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Fuzzy Based Integral Controller for an Automatic
Generation Control in Multi-Area Power System
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Abstract — In the present work, the intelligent load frequency controllers have been developed to regulate the power
output and system frequency by controlling the speed of the generator with the help of fuel rack position control. This
paper presents the implementation of fuzzy based integral controller (FIC) for controlling frequency and tie line power
of in multi area power system. A comprehensive mathematical model of two area interconnected power system is
developed. In the design of this controller, the conventional integral controller output is fuzzified by the fuzzy logic
controller (FLC). The aim of the proposed controller is to restore the frequency in a very smooth way to its nominal
value in the shortest possible time whenever there is any change in the load demand, etc. The action of this controller
provides a satisfactory balance between frequency overshoot and transient oscillations with zero steady-state error. It
is found that the proposed controller exhibits satisfactorily well dynamic performance and overcome all possible
drawbacks associated with conventional integral controller (CIC).

Keywords — Automatic generation control (AGC), conventional integral controller (CIC), fuzzy based integral

controller (FIC).

1. INTRODUCTION

Power system stability issue has been studied widely [1].
The dynamic behavior of many industrial plants is heavily
influenced by disturbances and, in particular, by changes
in operating point [2], [3]. Load Frequency Control (LFC),
or automatic generation control, is a very important issue
in power system operation and control for supplying
sufficient and reliable electric power with good quality
[2], [4], [5]. The goal of LFC is to reestablish primary
frequency regulation capacity, return the frequency to its
nominal value and minimize unscheduled tie line power
flows between neighboring control areas [6]. Many
investigations in the area of automatic generation control
(AGC) of an interconnected power system have been
reported in the past and a number of control strategies
have been proposed to achieve improved performance [7].
In past decades, many research works have investigated
AGC problem to improve its response in conventional
power systems [8]. The conventional control strategy for
the LFC problem is to take the integral of control error as
the control signal. The conventional integral control (CIC)
approach is successful in achieving zero steady-state error
in the frequency of the system, but it exhibits relatively
poor dynamic performance as evidenced by large
overshoot and transient frequency oscillations [9].
Moreover, the transient settling time is relatively large [7].
In the application of optimal control techniques, the
controller design is normally based on a fixed parameter
model of the system derived by a linearization process.
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Power system parameters are a function of the operating
point. Therefore, as the operating conditions change,
system performance with controllers designed for a
specific operating point most likely will not be
satisfactory [10]. Consequently, the nonlinear nature of
the load frequency control (LFC) problem makes it
difficult to ensure stability for all operating points when
an integral controller is used [11].

More recently, some modern ‘intelligent’ methods
such as fuzzy logic control [12], adaptive control [13], fast
acting artificial neural networks (ANN) [14] and genetic
algorithms [15], have gained increasing interest for
applications in the LFC problem. But the ANN approach
has many inherent drawbacks like requiring of large
historical database for proper training, network topology
dependence and choice of proper response functions etc
due to which exactly similar performance may not be
obtained [14].

The AGC based on fuzzy integral controller (FIC) is
proposed in this study. 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
[16]. It provides an efficient way of coping with imperfect
information, secondarily, it offers flexibility in decision
making processes and thirdly, it provides an interesting
man/machine interface by simplifying rule extraction from
human experts and by allowing a simpler a posteriori
interpretation of the system reasoning [17].

In this paper, a fuzzy integral controller (FIC) is
designed and implemented to improve the transient
behavior of the system. A typical two area interconnected
power system is considered as a test network and
comparative simulation results are presented and
discussed.
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2. MODEL OF AGC IN TWO-AREAS POWER
SYSTEM UNDER STUDY

In an interconnected power system, load frequency control
(LFC) equipment is installed for each generator. The
controllers are set for a particular operating condition and
take care of small changes in load demand to maintain the
frequency within the specified limit. The first step in the
analysis and design of a control system is mathematical
modeling of the multi area power system. Proper
assumptions and approximations are made to linearize the
mathematical equations describing the system, and a
transfer function model is obtained for the component
[18].

Figure 1 shows a well known block diagram used
for AGC of a typical two-area power system along with a
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CIC controller only [1], [18], [19]. The dynamic models in
state-space variable form, obtained from the associated
transfer function, is:

X = AX + BU, Y =CX
(1
Where,
X = [Af1 Af2 AP12 APVl APVZ APml Asz APrefl APreQ]T;

T, T
U= [APLl APLZ] Y= Af1 Afz] are the state vector , the

control vector and the output variables, respectively. The
values of the elements of the system matrices A, B, and C
may be computed from the nominal parameter value [1],
[18], [19].
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Fig. 1. A transfer function model for AGC of a typical two-area power system with considering GRC [1], [18], [19].
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Fig. 2. The optimal integral controller gain, K; and frequency bias factor, B.

In practical steam turbine systems, due to
thermodynamic and mechanical constraints, there is a
limit to the rate at which its output power (dP/dt) can be
changed. This limit is referred to as generator rate

constraint (GRC). A typical value of 6=0.0017 p.u. MW/s,
applicable to most modern turbines, has been chosen for
this study [19].
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Determination of Optimal Value of the Integral Gain
Value of KI and Frequency Bias Factor, B

Dynamic performance of the AGC system would
obviously depend on the value of frequency bias factors,
B, = B, =B and integral controller gain value, K;;=K;,=K.
The optimal values of K; and B are chosen, here, on the
basis of a performance index (P.L.) [1], [18], [19] is given
in Equation 2:

40
PL = [(AP2 + wiAf? + woafd )it @)
0

where, w; and w, are the weight factors. The weight
factors w; and w, both are chosen as 0.25 for the system
under consideration. From Figure 2, it is observed that the
value of Integral Controller gain, K; = 0.34 and frequency
bias factors, B=0.4 which occurs at P.I. = 0.0009888.

3. FUZZY BASED INTEGRAL CONTROLLER

Figure 3 shows a typical block diagram for fuzzy based
integral controller (FIC) [20].
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Engine
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Fig. 3. A typical fuzzy based integral controller (FIC).

The discrete-time equivalent expression for
conventional integral control (CIC) used in the chapter is
given as:

e*(k)=r*k)-y*k) 3)

Ae* (K)=e* (k) —e* (k - 1). 4)

V*(k):[e*(k)—Ti*(k—l)] (5)

W) = KT, D e (i) ©6)
=

where, r*(k), y*(k) and e*(k) being the reference, output
and error between the reference and the process output,
respectively at k™ instant, Tg is the sampling time, u(k) is
the control signal.

The incremental control effort at k™ instant is given
by:

Au*(k)y=u*k)—u*k-1) @)
Au*(k)=K,.e*(k-1) ®)
where Au*(k) is the incremental control effort at k™ instant
and K; is the integral gains of digital CIC controller,
respectively.
4. DESIGN STEPS FOR FIC SCHEME

Automatic generation control of these closed loop control
systems shown in Figure 1 means minimizing the area
control errors (ACE;). So that system frequency and tie-
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line interchanges are maintained at their scheduled values,
respectively. The control error for each area consists of a

linear combination of frequency and tie-line error [1],
[18].

ACE; =Y AP, ;; + B/Af, ©)
j=1

where ACE; is the area control error of i™ area, B; is the
frequency bias coefficient of i" area, Af; the frequency
error of i™ area, and APye j 1s the tie-line interchange error
between i™ area and " area. An overall satisfactory
performance is achieved when the frequency bias factor of
different areas are equal, i.e. B=D;+1/R;. Thus, ACEs for
a two area system are:

ACE1 = AP12+B:|_Af1 (10)
ACE, = AP,+ByAf, = a1,4P1,+ByAf,

The CIC controller outputs will thus be of following
the forms:

A
== |1(AP12 + BlAfl)
A
=—K,, [ (AP, + B,Af, )dt (12)
. A
Au, =— Klz(alePlz + BzAfz)

where, AR, =27 fT (Af, —Af,)/S is the tie-line power,

which flows from Area 1 to Area 2 and Au is the CIC
controllers output.

The same fuzzy based integral controller is used on
both areas. In each area, the area control error supplied to
the CIC controller and then output of the CIC controller
fuzzified by the fuzzy logic controller (FLC) shown in
Figure 3.

The FLC controller for each FIC has the two inputs
which are defined as:

Input1: error=Au=— KIJ.(AF’I2 +BAf )dt=¢, 13)
Input 2: rate of change of error:

o A
Au=—K, (AP, +BAf ) =dg, /dt (14)

where, Af =fn-f. The fuzzy sets of each linguistic
variable adopted in this work are: NB: Negative Big; NS:
Negative Small; Z: Zero; PS: Positive Small; PB: Positive
Big. The membership functions for the designed FLC
controller of the three variables (g;, de/dt, AP.) used are
shown in Figure 4.

It is possible to derive a membership value for this
variable in many possible ways, one of the rules that has
been chosen is

(e, ce) =minu(e,), u(de, /)] (15)
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Fig. 4. Membership functions for the fuzzy variable of the
proposed FIC.

The fuzzy rules are constructing by using trial and error
methods. The output of FIC controller is given in Table 1.
The well-known center of gravity defuzzification method
is given by the following expression:

APy = Zﬂjcj Zﬂj
j=1 i=1

where, g4 is the membership value of the linguistic
variable and uj is the precise numerical value.

(16)

Table 1. Rule base for FIC controller.

e
de/dt NB NS Z PS PB
v
NB PB PS PS PS Z
NS PS PS PS Z NS
4 PS PS Z NS NS
PS PS Z NS NS NB
PB Z NS NS NB NB

5. SIMULATION RESULTS AND DISCUSSION

In order to demonstrate the beneficial damping effect of
the proposed fuzzy based integral controller of automatic
generation controller in a multi area power system,
computer simulations results based on system non-linear
differential equations are carried out for different load
changes. The differential equations are solved by using the
4th order Range-Kutta method under MATLAB
environment. The MATLAB software has been used in
overall simulation work.

Case I. The step load is applied to only one area

In this case, FIC controller of the loaded area is active
only to resotore the frequency to its nominal value and the
output of the FIC controller for the unloaded area is same
as the CIC controller output. Figure 5 shows the responses
of the frequency deviations, power generation of both
areas and Tie-line power deviation and generation rate
constraints (GRC). From this figure, it is clearly depicted
that the frequency devaition in both areas is comparatively
50% less oscillated than that of CIC controller and of
reference [3]. The settling time is greatly reduced to the
value 3.54s as compared to the CIC controller and of
reference [3]. It is observed that the tie-line power flows
from Area 2 to Area 1 in both cases. The typical value of
the GRC is maintained to 0.0017 p.u. MW/s.
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Case I1. Same step load is applied on both areas

In this case, FIC controller of the both areas is active to
restore the frequency to its nominal value separately. If
the both areas have the same capacity and same step load
changes, the FIC controller of each area adjusts their own
load individually. Figure 6 depicts the simulation results
for the same step load changes of AP =0.01p.u in both
areas. It is clearly observed that the 1% peak of the
frequency deviation in each area is reduced to 55% than
that of CIC controller, 3™ peak is near about zero and 4™
peak of each figure is fully diminished and the settling
time is very small compared to the CIC controller (within
2.55s) and of references [3], [4]. Tie line power in this
case must be zero because the both area have the same
capacity and same load is applied on each area. The
typical value of the GRC is maintained to 0.0017 p.u.
MW/s.

Case I11. Different step load is applied on both areas

In this case, both areas are loaded by the different loads,
each area adjusts their own load separately. Lower loaded
area shared the extra load of the higher loaded area. Figure
7 exhibits the system performances for the step load
changes of AP ;=0.02 and AP;,=0.01 p.u., respectively. It
is clear that the oscillation of the frequency deviation is
decreased 50% than that of CIC controller and of
references [3], [4]. The 3™ and 4™ peaks of oscillations are
completely diminished. Here, the settling time is very
small compared to the CIC controller. The tie-line power
flows from Area 2 to Area 1.

In all three cases, power generation of each area is
equal to their corresponding step load changes and the
generation rate constraints (GRC) of each area is used as
need as possible to adjust their corresponding load.

Tables 2 and 3 show the comparison of performances
between the FIC controller and CIC controller in multi
area power system. These settling times are also better
than that of fuzzy logic based LFC controller [3], [4].

Table 2. Time to reach 1* peak.
Load in one Same Load in
area(AP;;=0.0 both areas
and AP;,=0.01 (AP=

Different Load
AP ,=0.02; and
APL2:0.01 pu)

p.w AP1,=0.01 p.u)
FIC CIC FIC CIC FIC CIC
-0.012  -0.021 -0.0150 -0.027 -0.018 -0.036
0.32s 0.59s .35s 0.74s  0.38s 0.7s

Table 3. Setting times.

Load in one area Same load in both

Step load
change p.u. Only areas
FIC CIC FIC CIC
0.01 3.54s 11.052s 2.55s 13.44s
0.012 3.57s 11.52s 2.87s 14.12s
0.015 3.71s 12.146s 3.21s 14.73s
0.02 3.6 13.489s 3.43s 14.74s
0.025 3.62s 15.2s 3.725s 16.1s
0.05 4.65s 16.72s 3.84s 17.8s
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Fig. 5. Frequency deviation, power generation, tie-line power and generation rate
constraints (GRC) for step load change AP;;= 0.01 p.u in area 1 only.
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6. CONCLUSION

An intelligent load frequency controller has been
developed to regulate the system frequency and tie-line
power of multi area power system. The proposed FIC
provides a satisfactory stability between frequency
overshoot and transient oscillations with zero steady-state
error. The various simulation results clearly indicate that
the proposed scheme exhibit superior performance than
that of CIC controller and of references [3], [4]. The
settling time is reduced to a great extent with the proposed
mode of control. The design procedure of the FIC
controller may be applied in three area or more area power
systems, possibly with simpler structure and with careful
examination of its potential properties.

REFERENCES

[1] Elgerd, O.I. 1983. Electric Energy Systems Theory.
McGraw-Hill Book Company, New York.

[2] Shayeghi, H., Shayanfar, H.A. and Jalili, A. 2006.
Multi-stage fuzzy PID power system automatic
generation controller in deregulated environments.
Energy Conversion and Management 47: 2829-2845.

[3] Kocaarslan, I. and Cam, E. 2005. Fuzzy logic
controller in interconnected electrical power systems
for load-frequency control. Electrical Power and
Energy Systems 27: 542-549.

[4] Cam, E. 2007. Application of fuzzy logic for load
frequency control of hydroelectrical power plants.
Energy Conversion and Management 48: 1281-1288.

[5] Zeynelgil, H.L., Demiroren, A. and Sengor, N.S.
2002. The application of ANN technique to automatic
generation control for multi-area power system.
Electrical Power and Energy Systems 24: 345-354.

[6] Shayeghi, H., Shayanfar, H.A. and Malik, O.P. 2007.
Robust decentralized neural networks based LFC in a
deregulated power system. Electric Power Systems
Research 77: 241-251.

[7] Karnavas, Y.L. and Papadopoulos, D.P. 2002. AGC
for autonomous power system using combined
intelligent techniques. Electric Power Systems
Research 62: 225-239.

[8] Hosseini, S.H. and Etemadi, A.H. 2008. Adaptive
neuro-fuzzy inference system based automatic
generation control. Electric Power Systems Research
78:1230-1239.

M.F. Hossain etal./ International Energy Journal 9 (2008) 275-280

[9] Ha, Q.P. and Trinh, H. 2000. A variable structure-
based controller with fuzzy tuning for load frequency
control. International Journal of Power and Energy
Systems 20(3): 146-154.

[10]Elgerd, O.I. and Fosha, C.E. 1970. Optimum
megawatt frequency control of multi-area electric
energy systems. IEEE Transactions PAS-89: 556-
563.

[11]Dash, P.K., Liew, A.C. and Mishra, B.R. 1998. An
adaptive PID stabilizer for power systems using fuzzy
logic. Electric Power Systems Research 44: 213-222.

[12]Chown, G.A. and Hartman, R.C. 1998. Design and
experience with a fuzzy logic controller for automatic
generation control (AGC). IEEE Transactions on
Power System 13(3): 965-970.

[13]1Kanniah, J., Tripathy, S.C., Malik, O.P. and Hope,
G.S. 1984. Microprocessor-based adaptive load-
frequency control. IEE Proceedings General
Transmission Distribution 131(4): 121-128.

[14]Beaufays, F., Abdel-Magid, Y. and Widrow, B. 1999.
Application of neural network to load frequency
control in power systems. Neural Networks 7(1): 183-
194.

[15]Chang, C.S., Fu, W. and Wen, F. 1998. Load
frequency controller using genetic algorithm based
fuzzy gain scheduling of PI controller. Electric
Machines and Power Systems 26: 39-52.

[16]Demiroren, A. and Yesil, E. 2004. Automatic
generation control with fuzzy logic controllers in the
power system including SMES units. Electrical
Power and Energy Systems 26: 291-305.

[17]Lee, CC. 1990. Fuzzy logic in control systems: fuzzy
logic controller, parts I-II. IEEE Trans System, Man
Cyber 20(2): 404-418.

[18]Saadat, H. 2003. Power System Analysis. Tata
McGraw-Hill Publishing Company Limited, New
Delhi.

[19] Devotta, J.B.X., Rabbani, M.G. and Elagovan, S.
1998. Effects of SMES unit on AGC dynamics. In
Proceedings of International Conference on Energy
Management and Power delivery (EMPD’98), IEEE
Xplore.1: 61-65, March, Singapore.

[20] Patel, A.V. 2005. Simplest fuzzy PI controllers under
various  defuzzification methods. International
Journal of Computational Cognition 3(1): 21-34.



