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Abstract - In this paper, we design an Adaptive
Neuro-Fuzzy Inference System(ANFIS) Precom-
pensator for the performance improvement of
conventional proportional integral derivative
(PID) controller that the governor system of
power plant constantly maintains the load fre-
quency of two-area power system. The ANFIS
Precompensator is expressed as the membership
functions of premise parameters and the linear
combination of consequent parameters by
Sugeno’s fuzzy if-then rules using nonlinear
input-output relation for the set point auto-
matic modification maintaining conventional PID
controller. The proposed compensation design
technique is hoped to be satisfactory method
overcome difficulty of exact modelling and arising
problems by the complex nonlinearities of power
system, and our design shows merit that is
easily implemented by adding an ANFIS pre-
compenastor to an existing PID controller without
replacement.

1.4 E

AEAFY a7l dgsted A AAR o)
Fetol BYL olfx] B ZFS AGAEY Fo4ol
AEsHA €k o4 48 A5 Foso BAF
© 347149 %S AsAY 29 ol g dRLAY
71k A7IQulo]l & ARFE 2] $9 BEF GEA
A9, =28 73 J9-¢ Adste 94 39 28
Weo] WEe] vi$ wizseg old Y AMolE AL
3] $3A god A Wz FIF s 2AY 2§
9 Fart 4AsA =Hol AFAEY MFEs AstEct
JEeR AREte IFAdY AAAE FrE) A9
M Aztel W& Agdeie Wi, Alzmel dg Agp
del WE § AYASY g AuEFd date A

39 #39¢ 23s9 Fo4 L 44N 25U
&Y U2 RABEE ol gt (1],

TH, A AYEFA ALHR e A F,
PID{Proportional Integral Derivative) H97le
P FZE 2D YLE BFen Ao 94
T AT E AFse Aoz g U, %
PID A97le] REF=E 98l Ziegler-Nichols(ZN)
o F2YE & # v, IN 2L A9y &4
A Aojuide) e Adgdol Jlzse gACET
YAFIE Fea FEde= WY 2 Fo4 d9gdx
AR JAFIE oo v, ZE L oF me
HE g ZAsE Wgeid{2]. ol § AojsEe Ax
S ditEQ d¥A4=2 AFaAY 40 2244 A
B Az A By, 28 BE9 $Andz e
AAzz & AL, A4 AagHe] ozt #
Az, &2A(On-line)2 & Aoz} BrlssA o),

Hyeong-Hwan Chung* -
**Pusan Small & Medium Business Administration

Seck-Min Joo® - Byung-Chul An**

£3], AYA S viMdBAY TARZIE AP Fo=
AT AFY #HY € Aoyl A vl ojHAE HF 9
o, A2 A4 g1 nFEA9 AJNYRA 89 F
A% Zuel @A AFne QA A=l AHAF
TEE Fdxan Esgel de AYAFe K5
s Aole nxel Aojrige) ar=n g, o @
Aol HFAog HZ Y, vdg AxdE 23
2 EAER 45€ XY, g3 A4 a2a §E
AR 7bed AAdsw Ao(31Y B#EsLe A
4 R AYE AolFHer HANFZEC] o8 AJERE
AR ste sHAAol (4] 2L A Aoist AYA
5o U=z det(B).

g2, B =Fdye 3§ 72 HAFE Alxd
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If e is Al and Je is B]. then f1=a;e+ﬁlde+ 71
If e is Ag and Ae is Bz, then f2=age+82Ae+ 72

. . . (0
If e is Ay and Je is By, then fy=age+ Byde+ 7
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Layer2 Layer3 Layerd

\ Layer 5

Premise
param eters

Consequent
param eters

I3 3. ANFIS #£x
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=9 2¥L JiAle 579 Foz2 PRI |A7A i
E 129 i®*xsod B E=RdAE e go] 29
8 97138 U=} Sugeno Al2®E AMgsIH .

Layer 1 : Generate the membership grades

0! = pale) i=123 @)
O} = pp _ (de) i=4 56

Layer 2 © Generate the firing strengths
0f = w; = pple)xpup(de), i = 1,2,...,9 (3)
Layer 3 : Normalize the firing strengths
Ol = wi= wi/2w;, i = 1,2..9 )

Layer 4 @ Calculate rule outputs based on the

consequent parameters

Of = wi, = wilae+fde+7) 6]

Layer 5 © Sum a&ll the inputs from layer 4
0l =y = Zl wif; = 2Wifz/ZI:Wi (6)
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H 1. ANFIS slojlHR|E Bg

Forward pass | Backward pass
Premise . Gradient descent
Fixed
parameters method
Consequent | Least squares Fixed
parameters estimate
Signals Node outputs Error signals

2.2.3 ANFIS H H47|& o|8% PID Ho{J|E
IHR e 2K MEAE

E =3dME PID Ao ABERE A& 7183

M7 (Set point meodification)® ©15 WA (Gain

modification) (8]F Axte] HA & AMRERed, 71§

g Agor 287 4T AisPer ANFIS A

BAE A, Ak’ ANFIS A 24 PID A

-1315~



71§ 7HA e 2X Y AYAFY 7R Ao7ze 23
45} zZow Zee Aor|¢l PID A7y A5g4-e
A8 A 72 HAZE /Yol V2E T 2ANA 3
Tog P},

a8 4. Metst ANFIS ® 54 PID Mo{7|8 7pxl=
2R MAEe] BEME

ANFIS & A7 ()3 Zel A 247 71899
vE AN A% 71E99 v ERE 29 yE
ARg-gr,

e(k) = y (k) —y(k)
de(k) = e(k)—elk—1) N
y' (k) = ANFIS[e(k),de(k)]
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¥ 2. JHE9 %7|9f #Z zl2lojE
Initial parameters Initial parameters
of area 1( e, Je) of area 2( e, de)
a b c a b [4

N | 0.5 2.5 -1 050 | 25 -1
Z | 0.5 2.5 0 0.5 2.5 0
P 105 2.5 1 0.5 2.5 1
Final parameters( e) Final parameters( Je)
of area 1 of area 1
a b c a b [4

0.5345] 2.4940 [-0.9838] 0.5833 | 2.5000 |-0.9229
0.4817)2.5080)0.0125]10.4878 |2.5130 0.0158
0.515112.4910]1.0170{0.5286 | 2.4950 | 1.0090

Final parameters( Je)
of area 2

Final parameters( e)
of area 2
a b [ a b [4

0.5524 | 2.49601-0.9666|| 0.5434 | 2.4860 |-1.0070
0.5056 {2.4930 |-0.0277]] 0.4829 | 2.5250 | 0.0027
0.505212.4990]1.0040 11 0.5426 | 2.482011.0320

¥ 3. £75e 7|9 3Z nalolH
Initial parameters Final parameters

of area 1 of area 1
a B Y a 8 4
0.0000]0.0000/-1.0000|{-0.0263] 0.0484 |-0.1585
0.0000]0.00001-0.7500|(-0.0084 0.1652 |-0.3110
0.0000{0.00001-0,5000!] 0.1462 ] 0.0419 [-0.0404
0.0000]0.00001-0.2500)|~0.0827] 0.1888 |-0.2280
0.0000/6.0000, 0.0000 {|-0.0015/-0.0618 0.0017
0.0000/0.0000; 0.2500(10.041910.0300 | 0.1969
0.000010.00001 0.5000 |1-0.028010.0193 10.1246
0.000010.000010,7500 [|-0.0327/-0,0267| 0.7898
0.0000[0.0000] 1.0000 |1 0.095710.1408 | 0.8479

Initial parameters
of area 2

a 8 4 a B Y
0.0000)0.00001-1.0000(|-0.0164| 0.0361 |-0.0272
0.0000]6.00001-0.7500}] 0.124310.6790 [-0.3522
0.0000]0.0000/-0.5000]10.173710.4063 |-0.3154
0.0000]0.0000-0.2500||-0.1296/-0.1467|-0.1908
0.000010.0000] 0.0000 1-0.00031 90,0131 |-0.0073
0.0000]10.0000] 0.2500 11 0.0346 |-0.0036] 0.2109
0.0000]0.0000] 0.5000 |-0.0362] 0.1538 | 0.4684
0.000010.00001 0.7500 11-0.0685! 0.0811 1 0.7041
0.000016.0000]1.0000 ] 0.0170|-0.0161{0.9897
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