International Journal of Power, Energy and Artificial Intelligence, August 2008, No.1, Vol. 1, (ISSN: 1985-6431) Page: 29-33

Automatic Generation

IL.H. Hassan, Control of Power System | | JPEAI

W yioganen, | With Fuz2zy Gain Scheduling oo
S5 Yeng Integral and Derivative

Controller

Abstract— This paper presents a new Fuzzy Gain Scheduled Igeal and Derivative (FGID) controller for
Automatic Generation Control (AGC) of a two area nm-reheat power system. Simulation results show thathe
proposed control scheme is suitable for damping thérequency oscillation due to load disturbance effds. The
proposed controller is compared against other contillers using settling times, overshoots, and undédreots of the
frequency deviations. The results show that the pmosed controller outperforms other schemes. Best dgmic
responses are obtained when compared with Fuzzy GaScheduling of Proportional and Integral (FGPI) catroller,
fuzzy controller, and Conventional Proportional andintegral (PI) controller.

Keywords — Automatic generation control, fuzzy logi control, power system.

performance than conventional control methods e t
I. INTRODUCTION dynamic response may be unstable because of thptabss

In steady state, the output of the generators yairetant in system parameters. In addition, it is diffictdt design a
will exactly equal the load on the system and i ¢ linear time invariant models for different operatipoints

generating units operate synchronously at the sa T .
frequency. _ Recently many researchers _applleq |_ntel!|gent tmlm;
Immediately after a change in the total power deféme (i.e neural network, fuzzy logic, optimization afgbms,
flywheel governor of the synchronous machine tryeturn etc.) to solve the load frequency control probl&®]. FGPI
the system to the initial frequency but it is uratd do that. controllers were proposed by dlfferent_ researcf{ér§]. A
Therefore, the system needs to use supplementatsotoe. FGPI con'_[roller Proposeo_' by [5] with seven tr|araa_gul
AGC to eliminate the deviation in frequency [1]. membership functions. This cor_1tro||er gave bettymaanic
In the interconnected power system, the supplerr;enthrfO_rmance When compared with three different dletrs.
control is added to the system to compliment thiengy In this study, instead of the FGPI controller, tR&ID

control to eliminate the frequency and net tie_"ngontroller is  suggested. T.he results of.the progose
interchange  deviations. The following objectivese gicontroller are compared against the conventionatroder,

considered due to the load perturbations: Fuzzy Logic Controller (FLC) and the two PGP cofiers
(1) maintain frequency of each area and the nefinge ProPosed by [4] and [5] respectively. Settling teme
power at scheduled vaiue. overshoots, and updershoots of the frequency dengtre
(2) each area regulates its own load changes. used for comparison. The results demonstrate that t

In conventional studies, frequency oscillations the Proposed controller provides better performance ier
system are minimized by using conventional linedYPes Of controllers.
controllers [2, 3]. However, they resulted in longettling
times and higher oscillations. II. MODELING FORAGC OFA TWO AREA POWER
Power system is a nonlinear, complex system and is SYSTEM
subjected to different kinds of events. Therefoite,is The system considered in this study is consistihgvo
difficult to effectively solve the significant powesystem control area connected by a tie-line as shown gn Ei Each
control problems depending only on the conventionabntrol area is containing non-reheat turbine tyipermal
approaches. As a way to solve these problems, gaint.Detailed block diagram of a single area power syste
scheduling controllers as a type of adaptive cdistrdiad shown in Fig. 2.
been used for AGC by many researchers, [4]. It dmtéer The system can be represented in the state-spanebfo
the following equation:
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Fig. 1. General diagram of a two-area power system.
Also x(t) is the state vector, given as .
T_ T
X(t) =% Xg vvernnes X711 =[ Af; APy AXg; AR ]
where Af; is increment frequency deviation of areaPy; is 46

mechanical power deviation of aréa AXg is increment "'9- 2 Detailed block diagram of a single-area elod

change in governor valve position of areaAR; is tie-line Detailed block diagram of the two-area interconedct

increment power deviationi is area index 1, 2, power system including controllers is shown in Bg.

u(t)=[u u,]1", and APy =[ APy, APy, 1T
First control area is interconnected with tie-line toesth lll. THE FGID CONTROLLER

control area. Thé -th control area net interchange equals the Fuzzy logic is derived from fuzzy set theory wharienite

megawatts on outgoing tie-line. To maintain frequenf Number of memberships is allowed. The degree oh eac

each area and the net tie-line power at schedwtaceythe Member ship for each element is indicated by a eurit

Area Control Error ACE) of i-th area is minimized to the interval [0 1], [10]. While traditional contlets are
linear, fuzzy logic controllers are nonlinear. Maver, fuzzy

logic controllers do not need a controlled plantdelp and

m not sensitive to plant parameter variations. Byngisuzzy

ACE = ZAPﬂeﬂ. + B Af; (2) logic the human experience can be used in the dedithe
j=1 controller.

Fuzzy logic controllers are rule-based controllefée

where bi is frequency bias coefficient of -th area, and rules of the system are written in natural language
translated into fuzzy logic.

ARjeij 18 tie-line interchange error between théh and j - A basic structure of a fuzzy logic system is shawifFig.
th areas. 4 [11].
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Fig. 3 Two-area power system including controllers
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; , TABLE |
; Rule ! FUZzZY LOGIC RULES FOR THE PROPOSED CONTROLLER
: Bast¢ i A
Input H i e NBENM NS Z PS PM PB
p Crisn " Prm())utput _= |

LIIS| — F —
:ﬂmlzzzﬂlnferenc*:uzﬂ Defu22|f|cat|or1:',_|> NB PB PB PB PM PM PS z

! i NM PB PM PM PM PS 4 NS
i ' NS PB PM PS PS 4 NS NM
z PM PM PS z NS NM NM

Fig. 4. Basic structure of a fuzzy logic system. PS PM PS z NS NS NM NB
PM  PS z NS NM NM NM NB
The control structure for the conventional ID cotier is PB z NS NM NM NB NB NB

in the following form:

The fuzzy rules of the gainsskand K are in the form:
b (=-K [&®dt-Koe ® ®)
If eis L, andeé is M, Then GainisZ,
where g = ACE, K, and Kp are the integral and (4)
derivative controller gains.
The correlation between the conventional controfled where Ly, M|, and Z, are fuzzy sets, and n is number of

fuzzy logic system is chosen to improve the pertmoe of ryles. In this study 49 rules are used. The séuzdy rules
the conventional controller. Here the gains of 2 are given in TABLE I. The centroid method is used i

controller are modified according to the disturbesic defuzzification process.
The Mamdani fuzzy inference engine was selectedtand
range of the controller is chosen properly to inweroutputs IV. SIMULATION RESULTSAND DISCUSSION

responses of the system. Here, error and its tienative

are used as inputs to the controller. Seven tr&an er::t iﬂizli)(?sgr?egggroi(\:/\r/]erwssst:r%pll‘?'g ;?uéwgare;non-
membership functions are employed for the inferen}k‘% P Y : y aady

: : : . . ; ffect of a load change on the system respank# step
mechanisms i.e. Negative Big (NB), Negative Mediu €e . .
(NM), Negative Small (NS), Zero (2), Positive Sm@S), load change is assumed to take place in area laad?2.

o . e . The performance of the proposed controller is caoegha
qusﬁg:rsmsd;ﬂtig?)bfapé PéosE?/ear?(;gKD(PE))r' th;- h(\a/vith conventional controller, FLC, and the tweGPI

proposed controller are shown in Fig. 5 controllers proposed by [4] and [5] respectively.
T In this paper, the simulation is implemented byngsi
MATLAB Simulink program and MATLAB Fuzzy Logic

u . . .
toolbox. The data of the system are given in thpeialix.
N N N 2 Ps Py v The proposed controller gains are changing during
disturbances as shown in Fig. 6 and Fig. 7. Thesiggor
Ace output power responses of both areas and thengeglower
01 005 00w 0 00325 0085 o1 response are shown in Fig. 8. The figure demomstrtat
u each area regulates its own load fluctuations. fiédguency
response of the area 1 after the load change srshoFig.
NB NM NS z PS PM PB 9
AACE
-11 -0.715 -0.33 0 0.33 0.715 11 08
“ 0.7 q
0.6 —
NB NM NS z PS PM PB 0.5 —
)
5 0.4 4
KD § 0.3 —
75 -4.875 -2.25 0 2.25 4.875 7.5 0.2 q
u 01 |
0
NB NM NS z PS PM PB
oty > 2 5 5 10 2 7 16 18 20
time (sec)
Ki Fig. 6. Changes of th&p of the proposed
93 6045 279 0 279 6.045 9.3 controller for the two-area power system.

Fig. 5 Membership functions for the proposed aulter of error ,errors As mentioned before, settling times, overshootsg an
time derivative Kp , and K undershoots of the frequency deviations are used fo
comparison. Fig. 9 shows the settling time for S&ad of
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Fig.7. Changes of th& of the proposed

Fig. 8 Generator output response of the area 1 and
controller for the two-area power system

area 2, and tie-line power deviation response.
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T T T T T T T T T T
I I I I I I I I I I
I I I I I I I I I I
I I I I I I I I I A
I I I I I I I I I I
I I I I I I I I I I
I I I I I I I I I [
I I I I I I I I I I
I I I I I I I I I I
I I I I I I I I I I
sec ! I I I I I I I o
. I I I I I I I I I I
N I I I I I I I I I I
T I I I I I I I I | [
~ I I I I I I I I I I
ks I I I I I I I I I I
I I I I I I I I I I
| | | | | | | | | | N
I I I I I I I I I I
I I I I I I I I I I
I I I I I I I I I o
I I I I I I I I I I
Maxi overshoots= 0.0176 Kz | | | | | |
I I I I I I I I I I
I I I I I I I I I I
I I I I I I I I I I
I I I I I I I I I A
I I I I I I I I I I
I I I I I I I I I I
1 1 1 1 1 1 1 1 1 1

10 11 12 13 14 15 16 17 18 19 20
t (sec)

Fig. 9 Frequency deviations response of area 1.

overshoots, and undershoots of the proposed ctartraie

TABLE Il
COMPARISION OF SETTLING TIME, OVERSHOOTS,
UNDERSHOOTS FOR THE FREQUENCY DEVIATION OF AREA 1

the lowest among all methods.

V. CONCLUSION

Maximum

Type of controller t.Setﬂm@l MaXIrEurr: undershoot In. thl; paper, a new Fuzzy Gains Scheduled Intemndl
ime (sec)  overshoots s Derivative controller was developed for AGC of tarea
The proposed FGID 315 00176 0000477  non-reheat thermal power system.
controller The information about the parameters of the systemmot
FGPI controller [5] 3.47 -0.0194 0.008 important. So this controller is very simple to be
Conventional PI [5] 4.37 0.0271 0.0005 implemented like other types of fuzzy gain schedule
controllers.
FGPI [4] 7.21 -0.0226 0.0106 The proposed controller was compared with other
FLC [5] 17.13 -0.0152 ) controllers using settling time, overshoots andeusldoots

the step load ch hoot g for the frequency deviations. The simulation result
e step load change, maximum overshoots, an max'mdemonstrate that the FGID provides better perfooman

undershoots of the proposed controller. As an overall conclusion, this paper illustratedttlthe

The comparison results against other controllers :
- . . " roposed FGID controller is more suitable for
summarized in TABLE Il which reveals that settlitige of ar;mpl?ementation on a two-area power system compaed
the proposed controller has the shortest time. Atbe FGPI controllers
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APPENDIX
Two-area non-reheat thermal parameters:
T,=0.08, R1= 2.4, B= 0.425, T12=0.086, Tp= 20,
Tt= 0.3, Kp=120.

VIl. BIOGRAPHIES
Mr. Lokman H. Hassan received his MSc in
Power Engineering from the University of
Technology, Baghdad in 2002. He worked as
a project engineer for seven years before he
became a lecturer in the Electrical and
Computer Department, University of Dohuk,
Kurdistan of Iraq. Currently, he is pursuing

i his PhD in Power Systems and Control at the

: Department of Electrical Engineeing in
L x University of Malaya. His most important

' research concern is control systems design

especially monitoring, stability and power systesntcol.

Dr. Haider A. F. Mohamed received his PhD
in  Electrical Engineering from the
University of Malaya, Malaysia in 2006. He
worked as a computer engineer for two years
and as a researcher for four years before he
became a lecturer in the Department of

Electrical Engineering in University of
Malaya, Malaysia, in 2000. His main
research fields are identification and
nonlinear intelligent control of various

systems such as robot arms, automated
guided vehicles, and electric drives.

Prof. Dr. M. Moghavvemi obtained his BSc in
Electrical Engineering from the State University
of New York, MSc from University of
Bridgeport and PhD from the University of
Malaya. He joined University of Malaya in
1991 and currently holds the chair of electrical
engineering. Prof. Moghavvemi is the Director
of Centre for Research in Applied Electronics
(CRAE). His current research interests are;
L% 2" Electronic circuit design; application toward
interface electronics in industrial, conuiay scientific,

sensory
transportation, and biomedical systems.

Dr S. S. Yang was born in 1971 and received
his early education in Malaysia. He graduated
with a BEng.(Hons) in Electrical and
Electronics Engineering from the University
of Sunderland, UK, MSc in Control
Engineering from the University of Bradford,
UK and PhD in Fault Tolerant Control
Systems from Brunel University of West
London, UK in 1992, 1995 and 2004
respectively. He is currently serving as a
lecturer at the Department of Electrical
Engineering, University of Malaya, Malaysia and imain research interest
is in the theoretical development of control systedesign, specifically
fault tolerant control systems for a wide rangermgineering applications.

33



