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Design of fuzzy controller based on H-infinity loop-shaping procedure

and adaptive-nerural-network-based fuzzy interference system
HAN Pu, ZHOU Shi-liang, LIU Yu-yan, WANG Dong-feng
( Department of Automation, North China Electric Power University , Baoding Hebei 071003, China)

Abstract: Controllers designed by H-infinity loop-shaping procedure are too complex to be applied to engineering,and it is
time-consuming to decide fuzzy rules and membership function’s parameters of fuzzy controllers using traditional method. To
overcome the shortcoming, a design of fuzzy controller is proposed by using both H-infinity loop-shaping and adaptive-nerural-
network-based fuzzy interference system ( ANFIS) synthetically. First, a controller was obtained which had enough stability
margin, good dynamic properties and steady-state behavior using H-infinity loop-shaping design procedure. Then, adaptive neru-
ral-network-based fuzzy interference system was used to approximate the controller. Finally, corresponding parameters of fuzzy
controller were set according to adaptive nerural-network-based fuzzy interference system parameters. It was easy to confirm the
rule and accurate parametes of fuzzy controller using this method, and the controller had enough stability margin and good control
quality . Simulation results were given to show the validity of the scheme.
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REHENE B BH AT ol BIE RGN
SR 2R ORATE 12 ] R 0 A B A P E T 4 o R
it s SRR AR A EER THREENA
FRAGS B R4S, WA H. LSDP Wit HE Hl 25t i1
T B R GR A B e e L (H PR 2058 B R
ESMSCPLRME. S o i TSR E XA i
HASSRAE B AR X SEfE R AR ERR®I T
EHISERR N

A i i 2 LA AR B0y Rl U ke ok #) — A
FEL AT 7 2, %oF T i IS B AR R B R LAY
LR 89 R G0 AT UG 8 B B ) ROR i) B
I Hal A% SR AR X 85 B SR B SO L (E TR
et ORI | b AR LM i) 2 3B SR B R
SR E R R G it rh i R A R
R EH, AU 28 B AR B R R LU 2 L B
RERT, HLR = A LAY 77 15 5 10 E 18 o 50 B LUK
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A & 1t 42 KR #E 3 £ 45 ( Adaptive nerural-net-
work-based fuzzy interference system, ANFIS ) & —Ff#
BERIZ AT MR P14 & BB B YRR HE B
RYaiy, & T-S EH R M2 MG L. B
RERK B R G R B0 P T ICSE AR S8 HE— IR
AR R SR B e KA RE IS BB/ D R 22, 1 B RO R
SRR R BN TR E S
AR LA, R & LAY AT S BN g5 E S JU
KRS B4 If-Then KLV , 5 i 22 P 7 22 A9 B 080 HE 2
AR KR,

GEBIB =M EER BT RIS
F: B, 2 M LSDP 3@ iof B #F58 2 i A el 085 B 7F
FERBE S RS, RS EAR LA ERES
P — 2 R 25 RS T 4% el HH B, LA AL B DI 4%
ANFIS; Bz Jo 153 5] ANFIS % (R0 42 1l 28 . Fr 4%
il A% R HE PRIE— E A& HEHA 5 7 R 47425 Tl o B S {eE
TEHMSHEAELFE; [Fafd iR T8 B
H AR BT P EEIAL  ROE A A o M AR
AR AN 2T 1 RS

A BEANZ Hae LSDP #1 ANFIS, 885 SUA
ANFIS IR BRI RV 45 280 R %, &k)a
AHOTEGR.
2 H. B (H. loop shaping)
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2.1 H.REMHIEITH B (H, loop shaping design
step)

R T =4
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FARFRRT R RIL R W, W, SHBCAIRIE %
BEWR G, = W,6W,.

2)BHEEE .

EX 1 WFHRHENTE G(s) = D + C(sl -
A)'BIANREFELRET M AN BT H, =56 fd
8¢ =M'NIFEMM + NN = I,UWFR M HIN R
FIRLYE A2 B 50 #

HEBRKREHRE enu N

-1
Emax = (,\iél;f-g [é](l + GK)"'M~! ) =
JI-TIN-MITE < 1. (1)
Emae 22— TXITFEFR.0.2 < €,.. < 0.5 LR E —
P H S e, E— RN ARaRHEEREL
AK, AT He 1201 7 3 0] LUARIE M 35 R e 1 501 3%
MO B PERE . R e AR LIRS, W TR A
(1), FHMAE W, MW, EF e < e, RITEREE
Hil 2515

-1
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(2)

[K[ ](1 + CKo) "M

o

3L Ho i85 4188 Ko FIBIERE W, #1 W, 44
BERA R RIS K
K= WKoW,. (3)
2.2 BUER#IHI%ETE (Method of choosing weight func-
tion)

B R AR R B B BOE B M T i, X
T E A5 L b AR B B AT 5 1L
REFHA AR ACRE , HIECH) 2k K% .
T8 &5 1 Al B A R 8 R 4 ) R B 1k fa)
B, fEETE He W HlER iRt M HEEE
B (GA) AR R W, 1 W, M iRt e ka2, x
B AL R B AT AL, 15 3136 08 451 R Bt 3 1k
et br M A8 . B ir R B Bk & WSk
[2,3].
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2.3 K_ ®JRKHEL(Calculate K, )
ARG Ko HIRBAX, BEKIENI SR
SCERLS ).
Ko =
[A+BF+}/2(LT)"ZCT(C+DF) Y@ ARy ol
B'X - D'
(4)
ERXp
F=-5%D"C+B"X), (5)
=(1-9y)I+ XZ. (6)
HA X = 0,7 = 02T Riccati FREAFEEM
(A -BS'D'C)"X + X(A - BS'D'C) -

XBS'B'X + C"R'C =0, (7
(A -BS'D'CYZ + Z(A - BS™'D"(C) -
ZC"R™'CZ + BS'B" = 0. (8)
ERX$
R=1+DD".S=14+D"D. (9)

3 BiENMZEMKHER RS (ANFIS)
ANFIS BB FUS (R AL, LA S0 A B0 1 Y
G E), RN AT R R A TR
Ifxis Ajand y is Bythen z; = pyx + g,y + ry;5
If x is A, and y is Bythen z) = pyx + q2¥ + 2.
BREMAZERA=ZATERREE & E, 25 A
tilx,a,,b;) M, (y.c,d) Txli = 1,2).
ANFIS 549 7T LIS 5 2.
F1ETEMANEEREE
0y = t(x,a;,b;),
{Olj = t).‘j_z(x,cj_z,dj_z),i =1,2,j = 3.4.
(10)
Hep 0, ZRAF—Z LR DM
522 EE RN E
{021= 0y x Op=ty(x,a,,0)) x t,,(y,c,d),
Op=0p;x 0= t,(x,as,by) x t_)z()"czvdz)~
(11)
iC Wy = 0y, W, = Op.
BI3EHEEMEMH—LE.

LA 7
W1+W2’ 32_W1+W2.

i W, = 05.W, = 0.
%4 TR E RN

zZ, = px +qy +ri,i = 1,2, (13)
%5 2R RGN .

0s = (12)

2= Wiz + Wyz,. (14)

TEE SR FE T3 b, RIS 2] 4 B
BRI EBEREM MABEINSHEER
EHMERSE p,q,r, REHEREE E%
TAEEBRBMESE p.q.r, THER/D " FS
B THEORAS 1 A1 44 M9 4% SR B R B &% S 80TT
EiiREREER S - E IR ERRY. &
ORI S B RE R W0 A, 5 B, B8 M B o
BB E 7 . ANFIS & — FhBORI 1 22 I 4%, BN 1T 4
JE JR H 8 I N 4% L R BRI R S AR R B ST Y
D5 Y o) 2% o 640 2519 0 SR SO SR I e
B SENBMETT LR U8 5 55 1) BOM 2E T A
BORMLAHE R J5 IR Bk FILE st A7 IR ek
WK, Rl 11 LB PR M 4R 451, IR 1] 2240
F GRS .

4 3303242 # (Application to the control of in-
verted pendulum system )

B SEAR I H oA RV ST KA R R (L
REFE S WICHRL6 ~ 9. XL HE IR 1 Ia) R Ab ST 15 B )
HiR i MBS B ERITE ¢ = 0 MERIEILIERIRI R 50
FEE T

0 1 0 0
Aq = 0 -0.0742 -0.5947 O ,

0 0 0 1

0 0.2227 31.1840 O

By = [0 0.7423 0
WREEEN [« % @ gD]T.
SRS 1 TRSUTEE, B GA FUEKREB W, A
Wy N

- 2.2268]".

. . _166.7246
LS s v 142.3891°
87.4147 0 0 0
0  56.5154 0 0
W, =
0 0 292.4564 O
0 0 0 38.7351

AR, (4) ~ (9)RBA €, = 0.3063. Xf
Hil ey SR T
Ay =

[ -142.3891 -72.9097 -7.7754 -64.7434 288.3131 |

0 1.8131 -9.9977 15.5863 -15.2067
0 1.8902 -8.4477 9.7113 -15.0146 |,
0 -1.8744 5.5565 -11.1091 31.3208

L 0 11.8412 -21.8969 65.1982 -309.4917
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A IS

696 ¥oO#H ®m
[ 797.6 -81.5 8489.6 1522.4
—627.7 -376.1 —5274.5 -462.2

B, =|-121.2 -61.9 -2743.7 -285.8],
98.5 —28.3 1034.0 169.6
L-383.4 68.9 -4075.8 - 775.1J

C. =[10.4203 0 0 0 0],

D, =10 0 0 0].

A ER S EAESEEAMAEMES,
wiE 1 s,

ﬂoﬂoﬂﬂ J.I'L[LL'IL
Bk =1l
++
A _J
RY
x'=Ax* Bu dx dr
\7
I |y=Cx~Du T ¢
I — PRE s L dep/dr
| Hee Pl pg = = 1 . .
| LIREVE IS R
l X
n !
| £ I|
|
7 ANFIS

1 ANFIS |85 4%
Fig. 1 ANFIS train system
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Z 6], 3F H ey 5

3) BRIERSERA KIS EIA S,
HAEIREARR/D;

4) HIMES SRS MERNIEA%E T .

ZdEZRBAERE, BEEHES EHE S HIE
ERO3m A AN 10s T EEESSEREN
0.0001, KHERFE] A 0.1 s 1Y H MRS 5 5 A9 8N AT 4
A NGRS R TE IS SR, Ho 325028 5 A F
Sy B D5 EREY 40 s, R RERTIE] M 0.01 s.

74h, ANFIS G5 M ik Bt TGRS IE
WL BRMGERB A, S A « %120 3 4 EH
THIN, Z, Pl HABR AR 8 2 MR T8N,
P, SRR BE RBERR H = M BR B R,
i bR 3R A AR OB Y ANFIS S54RI
ZrJ5 ANFIS AR & m B IR Hae #0188, HE5 Mt
B

Z5t 20 RIS S, NEGBENE TIRE N
0.6276 . Y4 #9 45 5 A B9 3R 8 BT iR LIRS %0
I ELAACKELRA KL U) DL R 5% . 7 B A O, DI R e %
ZARREERBUL A TP g R S I 2
K& . SEPRAE BT R o SR A R B TE 3R B B R AR,
REEE MM &EE, OB FFeEgEE. 5ot
FERTBEREN T FRE, REE RN LT

X FSCRRL6 145 AR 8 2 1 Bk D Sh AN 132 58

P87 42 R L A R 7 B A8 A ) o

aniEl 2 FE 3 Frs K He C 325 R H Ha P56 6%

1l FC 227 R FIBEMI Fe il o5 KPR 28 0 0.02 5. ] 4

A H, Pl A% SR 12 ] 4% Hi 10 X PR 2%
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Fig. 2 Response of cart positon
117 AR
<
&
s
0

HooC —

0.02 Lt

B3 A A f B
Fig. 3 Response of pendulum
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SRR L 0.25m AR 0.5 m, NERYEEEE AR
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REfE b5 A ANJSt Ho, 2 ) 45 , HoAthvE BETE bR, Ak 14
2 &N RESIRESIF A He 55 #8822 . 1
H B i an e b oF 1 L s IR b BB IR
PR AT & B ME 7 5 B2 A6 A A7 i, RBE VR 2 &
PE.A4M, B3R 1 HY ISE (HA] & W B 28 Ho R
Ho P 8 A 00§ 7 @ 2 2 s K
R XA A SO R A T A RATAT B
AR R IR A LLT P A J7

10
HooC
Z 0 J'\'
~10 2 4 6 8 10
10 -

1's

P 4 Fibilddi i Xt bt
Fig. 4 Outputs of the two controllers
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Fig. 5 Response of cart position of perturbation model
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Fig. 6 Response of pendulum angle of perturbation model

1) ANFIS Il 2R A gk 25 A 00 1 o) 8% 5 4 79 0
E.

2) ANFIS R s iy @ik, Y T2
BT IS Heo 09 &5 B IR B bk . T 1F 2 3K 6 2 By 4k
5l 2 I s R K.

&1 FF5%E£4%5(ISE)

Table 1 Integral square error( ISE)

Rt A5 TEA(E 1 PEME 2
H.C 7.6426x 10" 0.0332

PR Ry
2.3044x 10-%  0.0374
H.C 2.394x10°* 0.0324

Hsh iRl
1.1057 x 10~ * 0.0362

N 1 [ e W2 e 4
(x(2) = x?lde. HEWXHRLG).
5 &5i2(Conclusion)

T —Fh%E A8 A Ho. LSDP 5 ANFIS it
WSS R L. X EE R T S He 7 H
A, SR EE XA AME TR
BAYER S, [FIAT okt 5, T R S 2SR T R SR B R
RN S BORLRS | BORA A 0] SR B4 PRI ME A R o, B
—FHBRRET B 45 S B ERE S br, E T T M A
IR R 2R T ik
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Bt 3% ( Appendix )
BEWMARBESBESHNT (CASBMNEDL 3R
SAMRBRERBAT G P EEMETE):
BIA
N:[-0.3026 -0.1261 0.1144], P:[~0.101 0.0946 0.299];
B de/de:
N:[-2.746 -0.8789 0.98157, P:[ -0.8843 0.9852 2.847];
A x:
N:[-1.344 -0.6671 0.05208], Z:[ -0.6719 -0.00205 0.6897],
P:[-0.04441 0.6688 1,353];
A dxsde:
N:[-1.647 —0.5508 0.5534], P:[ -0.5424 0.5507 1.652].
BERIAI N F -
1) feis N&wis N&xis N& v is N then u is 41.51,
DIfeis N&wis N&xis N&vis Pthen uis — 23.22,
NHepisN&wis N&xis Z&vis N then uis — 54.64,

Hfgis N&wis N&xis Z&vis P then uis — 3.06,
S)lfgis N&wis N&xis P& v is N then u is 4.398,
6)fpis N&wis N&xis P&vis Pthen uis — 37.32,
NEeis N&wis P&xis N&rvis N then u is — 86.25,
) HpisN&wis P&xis N & v is P then u is 0. 1577,
NUHpisN&wis P&xis Z& v is N then u is 17.56,
1) feis N&wis P&xis Z & v is P then uis 2.908,
MM UgisN&wis P&xis Z&vis Nthen uis - 10.64,
12) If pis N&w is P& xis P& v is P then u is 47.05,
B)Hfeis P&wis N&xis N&vis N then uis - 40.91,
4)fgis P&wis N&xis N&vis P then u is 15.26,
ISY)TgpisP&wis N&xis Z&vis N then u is 0.9271,
1) fpisP&wisN&xi1s Z&vis Pthenuis ~ 10.1,
IMHgisP&wis N&xis P& vis N then uis 19.47,
18) fgis P&wis N&xis P& vis Pthen uis 59.2,
19 fgis P&wis P&xis N&vis N then u is 48.85,
200 fpisP&wis P&xis N&wvis Pthen uis — 12,11,
20 pis P&wis P&xis Z & v is N then u is 0. 5456,
2)Ifpis P&wis P&xis Z&wvis P then u is 50.83,
) fgisP&wis P&xis P& vis N then uis 6.952,
) fgisP&wis P&xis P& vis Pthen uis — 42.12.

HA NEFANTO, PERRKTO0, ZE7-EFTO0, & K7
BHES, 0 = de/de, v = dxsde, u K.
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