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STABILITY ANALYSIS OF FUZZY PID CONTROLLER
WITH ONE-INPUT

WANG Shou-tang GAO Dong-jie
(Institute of Automation, Chinese Academy of Science, P.O.Box 2728, Beijing, China 100080)

Abstract: Stability of a fuzzy PID controller w ith one input, which is proposed recently, is studied in
this paper. Fuzzy logic inference in the fuzzy PID controller is nonlinear, therefore, Passivity theorem is uti
lized to analyze its stability. The relations between parameters are given to guarantee stability of the whole

system w ith respect to the first order plant and the second order plant. A simulation exam ple is shown to ver-

ify the results. Stability of the higher-order plants can also be analyzed by passivity theorem.
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Fig. 3 Four curves produced by fuzzy reasoning
3 @@‘ﬁ%fi( The passivity theorem) Ixll = («, (3)
AT A 2l e B, 565 2 6 1 xr (D3 x 1T U, SO
8 x() 0SSt T
[8] xr(f) = . S T (4)
TEA RS H E LR ‘ . L
H . 208 & A R ARRE 2% 18], e SO
(x,y)=jOX(t)y(f)df (2) H.= {x|VT> o,
23] R IR TG I 280RT BA N RRR E S (xr,x7) = [l xrll < o0} (5)



-HERCH 1D 5 A IRl I AR e MR BT 53

FINIE 5
(x,y)r= (x,yr) = (xr,y) = (xr,yr) (6)
SN H TG H~ H. N
(1) B, WARAEEH 5 g, 115
(Gx,x)r 2 B, VT > 0 (7)
(2) TEREBEE), WAL 6> 0, B, 115
(Gx,x) 28l x7Il + B, VT> 0 (8)
WFLPEE T G B 78 0 b EE 4N
ReG(jw) 2 0,V w € R; (9)
G A BLI 78 53 b B AT N
ReG(jw) 2 6, V w € R;

Forpr § AR AL (10)
HT G R R LU 4
IGxll » < Yl xll o+ B (11)
WFICIE 4 Jros i — sl R 48
et = u - Gae;
(12)

e2= ur+ Gie
G,G: eMH.~H. NET. Wi e e A
FEAETHL 51, 8., g1 FH B, 101
(x,Gix)r 2 &l xll 3+ B (13)
(x,Gox)r 2 &l Gaxll 3+ B (14)
MR % BIBO A€ AR5 5 81+ 8> 0.
%1 8.= 0 I, @ BRI 452 60> 0, 2
Ut Gy G704 FR HL™ A, G, A, X5t AL
e PE A AT A s

m+ e

»:

Ka —RdEH RS
Fig. 4 10 system

4 TS HT( Stability analysis)

Y HIA P ID 2 il 45 425 ) — AN X S
TR R G VBB 70 e B 20 2Lk, B 5 2%
) PID 553 FIAE 20 AL 3 eR 40 AR LR o) FR 5
#B?&ﬁ%éj‘ﬁi%%ﬂ?@%? S.. R RE M AE

SR | E’JLT?%

BSpSF up/e— (up/e) (e/e) A (15)

B LA sup(uAp/e) = sup(Aup/Ae) max(Ae/e) (16)
inf(up/e) = inf(up/e) * min(e/e) (17)

(1) 340 max(e/e) = s, W ¢ JE A7 FL 10
B — IR S A ), S i LA )
HIREZET m in(e/e). W 5 Fimm L& K4 %,

1K
B

-
-
-
- L'ﬁ
-

- min(é/e)

ny

s ofe (B AIRME
Fig. 5 Maximum and M inimum of ¢/e
ARt i de & i TR, A 3 aTLUE
PRSI M 2 A8 S mU AR AL 0 Riloo | TS 20351
ﬁﬁl@ﬁ LA L, A4S ll\up/e<e< LOOS L< ).
0 AR 1 2 7 D s R ARk A

2
1 - X2 <
~ . X1 X X2

NSo= S| = o (18)

X1 > X

2x;
TRAUE AR LM M 26 75 S s IR AN I 0 Flloo, H
T, AT 0 R 1, x, AT 1 BIA). P4 AR
3 ER ﬁuwﬁéﬂd?ﬁ;ﬂclT S, #bn] LA H] SR
G, BT AREA e v ] LARCE B SRR R,
Bl S up/e< k(0 ki< ko), MRAE(8) . (11) A A
12 RGO AL 30 70 WE A2 AR08 1, S ™ A Bl 1),
IR

lupll < el ell s+ B (19)

(e,up)r 2 kil ell 3+ B (20)

Horr g WTBUES, g ATHUAEL BRI, 7F x 2 0,

1, x.21 WIHOLR, R RGN ZPE I LB, 5t
RE PR UFHEA R RS E . BIEEK

ReL (jw) 2 0 (21)

A& s B _E 53 A 5 H AR AIE— B F B X % BIBO

FUER PID S

(A) Bt 7(a> 0)

RAMLNER I N
S b(KDS + KPS+ KI)
L(s) = s(s+ a) (22)
4 ReL (jw) 20, /1

SubKpw® + avS.Kp- BS.K; 2 0 (23)
BLRUE Ul 75 Z 5 IR E O KT 0, BIA
S.> 0, 24t BIBO F € M4 AE N



54 RS O 31 &
bKp 2 0 K;< aK, (24) PRI EE R ] LA B R G S AL, 1O %A
(B) "W SBSEh S0 s PID 4 il 8 i S A A B S i b B A A )
— N : 2 arZV, ao# 5 — e N w2
+oast ao IR B 5 BEORSRIDUA DL 1) 2 B 4 A
FHAREH I IR
L(s) = SM(KDS . 2Kp5+ KI)(bIS+ ) (25) % % 3L WR(References)
s(s"+ ais+ ao)
RBL ( ]w) >0, Tfﬁ" 1 BGHu, GKIMann, R G Gosine. New Methods for Analytical
~ and Optimal Design of Fuzzy PID Controller. IEEE T ransaction
blKDS“w (@b - b)) K+ on Fuzzy System., 1999, 7: 521~ 539
(aObl + albO)KAD - K ’I)\Suwz + 2 K SRay, DD Majumder. Application of Circle Criterion for S ta-
((llobl - a1b)K, + aObOKP)Su > 0 (26) bility Analysis of Linear SISO and MIMO Systems Associated

L w?, w? FIERECLLCHE BT 0, vl LALR
ik 26) SUpr, deAg R

bhKp 2 0
(ﬂob1- ﬂ]bo)KD< (aLbl_ bo)I(AP‘ blKI
(aibo - agh)K i < ahoK p (27)

L RE, re B0 G2t m] LLR b3 5 V5 R4S fRAIE

RGFE IS EATE, BT RME, A SO,
5 1 H(Simulation)

WS HNZBOM pID 5 HI AR HIXN 51 /(s+
1) (2s+ 1) HAE PR L ARE X 27) W B PID
BT L4 3K <Ko, 3K 0 2 2K . zw&u
RS, T%EE&EP‘%& BARG R
17, Tt BH BT 43 21 (1 285 18 42 1E A 7).

6 &\45(Conclusions)
AL B — e A Z sk S — OB X
PEE B, A3 AT TG — 4ERBO) p D #25H Se EAT 4 )

IS PRAE 2R GEAUE 1Y 208 Bl 205 R AL e AN 2
FIERGARLNEAR AL, R %8 pip 41 2 4L

KA G

with Fuzzy Logic Controller. IEEE T ransaction on Systems,
Man and Cybernetics, 1984, 14: 345~ 349

3 E Furutani,M Sacki M Araki Shifted Popov Criterion and Sta-
bility Analysis of Fuzzy control Systems", Proceeding of the 31st

Conference on Decision and Control, pp. 2790- 2795, Tucson,
Arizona, Dec 1992

4 K C Sio, C K Lee. Stability of Fuzzy PID Controller. IEEE
T ransaction on Systems, Man and Cybernetics— Part A: System
and Human, 1998, 28(4): 490~ 495

5 H A Malki H Li Guanrong Chen. New Design and Stability
Analysis of Fuzzy Proportional-Derivative Control System. IEEE

T ransaction on Fuzzy System, 1994, 2: 245~ 254

6 C A Desoer, M Vidyasager Feedback System: Input-Output
Properties, New York: Academic, 1975

7 ESTRE, ERAN, WIELEN. RN P A & R 5 s A e
SrHT. EE SIS, 2000, 631~ 635

8 A JEEMEIEHIRA TR, dbat Bl2EHARAL, 1988

e

TEH i

FFRF(1972- ), B, A BIFGT AT A B 4 ) A
BT B e e 5 0 5%
AR (1943 ), B, WAL A, 1 1A S0 WF 54k ok

RGP R R B B b A



