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Abstraet: An application of Aenlficial Newral Networks (ANN]
io [oad Frequency Control (LFCH of nealinear pawer systanis
Iy presented In this paper. Powsr sustems, such as other

indesirizl [processes, hove paramelric unceriaingies rhat far

condrodlar design had o ieke the wncarainites Inlg aceouat.
Far this reasam, to LFC contraller design Is being wied af
robest control thearler and fo improva stability of ronlinear
spstent, dn the weripws sperating poinf and wnder differeat
disturhansee this consroffer fax b een Feconsirweted with he
ust of mewral nshwork capability baved on Redisl Resis
Functien (REF). The motivation af using ihe robust control for
traleing of the RBF reural nerwarks controller is faking the
farge paraméiric urcerfalnties fate decount sa that both
srabillty of the overal! fatem and good pegformance hove
beer achieved for all admisible urcertaintics. The wvariation
Boursds af power nentem parameters are oblaimed by changing

2%t 309 simnlienesusly from their tppicol
etluas. Our freclzrion resulis or a single machine pewdr

syetent show that the proposed noniirear newra! controller can
ackleve pood performanee and stability af the averall sestem
#ven in the presence of geagration rate constralnr (GRC)
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1. Introdoction

Load frequency control {LFC), iz a wvery impartant
issue in power system aperation &nd comtral for
supplylng sufficient and relinble elecmric power with
good quality [1]. A load frequency cantral i s essen(ial
for maintaining frequency £ ystem in it nominal value.
Since the operating point and the leading conditions in
power systems are changing constantly. Thus, to
improve the stability and performance of the power
system, generator frequency should be setup under
different loeding conditions. For this reason many
coptrol approaches have been represented for load
frequency control after 1970 decade [2].

An industrial plant, such 6% & power systern, always
containg paramerric uncertainties, As the operaring point
of a power system ond ifs  parameter changes
continnously, 8 ficed cootoller may po longer he
suitable in a1l operating conditions. In order to take, the
parametric uncerizinties mfo account, several authors
hzve spplisd the eoncept of varizble sfrecture systems
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[3,4], verions adaptive control techniques [5] to the
design of load frequency control. In recently years,
fuzzy logic [6], neural nebtworks metheds [7.8], robust
control [9-11] and improved H_ control [12,1] has been

applied 1o the design of LFC,

In this paper, a new poplinesy Artificial Meural
Metwork (ANMN) controller is designed which has an
pdvance adzptive control configuration, The proposed
controller wses the capability of ANN based on Radial
Basis Function (RBF) for design of the LFC controller.
In this wark, for the desizn of nonlinear ANM conteoller
is being used the idea of H_robust controller and
applying it lo nonlineor power % vstem. T he miotivation
of using the robust cootrol for training of the RISF
neucal petwarks controllsr is taking the large paametric
uncertainties info zccount so that both smbilicy of the
overall systemy and pood performance have been
ochieved for all adimissible uncertaintes, The required

date for taining and testing RBF nerwork at varicty
aperating points under load step disturbances with the
design of 11 robust controllers had been obtained. Our
gimulation results on & siople machine powsr syslem
show (hat the pioposed controller not only has pood
pecformance in the presence of the geoemtion rate
conmsimint {(GRC), but also ensure the stability with

complex nonlinear dynamics,

2. Flant Model

The power systems sre large-scale systems with
complex nonlinear dynamics. However, for desizn of
LFZ, the linearized model around operating point is
sufficient to represent the power system dynamics [1].
Fig.l shows the block diageam of one avea power
syslem. Wherever fhe actial meoadel is with generation
rate constraints [GRC) and it would influeice 1
performance of power systems sippificantly. Thus, the
GRC is taken into acéount by adding a limiter o the
turbine and alse to fhe infepral cootrol part to prevent
excessive control action. T he GRC ofthe thermal unit
03 pa per minute {(§=0.005) i considerced, The
gavernor dead-band is also assumed to be 0.06%. Based
on the suitable state variable chosen in Fig. 1, the
following state-space model will be oblamed:

f= Ax+Eu+Fd 1
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Ag the important characteristics of power system such
as are changing of the gsoeration, Loading conditions
and system confipuration, Therefore, parameters of the
linear model described previously depend oo the
pperating points, In thiz peper the range of the
pammelsr variations are obtaimed by change of
simulaneonsly T, by 50% and all other parameters by
20% of their typical values which are given below:

T,=204, =1207, =05T_=10,T, =01,

k,=k.=058 =24 & =005,

Denoting the ith paramster byd,, the parameter

uncertzinty is formulatad oz
a, = AT, |.§,|5I. L fir R {I]

u:'!-E‘%E- M-E;"_-"u

where g, and g, stand for the maximum and minimam

waluz, respectively. Table 1 shows the system
ubcerlainties  with  their pominal, mexicowm and
mimmum values,
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Using thess shove definitions, 1h slate-space madel
along wilh uncertainties system will be separated 2s[1):

= A u+Bu+BywtFd
zmCox+C, u+C,d {3)
Wy=i,x
wedz
And the souctured uncertainty block is:
4= [icg (481 & R, 51

3. Dresign of H_- Robust Controller

The objective of contoller design in single machine
powsr syslem i3 damping of frequency oscillations,
stability of the overall systern for ell admissible
uncertainties and load distorbances. Thus, frequency
devintion { AF ) is considered as controller imput. Fig, &
shows the design problem in F_ geosml] structure, in
wtich Py contains norninal plant and all parsmetric
unzertainties. I order to teke modeling emor into
account, the W, is considered and ¥, also indicating of
system performance. The weights have beesn selected fo

be as:
: 031z =5

Ly
These weights have besn selected by trail and error
after apalyzing many different sinmlation results. P in
Fig. 2 is the generalized plant that should be obtained as
F_stzndard eguation [13]. After obfaining the
generalized plant of a siogle maching power system, the
algorithm described in [14] was used (o design the
robust LFC controllzr.,

dedtl

Eig. 2- The rabust conmol configuration for the system

4. Nonlinear Controller Design Based on ANN
One way of minimizing the fequency escillation i a
siopls erea power Sysierm s by usmg closed-open sfeam
valve method, in widch the govermor improves (he
iransient stabilily of the zyslem. The aodlinear
coniroler will producs coatrol signel to the governorn
Recently, compotational intelligence systems and
within thermn neura! networks, which in fact zre model
free dynmamics, has been ussd widely fof spproximation



functions and mappings. The main featuwre of newral
networks is their ability to leam from samples end
peneralizing them, and elso their sbility to adapt
themselves to the changes in the environment. In fact,
newral networks are very suitable for problems in the
real word, They can mip from & set of patterns in the
input space to a sct of desired vales in the output space.
In other words, neoral networks try to emulale the
learning activities of the human brain, but in & very
simplified fashion. These networks are composed of
many simpls compatational wnits called neurons, which
have fast responses to the inputs. These netwarks with
participarion in 2n especial kind of parallel processing
provide possibility of modeling any kind of nonlinear
relation. More accuracy, robustness, generalized
capability, parallel processing, learoing static and
dynamic made] of MIMO systems e collected data and
lts simple implementation are some of the important
characteristics of neursl networks that caused wids
application of this technique in different branch of
srience end industries, especially In power system and
design of the nonlinear comntrol system [8,14].
4.1. Radial Basis Fuaetion Nenral Networls

In the simplest form, a radial basis function nerwerk
consists of three layers; the input layer, which has
source {input) nodes; the hidden lzyer, which has
encugh number of neurcns; and the output layer, which
defines the response of the network with regard o the
epplied inpuis. The mapping frem the input [ayer to the
hidden laver is nonlineer, whereas the mapping from the
hidden layer to the output layer is linear, The structure
of the RBF network is shown in Fig 3,

Fig 3= The architecuse of radia! hesis function neural nelwark

In this network, the radial basis functions are Green
functions with the following farm:

9,(x)= E‘H=-',.'i}= upl:—[x—:,f], il M (4)

where M iz the number of peurons in the hidden layer,
which can be less or equal to the number of training
samples. The guiput of this network is zn approximation
of the desired output and is cbtained as follows:

Filz)=b fg w; 03]

The weights.in the cutput layer w, and the center of
the Green functions f will be obfained during the
training of the network [14]. Radial basis funétion
neural networks differ from mollilaver perceptran in
several respects, REBF networks have & fingle Ridden
layer, whereas MLF networks may have one or more
hidden layer, In thess networks activation function
between input layer and hidden layer are nonlinear and

()

bedween hidden lzyer and output layer are linear, bt in
MLP networks ectivartion functlon each hidden layer
with its previous layer wes nonlinear and output layer
ray be lincar or noolinear,
4.2, Optimal Naenlinear ANN Controller Diesign

Fig.4 shows the block diegrem of the closed-loop
system, consisting of nomlinear newral  network
controller. The data reguired for REF neural network
treining is obtained from the & robust controller design
in different operating conditions and under various load
disturbances. The objective of LFC contraller desipn is
damping the frequency deviation with minimizing
transient oacillation under the ditferent load conditions,
Thus, frequency deviation Is chosen as rearal nebwork
input. The output of the neoral network is the control
signal, which iz applied to the govemeor.

AP —H

PLANT * AF

u =

l! + Riobust
Contraller

Fip4 - Blnck dizgmam of the nunlincr neucel netwark controller

5. Simulation Results

For small sampling time, it can be shown thet  the
discrzte<time medel is almost the same as the
continoous-time model, Henee, the simulations hawve
besn carried out in MTALAB wsing continuss-time
domain functions. In this study, the application of BBF
newrel contreller for LFC in power system s
investipated. The performance of ANN controller is
compared with H_controller and PT controller, which

has bezn widely usad in power syslems.

Figs. 5 ta 7 depict the performance of RBF, f_znd PI
controller when 2% load step disturbance is applied 1o
the system, Fig. 5 shows the results far the paramsters
ai thelr nominal values and & = 0005, Fig. &.a shows
the performence of controllsc with the applying %61 load
step disturbancs 1o swstem when only one parsmeter
(Kol 1s changed to 180 and the others parameters are at
their nominal veluss and alsa GRC is decrsased to
F=0.0017. In Fig. &b %2 load step disturbance applied
to svitern whereas the perameters and GRC are
decreazed from their pominzl values (o the minimum
valuss and GRC 1o &=0005, too. Fig. 7 shows the

respanses of controllers when the paremeters are



increased from thedr nominal valees to their maxinus
values and 2.5% load step disturbance is applied to
gystem,

Hepmark 51: The simulation results show that the
proposed REF controller is very effective and not only
has pood performance, even in the presence of the GRC,
but also enswres the stebility of the overall system
especially when the parameters and the operating
conditions of the system are changsd.

Remark 5.2 From the simuoletions results in Fig, 5howe
can see that the responses of the overall system ars more
sensitive 2o the planl gain K, == compared to ather
PEI-H.H'!EI.L‘.:TS.
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Fig. 5- The perfaimenes of contrallers with neminal paremedsss and
AP=T4 & §=0405
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Fig. 6- The pecformpnse of contrallers: {2) wilh K=1ED eod
AP = 1% & S =007 (k] with mininvam paremeters

and AN = & 5= Q00

Fig 7- The pedirmance of controllers wilh maximem paamelers
and APD = 25893 & 5 =005

&, Concluslon
In this paper, 2 new RBF petwork lozd- frequency

controller has been proposed to improve power system
performance. This control strategy was ¢hogen because

power systems involve many parametric wncertaintics
with varying operating cooditions. The propossd
contreller is effective and can ensure that the overtll
gystem will be stable for 1] admizsible uncertainties
and load disturbasnces, The simulation results shew that
the proposed RBF neurzl network controller can
achieve good performance even in the presence of
GRC, especially when the system paramefers are

changing,
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