.
For each user who is accessing the door, a separate SMS along
with the input details is sent to the owners [5].

D68 O E B 9% M 0859

& Project Sim VEERAMANI %,

sunday + 23:35
Subash opened the door

Sun 23:35 « via SIM 1

send message
+ 8 g a

from SIM 1

FIGURE. 5 (INTIMATION USING GSM)

D. QR Code Generation Unit:
Using ESP32, QR codes can be generated through

Arduino programming. The output from this development
board can be displayed by using an OLED display [6].

E. Operation of solenoid lock:

Once after the verification is finished, the relay input
is given high and hence relay opens up the solenoid lock
according to the delay set. Once the delay ends, the lock closes
automatically.



IV. FLOWCHART

A. Mobile application flowchart:

The flow of process happening in the Mobile
application created is explained in this flowchart,

OFENMOBILE AFP

|

CLICK CONNECT

|

SELECT CONNECTED

WARNING MESSAGE

WARNING MESSAGE

DETAIL STRING SENT
TO ARDUING

I

QR SCANNER OFENED

SCANNER
VERIFICATION

AFPKEY SENT TO
ARDUIND

FIGURE. 6 (Mobile app flowchart)

First, the mobile application is opened. Following
this a connection is set between the mobile phone and the
Bluetooth module of Arduino.

After connecting, the name and address of the user is
typed in the app and ‘OK’ is pressed.

Once ‘OK’ is pressed, the details are sent to the
Arduino and a QR scanner opens up.

The QR Scanner is capable of scanning the QR code
on the OLED display. The decoded data is verified with a
string already present in the app.

If the verification is correct, a special unique key is
sent to the Arduino via Bluetooth.

B. Arduino flowchart:

The flow of process happening in Arduino is
explained in the below flowchart,

=0
GSM ALERT
MESSAGE SENT

RECEIVE KEY
STRING FROM
APP
OPEN DOOR
LOCK
True RELAY
SWITCHED ON |— CLOSEDOOR
LOCK AFTER
DELAY
False
USERS DETAIL
Set readString="" SENT TO
OWNERS
THROUGH GSM

FIGURE. 7 (Arduino flowchart)

Set i=0

Once the details string from the app is received, the
details are verified with the set strings in the arduino.

If correct, the second key is evaluated.

If wrong, second chance is given.

If both the chances goes wrong, intruder alert
message is sent to the owners.

If the second key is correct, the relay switch is turned
ON and the user details are sent through SMS to the owners.

The relay switch controls the opening and closing of
the lock lever.

V. RESULTS AND CONCLUSION

QR code encryption used in security systems has
enormous uses compared to old bar code systems, GSM
based systems[5][7], Wi-Fi systems[8], NFC systems[9]
and RFID systems like, they can store lots of data in a
single QR code which can’t be generated or decrypted
easily without verification. As every systems has some
pros and cons, this system has cons in terms of cost,
even though in the recent years the cost has reduced.
While RFID tags have issues for end users privacy
especially in case of health care which is concerned
with transmission frequency and access to unauthorized
people, QR codes along with the mobile app can
maintain access to specific authorized people only.



VI. FUTURE SCOPE
Along with the system, an acknowledgement based

control of the lock system can be introduced. The QR code
displayed can be made different from time to time so as to
improve the security.

[1]

[2]

[3]

[4]

[5]

[6]

[7]

8]

[9]
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AUTOMATIC GAS LEAKAGE DETECTION, ALERTING AND BOOKING SYSTEM
USING GSM
Anupriya M, Jeyaselvi S, Kalaiarasi Rand Ramalakshmi R
Ramco Institute of Technology, Rajapalayam

ABSTRACT

Gas stoves are now very common in all houses including rural and remote areas. The main source of
energy for gas stoves are either LPG or Biogas. Therefore safety plays a major role in today’s world and it
is necessary that good safety system is to be implemented in homes. The leakage of hazardous gases like
LPG and propane are sensed using gas sensors (MQ-6). If these gases ‘exceed the,threshold level, the
alarm is generated immediately and an alert message is sent to the authorized person using GSM. In order
to avoid explosion the regulator is automatically turned off and also the relay switch is used to trip the
main power supply off which will prevent electrical sparks..In this project a smart gas system is proposed,
that will automatically turn ON the gas cylinder’s regulator whemthe vessel is present on the stove holder
and in the absence of vessel, the knob will be turned to' OFF position./€ontinuous weight measurement of
cylinder is done using a load cell which is interfaced, with a Microcontroller. When the gas cylinder
reaches lower weight threshold, SMS is sent automaticallyato the'gas provider using GSM.

Key words: GSM, Load cell, Relay, ArduinogGas‘leakage detection, Smart Alerting Techniques.
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A WIRELESS HEALTH MONITORING SYSTEM USING MOBILE

PHONE ACCESSORIES
D.Gopinath*, S.E.Padma Gokila, M.Shenbagavalli and P.Umamaheswarj
Department of Electronics and Communication Engineering, Ramco Institute of Technology,

Rajapalayam.

Health monitoring system is commonly implemented to continuously track human health
condition. Heart rate and body temperature are two important parameters to maintain a vital
life. The prototype of the wireless health monitoring is to focus on measuring real time ECG
and temperature. In this paper describes the development and software to enable the use of
android mobile phones equipped with Bluetooth to receive the incoming
electrocardiogram(ECG) signal and temperature values from a user. The proposed hardware

system consists of single chip microcontroller Arduino, ECG sensor , LM35 sensor , BLE
module HC-05.

AUTOMATED GRASPING DISTALS
S.Nirmal Kumar, S.Padmasubash, M.Paulraj and S.Valai Ganesh*
Department of Mechanical Engineering, Ramco Institute of Technology, Rajapalayam.

Achieving development in end effectors to grasp the object and getting motion as like a
human hand for material handling application which will be flexible with our requirement in
different environment by means of programming and exploring Mechatronics knowledge.

SMART HELMET BY USING ARDUINO FOR TWO WHEELERS

R.Dineshkumar, R.Kanaga Raj, Kishore Kumar, M.Manicka Raj, Mr.M.Sivagaminathan* and T.Ramprakash*
Department of Mechanical Engineering, Ramco Institute of Technology, Rajapalayam.

Smart helmet is the idea that has been developed for the social responsibility towards the
society. In current trends, two wheelers are increasing tremendously in which Helmet is most
popular form of head protection. Smart Helmet is the adding of features for safety purpose in
helmet. The smart helmet consists of ultrasonic sensor for the safety measurements if any
obstacles are present while driving. The GPS and GSM900a module for finding the two
wheeler’s location after the accidents occurred. These sensors are connected with
microcontroller which set in the helmet. The camera is used for the investigation purpose if
any accident happens .The transparent visor has the better vision during fog conditions.

MODIFIED CASCADED MULTILEVEL INVERTER FOR

HOUSEHOLD APPLIANCES

Dr.K.Karthikeyan*, P.Moses Stephen, M.Ponraj,N.Sathesh and K.Balamurugan
Department of Electrical and Electronics Engineering, Ramco Institute of Technology, Rajapalayam.

The inverter is used for DC to AC conversion. A multilevel inverter is one in which a
complete cycle of output waveform contains more than three DC levels. Increasing the
number of voltage levels in the inverter output can increase the power rating without requiring
higher ratings on individual devices. These multilevel inverters requires split sources
depending on the voltage levels that are meant to be produced. This project is mainly focusc:d
on the development of single phase cascaded type multilevel inverter for a domestic

application using Pulse Width Modulation (PWM) technique and elimination of harmonic
distortion and its effects.
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