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Abstract — Automatic Generation Control (AGC) is a very imperative issue in power system operation for
providing electric power with high quality and reliability. In this paper, the three-area multi-units Automatic
Generation Control (AGC) is studied. This paper presents the comparative performance analysis of the two
specific varieties of controller devices for optimal transient performance of automatic generation control (AGC).
Proportional Integral Derivative (PID) controller and Power System Stabilizer (PSS) with Automatic Voltage
Regulator (AVR) have been designed for solving AGC problem. In this paper a new design method to determine
optimal PID and PSS-AVR controller parameters by using imperialist competitive algorithm (ICA) has been
proposed. Finally the results have been compared.
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INTRODUCTION

In the power system, any unexpected load perturbation
causes the deviation of tie-line exchanges and the
frequency variations. So, AGC is very significant for
supplying electric power with good quality [1]. AGC with
load following is treated as an auxiliary service that is
necessary for maintaining the electrical system reliability
at a suitable level [2]. The main objectives of the AGC in
multi-area power system are maintaining scheduled
system frequency and tie line flow during normal
operating condition and also during small perturbations
[3].

In recent year many investigations in the area of isolated
and interconnected power systems have been done. For
example, Praghnesh Bhatt et al presented two specific
varieties of controller Devices, thyristor-controlled phase
shifter (TCPS) and capacitive energy storage (CES) for
optimal transient performance of automatic generation
control (AGC) [4]. An approach for the design of multiple
Power System Stabilizers (PSS) for multi-area Automatic
Generation Control (AGC) system has been proposed by
Raseswari Pradhan and Sidhartha Panda [5]. J. Nanda
presented automatic generation control (AGC) of
interconnected two equal area thermal system, two equal
area hydrothermal System and five unequal area thermal
system [6]. Weihua Luo and Yibin Shi proposed
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Automatic Generation Control Strategies under CPS
Based on Particle Swarm Optimization Algorithm [7].

This paper presents the comparative performance analysis
of the two specific varieties of controller devices for
optimal transient performance of automatic generation
control (AGC). In this paper Proportional Integral
Derivative (PID) controller, and Automatic Voltage
Regulator (AVR) equipped by Power System Stabilizer
(PSS) have been designed for solving AGC problem.
Imperialist competitive algorithm (ICA) has been used for
tuning the parameters of PID and PSS-AVR controllers.
Finally the results of the two controllers are compared.

DESCRIPTION OF THE AGC SYSTEM
The system investigated for AGC which is consisted of

interconnected three-areas is shown in Fig. 1.

Area 1 Tie Line Area 2
[Unit1] [ unit2 ] [Unit1] [ Unit2 |
Tie Line Tie Line
Area 3
[Unit1] [ unit2]

Fig. 1 Three-area generalized AGC block diagram.

Area 1 has two thermal units. Areas 2 and 3 have two
hydro and diesel units. The characteristics of hydro
turbine differ from steam turbine in many ways. The
typical value of permissible rate of generation for hydro
plant is much higher (a typical value of generation rate
constraints (GRC) being 270%/min for raising generation
and 360%/min for lowering generation), as compared to
that for reheat type thermal units having GRC of the order
of 3%/min [8].

The detailed transfer function models of speed governors
and thermal-reheat turbines are described and developed
in the IEEE Committee Report on Dynamic Models for
steam and hydro turbines in Power System Studies [9].
The transfer function model of diesel generator is given in
[10]. Figures 2 to 5 show steam, Hydro and diesel
turbines that have been used in system.

O =

Kr*Tr s+1
gl
1 Tgl.s+1 Ttl.5+1 Trls+1 outt

Governerd Turbine1 Reheat1

Fig. 2 Steam generator model of areal

2 R

()| e Hoe s:Keg N L N

|m Kdeg.s24(Kpeg#fR)s+Kieg 0 5 Twls+1 s o
Electric Govemer1 Hydro Turbine1

Fig. 3 Hydro generator model of area 2

- 1
ut

@  |Kdisel.s+Kdisel

2
In1 1/40s 545

Disel unit
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Fig. 5 Hydro generator model of area 3

DESIGNING AUTOMATIC VOLTAGE REGULATOR

(AVR) AND POWER SYSTEM STABILIZER (PSS)
In this paper Power System Stabilizer (PSS) with
Automatic Voltage Regulator (AVR) have been designed
for solving AGC problem. The PSS is a supplementary
control system applied in many cases as a part of
excitation control system. The basic function of PSS is
applying a signal to the excitation system, creating
electrical torques to the rotor in phase with speed
variation which damp out power oscillations. Nowadays
AVR system in most units of electrical energy production
is used In order to solve the power control [11]-[12].
Figure 6 shows the AVR system controlled by PSS. For
optimum designing, the parameters of PSS and AVR have
been calculated by the ICA algorithm.
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Fig. 6 AVR system controlled by PSS

The amounts of K1 - K6 obtained from equations (1) -

(6).
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The other parameters obtained from equations (7) — (13)
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Where:

Xd d-axis reactance of the machine

Xd" d-axis transient reactance of the machine

Xq g-axis reactance of the machine

IMPERIALIST COMPETITIVE ALGORITHM (ICA)
Imperialist competitive algorithm (ICA) has been used for
tuning the parameters of PID and PSS-AVR controllers.
Figure 7 shows the flowchart of the proposed algorithm.
Imperialist Competitive Algorithm (ICA) is a novel
global search investigative that uses imperialism and
imperialistic rivalry process as a source of inspiration like
other evolutionary ones, this algorithm starts with an
initial population.

In this algorithm each individual of the population is
called a country. Some of the best countries in the
population are selected to be the imperialist states and all
the other countries form the colonies of these imperialists.
All the colonies of initial population are divided among
the mentioned imperialists based on their power which are
inversely proportional to their cost. After dividing all
colonies among imperialists and creating the initial
empires, these colonies start moving toward their relevant

imperialist country. This movement is a simple model of
assimilation policy that was perused by some imperialist
states [13]-[14].
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Fig. 7 Flowchart of the ICA
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Fig. 8 Colonies movement into their relevant imperialist.

Fig.8 shows the motion of a colony into its relevant
imperialist. In this motion, 6 and x are random numbers
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with uniform distribution as demonstrated in formula 14
and 15.

X~U(0, B * d) (14)
O~U(-v,7) (15)

Where B is a positive number less than 2, d is the
space between the imperialist and its colony and order the
derivation from original direction [14]-[15]. In this paper
B and y are considered as 1.5 and 0.3 respectively. In
order to damp power and frequency fluctuations between
areas, the objective function for optimization by ICA
algorithm is presented as below:

(Z(Aflz +AF22 £ AF22)) +

Fitness= I (16)

(Z (AP122 + AP13? + AP232))

Where:
Afi is the frequency fluctuations in the areai
APij is the power fluctuations between area; and areg;

SIMULATION AND RESULTS
In this paper, the three-area multi-units Automatic

Generation Control (AGC) is studied. Area 1 consists of
two parallel steam generator that each one produces 50
percent of power in areal. Area 2 and 3 consist of two
parallel hydro and diesel generator that hydro generator
produces 70 percent and diesel generator produces 30
percent of power in area 2 and 3. Total of ACE
participation factors (APF) in each area should be equal to
one.

APF1=0.5, and APF2=1-0.5=0.5.
APF3=0.7, and APF4=1-0.7=0.3.
APF5=0.7, and APF6=1-0.7=0.3.
The required values given below:

Tablel
the parameters of AGC system
Tg:1,=0.08 Tt;,=0.3 Kr1,=0.5 Try,=10
Kdeg=4 Kpeg=1 Kigg=5 Tw, =1
Kieserr, 2=16.5 TR=5 T1=48.75 T2=0.513
KA=250 K1=0.599 K2=0.926 K3=0.529
K4=0.4319 K5=-0.087 K6=0.600 TR=0.001
Td1=1.341 Td2=0.39 Td3=0.031 Td4=0.063
Ks1=-21.92 Ks2=39.56 Ri=2.4 Tp=20
Kp=120 al2=-15 al3=-1.5 az23=-1
Tij=0.0544 Bi=0.545 Kpl1=0.592 Kil=0.728
Kp2=0.8110 Ki2=2.450 Kp3=2.251 Ki3=4.337

APL=0.02 Pr1=1800yy Pr2=1200pmy Pr3=1200mw

Figures 9, 10 show the three-area multi-units AGC. In
figure 9, the PID controllers in each area that optimized
by GA [16], PSO [17], and ICA algorithms, for system
stabilization have been used. In figure 10 this is done by
using AVR that equipped by (PSS).

Fia. 9 MATLAB-SIMULINK based comblete three-area block diaaram comorise steam. hvdro and diesel turhines with PID controller.
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Fig. 11 Frequency fluctuations in the areal by using PID controller

Fig. 13 Frequency fluctuations in the areal by using PID controller
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Fig. 12 Frequency fluctuations in the areal by using PID controller

Fig. 14 Power fluctuations between areal and area2 by using PID

controller
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Table2.
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Fig. 18 Frequency fluctuations in the area2 by using PSS-AVR
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Fig. 17 Frequency fluctuations in the areal by using PSS-AVR

Fig. 19 Frequency fluctuations in the area3 by using PSS-AVR
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Fig. 20 Power fluctuations between areal and area2 by using PSS-AVR
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Fig. 21 Power fluctuations between areal and area3 by using PSS-AVR
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Fig. 22 Power fluctuations between area2 and area3 by using PSS-AVR

From figure 17-22, it is clear that the performance of ICA
for tuning the parameters of PSS-AVR in order to damp
power fluctuations and frequency fluctuations compared
with other Algorithms is much better. Maximum

overshoot (OS), maximum undershoot (US) in ICA is less

than other Algorithms.

Table3.
Performance of ICA, PSO and GA algorithms by using PSS-AVR
0s Us
Afi gy
ICA PSO GA ICA PSO GA
Areal 0.0015 0.0066 0.0074 -0.045 -0.042 -0.047
Area2 0.0016 0.0065 0.0075 -0.045 -0.042 -0.047
Area3 0.0016 0.0066 0.0076 -0.045 -0.042 -0.047
0s Us
APijpy
ICA PSO GA ICA PSO GA
Argal 0.001 0.001 0.0002 -0.001 -0.003 -0.003
Argal 0003 0.002 0.001 -0.002 -0.005 -0.006
Argaz 7306 1406 176 0 0 O
CONCLUSION

In this paper a new design method to determine optimal
PID and PSS-AVR controllers’ parameters by using the
imperialist competitive algorithm (ICA) was proposed.
These controllers were designed to improve the transient
performance of the interconnected system following a
disturbance in either area. The comparative performance
analysis of the two specific varieties of controller devices
for optimal transient performance of automatic generation
control (AGC) was presented.

The main idea was to reduce the maximum overshoot
(OS) and maximum undershoot (US) of power and
frequency fluctuations. Results show the superiority of
ICA toward the ordinary population based algorithm like
GA and PSO for damping power and frequency
fluctuations between areas and decreasing OS and US. It
was also observed that the designed AVR equipped by
PSS compared with PID has less OS and US in power and

frequency fluctuations.
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