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ABSTRACT

In this paper, a new controller based on intelligent control technologies for load
frequency control (LFC) is proposed. This controller overcome some drawbacks of
neural network and fuzzy logic technologies and may also allow for the
incorporation of both heuristics and deep knowledge to exploit the best
characteristics of each. A “Dynamical Fuzzy Network (DFN)” that contains
dynamical elements such as delayers or integrators in their processing units is used
in the controller design for LFC. This design is based on adjusting parameters of
DFN. This is done by minimizing the cost functional of load frequency errors. The
cost gradients with respect to the network parameters are calculated by adjoint
sensitivity analysis.

Key words : Load frequency control, dynamic fuzzy network, power system
control, intelligent control.

BiR YUK FREKANS DENETLEYIiCi TASARIMI

OZET

Bu makalede, akilli denetim esasina dayanan bir yiik frekans denetleyicisi
Gnerilmistir. Onerilen yeni kontrolor sinir aglari ve bulanik mantik teknolojilerinin
sakincali taraflarinin {istesinden gelmekte ve her birinin istlin taraflarin
kullanmaktadir. Kendi islem birimlerinde geciktiriciler ve integratorler gibi
dinamik elemanlar1 igeren bir dinamik bulamik agi (DBA), bir yiik frekans
denetimi  tasariminda  kullanilmustir.  Tasaritm, DBA  parametrelerinin
hesaplanmasina dayanir. Bu da yiik frekans hata masraflarini igeren bir 6lgiitiin en
aza indirilmesi ile saglanir. Gerekli olan Olgiitin ag parametrelerine gore
gradyanlari, adjoint duyarlilik analizi ile hesaplanmustir.

Anahtar Kelimeler:Yik frekans denetimi, dinamik bulanik ag, giic sistemlerinin
denetimi, akilli denetim.

1. INTRODUCTION

ELEKTRIK GUC SISTEMLERINDE DiNAMIK BULANIK AG TABANLI

Elektrik gii¢ sistemlerinde kararli ve giivenilir ¢alisma
icin frekans Onemli bir kriterdir. Enterkonnekte giic
sistemlerinde frekansta meydana gelen degisimler biiyiik
o6lgekli ciddi kararsizlik problemlerine yol agabilmektedir.
Yiik frekans kontrolii, birden ¢ok bdlgeden olusan biiyiik
giic sistemlerinde kararli ve giivenilir bir isletme igin
saglanmas1 gereken denetim sekillerinden biridir. Iyi bir
isletme icin frekansin sabit tutulmasi ve aktif giic

Frequency is an important criteria for reliable and stable
operation in electric power systems. Frequency variations
in interconnected power systems can cause large scale
serious instability problems. Load frequency control is one
of control schemes to provide the stable and reliable
operation in multi-area power systems. For stable
operation, constant frequency and active power balance
must be provided. Frequency is depending on active
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dengesinin olusturulmas: gerekmektedir. Frekans ile aktif
gii¢ arasinda birebir bir iliski vardir. Frekans kontrolii i¢in
aktif giic kontrolii zorunluluktur. Frekans, enterkonnekte
sistemde her nokta i¢in ortak bir karakteristik oldugundan
aktif gii¢ {iretimi yada tiiketiminde meydana gelen bir
degisme, sistemin her noktasinda frekansta saliimlar ya
da diismeler olugsmasina yol agmaktadir.

Literatiirde yiik frekans kontrolii gergeklestirmek
amactyla bulanik mantik ve yapay sinir aglarin1 kullanan
cok sayida c¢alisma  bulunmaktadir.  Kazancin
ayarlanabildigi PI denetleyiciler (1), genetik algoritmalar
(2), iki seviyeli bulanik denetleyiciler (3), lineer olmayan
sinirsel aglar (4) ve bulanik PID denetleyiciler (5) yiik
frekans kontrolii i¢in uygulanmis ydntemlerdir. Bu
bildiride 6nerilen yeni denetim sekli yapay sinir aglari ve
bulanik mantikla denetimin sakincali ve istenmeyen
yanlarin1 gidererek, bu iki bilgiye dayali teknolojinin en
iyi taraflarim birlestirmektedir. Bu ¢aligmada, yiik frekans
denetleyici  tasarimi  igerisinde, icerisindeki islem
biriminde erteleyici ve dinamik elemanlar bulunduran ve
aktivasyon fonksiyonu seviyesinde standart bulanik sistem
olan bir dinamik bulanik sinir agi (DBA) kullanilmustir
6,7).

2. 1iKi BOLGEDEN OLUSAN GUC
SISTEMLERINDE YUK FREKANS
DENETIMi

iki yada daha fazla giic bolgesi iceren enterkonnekte
giic sistemlerinde, bolgeler arasindaki gii¢ akisini istenen
sinirlar  igerisinde  tutmak ig¢in  iretim  denetimi
gerekmektedir Yik frekans denetimi iki ana denetim
¢evriminden olusmaktadir. Bunlar birincil ve ikincil
denetim ¢evrimleridir (8).

Birincil denetim tiirbin ve hiz regiilatorlerince
gerceklestirilmektedir. Bu ¢evrimle frekans her zaman
anma degerinde tutulamamakta ve kalici frekans hatasini
giderememektedir. Bu yiizden ¢ok bolgeli sistemlerde,
yeterli bir denetim saglayamamaktadir. Ciinkii ¢ok bolgeli
sistemlerde bir bdlgedeki frekans degisimi diger bolgeye
de etki etmektedir. Tkincil denetim cevrimi yada bir bagka
deyisle ilave denetim c¢evirimi ile s6z konusu kalici

frekans hatasi giderilmektedir. Bunu ise bdlgeler
arasindaki gii¢ akigina yon vererek yapmaktadir. Baglanti
hatlarindaki  aktif gilic akist denetlenebilmektedir.

Gilinimiizde bilgisayar destekli denetleyiciler bu iglemi
gergeklestirebilmektedir. Sekil 1’de iki boélgeden olusan
bir gii¢ sisteminde birincil ve ikincil yiik frekans denetimi
gosterilmektedir.

Bu calismada incelenen bdlgeler arasindaki baglanti
hatt1 iizerinden bir akig meydana gelmektedir. Bu gii¢
akismin denetimi ve dengesi ikincil frekans denetimi ile
miimkiindiir. Ayrica frekans ve aktif gii¢ iiretiminin
denetimi i¢in, baglanti hattindaki gii¢ salmimlarinin
soniimlenmesi bir bagka gereksinimdir. Bu makalede
gerceklestirilen bilgisayar benzetimleri i¢in sekil 2’deki
matematiksel model kullanilmigtir. Bu klasik model, bir
integral denetleyici icermektedir ve parametreleri ekte
verilmistir.

power. To improve the stability of the power networks, it
is necessary to design a load frequency control (LFC)
systems that control the power generation and active
power at tie lines. Any change in active power
demand/generation at power systems is reflected
throughout the system by a change in frequency.

There are many studies that used fuzzy logic and
artificial neural networks for load frequency control in the
literature. Gain scheduled PI controllers (1), genetic
algorithms (2), two level fuzzy controllers (3), nonlinear
neural nets (4) and fuzzy PID controllers (5) have been
used for load frequency control. This paper proposed to
design a controller that overcomes some of the drawback
of artificial neural networks and fuzzy logic control and
combines the successful properties of both control actions.
In this study, a dynamic fuzzy network (DFN) that
includes dynamic elements with delay operators in its
processing unit and has a standart fuzzy activation
function is used (6,7).

2. LOAD FREQUENCY CONTROL IN TWO
AREA POWER SYSTEMS

In interconnected power networks with two or more
areas, the generation within each area has to be controlled
so as to maintain scheduled power interchange. Load
frequency control scheme have to be two main control
loops. These are primary control and secondary control.

(®).

Primary control is achieved by turbine-governing
system. Maintaining the frequency at scheduled value
cannot be succeeded. A steady state frequency error can
occur forever. So this loop does not enough for multi-area
power systems. In multi-area power systems, frequency
must be equal and must be hold a rated value at all areas.
The second control loop is called supplementary control.
This is realized in large power systems that includes two
or more areas. Active power is controlled at the tie line
between neighbor areas. Nowadays computer-aided
controllers realize this action. Fig. 1 shows primary and
secondary control loops.

In studied systems, there is a load flow between areas
through a tie line. Balance and control of power flow is
realized by secondary control loop. Also damping of
oscillations at tie line is another requirement for successful
control of frequency and active power generation. In this
paper, linearized mathematical model given in fig. 2 is
used in computer simulations. This model includes
classical integral secondary controller and its parameters
are given in appendix.

In secondary frequency control loop,the controlling of the
power flow through the tie line is mportant. The purpose
of tie line is: (i) to provide the power interchange
with reasonable cost between the areas and (ii) to meet the
generation demand which will decrease the frequency
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Ikincil frekans denetim ¢evriminde énemli olan baglant1 variations during the suddenly load change in one of the
hattindaki giic akisinin denetimidir. Baglanti hatlarinin two areas, quickly.
amaci bolgeler arasinda uygun maliyetli gii¢ alig verisini
saglamak ve iki bolgeden birinde meydana gelen ani bir
yik degisiminde yasanacak olan frekans degismelerini
azaltacak iiretim talebini hizli bir sekilde karsilamaktir.

LFC-1 LFC-2

[Data Communication| |Da‘Ea Communication|

GOV : Speed Governor , LFC : Load frequency controller

Figure 1 Load frequency control scheme in a two area interconnected system
Sekil 1 iki bolgeli enterkonnekte sistemde yiik frekans denetimi

AREA-1
B,
II 1/R, II
ACE; ] i
/ — e 1 Afy
C —>| p1I _>O_> Turbine Governor —>O——> M5+ D,
- + -A
APNpi AP v+
tiel-2
e /s |{()
APNpo K
+ —i—\L
i 1
O—> PI $Q—> Turbine Governor2 __>©__> S
. M ACE; /L + M, s+D, Af,
jII/ R, I
B,
AREA-2
Figure 2. Block diagram of a two-area system with classical PI controller
Sekil.2. Iki bolgeli klasik PI denetleyicili sistemin blok diyagrami
Ornek olarak bu makalede ele alman iki bolgeli sistemi For example, as in this paper, for the sample power

basit¢e sekil.3” de oldugu gibi diisiiniiliirse, bu sistemin system shown in fig.3, if it is assumed that the generation
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dretim yiik karakteristikleri birbirine esit oldugu
varsayilirsa, ve birinci bolgeden digerine 100MW’lik gii¢
aligveriginin normal kosullarda s6z konusu oldugu kabul
edilirse, ikinci bolgede 30 MW’lik yiik artis1 oldugunda,
bu iki 6zdes bolge, 15 er MW seklinde yeni yiikii
paylasacaktir. Boylece baglanti hattindan ikinci bolgeye
115 MW yiik akisi olacaktir. Boyle bir degisim g¢esitli
sebeplerden dolay1 uygulanamayinca birinci alan 30
MW’nin tamamini karsilamak igin iretimini arttirmak
zorunda  kalacaktir.  Bu da  ekstra  maliyeti
gerektirmektedir. Bu asamada arzu edilen, ikinci
bolgedeki ani talebi algilayacak ve frekansi nominal
degerine geri getirecek, bunu yaparken de ikinci bdlgede
30 MW lik iiretim artisin1 gergeklestirecek bir denetim
mekanizmasidir (9).

and load characteristics are equal and area 1 sends 100
MW to area 2, when a sudden load increase of 30 MW in
area 2, both identical areas share this increase equally.
Therefore area 1 must send 115 MW to area 2 throughout
the tie line. But this change cannot be applied, so area 1
must increase its generation to meet all of 30 MW. This
requires extra generation cost. In this level, a control
action which senses the sudden demand in area 2 and
returns the frequency to rated value and also realizes the
generation increase of 30 MW in area 2, is desired. (9)

_ > |

PNET INTERCHANGE

APy =Load change in area -1
AP ,=Load change in area -2

Figure 3. Tie line frequency control for two-area power system
Sekil 3. Iki bolgeli sistem i¢in baglant1 hatti frekans denetimi

Bu denetim mekanizmasi su maddeleri This control action should recognize the following

algilayabilmelidir (9):

i. Eger frekans diigmiigse, ve sistemden c¢ikan net
degisim giicli artmigsa, sistem disinda bir yiik artmast
meydana gelmistir.

ii. Eger frekans diigmiigse, ve sistemden ¢ikan net
degisim giicii azalmigsa, sistem iginde bir yiik artigi
meydana gelmistir.

Yukarida ifadeler i1siginda net degisim giicii igin
asagidaki tanimlar yapilabilir:

Pup, toplam gercek net degisim giicii ve Pgyp istenen yada

beklenen net degisim giicii.

APNp=Pnp-Psnp

Buna gore baglant1 hatti-frekans denetimi i¢in 6zet bir
tablo su sekilde verilebilir (9):

points (9):

iii. If the frequency decreased and net interchange power
leaving the system increased, a load increase has
occurred outside the system.

iv. If frequency decreased and net interchange power
leaving the system decreased, a load increase has
occurred outside the system.

From the above cases, the following definitions can be
made :

Pyp is total actual net interchange and Psyp is scheduled or

desired net interchange power.

[1]

Then a summary table for tie line frequency control can
be given as follows (9):

Table 1. Tie Line Frequency Change
Cizelge 1. Baglant1 Hatti-Frekans Denetimi

Af |APynp |Load Change Resulting Control Action
- - APy, + ;AP O Increase Pgen in area 1

+ + AP -5 AP, O Decrease Pgey 1n area 1

- + APy 0 ; AP, + Increase Pgey 1n area 2

+ - APr; 0 ; AP, - Decrease Pgen 1n area 2

iki bolgeli bir sistem igin, birinci bélgede meydana

When a load increase of APy, in area 1, frequency
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deviation and net interchange power can be defined as
follows for a two-area system :

gelen APp;’lik bir yiik artist durumunda frekansta ve
baglanti hattindan aktarilan giigteki degisim su sekilde

ifade edilmektedir:
AW = — APLl
1 [2]
—+_—+D,+D,
Rl Rz
1
— AP, ( + Dz)
R, 3]
AP, = 1 1
—+_—+D,+D,
R, R,
Tablo 1’in birinci satirindaki  sonuglardan birinci We can define the load increase in area 1 as generation

bolgedeki yiik artigini, yine birinci bolgedeki liretim artigi

seklinde ifade edebiliriz. Bu ifade su sekilde olmalidir:

APGEN1=APL;

APGen>=0

Uretimdeki degisme, bolge denetim hatasi (area control
error, ACE) olarak da adlandirilan, frekansi ve net degisim
giiclinii istenen degere gotiirmek i¢in bolgenin liretimini
degistirmeyi ongdrmektedir. Buna goére her bir bolgenin
ACE’ si asagidaki gibi olacaktir:

ACE]Z—APNDl—B 1. AW

ACEZZ-APN[)z-Bz. Aw

Burada B, ve B, frekans kutuplama c¢arpani olarak
adlandirilir ve su sekilde belirtilirler:

1
B =——4+D
1 R1+ 1
B ! D
2—R72+ 2

Bu esitliklerin birlikte yazilimi sonucu her iki bélge i¢in
ACE degerleri

increase from the results in first row of Table 1. The

statement is:

(4]

(3]

The required change in generation, called the area
control error or ACE, the shift in the area’s generation
required to restore frequency and net interchange to their

desired value. The equations for ACE of each area are as
follows:

(6]

(7]

Where By and B, are called as frequency bias factors
and defined as follows :

(8]

(9]

These equations resulted in ACE values for the two-area
power systems that can be written as:

105



106 G.U. J. Sci, 17(3): 101-11

4 (2004)/ Yusuf OYSAL * Ahmet Serdar YILMAZ, Etem KOKLUKAYA

1
+AP; ;| —+D
ACEI = 1 1 — R—+D1 . 1 1 ZAPU [10]
——+——+D;+D, 1 ——+——+D;+D,
Ry Ry Ry Ry
1
+ APLI[R + DzJ | Ap
ACE, =|——— —(—+D2]. — = =0 [11]
—+——+D;+D, Ry —+——+D;+D,
Ry Ry R Ry

3. DINAMIK BULANIK AGLARIN MiMARISi

Dinamik bulanik aglar, bulanik aktivasyon fonksiyonu
iceren ve feron (6,7) denilen dinamik elemanlardan
olusmaktadir. Her bir feron, bulanik aktivasyon
fonksiyonuna sahip tek bir dinamik sinir hiicresi ile temsil
edilmektedir. Dinamik feronlar, biyolojik sinir hiicrelerine
benzemektedirler. Feron girisleri yeterince uyarilirsa, bu
modeli tetikler. Uyarma islemi Hopfield dinamikleri
olarak bilinen geri (lag) dinamikler iizerinden gerceklesir.
Bulanik aktivasyon fonksiyonu (¢), beyinle ilgili korteks
(cerebral cortex) ve beyinin daha dig kismindaki gorsel
kortekste (visual cortex) yer alan yenileyici (receptive)
alan birimlerine benzer (10,11,12). Bulanik aktivasyon
fonksiyonu olan (¢), her tiirlii yeni bilgiye agik olan
biyolojik sinir hiicresi gibi davranir. Bu bildiride
kullanilan bulanik aktivasyon fonksiyonu, tekli (singleton)
bulaniklastirici, carpim karar mekanizmasi ve merkezi
ortalama arindirictya sahip Gaussian iiyelik fonksiyonlu
standart bir bulanik sistemdir ve i.nci ferona ait olan
bulanik aktivasyon fonksiyonu, su sekilde yazilabilir:

0; (x;) =

3. THE ARCHITECTURE OF A DYNAMIC
FUZZY NETWORK

Dynamic fuzzy networks have been used in the meaning
of networks that have unconstrained connectivity and have
dynamical elements in the fuzzy processing units. The
processing unit in the network is called “feuron” (6,7). The
feuron represents a single dynamic neuron with fuzzy
activation function. The dynamic feuron resembles the
biological neuron model. This model fires if the inputs of
feurons are excited enough. The firing procedure is done
through a lag dynamics such as Hopfield dynamics. Fuzzy
activation function ¢ behaves such as a biological neuron
which has receptive field units in the visual cortex, in part
of the cerebral cortex and in outer parts of the brain (10-
11-12). Fuzzy activation function we have used here is a
standard fuzzy system that has singleton fuzzifier, product
inference engine with Gaussisan membership function and
center average defuzzifier. The i activation function with
standard fuzzy system can be written as;

Burada c¢; ve oy, j.inci yenilikgi (receptive) alan
biriminin  iinci  feronun merkez ve  yaymim
parametreleridir.

Asagidaki denklemler DBA’nin hesaplama modelini
olusturur:

Z i a;exp| ——
ey (x - 1Y .
jzlaljuj(xl) B k_l 2 GIJ [12]
R, B 2
Z- ”’J(X1) § R; 1 Xi~=C
= exp| — =
i=1 j=1 p 2 o

where ¢; is center and oy is spread of the i receptive
field unit of the its i™ feuron.

The computational model of DFN is given with the
following equations;
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i = 0i(xj,m;) =

n
Zi:ZQinja 1=1,2....M [13]
J
Ri 1 Xi_cij 2
SR gjexd -1
k:1 Gij
,1=1,2........ n [14]
2
ZRi 1{ Xi—¢;
exp| —~
j=1 p 2 G
><+Z:W1JyJ+Z:p1J u; +b;]; x;(0)=xjp, i=1,2....n [15]

=fi(xi,p)=—

Genelde zamanla degisen L giris sinyalleri, n dinamik
feron birimleri, n baz terimleri, ve M ¢ikis sinyali vardir.
Birimlerin dinamikleri, bunlarla birlesik olarak kendi
iclerinden girisler ve diger birimlerle baglantilidirlar. Bir
birimin y; ¢ikist bu birimin durum degiskeninin (x;) bir
aktivasyon fonksiyonudur (¢;(x;)). Toplam ¢ikis ise
birimlerin  ¢ikiglarinin =~ bir  lineer kombinasyonu
seklindedir. pj j.inci girigin i.inci ferona icten, wj j.inci
ferondan i.inci ferona igten ve g ise j.inci feorndan i.inci
cikisa baglantt agirliklaridir. T; iinci feronun zaman
sabitesi ve b; de i.inci feronun birim girisine eklenen baz
terimi ya da polarizasyon terimidir. © ise merkez c,
yaymm o ve ¢ikis merkezi b parametrelerinin
olusturdugu bulanik aktivasyon fonksiyonu parametre
setidir. Durum degiskenleri lizerindeki baslangi¢ sartlari
x;(0) acikca belirtilmelidir.

4. IKi BOLGELi ADAPTIF YUK FREKANS
DENETIMI

Yiik frekansi denetimi Sekil 4’te blok diyagrami
verilen iki girigli ve iki ¢ikigh bir DBA'nin Sekil 5°de
goriildiigli gibi gilic sisteminde iki bdlge arasina
baglanmas! ile gergeklenmektedir. Onerilen dinamik agin
giris isareti olarak bolge denetim hatasi ve bu hatanin
degisimleri uygulanmisti. DBA  model ¢ikiglart iki
bolgeli gii¢ sisteminde yiik frekans denetimi igin gereken
sinyalleri tretir. Bu da frekans hatalarindan olusan
maliyet  fonksiyonunu en aza indiren DBA
parametrelerinin  belirlenmesi ile olur (Sekil 5). Bu
problem i¢in gradyan tabanli en iyilestirme algoritmalari
kullanilmistir. Performans kriteri veya masraf yapisi
olarak su basit kuadratik form se¢ilmistir:

In general, there are L time-varying input signals; n
dynamic feuron units, n bias terms, and M output signals.
The units have dynamics associated with them, and they
receive input from themselves, bias term and from all
other units. The output of a unit y; is a fuzzy activation
function ¢(x;) of a state variable x; associated with the unit.
The output of the overall network is a linear weighted sum
of the unit outputs. The bias term b; is added to the unit
inputs. pj is the input connection weights from ' 1nput to

it feuron wjj is the interconnection weights from j™ feuron
to i"™ feuron and q;j is the output connection weights from

" feuron to i output. T, is the dynamic constant of i
feuron and b; is the bias (or polarization) term of i feuron.
n is the parameters of fuzzy activation function which are
centers ¢, spreads ¢ and output centers a. The initial
conditions on the state variables x;(0) must be specified.

4. TWO AREAS ADAPTIVE LOAD FREQUENCY
CONTROL

Load frequency control is done by a DFN, has two
inputs/ outputs and illustrated in Fig. 4, connected between
two areas power system as seen in Fig. 5. Area control
errors and their changers are applied to proposed DFN as
input signals. The outputs of the DFN model generate the
control signals for the two are load frequency control. This
is done by determining the DFN parameters that minimize
the cost functional of load frequency errors (Fig. 5). The
gradient-based algorithms have been used for this
problem. As a performance index or cost structure is
selected in the simple quadratic form as follows:
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E= %jotf [z(t)— z4 (t)]T [z(t)— z4 (t)]dt [16]

Burada e(t)=z(t)-z(t) giic sistemi yiik frekans hata
fonksiyonudur. z(t) DBA modeli ¢ikist ve zd(t) ise
arzulanan yiik frekans cevaplaridir. Bunun igin gereken
degisik parametrelere gore masraf duyarliliklariin
hesaplanmasidir. Bu amag i¢in kullanilan  “Adjoint”
yontemi yeni bir dinamik durum degiskenine A; dayanan
duyarlilik hesaplamasidir (7,13-17):

where e(t)=z(t)-z!(t) is error function for the load
frequencies of the power system. z(t) is DFN model
response (output), and z%(t) is desired load frequency
responses. We need to compute the cost sensitivities.
“Adjoint” method is used for sensitivity computation
based on a new dynamical system defined with adjoint
state variables ;. (7,13-17):

: 1 1 ' !
— i =‘f7»i+fzwij3’j7‘j+ei(t)zqijyj > M) =00
i j

1 6(|)J(XJ)_
. ox:

J

Bu denklemlerle tanimlanan adjoint diferansiyel
denklemlerinin entegrasyonu ise t; son zaman degerinden
t=0 ilk zaman degerine zamanda geriye dogru
gerceklenmektedir. Bu caligmada 5. dereceden Runga-
Kutta-Butcher entegrasyon algoritmasi kullanilmigtir (18).

— 3¢J+2

2
XiTH] XjH; [18]
. 2

GJ Gj

The integration of the adjoint differential equations
must be performed backwards in time, from t; to 0. The
size of adjoint vector is n and is independent of network
parameters. There are n quadratures for computing the
sensitivities.. In this study, 5™ order Runga-Kutta-Butcher
integration rule is used (18).
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Figure 4.The state diagram of DFN with a two-feuron two-inputs/two-outputs
Sekil 4. iki giris ve iki gikigh dinamik bulanik agin durum diyagram
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Figure 5. Adaptive load frequency control of a two-area power system with DFN
Sekil 5. Iki bolgeli bir gii¢ sisteminin DBA ile adaptif yiik frekansi denetimi

Eger p tiim agin parametre vektorii olarak adlandirilirsa,
masrafin bu parametre vektoriine gore gradyani su
formiilden hesaplanabilir

OE
+]

Tim gradyanlar adjoint vektor hesaplanarak Sekil 5°de
verilen iki alanli gii¢ sisteminin blok diyagramindan ve iki
bolgeli gii¢ sistem denklemlerinden (bkz. Ek) kolayca elde
edilir. Ag parametrelerinin giincellenmesinde Broyden-
Fletcher-Golfarb-Shanno  (BFGS) gradyan yoOntemi
kullanilmistir (19). Bu yontem, eski parametre ve gradyan
degisim bilgilerini kullanan ikinci dereceden yaklasimli
etkin bir yontemdir.

5. BILGISAYAR BENZETIMLERI VE
SONUCLARI

Gergeklestirilen bilgisayar benzetimlerinde, Sekil 4’te
goriilen iki feronlu bir dinamik bulanik ag1, yiik frekans
denetimi i¢in egitilmistir. Bu bolimde Sekil 5’deki
lineerlestirilmis gii¢ sistemine %2’lik frekans diismesini
temsil eden bir basamak girisi uygulanmistir. Bu durum
icin s6z konusu dinamik yapi1 ger¢ek zamanli olmadan
egitilmis ve baglant1 parametreleri ve zaman sabitleri su
sekilde hesaplanmustir :

If p is called as vector containing all network
parameters, the cost gradients with respect to parameters
are given by the following formula:

[19]

All gradients can easily be derived from the block
diagram seen in Fig.5 and two area power system
equations (see appendix) and calculating the adjoint
vector. Broyden-Fletcher-Golfarb-Shanno (BFGS)
gradient method has been used for updating of network
weights (19). This method provides the history of
parameter and gradient changes yielding approximate
second order information.

5. COMPUTER SIMULATIONS AND
RESULTS

In computer simulation, a DFN with two feurons shown
in Fig. 4 were trained for load frequency control. A step
disturbance of 2% is applied to system power input of
linearized block diagram shown in Fig. 5. Under this
condition, DFN was trained offline and interconnection
parameters and time constants of the DFN were obtained
as:
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0.015 17.215 4.97 0 0.011 0.509
W = N = ) = b
0.217  1.782 P 0 -3.0I 1 0.035 -0.258

—3.456 T 099 0
Tr= , =
67.291 0 3.0l

Bu inceleme i¢in bulamik aktivasyon fonksiyonunun
giris ve ¢ikis iiyelik fonksiyonlar1 sekil 6’daki gibi elde
edilmistir. Bozucu etki altinda, klasik PI denetleyicili ve
tasarlanan DBA denetleyicili gii¢ sistemlerinin verdigi
her iki alandaki frekans degisimleri ve gii¢ akisindaki
degisim cevaplar1 Sekil 7-9°da verilmektedir.
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Figure 6 (a) first feuron input membership functions, (b) first feuron output membership functions, (c¢) second feuron input
membership functions, and (d) second feuron output membership functions.
Sekil 6 (a) Birinci feron giris iiyelik fonksiyonu, (b) Birinci feron ¢ikis iiyelik fonksiyonu, (c) Ikinci feron giris iiyelik fonksiyonu,
(d) Ikinci feron ¢ikis iiyelik fonksiyonu
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Figure 7. Frequency change in Area 1 (2% step change in power demand, DFN solid line, Integral dotted line)
Sekil 7. Bolge-1’deki Frekans Degisimi (%2’lik gii¢c degisimi, DBA kalin ¢izgili, klasik PI kisa ¢izgili)
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Figure 8. Frequency change in Area 2 (2% step change in power demand, , DFN solid line, Integral dotted line)
Sekil 8. Bolge-2’deki Frekans Degisimi (%2’lik gii¢ degisimi, DBA kalin ¢izgili, klasik PI kisa ¢izgili)
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Figure 9. Tie Line Power (2% step change, DFN solid line, Integral dotted line)
Sekil 9. Hattaki Giig¢ Akis1 Degisimi (%2’lik gii¢c degisimi, DBA kalin ¢izgili, klasik PI kisa ¢izgili)

Bu benzetim sonuglari, énerilen yiik frekans denetleme
sisteminin klasik integral denetleyiciden daha hizli cevap
verdigini ve frekanstaki degismelerin daha sinirli kaldigimni
gostermektedir. Onerilen DBA tabanli yeni denetleyici,
klasik denetim sistemine gore oldukca iyi bir frekans
denetimi gerceklestirmistir.

6. TARTISMA VE ONERILER

Bu calismada, yiik frekans denetiminde alternatif ve
basarili bir denetleyici Onerilmistir. S6z konusu yeni
denetleyici ile aktif glicteki degisimlerin sonucunda enerji
bolgelerindeki frekans degisimleri daha az olmakta ve kisa
siirede soniimlenebilmektedir. Bu c¢alismada kullanilan
dinamik bulanik aglarin en Onemli avantajlart yeni
durumlara kolayca uyum saglamast ve Kkolayca
egitilebilmesinin yani sira donanim olarak
gerceklestirilmesinin  miimkiin olabilirligidir. Ozellikle
VLSI ile basit ve kolay bigimde siirekli zamanda dinamik
bulanik aglarin ger¢eklenmesi miimkiin olabilmektedir
(11,20).

Bu calismada bundan sonraki asamalarda yapilmasi
onerilen konular ise daha genis alanli (3 veya daha fazla)
enterkonnekte sistemlere uygulanabilme ve benzetim
ortamindan donanim ortamma gegerek uygulamaya
konulmasidir. Bunun yani sira bu calismada incelenen
buhar tiirbinlerinden baska, su, gaz ve riizgar tlirbinleri
igeren sistemlerde yiik frekans denetimi, ileri agamadaki
arastirma konularidir.

These two simulation results show that the proposed load
frequency controller responds faster than classical integral
controller and frequency variations are smaller than
classical controller.

6. DISCUSSIONS AND CONCLUSION

An alternative and successful controller for load
frequency control is proposed. The proposed controller
causes less frequency drop than integral controller and
oscillations in frequency rapidly damp out. Proposed
networks can be easily trained and adapted to different
disturbance cases online. There is one other important
motivation for investigating dynamic fuzzy networks for
load frequency control in power systems is that they
suggest a simple hardware implementation. It is the simple
and plausible VLSI implementation for a continuous-time
dynamic fuzzy network (11,20).

Proposed study areas are the applications to three or
more areas power systems and the hardware
implementations.  Also, load frequency control
applications in hydro, gas and wind power plants are
advanced research areas.
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EK/ APPENDIX

—Turbine Governor Model

1 1+ SKT 'TTT

G s) = [A-1]
TUR () 1+sTp  1+sTqp
1 [A-2]
Ggov(s)=——
1+ STG

TT1=TT2=0'3 S, TTT1=TTT2=20 S, KT1=KT2=0'33359 TG1=TG2=0'2 S, R|=R2=2.43, B|=B2=0.425, Kp1=Kp2=120, TP]=T|)2=20S.
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