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Abstract:

This paper presents a method based on fuzzy logic controllers and genetic algorithm
technique for automatic generation control (AGC) of power systems. In this study,
ordinary fuzzy PI controller and fuzzy PI controller that its parameters are tuned by
using genetic algorithm technique also used as load-frequency controllers with classical
integral controller. The proposed control has been designed to control systems include
three areas having two steam turbines and one hydro turbine and include two areas
having two steam turbines tied together through power lines.  The load perturbation to
first area of power systems that its simulation models is designed and implemented by
using computer program is applied. As result of this, changing frequency and tie-line
exchange power values is retrieve back to their desired values by using three different
kinds of controllers.  From the obtained results, it is shown that the performance of
fuzzy PI controller that its gain parameters tuned by using GA outperforms than other
controller configurations.
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1. Introduction:

In nowadays that power systems’s sizes are increasing and being more complexity,
automatic generation control (AGC) problem of structures consist of parallel  operation
of several interconnected systems is one of important subjects in power system studies.
When unpredictable area load variations and abnormal conditions such as outages of
generation happened in power systems with two or more areas, this lead to mismatches
in frequency and scheduled power interchanges between areas, in interconnected
systems with primary speed control action, can be stopped mismatches in frequency and
scheduled power interchanges between areas but frequency and power interchange
values can not be returned back to in predetermineted limits, these mismatches have to
be corrected via supplementary control that’s why the interconnected power system
need to a supplementary controller. AGC based on the idea that reference set point of
generators in control areas are controlled by using supplementary controller. Automatic
generation control is defined as regulation of power output of generators within a
prescribed area, in response to change in system frequency, tie-line loading or the
relation of these to each other; so as to maintain scheduled system frequency and/or
established interchange with other areas within predetermined limits [1]. The objective
of AGC is to minimize the transient deviations and to provide zero steady state errors of
these variables. In literature, for AGC, some control strategies based on classical control
theory have been proposed [2,3], but because of operation point continuously changes
depending on demand of consumers, the selected fixed controller can unsuitable other
operating points that is why expected performance can not be achieved by the fixed
controller for many times therefore in literature researchers have proposed different
control strategies with variable structures [4,5,6,7].  One of the most successful control
methods is controllers based on fuzzy logic. Fuzzy logic controllers have some
advantages as like it provides an efficient way of coping with imperfect information,
especially imprecision in available knowledge, one of its main advantages is that
controller parameters can be changed very quickly by the system dynamics because no
parameter estimation is required in designing controller for nonlinear systems.
Moreover, this control method does not need an accurate model of the dynamics of
system under control.
In this study, AGC of two power systems that one of them consist of three areas having
two steam turbines and one hydro turbine, other system consist of two areas having two
steam turbines is considered. In order to control to this power systems, three controllers
type, conversional PI controller, fuzzy PI controller and fuzzy PI controller that its gain
parameters are tuned by using GA, is used.  The simulation models of power systems
are implemented by using MATLAB Simulink Program and MATLAB Fuzzy Logic
Toolbox and Genetic Algorithm Toolbox. To damp out the oscillations due to
instantaneous load perturbations in first area of power systems in simulation model,
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using three controllers type uses AGC of power systems.
   One of characteristic specifications of this study is that the governors at all areas in
power system have deadband, which are important for speed control under small
disturbances. The deadband affects the stability of the power system. It is known that
governor deadband has destabilization effect on the transient response. Moreover,
reheater effects are very important for stability of the systems having steam turbines
having steam turbine therefore, the effects of reheater of each thermal area in the power
system considered in this study and is modelled in simulation [8].

2. Modelling for Automatic Generation Control of Power Systems:

An interconnected power system is considered as being divided into control areas,
which are connected by tie lines. In each control area, all generators are assumed to
form a coherent group. Some of the areas in the power system are considered having
load perturbations having same magnitudes Hence, it is required to control the
deviations of frequency and tie-line power of each control area. The power systems
investigated in the study, consisting of three areas and two areas. The power system
with two areas is assumed to contain two reheat turbine type thermal units. The power
system with three areas is assumed to contain two reheat turbine type thermal units and
a hydro unit. The detailed block diagram of the interconnected power system with three
areas is given in Fig. 1.
Each area supplies electric power to its own customer and tie lines allow electric power
to flow between areas. Therefore, each area affects others; it is mean that when
unpredictable load variations occured in any area, this situation affect frequency and tie
line exchanges values in other areas. The control system of each area needs information
about transient situation in all areas to bring the frequency and tie-line exchange to their
steady state value. Hence, control system is able to bring them to their steady state
value.
 In AGC, controller that controls power system accepts error singal as input signal. This
error signal is called as area control error (ACE)
ACE = iii Pfb ∆+∆                                                  (1)
Here, bi is frequency bias factor and optimal value of bi is chosen as 0.425 in literature
[9].
Controller brings system frequency and tie-line interchange power values back to their
predetermineted values by using ACE.
 The function approach described is used to incorporate governor deadband nonlinearity
in literature [10].  In has been found that the backlash nonlinearity tends to produce a
continuous sinusoidal oscillation with a natural period of about 2 sn. An approximate
Fourier series solution has been developed as follows:
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    F(x,dx/dt) = 0.8x- dt/dx2.0
π

                              (2)

where the above Fourier coefficients stand for a backlash of %0.05 [10].

3. PI Controller:

Conventionel PI controller is proposed first controller type for the AGC of power
system in this study. The reason behind the extensive use of PI controllers is its
effectiveness in the control of steady-state error of a control system. This controller type
brings down the steady-state error to zero. Integral controller gain (Ki) decrease the rise
time, increases both the overshoot and the settling time, and eliminates the steady-state
error. In this paper, ACE is controlled as steady-state error that needs controlling. PI
controller, which is used as load-frequency controller, produces a control signal (u) in
order to bring down area control error to zero. This control signal (u) provide to
maintain frequency and interchange power in predetermineted values The block diagram
of PI controller are shown in Fig. 2. Control signal (u) is defined with below
formulation:

∫ ∫ ∆+∆−=−=
τ τ

0 0
iii,tieiiii dt)fbP(Kdt)ACE(Ku        (3)

Figure (2): Block diagram of conventional PI controller

4. Fuzzy Logic Controllers:

One of the main aims of this study is AGC of power systems with two and three areas
by using fuzzy logic controller. The reason of choosing fuzzy logic controllers is that
controller parameters can be changed very quickly by the system dynamics because no
parameter estimation is required in designing controller for nonlinear systems.
Therefore a FLC, which represents a model-free type of nonlinear control algorithms,
could be a reasonable solution for investigated problem type.
   In this paper, the inputs of proposed fuzzy controllers are ACE and change rate in
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ACE ( ACE) , which is indeed error  (e) and the derivation of the error (de/dt) of the
system.  The inputs of controller is shown in Fig. 3.
  Proposed controller is Sugeno type fuzzy PI controller with two input and one output.
In this controller, error and derivation of error signals which have numeric value are
multipled by scaling factors then  numeric values is transformed into fuzzy sets.  This
fuzzy sets represented by membership functions is processing by inference engine
according to rules in to rule base. The result of the inference process is an output
represented by a fuzzy set, but the output of fuzzy system should be a numeric value,
the transformation of a fuzzy set into a numeric value is called defuzzification.  This
numeric value is multipled by output scaling factor and be produced output control
signal (u). Input and output scaling factors tune the fuzzy controller to obtain the desired
dynamic response of power system.
   In proposed fuzzy controller, shape of the membership functions of ACE and ACE is
gaussian as shown in Fig. 4. There is 3x3 =9 rules in rule base of proposed fuzzy
controller. In literatute, 5x5=25 or 7x7=49 rules and triangle shaped membership
functions are mostly used in fuzzy controller for AGC. The reason of using proposed
membership function shape and 9 rules is that the performance of controller designed
according to proposed parameter is very close to response found for controller with 49
rules and triangle shaped membership function, and also designing controller for 9 rules
is very easy.  NB,NS,Z,PS,PB in lookup table of fuzzy rules represent negative big,
negative small, zero, positive small, positive big, respectively.

Figure (3): Fuzzy PI type controller
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Figure (4): Membership functions of ACE and ACE

5. Genetic Algorithm:

In this study, the optimum values of the parameters KIi and bi which minimize an array
of different performance indices, are easily and accurately computed using a genetic
algorithm. In a typical run of the GA, an initial population is randomly generated. This
initial population is referred to as the 0th generation. Each individual in the initial
population has an associated performance index value. Using the performance index
information, the GA then produced a new population. The application of a genetic
algorithm involves repetitively performing two steps.
1.The calculation of the performance index for each of the individuals in the current
population. To do this, the system must be simulated to obtain the value of the
performance index.
2. The genetic algorithm then produces the next generation of individuals using the
reproduction, crossover and mutation operators.
 These two steps are repeated from generation to generation until the population has
converged, producing the optimum parameters [11]. In this paper, the integral of
squared time-multiplelied square of error) is considered as performance index.
∫ ∆λ+∆β+∆α+∆+∆+∆
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  In this study, GA utilized to tune gain parameters of fuzzy PI controller. To calculate
the performance index, a digital simulation of the system was designed and performed
for each of the individuals of the current population. The values of the performance
indices thus obtained, were fed to genetic algorithm in order to produce the next
generation of individuals. The procedure is repeated until the population has converged
to some minimum value of the performance index producing near optimal parameters
set. The following genetic algorithm parameters were used in the present research.
  Population size: 50
  Maximum no. Of generations: 245
  Crossover probability: 0.8
  Mutation probability: 0.1
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6. Results and Analysis:

In this study, the AGC of interconnected power systems with two and three areas by
using three different type controller, conversional PI controller, fuzzy PI controller and
fuzzy PI controller that its gain parameters tuned by using GA, is considered.  Through
simulations, the performance of proposed controllers is shown and compared.
   The simulation models of proposed power systems are implemented by using
MATLAB Simulink Program and MATLAB Fuzzy Logic Toolbox and Genetic
Algorithm Toolbox. The load perturbation having amplitude of 0.01 p.u. MW to the fist
areas of power systems is applied and the frequency oscillations and tie-line power
flows are investigated. Because of governor deadband negative effect on settling time
and on the amplitude of oscillations and reheater effects are very important for stability
of the systems having steam turbines, in the simulation, detailed model incorporates
governor deadband nonlinearity effects and steam reheat process using the describing
function approach. The system responses with three controllers are shown in Fig. 5.
Which response belongs to which controller is shown on the figure.
  The aim of the study is to investigate the effects of fuzzy PI controller and fuzzy PI
controller that its gain parameters tuned by using GA on improving dynamic
performance of the power system. The results obtained show that the performance of
fuzzy PI controller that its gain parameters tuned by using GA is better than ordinary
fuzzy PI controller and conventional PI controller as the main objective of the study.    It
is observed that the settling time of this control strategy is much shorter than other
controller type and with the proposed controller  less overshoot and undershoot is
observed.

6. Conclusions:

This study is an application of three control strategies to AGC in power systems with
two and three areas. Computer programs implement simulation of power systems. In
power systems with two and three areas, which the load perturbation to first area of
power systems is applied, tie-line exchange power deviations and steady state
performance of frequency for each areas is investigated. This exchange power
deviations and steady state performance of frequency that is not desirable cause an ACE
in the power system. Companies producing electric power have to bring down the area
control area to zero in order to ensure the quality of power supply. Proposed controllers
provide to maintain system frequency and exchange power values within predetermined
limits and in this way, ACE is brought down to zero.
  From the obtained results, it is shown that the performance of fuzzy PI controller than
its gain parameters tuned by using GA outperforms than other controller configurations
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at AGC in power system.
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                                 (a)                                             (d)

                               (b)                                            ( e)

                                         (c)                                                      (f)

Figure 5.  The results for 0.01 p.u. step load perturbations
at first area of power system with three areas (a) f1 (b)

f2 (c) f3 (d) P12

The results for 0.01 p.u. step load perturbations at first area of
power system with two areas  (e) f1 (f) f2
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                              Figure 1. The blok diagram of power system with three areas




