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Abstract

This paper

presents Bacterial foraging optimization algorithm which is based on food searching process of Escherichia coli bacteria,

which is gaining popularity due to its effectiveness and providing solution to real world optimization problems .BFOA is applied to con-
trol the parameter optimization of load frequency controller for tuning the parameters of the proportional integral and derivative control-
ler. A simple two area system with thermal-thermal generating units is considered for simulation study which is controlled with PID con-
troller. The main objective of this work is to design the controller by minimizing objective function .simulation studies demonstrate that
our proposed controller is effective and transients are suppressed predominantly
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1. Introduction

LFC is very essential control problem in electrical power system
and operation. A large deviation in frequency deviation directly
impact on system operation and reliability, in severe cases damage
the equipment. Degrade load performance overload the transmis-
sion line and cause unstable condition [1 - 6]. The main objective
of LFC is to maintain the frequency and tie line power to a prede-
fined value. In LFC problem each area contains its own generating
source and shares the load with the neighboring areas [7]. Area
load changes and abnormalities cause deviations in frequency and
tie line power, these errors are to be rectified by the LFC [8].

In the present day’s different electrical power Generation, Trans-
mission and Distribution companies are competing in all aspects
to provide more reliable service [9]. So a better control strategy is
required to keep the frequency deviation and net interchanged tie
line power flow within the prescribed normal values and limit the
power losses to the minimum value [10-14].

In this paper PID controller is used and Genetic algorithm is ap-
plied to tune the performance index. MATLAB simulation soft-
ware is used to study the proposed system.

2. Bacterial Foraging Optimization Algorithm

Kevin passion introduced bacterial Foraging Optimization Algo-
rithm (BFOA).it is one of the optimization algorithm inspired by
the nature. The main goal of this algorithm is the implementation
of foraging strategy of an E.coil bacterium. Bacteria search for
nutrient food in a way to maximize its energy content. Individual
bacterium also communicates with other bacterium cell by sending
signals. By comparing the previous foraging step process it takes
foraging decisions. Chemotaxis is a process of searching nutrients
in small steps arount its space. The importance of BFOA is its
chemotactic movement of virtual bacteria in the problem search
space. Bacterial Foraging optimization theory is explained by
following steps.

Chemotaxis, and Eliminational-

Dispersal

Swarming, Reproduction

2.1 Objective Function
BFOA has to minimize the integral of time multiply absolute error
of frequency of both the areas and tie line. Objective function J

referred to our proposed system is in eq.1and the constraints are in
eg. 2, eqg.3and eq.4.

‘]:fow t( Afi + Bf; + DPrierz )dt (1)

J optimization problem can be stated as: Minimize J subjected to

kP <k = kpex 3]
kM < k= ke ®)
kgt < kg = kg™ @)

For simplicity identical two area system is considered that the
optimal parameters are same k1=K2=k. The ultimate objective of
our study is to tune the PID parameters of by BFOA algorithm.
The aim of the optimisation is to find a better optimised controller
which is able to restrict the damping oscillations, settling time rise
time .peak overshoot and other transient behaviour. Control of
frequency of both the areas an tie line power under all operating
conditions and provide quality service to the consumers is the
ultimate challenge. Initial parameters for the algorithm are tabu-
lated in Tablel.

In this paper a simple load frequency control two are system
with non reheat thermal —thermal system is used for case study is
shown in Figure 1.
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Fig. 1: A simple two area system
Table 1: Initial parameters of BFOA
S.No Parameters Values
1 bacterium S number 50
2 Maximum no of steps Ng 4
3] No. of chemotatic steps N, 100
4 No. of reproduction steps N, 4
5 No. Of elimination and dispersal step N, 2
6 Probability Pg, 0.25
7 Size of step C (i) 0.1
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Fig. 2: Flow chart

This will reflect the real world scenario that two thermal neigh-
bour areas are interconnected with tie line as in fig.1.And the
BFOA algorithm is represented in pictorial form in Figure 2.

3. Simulation Results

All Simulation of LFC two area systems is carried out using
MATLAB software. Proposed system is observed for different
load conditions in both the areas. In first area 0.1pu step load is
increased in area 1 where as in area 2 are without any added load.
Similarly 0.1 Pu step load is increased in area 2 keeping area
without any added additional load and the results are observed
below.

3.1 For Step Increase in the Load Demand in Area 1
As the first test case, at Area 1 when there is 0.1pu load change in

area 1Then the fluctuations in area control error in areal is show
in Figure 3 and fluctuations in area control error in area 2 is

shown in Figure 4 we can observe fluctuations in frequency in
areal is shown in Figure 5 and also from Figure 6 we can ob-
serve fluctuations of frequency in area 2tie line power deviations
is shown in Figure 7. All the parameters in figures are compared
and tabulated in Table 2.
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Fig. 3: Deviation in ACE1 with 0.1 p.u load variation in area 1
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Fig. 8: Deviation in ACE 1 with 0.1 p.u load variation in area 2

Table 2: Comparison of various parameters when step load change in

aeral
Case 1 Conventional GAPID | BFOA
PID PID
ACE in area | Settling time | 26 15 12
1 (sec)
Maximum 0.008 0.006 0.005
peak(Hz)
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Fig. 9: Deviation in ACE 2 with 0.1 p.u load variation in area 2eal

3.2. For Step Increase in the Load Demand in Area 2

As the second test case, at Area 2 a step increase in load is applied.
when there is 0.1pu load change in area 2Then the fluctuations in
area control error in areal is show in Figure 8 and fluctuations in
area control error in area2 is shown in Figure 9. We can observe
fluctuations in frequency in areal are shown in Figure 10. From
Figure 11, we can observe fluctuations of frequency in area 2.tie
lin power deviations is shown in Figure 12. All the parameters in

figures are compared and tabulated in Table 3.
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Fig. 11: Deviation in frequency in area 2 with 0.1 p.u load variation in
Area 2
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Table 3. comparisons of various parameters when step load change in
area2

30

Case 2 Conventional | GA PID BFOA
PID PID
ACE in | Settling 30 30 15
area 1 time (sec)
Maximum 0.008 0.006 0.005
peak(Hz)
ACE in | Settling 25 24 10
area 2 time(sec)
Maximum 0.15 0.8 0.7
peak(Hz)
Frequency Settling 30 29 22
deviation in | time(sec)
area 1 Maximum -0.0013 -0.0011 -0.0115
peak(Hz)
Frequency Settling 27 25 15
deviation in | time(sec)
area 2 Maximum -0.008 -0.007 -0.007
peak(Hz)
Tie line | Settling 29 28 27
frequency time (sec)
Maximum 0.02 0.016 0.018
peak(Hz)

4. Conclusion

Power system is never stable it is only quasi stable, because of the
load fluctuations .Due to these fluctuations area control error gets

accelerated. A simple two area test system is demonstrated and
BFOA is used to tune the PID parameters by taking integral time
absolute error of both the areas as the input objective function.
Simulation results clearly shows that our proposed method pre-
dominantly restricts the oscillatory behavior of the system com-
paratively to genetic algorithm tuned PID and other conventional
controllers, settling time and rise time has decreased significantly.
Due to its simplicity and adaptiveness it can be used to real world
problems.
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