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 Variations in load bring about drifts in frequency and voltage which in turn leads to generation loss owing to the line tripping 

and also blackouts. These drifts might be reduced to the smallest possible value by automatic generation control (AGC) which 

constitutes of two sections viz load frequency control (LFC) along with automatic voltage regulation (AVR). Here simulation 

evaluation is done to know the working of LFC by building models in SIMULINK which helps us to comprehend the principle 

behind LFC including the challenges. The three area system is also being taken into consideration together with single area in 

addition to two area systems. Several important parameters of ALFC like integral controller gains (KIi), parameters for governor 

speed regulation (Ri) as well as parameters for frequency bias (Bi) are being optimized by using an optimization technique that is 

Bacteria Foraging Optimization Algorithm (BFOA) because using the general hit and trial method in the simulation has some 

demerits which has insisted on using BFOA for obtaining the desired values of the different parameters. Simultaneous 

optimization of certain parameters like KIi, Ri and Bi have been done which grants not only the best dynamic response for the 

system but also permits us to use quiet larger values of Ri than put into practice. This will help the industries concerning power 

for simpler as well as cheaper realization of the governor. The performance of BFOA is also investigated through the convergence 

characteristics which reveal that that the Bacteria Foraging Algorithm is relatively faster in optimization such that there is drop 

in the computational load and also minimum use of computer resource utilization. 
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Voltage Regulation (AVR), Automatic Generation Control (AGC), MATLAB (Simulink) 

 

 
 

1. INTRODUCTION 

 Power systems are very large and complex electrical 

networks consisting of generationnetworks, transmission 

networks and distribution networks along with loads 

which are beingdistributed throughout the network over 

a large geographical area [1]. In the power system, the 

system load keeps changing from time to time according 

to the needs of the consumers. Soproperly designed 
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controllers are required for the regulation of the system 

variations in order to maintain the stability of the power 

system as well as guarantee its reliable operation. The 

rapid growth of the industries has further lead to the 

increased complexity of the power system. Frequency is 

greatly depends on active power and the voltage greatly 

depends on the reactive power. So the control difficulty 

in the power system may be divided into two parts. One 

is related to the control of the active power along with the 

frequency whereas the other is related to the reactive 

power along with the regulation of voltage [2]. The active 

power control and the frequency control are generally 

known as the Automatic Load Frequency Control 

(ALFC). 

Basically the Automatic Load Frequency Control (ALFC) 

deals with the regulation of the real power output of the 

generator and its frequency (speed). The primary loop is 

relatively fast where changes occur in one to several 

seconds. The primary control loop reacts to 

frequencychanges through the speed governor and the 

steam (or hydro) flow is managed accordingly 

tocounterpart the real power generation to relatively fast 

load variations. Thus maintain a megawatt balance and 

this primary loop performs a course speed or frequency 

control. The secondary loop is slower compared to the 

primary loop. The secondary loop maintain the excellent 

regulation of the frequency, furthermore maintains 

appropriate real power exchange among the rest of the 

pool members. This loop being insensitive to quick 

changes in load as well as frequency although it focuses 

on swift changes which occurs over periods of minutes. 

Load disturbance due to the occurrence of continuous 

and frequent variation of loads having smaller values 

always creates problem for ALFC. Because of the change 

in the active power demand/load in an area, tie-line 

power flows from the interconnected areas and the 

frequency of the system changes and thus the system 

becomes unstable. So we need Automatic Load 

Frequency Control to keep up the stability at the time of 

the load deviations. This is done by minimizing transient 

deviations of frequency in addition to tie-line power 

exchange and also making the steady state error to zero 

[3]. Inequality involving generation with demand causes 

frequency deviations. If the frequency is not maintained 

within the scheduled values then it may lead on the way 

to tripping of the lines, system collapse as well as 

blackouts. 

2. CONTROL STRATEGIES 

1) Primary Control: This type of control is endeavored 

locally to keep the balance involving generation along 

with demand within the network. It is apprehended by 

speed of turbine governors that adjusts the generators 

output as a response to the frequency divergence in the 

area. If there is a major disturbance then the primary 

control permits the balance of generated as well as 

utilized power at a frequency distinguishable from the 

set-point quantity in order to make the network stable. 

2) Secondary Control: This type of control is exerted by 

means of an automatic centralizedprocedure in the 

control building block. It has two purposes: 

 It keeps the interchange power connecting the control 

block and its adjoining blocks according to the planned 

value. 

 In case of major frequency drop, it brings back the set 

point value of the frequency. 

 

3. MODELING OF ALFC 

Modeling for the change in frequencyLet us consider an 

automatic load frequency control loop of a system which 

is isolated intended for the examination of the steady 

state and dynamic responses. The figure is as shown 

below in the Fig. 2.1. 

[1] Steady state analysis 

Let be the setting for the speed changer and be the 

alteration in demand of the load. Considering a simple 

situation where the speed changer might have constant 

setting i.e. as well as there is change in the load demand. 

This may be known to be free governor operation. 

 

 
Figure 1: Automatic load frequency control loop 

For such a process the steady modification in the system 

frequency for a step change in load i.e.ΔPD (S) = ΔPD /S 

is obtained as follows: 
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[2] Dynamic analysis 

For a step change in load, 

 

Assuming amplifier and turbine response to be 

instantaneous i.e. TT=TH=0 and KT=1, we have 

 

After simplification we get, 

 
II.THE BFO ALGORITHM: 

I. BFO Parameters initialization: 

• S = total sample number of the bacteria that is to be 

utilized for finding in the 

sample region. 

• P = total quantity of parameters to be optimized. Here 

either KIi or (KIi and Ri) 

or (KIi, Ri and Bi) are optimized. 

• Ss = length of swimming subsequent to which the 

tumbling takes place in a 

chemo tactic loop. 

• Sc = iterations number in a chemo tactic loop. 

• Sre = utmost number of steps of reproduction. 

• Sed = utmost number of elimination and dispersal 

action forced on the bacteria. 

• Ped = probability for the continuation of elimination as 

well as dispersal process. 

• Each bacterium P has a location that is stated by the 

arbitrary quantities within 

[1,-1]. 

• Value of C(a) is considered to be fixed for 

simplification. 

Values of dattract, wattract, hrepelent and wrepelent 

II. Algorithm for optimization 

1) Elimination-dispersal loop: d=d+1 

2) Reproduction loop: c=c+1 

3) Chemo taxis loop: b=b+1 

 

 

 

 

 

 

 

 

𝐽ℎ𝑒𝑎𝑙𝑡 ℎ
𝑎 = 𝐽𝑠𝑤(𝑎, 𝑏, 𝑐,𝑑)

𝑆+1

𝑏=1
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Arrange bacteria and also chemo tactic parameters C (a) 

in sort of ascending cost Jhealth (high cost gives low 

health). 

[ii] The bacterium with the maximum Jhealth values die 

and the rest of the Sr bacteria possessing the best values 

divide (this method is performed by the group of bacteria 

that are being placed at the similar location where the 

parent was present). 

6) If c <Sre , proceed on to step 3 because we haven’t 

reached the specified quantity of reproduction steps and 

therefore we begin the succeeding generation of the 

chemo tactic loop. 

7) Elimination-dispersal: For a = 1,2..., S possessing 

probability Ped every bacterium is eliminated and 

dispersed so as to keep the quantity of bacteria present in 

the population to a constant value. During this process if 

a bacterium is removed then simply scatter a new one to 

any arbitrary position on the optimization domain. When 

d = Sed then move on to step 2 else end it.  

8) Obtain the optimized values of the parameters. 

9) Employ BFO for final updating of the various 

parameters as desired in the system. The flow chart for 

the Bacteria Foraging Optimization algorithm is as below 

in the Below. 

 
Figure2: hart of the Bacteria Foraging Algorithmic 

program 

4. SIMULATION RESULTS 

 
Figure 3: Model of a three-area thermal system 

Examinations have been dispensed on three area systems 

that are not equal. The systems are designed by using 

single reheat turbines along with integral controllers. We 

are using MATLAB version 9.2 to acquire dynamic 

responses. 

During the modeling of interlinked areas having 

capacities that are unequal, the quantities, and are taken 

into account. The thought given by Elgerd and Fosha [4] 

can be utilized for the system modeling. The three-area 

system’s transfer function model is as shown in Fig. 4.1 

Simulation Parameters 

Simulated Results using BFOA 

Three cases is being considered for the study and 

examination of the three area system based 

on the number of parameters that are being optimized at 

a time using the bacteria foraging 

technique. These are as follows: 

CASE A: 

Here only one parameter is optimized i.e. the integral 

gains (KIi) of the three areas are only optimized and the 

values of speed regulation parameter Ri=2.4 and 

frequency bias setting 

Bi=βi=0.425 for three areas respectively. 

CASE B: 

Here two parameters are optimized i.e. the integral gains 

(KIi) and also the values of 

speed regulation parameter (Ri) for the three areas are 

optimized. The frequency bias setting for 

the three areas is Bi=βi=0.425 respectively. 

CASE C: 

Here there is simultaneous optimization of all the three 

parameters, the integral gains (KIi), the values of speed 
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regulation parameter (Ri) as well as the frequency bias 

setting (Bi) which is usually considered equal to βi. 

 
Figure4: Frequency deviation in area 1 vs. time 

 
Figure5: Frequency deviation in area 2 vs. time 

 
Figure6: Frequency deviation in area 3 vs. time 

 

Figure 7: Tie line power deviation involving area 1 and 2 

vs. time 

 

Figure 8: Tie line power deviation involving area 2 and 3 

vs. time 

 

 
Figure 9: Deviation of tie line power involving area 1 and 

3 vs. time 

 
Figure 9: Convergence characteristics of BF algorithm 

In case A just one of the parameters i.e. integral control 

gain of the system is being optimized for the three areas 

and the remaining two parameters are kept constant. In 

case of case B two parameters are optimized viz. integral 

control gain and speed regulation constant for the three 

areas and also the frequency bias parameter is kept 

constant. In case of case C all the three parameters for the 

three-area system is being optimized. 

By examination and comparison of the responses for the 

above three cases viz. case A, case B and case C we are 

able to say that we obtained the best results in case C 

where the values of all the three parameters are 

optimized. This can be said in view of settling time, peak 

deviation and oscillation value. Also in case C we see that 

the settling time is reduced as compared to case A and 

case B. at the same time the deviation and oscillation 

value is reduced to a greater extent. Additionally we 

observe that quiet higher values of R can be thought of in 

case of simultaneous optimization of the three 

parameters. Therefore we’ve the system’s best dynamic 

response. The importance of optimizing the value of Bi 

rather than making it equal to βai is also seen. The 

convergence characteristics of bacteria foraging 

technique is shown by considering the x-axis to be the 

number of J evaluations and the y-axis to be the 

minimum value of J. The determination of J takes most of 

the computation time; thus the quantity of J evaluation is 

almost identical to the scaled quantity of computational 

time. The convergence characteristic is also fast. 
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5. CONCLUSION 

A new method for Optimal Load Frequency Control The 

thesis has chiefly investigated on the frequency change as 

well as change in the tieline power due to the change in 

the load and also the techniques that may be used for 

obtainingthe optimized values of various parameters for 

minimizing the changes. Firstly a secondary control is 

being introduced for minimizing the deviations in 

frequency. This is usually vital in case of a single area 

system or an isolated system as the secondary control 

loop i.e. an integral controller is generally responsible for 

reducing the changes in the frequency deviations and 

maintains the system stability. Therefore without the 

presence of secondary loop the system losses its stability. 

Secondly interconnection of two or more systems is being 

introduced to cope up with the load changes through tie 

line power exchange. Interconnecting two or more areas 

ensures the sharing of the power among the systems 

during the times of load changes which may occur in any 

area at any time. Therefore the burden on the controllers 

to minimize the changes in the frequency is reduced as a 

result of the rise in the power demand can be fulfilled by 

drawingpower from the neighboring areas and thus 

maintains the stability of the system. Thirdly there’s 

introduction of an optimization technique i.e. Bacteria 

Foraging Optimization Algorithmic program to change 

the values of the various parameters present in the power 

system under investigation so it can cope up with the 

changes in the load demand. As a result of which the 

changes the frequency and also the tie line power is 

reduced and also the stability of the system is 

maintained. It is also seen that BF technique has quicker 

convergence characteristics. BF technique serves to be 

quite useful for obtaining the optimized values of the 

various parameters as compared to the general hit and 

trial technique which is extremely tedious and time 

taking method. The investigations has been done for 

single area system, two area systems and three 

areasystems and the result is being given accordingly. 
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