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a b s t r a c t

This paper presents the analysis of automatic generation control of a two-area interconnected thyristor
controlled phase shifter based hydrothermal system in the continuous mode using fuzzy logic controller
under open market scenario. Open transmission access and the evolving of more socialized companies for
generation, transmission and distribution affects the formulation of AGC problem. So the traditional AGC
two-area system is modified to take into account the effect of bilateral contracts on the dynamics. It is
possible to stabilize the system frequency and tie-power oscillations by controlling the phase angle of
TCPS which is expected to provide a new ancillary service for the future power systems. A control strat-
egy using TCPS is proposed to provide active control of system frequency. Further dynamic responses for
small perturbation considering fuzzy logic controller and PI controller (dual mode controller) have been
observed and the superior performance of fuzzy logic controller has been reported analytically and also
through simulation.

� 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Large scale power systems are normally composed of control
areas or regions representing coherent groups of generators. In a
practically interconnected power system, the generation normally
comprises of a mix of thermal, hydro, nuclear and gas power gen-
eration. However, owing to their high efficiency, nuclear plants are
usually kept at base load close to their maximum output with no
participation in the system automatic generation control (AGC).
Gas power generation is ideal for meeting the varying load de-
mand. Gas plants are used to meet peak demands only. Thus the
natural choice for AGC falls on either thermal or hydro units. Liter-
ature survey shows that most of earlier works in the area of AGC
pertain to interconnected thermal systems and relatively lesser
attention has been devoted to the AGC of interconnected hydro-
thermal system involving thermal and hydro subsystem of widely
different characteristics. Kothari et al. [1] have investigated the
AGC problem of a hydro-thermal system provided with integral
type supplementary controllers. It is to be appreciated that in a
realistic situation, the system works in the continuous mode
whereas the controllers work in the discrete mode. Perhaps Nanda
et al. [2] are the first to present comprehensive analysis of AGC of

an interconnected hydrothermal system in continuous-discrete
mode with classical controllers.

Under deregulation the power system structure changed in
such a way that would allow the evolving of more specialized
industries for generation (Genco), transmission (Transco) and dis-
tribution (Disco). A detailed study on the control of generation in
deregulated power systems is given in [3]. The concept of indepen-
dent system operator (ISO) as an unbiased coordinator to balance
reliability with economics has also emerged [4,5]. The assessment
of automatic generation control in a deregulated environment is
given in detail in [6,7] and also provides a detailed review over this
issue and explains how an AGC system could be simulated after
deregulation.

On the other hand, the concept of utilizing power electronic de-
vices for power system control has been widely accepted in the
form of FACTS which provide more flexibility in power system
operation and control [8,9]. A Thyristor Controlled Phase Shifter
(TCPS) is expected to be an effective apparatus for the tie-line
power flow control of an interconnected power system.

However these authors have not considered the presence of
nonlinearity like generation rate constraint and hence their work
does not explain the working of AGC in deregulated environment
in the presence of nonlinearities. A few investigations have been
carried out using fuzzy logic controller (FLC) for AGC of thermal
systems [10,11]. Surprisingly, till date, no attempt has been made
to examine the effect of FLC in an interconnected hydro-thermal
system under deregulated environment.
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The remainder of the paper is organized as follows: Section 2 fo-
cuses on the dynamic mathematical model of two-area hydrother-
mal system. Section 3 deals with the design of FLC and its
application to AGC. Section 4 explains the tie-line power flow mod-
el considering TCPS. Section 5 deals with the system investigation.
Section 6 deals with results and discussions. In Section 7 some con-
clusions are drawn.

2. Dynamic mathematical model

Electric power systems are complex, nonlinear dynamic systems.
The load frequency controller controls the control valves associated
with high pressure (HP) turbine at very small load variations [12].
Here it is assumed that small variations of load permit the lineariza-
tion of system equations. The system under investigation has tan-
dem-compound single reheat type thermal system. Each element
(Governor, turbine and power system) of the system is represented
by first order transfer function at small load variations according to
the IEEE committee report [13]. Nonlinearity like generation rate
constraint (GRC) of 270%/min for thermal area and 4.5%/min for
raising generation and 360%/min for lowering generation in the
hydro area is considered. Fig. 1 shows the transfer function block
diagram of a two-area interconnected hydrothermal system. The
parameters of two-area model are defined in Appendix.

3. Design of fuzzy logic controller

In this work we have designed PI-like Fuzzy Knowledge Based
Controller. The area control error (ACE) and rate of change of ACE
(DACE) are considered as the inputs to the fuzzy logic controller.

The basic structure of the conventional PI controller is given by

u ¼ Kpeþ KI

Z
edt ð1Þ

where Kp and KI are the proportional and integral gains respectively
and e is the error signal(i.e. e = process set point � process output
variable). Taking the derivative with respect to time, (1) can be
transformed into the following equivalent expression

u
�
¼ Kp e

�
þKIe ð2Þ

For Automatic generation control problem the inputs to the fuzzy
controller for ith area at a particular instant are ACEi(t) and
DACEi(t), where ACEiðtÞ ¼ DPtiei þ BiDfi and DACEiðtÞ ¼ ACEiðtÞ�
ACEiðt � 1Þ and output of the fuzzy controller is Du .This is in accor-

dance with (2) for PI-like controller. The inputs and output are
transformed to seven linguistic variables NB, NM, NS, Z, PS, PM
and PB which stand for negative big, negative medium, negative
small, zero, positive small, positive medium and positive big,
respectively. Symmetrical triangular membership function is
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Fig. 1. Block diagram of two-area hydrothermal system.

Fig. 2. Membership functions for the fuzzy variables of ACE.

Table 1
Fuzzy rules for two-area system.

NB NM NS Z PS PM PB

NB PB PB PM PM PS PS Z
NM PB PM PM PS PS Z Z
NS PM PS PS PS Z Z Z
Z Z Z Z Z Z Z Z
PS Z Z Z NS Z NS NS
PM Z Z NS NS NM NM NB
PB Z NS NS NM NM NB NB
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Fig. 3. Rules generation by understanding system dynamics.
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