
Middle-East Journal of Scientific Research 23 (7): 1366-1374, 2015
ISSN 1990-9233
© IDOSI Publications, 2015
DOI: 10.5829/idosi.mejsr.2015.23.07.108

Corresponding Author: P. Dhanalakshmi, PSNA College of Engineering & Technology, Dindigul, India.
 

1366

A Novel Approach for Automatic Generation Control of Power System
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Abstract: In this paper, a hybrid approach involving neural network (NN)-Bacterial Foraging Algorithm (BFA)
is proposed for Automatic Generation Control of power system. The proposed algorithm is implemented to tune
PID controller and the stability of interconnected system is improved. The feed forward Neural Network is to
ensure the distribution of stochastic value with respective to chemotactic step size and enhance the
performance of BFA. The proposed tuning algorithm is implemented in MATLAB Simulink environment and
the load frequency responses are evaluated. By comparison with different Meta heuristic algorithm, the
performance of the proposed controller is validated.

Key words: Neural Network  Hybrid optimization  Tuning algorithm

INTRODUCTION to tract the operating point of the system and accordingly

For the last decades approaches based on Bacterial Here, the artificial intelligence based approach has been
Foraging Algorithm have received great attention for load proposed to optimize the parameter of PID controller.
frequency control of power system [1-4]. Nanda et al. [8] have commenced that BFOA

Large  scale  power systems are normally composed provides better performance than GA based controllers.
of interconnected subsystem or multi control areas [5]. In paper [9], Ali and etal have optimized PI controller
The interconnected subsystem are posing a great parameters using BFOA and shown its superiority over
challenge in the operation and design of power system GA.  In  [10]  Lee  and  Lee explored the search space of
[6]. A well designed and operated power systems must the controller using hybrid algorithm combining
cope with changes in the load and with system advantages of genetic algorithm and Ant Colony
disturbances and it should provide acceptable high level Optimization.
of power quality while maintaining both voltage and Neural Network has been applied very successfully
frequency within tolerable limits [7]. in the identification and control of dynamic system. In the

The power quality of the power system is said to be Bacterial Foraging Algorithm, the unit length of direction
having constant frequency and must maintain the and  the  step  length of bacterium are defined randomly.
scheduled power and voltage. If the power system is So the optimal convergence time is increased for ensuring
subjected to any disturbance, the nominal operating point the given problem. In this paper NN-BFOA based PID
of a power system changes from its prespecified value controller tuning algorithm is proposed to control the load
which causes deviation in nominal frequency and frequency of power system.
scheduled power exchange to the other area. As loading The rest of the section is organized as section 3 gives
in power system is never constant, it is necessary to brief literature review of different types of algorithm used
design controllers which keep the system frequency and for load frequency control. Section 4 provides detail
the inter area tie line power as near to the scheduled description of proposed control model. Simulation results
values as possible. and discussion for different algorithm used for tuning PID

As the matter of fact is to keep the system frequency controller are discussed in section 5. Finally conclusion is
and tie line power near to the optimal value, it is desirable given in section 6.

updates its parameter to achieve better control action.
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PID Controller: The PID controllers are one of the deviation of areas and tie line power. The performance
majority successful and influential control instrument in index J for the problem is.
industry since of uncomplicated and simple (7)
implementation. The transfer function model of PID
controller in terms of Laplace domain is described as Minimize J subjected to,
follow,

(1)

where, U(s) and E(s) are the control signal and the error
signal which is the difference between input and feedback
in terms of Laplace domain correspondingly; K is the Different Control Algorithm for Load FrequencyP

proportional gain, K is the integration gain and K  is the Control: The robust controller with intelligent controlI D

derivative gain. The output of PID controller in terms of scheme uses soft computing techniques like Genetic
time domain is represented as follow, Algorithm (GA), Particle Swarm Optimization (PSO) and

(2) nonlinearities than the traditional controllers. Over the

where, u(t) and e(t) are the control and tracking error LFC problem to obtain better control objective.
signal which is in the form of time domain. 

For area1: global search method that mimics the process of natural

(3) of  the correct solution and depends entirely on

For area2: (i.e reproduction, crossover and mutation) to arrive at the

(4) Genetic Algorithm uses a metaphor where an

For area3: and feasible solutions are considered as individuals living

(5) binary digits or of some other set of symbols drawn from

In equation (3) (4) and (5), area of control ACE , ACE encoded by a bit string of sufficient length. Each of the1 2

and ACE  are described in time domain as follow, encoded individual in the population can be viewed as a3

a particular solution to the problem. The heuristic can be

(6)

The output of the controller is depends on the values Step 2: For each parent i, generate m (i) children using
of PID controller gain K , K  and K  respectively. Various crossover.P I D

PID controller parameters tuning methods are used for Step 3: Employ the mutation operator with probability Pm.
decentralized power system load frequency controller. Step 4: Find the best child for each parent (Ist level of
Problem Formulation competition).

A performance index can be defined as the integral of Step 5: Select the best child as the parent for the next
area control error multiplied by time of the frequency generation.

Bacterial Foraging Algorithm to address the system

years soft computing techniques have been applied in

Genetic Algorithm: Genetic algorithms are stochastic

evolution. The genetic algorithm starts with no knowledge

responses from its environment and evolution operators

best solution. 

optimization problem takes the place of an environment

in that environment. In genetic algorithms, individuals are

a finite set. As computer memory is made up of array of
bits, anything can be stored in a computer and can also be

representation, according to an appropriate encoding of

described using the following pseudo-code.

Step 1: Initialize randomly select N parent string.



1
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For each family, accept the best child as the parent Similarly the velocity (position change) of each
for next generation if Y1 < Y2 OR exp (Y2-Y1) particle is:

Step 6: Repeat Steps 7 to 10 for each family V  = (v , v , v , ... ... ., v ) (10)
Step 7: count = 0
Step 8: Repeat Step 9 for each child; Goto The particles are calculated using the following
Step 9: Increase count by 1, if ((Y1< Y2) OR exp equation
((YLOWEST – Y1)) )
Step 10: Acceptance number of the family is equal to
count (A)
Step 11: Sum up the acceptance numbers of all the (11)
families (S)
Step 12: For each ith family, calculate the number of (12)
children to be generated in the next generation according
to the following formula; m (i) = (TC * A) / S where,
Step 13: Repeat Steps 2 to 12 until a maximum number of P = Local best solution
iterations have been completed. P = Global best solution

GAs has been widely used for LFC [11, 12]. The multi n = Number of birds
objective optimization of GA for LFC for three area thermal C , C = PSO parameters
power system is used to optimize the gain values of w = Inertia weight parameter
PI/PID controllers [13]. To quantify the results 100 runs
have been executed for each parameter variation. The best Parameters chosen for PSO are Size of the swarm “no
setting values for K , K  and KD were obtained for of birds "=100; Maximum number of "birds steps"ip I

population size N = 80; Tournament selection, T=5; bird_setp = 100; PSO parameter C1, c1 = 0.12; PSO
Arithmetic crossover, Pc= 0.6; Uniform mutation, Pm=0.1; parameter C2, c2 =1.2; PSO momentum or inertia w = 0.9.
Stopping criteria: 100 generations.

Particle Swarm Optimization: In PSO, social behavior of global optimization technique like GA has concerned the
fish schooling or bird flocking is utilized to find the consideration in the field of controller parameter
optimal solution in search space. Each candidate solution optimization. Due to the consideration of genetic
with time adjusts its position by its own experience, while operators, the computational complexity of this
adjusting to the experience of neighboring candidates. population based algorithm is increased [16]. The foraging
The design of multi objective PID controller based on behavior is suitable for modeling and understanding of
adaptive  weighted  PSO  in two area system is given in evolutionary species, hence it used as an optimization
[14, 15]. algorithm in frequency control of power system. In the

The  heuristic  algorithm  moves iteratively through bacterial foraging algorithm, the unit length of direction
n-dimensional search space for new solutions. The i and the step length of that bacterium are defined byt

particle is represented as: randomly. So, the optimal solution convergence time is

X  = (x , x , x , ... ... .. x (8) paper, NN-BFA is proposed to control the load frequencyi i1 i2 i3 in

The   position    is    given    best     fitness   value In traditional BFA, the tumbling decision element (i)
(best previous solution) of any particle can be calculated is defined by stochastic values. But these values are
as  a  measure of certain qualities. The i  particle is changed as per the variation of chemotactic step size C(i)t

represented as: so the solution is deviated in iteration and the

P  = (p , p , p , ... ... ., p ) (9) network  (NN)   is   used   to   ensure   the   distribution  ofi i1 i2 i3 in

i i1 i2 i3 in

i

g

X = Current positioni

1 2

Proposed NN-BFA for Load Frequency Control: The

increased for ensuring the given problem [17]. In this

of three area system.

convergence time is increased. In this paper, neural
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Fig. 1: Three area system with proposed controller parameters

Fig. 2: Flow chart for proposed NN-BFA
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stochastic value with respective to the chemotactic step
size. Here, the feed forward NN used with back
propagation training algorithm [18,19]. Hence, the
controller error, load changes and speed changer position Else if Sc = Ns. This is the end of while statement
to be minimized and the stability of the interconnected For next bacterium (i + 1) go to step (ii) if i  S
power system is improved [20]. The flow chart of
proposed NN-BFA for gain tuning is illustrated as follow, Step 5: If j <Nc, go to STEP 4 for the next chemotaxis

The steps of proposed NN-BFA for tuning the
controller gain is represented as follow, Step 6: Reproduction: For current values of k, l Compute

STEP 1: Initialize parameters P, S, No, Ns, Ned, Pad, Sir, (I
= 1, 2, .S)

where,
P = dimension of search space
S = number of bacteria
No = number of chemo taxis steps
Ns = maximum number of swim length
Ned = number of elimination and dispersal event
Pad = Elimination and dispersal probability

: Position of the i  bacterium at j chemotaxis step, ki(j,k,l) t th th

reproductive step &l  elimination step.th

Step 2: Elimination and dispersal loop: l = l + 1
Step 3: Reproduction loop: k = k + 1
Step 4: Chemotaxis loop j = j + 1

For i = 1, 2……S, take chemotaxis step for bacterium
as follows:

Compute Fitness function J (i, j, k, l).Save this value
in J , so that we can find better cost function.last

Tumble: The direction vector Del (i) is assigned a new
value which is a random number lying between [-1, 1].

Move: Compute J (i, j+1, k, l)

Calculate the fitness function J (i, j+1, k, l)

Swim: (I) Let Sc = 0

(ii) If Sc< Ns
Let m = m + 1
If J (i, j, k, l) <J  then J J (i, j+1, k, l) and last last = 

process, since the life of bacteria is not over.

the overall fitness 

For each bacteria and sort the

fitness functions in ascending order of the cost function.

Step 7: The Sr bacteria with highest J  value die andhealth

the remaning bacteria with best value splits, so the the
population remains the same.

Step 7: If k <Nre go to STEP 3.Increment the reproduction
counter and new chemotaxis process starts.

Step 9: Elimination- dispersion: Eliminate the bacterium
with probability Ped.

Step 10: If l < Ned then go to STEP 2; otherwise end.

RESULTS AND ANALYSIS

Initially, the three area interconnected power system
model was implemented with PID controller in
MATLAB/Simulink. Then, different algorithms were
implemented for tuning the K , K  and K  gains of PIDP I D

controller. In order to estimate the performance of the
proposed tuning controller, the simulation results are
compared with those of PSO-PID, PSO-PID, BFA-PID and
NN-BFA-NN controllers. The implementation parameters
of proposed tuning technique are illustrated in Table 1.
The optimal tuning controller gains obtained by different
algorithms are given in Table 2. The effectiveness of
proposed method is analyzed with the performance named
as change in frequency of area 1 ( ) and area 2 ( )1 2

and area 3 ( ) respectively.3

The evaluated results are compared with controllers
of different algorithm. The comparison performance of
change in frequency ( ) of area 1, area 2 and 3 are
illustrated in Figure 3, 4, 5, 6 and 7 respectively.
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Table 1: Implementation parameters of proposed technique
Dimension of search space =3
Number of bacteria = 10
Length of swim = 4
Number of reproduction steps = 4
Elimination-dispersal events = 2
Number of hidden layer = 20

Table 2: Optimal controller gain by different technique
Optimal controller gain PSO-PID controller GA-PID controller BFA-PID controller NN-BFA- PID controller
Proportional K 0.7900 0.9393 0.0891 0.1881P

Integral K 1.4252 0.2670 0.5163 0.4158I

Derivative K 0.4652 4.7963 0.0693 0.1985D

Table 3: Comparison table for Peak Overshoot and Settling time
PSO GA BFOA BFOA-NN

AREA 1 -0.032 -0.035 -0.029 -0.025
AREA 2 -0.033 -0.042 -0.034 -0.029
AREA 3 -0.052 -0.053 -0.037 -0.035

Table 4: Comparison chart for Load Frequency Control of different Algorithm
PSO GA BFOA BFOA-NN

AREA 1 17.000 9.000 7.500 6.500
AREA 2 16.000 8.000 7.000 6.000
AREA 3 15.600 7.500 6.500 6.000

Fig. 3: Change in frequency ( ) for PSO
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Fig. 4: Change in frequency ( ) for GA

Fig. 5: Change in frequency ( ) for BFOA

Fig. 6: Change in frequency ( ) for NN-BFA
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In Figure 3, 4, 5 and 6, the settling time and overshoot are reduced by proposed tuning controller. When compared
with other algorithm, the damping characteristics of power system are improved more effectively by proposed controller.
Also, stability of the system is preserved and power system oscillations are reduced and concealed with the appliance
of the proposed controller. 

From the above comparison, it is clearly noticed that The setting time and overshoot are reduced and the
the Neural Network tuned Bacterial Foraging Optimization stability of the system is maintained effectively by
Algorithm based Load frequency Controller gives best proposed controller. 
control action compared to Bacterial foraging optimization
algorithm. Following are the key observations made. CONCLUSION

BFA is simple for implementation but takes more time The proposed load frequency controller was
for the oscillations to settle down and gives large implemented and the performance was tested for threearea
frequency deviation. system. Hence from the graphical and empirical results,
The proposed NN-BFA can handle the nonlinearities the proposed NN-BFOA algorithm has simple
quickly when compared to BFA and brings steady architecture, lesser overshoot, better settling time and
state deviation in frequency to zero. zero steady state error when compared with the heuristic
The  graph  shows  that  the controller tuned with algorithm.Since the settling time is significantly reduced
NN-BFA has produced less overshoot and faster it causes reduction in generating cost, thus providing
settling time. economical benefits. The corrosion of the machinery can
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be prevented by lowering overshoot. Moreover, the 11. Pingkang Li, 2002. Genetic algorithm optimization for
ability to adapt to disturbances makes the proposed AGC of multi-areapower systems. In: Proceeding, of
controller more effective. IEEE TENCON’02, pp: 1818-1821.
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