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A novel optimal method of variable-universe fuzzy control

based on Q-learning algorithms
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2. Yongzhou Electric Power Bureau of Electric Power of Hunan, Yongzhou Hunan 425000, China)

Abstract: When the control function of the variable-universe fuzzy controller is “copied” to the offspring, there usually
exist some “distortion” phenomena which lead to the error of the algorithms. To deal with this problem, we present a
novel optimal method of variable-universe fuzzy control based on Q-learning algorithms. This method adjusts the universe
by the contraction-expansion factor and geometric proportional factors, and optimizes the parameters through Q-learning
algorithms to minimize the performance index of the controller for reducing the “distortion rate” in the control process and
improve the control performance. This method has been applied to a second-order linear system with non-minimum phase,
resulting in desirable robustness and dynamic performance. The control performance is even better than that of the variable
universe fuzzy controller.
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R PR R ST 4R R
2 8] B4R (Problem description)
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Fig. 1 Control function at different times
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3 A (Control algorithm)
3.1 AR IRAOR % I % R 2 (VUFC algorithm)
GLoERMENSE X, = B, Bl AL
W (1=1,2,3,--- )R, M7 = [-U, U] i
AR A= A;;(i =1,2,3,--- ,n,j = 1,
2,3, ,m)RWEHX, EERIRI 4, B = {B;}
WIZ F AR, A, BRiE S A, Al L
TE BT BRI 42 T R0
If x1is Ay, and 25 is Ayj,and - - -, and x,, is A,,;,
then z is Bj(j = 1,2,--- ,m).
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Z($17$2"" JUn) = i ﬁAij(xi)zj- (D
j=1i=1
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X = [—Oé($i)Ei,0£($i)EiL (2)
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3.2 Q% H k)R (Q-learning algorithm)
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A QMR B AE R B Q™ M A UGEARE: (0 <
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m(s) = arg max Q"(s,a). (7)
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VEIR$5 SR E. (EIZSRIE N, W IR & BBk %
AL 2 AH A5, (B BE 5 2 A5 (8 o E0R AN Tk AR, 8Os
QA I BN E R 126 FE R BOR, QAR B £ K
ST QR B AR IR B M SR 12 S W M AR AR A 2
/I

(ag) + B(1 — Pt(ay)),

g) = Pk(a)(l —B), Va€ Aja# Ag,
PFtY(a) = P¥(a), Ya € A,V5€ S,5# s.
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E, ik Ha,. KPB(0 < B8 < DMERIK/NYE T E0E
TR L, SR 1 W] 5 B A S ot 1
DB RIS, AR LA EN0.5. P (a) QR HEUIE A
W&s T IEFEAMEalIBER. £ 22 2 W BACREL
WRMA M 25, Q5 23 LA VST e L (E R
HQ*, WA A Q MR NI I o7 il ;.
3.3 TQFE XM AR R R M ¥ 5 k(A
VUFC method based on Q-learning algorithm)
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Fig. 2 structure of adaptive fuzzy with variable universe based

on Q-learning
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Fig. 3 Different forms of variable universe
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3) PEfREFRbr A SCHUTAES b, HY

J(ITAE) = L”T|e(7)|d7 —min. (1)

KA 8 b P g /N (B A 1 38 I VT 10 47
RYOE AT ICRES. BRI, X
RG-S RETERIPERE TR FR. 6 AR T IR, AU
7 LR

4) FEASCRETE P T 1R A SR DR L ol g —
IRBIE (RAE— T K R 8 ) R P 350 20 e

AFE = Aa(z)E x Ar, (12)
Aa(z) B2 i1 A2 e AU 28 ) 2 12 108 224, Ar
Je il QA Sy A 4. M 2) T BLE Y, dlad
QI WA A, SRR B A B AR R O %
AR BB Aa(x) EA LR K &:
AE > Aa(z)E, Ar > 1,
AFE = Aa(z)E,Ar =1,
AE < Aa(z)E,Ar < 1.

Qi 2] MR Ah E I RESRARITAE R AZ A ok
RN AR L N, 6 AE FE ARITAE S /) ) 5
JeE FE B2 H. R n] BARATTAEME A Q2 2] S ik
B NPIRAS S M A s, MITABH AT, BliR Z el K
IS, AR 22 e Pk AN ARUE DX, TN BEAT — €
Rl e e S VA A W 1S I R N
L IRLP PO, BIAr > 1; MITAEMHEUD, R 2edk
ARG E XA, Shy T v A K B, DD SR A e
BB, RN PR, BIAT < 1.
— RS, WS TAEA A2 4K, [R] AR 30 2 il bR
HOR WA AR AH Y (R PR

Q2 2] 17 1 4% Bl A SR AR 85 Ak 10 45 L I
TArH, FEHETT G H BCAS SN Frg = 1, 7 A
REAN T2, WOrT S Ar HISh AR (R R 7 vT LK

A= {-1,-0.75,-0.5,—0.25, —0.1,0,
0.1,0.25,0.5,0.75,1}.

2l R B TITAER BAR H bR 2, KL AE S0,
5 ity o BRI AT LT BRITAER 52 Bl 5 H b5 e
AR ZE 7R
R; = —(ITAE — 0)?, (14)

PR 22 5l oF B0 B A SHITAET &, ITAE#CK, 75351
R FE ST A, AT, SMITAEMAEIT 22, Ho PRk

FER 2 22 I R B R, i NR A2 1] s R 92 il
AN, IRAEQEVEMIEAC A XU al LLEAT QA ) %
AR AELR A 22 2 5L, PR

1) XA (s, a) WG S50, s U RS
S(0), %k = 0.

2) HENVENEZR AT AE 45 il S h ik PEshfEa(k).

(13)

3) M —IZIBPRAESS (k + 1).

4) AR ALEE T R(k).

5) RGN (T) HEH QR FE.

6) &M@ THH AT Ea, (k).

7) AR C9) BB B M EMEAE 43 A

8) k=k+1, RINIDIR2).
4 i ELHHl(Simulation)
4.1 A — B R i (Typical second order systems)

38 BN H (s) = 1/(400s%+40s+1), Hi A
B H R A A R TR, BN DR 22 SR ZE R AL,
SR JE PR bR B4 = A R K, ASOR R T F2 1(NB:
71K, NM: fiH, NS: 5178, ZE: 2 PS: 1E/), PM: IE
H, PB: 1EK), KFEEIAT = 0.1s. FEMFIZ&MET,
I NAT 5 8 A 100 s 1E 5% 2R 20N, [A) I A AR 1R
BRSO 2 ) S0 5 AR SO D7 N IR R AR T AT
PRUEE. P9 I ) i 2 4B R, 4 R 1 S 5L
W E = EC =2U = 1,7, =7 = 02,0, =
5P =5

F o1 BRI A

Table 1 Fuzzy control rules

EC
E
NB NM NS ZE PS PM PB
NB PB PB PB PB PM ZE ZE
NM PB PB PB PB PM ZE ZE
NS PM PM PM PM ZE NS NS
ZE  PM PM PS ZE NS NM NM
PS PS PS ZE NM NM NM NM
PM ZE ZE NM NB NB NB NB
PB ZE ZE NM NB NB NB NB
3.0 T T T T T |
- éggg 1 - _& L@%&T%ﬁ)]?l’:%” -
200 - 0996E===== e AICBATIE ]
g 1.0 L 225.95226.00 226.05 _W§Z1E 5
< .

0.0
-1.0

0 SIO 160 15IO 2(I)0 2I50 3(I)0 35IO 4IOO 4I50
tls
K4 B RGUIESZAE 5 W N R
Fig. 4 The sinusoid responds of the two order linear process
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BRI s e T, I TAER{E B2 T 2.5.

H T B A AR A i 2= ), Tl R ITAE
Fa bRk S, T A S B 1E 5% 2R B 14 100 s,
DAL s ] B R AN ) B T, V1 S5 I TR) i 22 4 6
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VAITAEY 100, A2 18 I ORI 28 1) 2% 4 190, 141 (1)

[F) 78 P g I WA AL o 220 4D S 38 SR .

4.2 H A9k & /N AH AL &R Zi(Typical nonminimum
phase system)

IKEE PR IE RSB AR LM L =l AR R 48,
HAFAE SR (AR S AINAHAL IR, ARG SR UL, REAY)
Foe Lk by 52 2R 0100 g e s il shemes (R SR A2 1) i
i Re S RS 2) IR B I g AR B $E 3
ARSI I N R 3) %4 I SR L 4 B B )
RS S

T AR TCRFE IR KL 5, F A KEEALAL
MR AP, 5 T AL E AR il 2

AP,  1-Tys
Ap 1+0.5T,s

T A KAL) A 2 o 5, R 25l B £) B A%
RN (Tas + 1), K LA 8 20 4% 28 pR 4L
1/(Tws + Kp), I AT LLAS BZKEEHL R 25 1 —
R S.

15)

s S % 1

+T TGs+1_>

Bl 5 ZKEEHL IR R Ge 4l MR ]

Fig. 5 The structure of governing system of hydro-generator

P52 Ty A 7K UL N ) 3 2, 3 U AE0.5~4 s,
Kl R GERH JE 1 2, T b s L Aw) i I 1) 5 £,
T LA B 2. R =B R st — 4, A
BN W R ZE PR ZE AR, SR B AU T =
FRREL, ORI ZE nT 2253 1. AR SO 11
Tw=1.6s, Tq =0.05s, T, = 8.5s, Kp = 1.3s,
(UGPSR vk s ok

E=EC=3U=3,
T =7, =0.15, 6; =2, p; = 5.

FE T BT IS D0 T Mt BL2.5 Hz(5%) 1 4% 3R
2y, AR B iR A N (1 30 25 0 3, 17 3545 R i 1l 6
~T, = 1.60s, T, = 8.50s, Kp = 1.30). /K#AHL
0B S P AR ARl R AR N B S Hm
TR S HL EATRASKE B2 0 AR LR 5 ok
HLL LA RN Sy TR HG 3K A R S I 1 R

L AR I R AN S HOR O B, RAARIKE L
S L=, AU N R T X K B W L% R 485
SVEREAT BRI W, 1 LA S5 E H 8T,  FHLJE
AREK W ARG IRGE T, #OZHCH H32 AR T

1-T,s AP, 1 Aw
1+0.57,s T.s+K,

OUEEREAT T HFT, W32, HoA B0 45 43 0t BT
K7(T,, = 3.00s,T,, = 8.50s, Kp =1.30). KI8(T,, =
1.60s, T, = 11.00s, Kp= 0.76)F1 KT, = 3.00s,
T =11.00s, Kp = 0.76).

K2 RE) LT 240k

Table 2 Transfer coefficient in different conditions
B3 R
Tw/s Tm/s Kp

T

THO 1.60 850 1.30
TH 300 850 1.30
THMG 1.60 11.00 0.76
TH@® 3.00 11.00 0.76

0.06 T T T T T
0041 A Napip it il T
T 002E g l
0.00 B
-0.02 L L | | |
0 20 40 60 80 100 120

t/'s
6 LU F2.5 HZIAR P2 gk b
Fig. 6 Step response curves of 2.5 Hz frequency for (D

0.06 — . . .
0.04 - AR AT R 42 .
= 002 AT i
0.00 .
002, 20 20 60 80 100 120
t/s

7 TH@ 2.5 HZMAE B ER R Y
Fig. 7 Step response curves of 2.5 Hz frequency for @

0061 e :

004 AL Sy :
3T .

®0.02
0.00 B
-0.02 1 1 I I I
0 20 40 60 80 100 120
t/s

8 TUL® 2.5 HZMFH B K Rk
Fig. 8 Step response curves of 2.5 Hz frequency for 3

0.08 : : . . .
0.06 o R ]
004 ) “‘ ] .
) VNS 47 WIS ]
0.00 |
002, 20 40 60 80 100 120

t/s
9 TLH@ 2.5 HZAR AP E Y ER R [N
Fig. 9 Step response curves of 2.5 Hz frequency for @
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MK T, 7E2.5 Hz 5l T, AN T 4 R F2  4%
PR REAN 22 A K HAE, BB B A E,
7~ B9 7R oK A, AR TR SISO 42 T 5% 1) 1 38 1. g
TR AR FAE RGO B 2R Z T, X —
R I ) B A R U R At mT AL H K
RIH, AR RS IR 45 1, BRI A S ik, i
AR P MITAESE B2 AT 100 s vF HLH, 2 n]
CAE I K2 B AR IR I T e FAE e s, A
Fk, RSB 75 VA AU AR R AR 4

k3 MAedsirat A

Table 3 Performance index

ITHO I IHhe ILH®

PERETRAR
B A B A B A B
PHFTNRS 19 15 36 24 48 35 58 42

BHE/% 0 0 132 54 22 96 394 12
ITAE 4 26 54 33 7 58 112 175

5 458 (Conclusion)

AR I AROR s I A — v R P ROR 2 2%, mT
ol ok H A “ AL 7 AR “REL W T
) R0 FR) S TR S A T 5 i E R B AR AL S 1 T S N i
H ARk, Rk, S 7 oD 3 R R B AR T i A
7 £ 2 PO B H R B AR AR MR R, AR SCHR Y T 3
Q2 2 B 1 AR U AR s ) SR vk, T e ko o 7Y
T R G AR N R G L SR RN I AR
BB AR R Al b AT A B, AT DAAS AR SO

1) B4R T AR VSO 47 il s B A B IO A
AT EORS W A B A L ORI AR L AR ME R 4,
[ N A% SVAAE e A vh AT DR e S .

2) ARG, AL T RS H 0 4R T AR e e
WP s R DA 10 < s TR B, AR
R IIURER 7 1 & v A 45 DX 5 A BAR R 1S 00 T, AR
JRITAESG bx, T L Q5 >) S0 45 LA 7 (1 3L, —
FERT AR RIE S fiads R 4L 240

3) ASCE AR AT DU A 0 A2 18 oA s 1 57
VIR TE, BRIV A L DR A AR 4 PR R e
s, RO PE b TR T e T AR RO P % R
FU7 AT i RO 1l s 3 A R BE K R . AE RS
N, ALY, ASCRTE R AR R R RS A K
T BT AT IR 7 I .
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