EBUE S X |
2002 4E 12 A

BRI 5 A
CONTROL THEORY AND APPLICATIONS

Vol1.19 No.6
Dec. 2002

CHESRE: 1000 - 8152(2002)06 - 0892 - 05

HE KRR HRENERE fuzzy-PID 32§ & A -

kBT, REF?, x|

A, LR

(LEILRE TUEEEAREKEMALEE, UM 310027; 2. B K¥ FEALTEE, A 330029)

BE: X ABRE R RS, BT H S B fuzy-PID BHE, LARESHALBREERL THARE
BEE FHEAF REST L EERBERE R BSS L. RGNAKERE.
XER . PD S SMEE,; Sk NERRERS

RESFES: TP13 SCRkRIAEG: A

Robust fuzzy-PID for a class of typical systems with

large time-varying time delay and its application
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Abstract: A new robust fuzzy-PID controller for a class of typical systems with large time-varying time delay is devel-
oped. Using this controller, the robust stability of the closed-loop system is guaranteed for the unmatched parameters of the con-
trolled plant on a large scale. And the capability of the system is optimized. The application results of this controller in a

paper-making process have shown to be very good.
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2 EREGHiRFnEE PID = #H (System de-

scription and robust PID control )
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3 Fuzzy-PID #= Hl 8% i& it (Design of fuzzy-

PID controller)

3.1 Fuzzy-PID = # 3 % £ #3 (Structure of fuzzy-
PID control system)
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Fig. 1 Frame of fuzzy-PID compound controller
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3.2 MM RN R H i 2 5 (Fuzzifier, fuzzy
set and range switch)
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XX IRZE e MIREB B THec XRAEAEH
Pl AR AL R R TSR R M A9 ¢ N ec AR
TEME MK EEMREARE. JRIMEBE I
BERERERN, TUXFERL TR ER
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pp(e) = {(1) ;: (14)

2) R,

MNFRE e IREEW e . KBEHAESE k, B
BRIER .

E = {NB,NM,NS,NO,PO,PS,PM,PB};
EC = {NB,NM,NS,Z0,PS,PM,PB};
AK, = { NB,NM,NS,Z0,PS,PM, PB} .

ERBER S b, AR LS e BRI
BEBT 7TATNE ;MM RE ¢ HBIEMNERT 84
FTE, X4 T NOFMPO, TERERTRERSKE
BELXEE L EE B i B 3598 7 x8 =56 &M .

3) Wi .

HTLFRPEMAR, BEAFTERTRESHR . B
HAEHBIERNISEGE . M FEMH L, OFTE
BT ROBE A5 , 36 35 35 EEL P 0 18 AR 46 )0 5 PR O 3
HEAC SRR, 10

E BB H
{-6, -5, -4, -3, -2, -1, -0,0,1,2,3,4,5,6};
EC R h
{-6, -5, -4, -3, -2, -1,0,1,2,3,4,5,6};
AK, BIEHH

{-7, -6, -5, -4, -3, -2, -1,0,1,2,3,4,5,6,7}.
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3.3 RN EE (Fuzzy rule base)

1) ERIESHWRBE R

BT ERE ERETBEE EC RUHE%
S AK, BRI EMSERE G, S EHIES
B eS8 iR, BT T B, R
EWBATEMENIESTERBE. B TREEE
BEEAY BRI A MR B B R BT LA R BT K
R, MR2.ER 2P, BE—TRA—TEME

PBr = 0.1/3 +0.4/4 + 0.8/5 + 1.0/6. (15)

&1 E e 4 3488 (r = ab i/ K 480106)

Table 1 Unequable switch of E
(r = time lag/sample time)
e A N
BER

r = r=175
-6 < -0.100 < -0.100
-5 ( -0.100, - 0.060] (-0.100, - 0.030]
~4 (-0.060, - 0.040] (-0.030, - 0.010]
-3 (~0.040, - 0.030] (-0.010, - 0.008]
-2 ( -0.030, - 0.020] (-0.008, - 0.006]
-1 ( -0.020, - 0.010] { -0.006, - 0.002]
-0 (-0.010, - 0.000] { -0.002, - 0.000]
0 (0.000,0.010] (0.000,0.002]
1 (0.010,0.020] (0.002,0.006]
2 (0.020,0.030] (0.006,0.008]
3 (0.030,0.040] (0.008,0.010]
4 (0.040,0.060] {0.010,0.030]
5 (0.060,0.100] (0.030,0.100]
6 =0.100 =0.100

A2 BHEREENHABMAL
Table 2 Evaluation of fuzzy variable E

E
) NB NM NS NO PO PS PM PB
-6 1.0 0.2 O 0 0 0 0 0
-5 0.8 0.7 0 0 0 0 0 0
-4 04 1.0 0.1 0 0 0 0 0
-3 0.1 0.7 0.5 0 0 0 0 0
-2 0 02 10 0.1 0 0 0 0
-1 0 0 08 06 O 0 0 0
-0 0 0 03 10 O 0 0 0
0 0 0 0 0 1.0 0.3 0 0
1 0 0 0 0 06 08 0 0
2 0 0 0 0 0.1 1.0 02 0
3 0 0 0 0 0 05 0.7 0.1
4 0 0 0 0 0 0.1 1.0 04
5 0 0 0 0 0 0 07 038
6 0 0 0 0 0 0 02 1.0

2) BRI

ARG R B E (E W B A, PID 3 645 i RL
BEAGRSEHLTMAL. B2 4T REREHE
FESER o(2) NEMER. RERREHL v 5
WEE r HE® u(e) 8 w0, NETLLE N,y FEAB
BHEREERE T 04 B u(s) KT w0 MALE
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FEEBYE (SH )G ) SRR, BC BRR B A2 KB T AB
Bru(t) /DT u0,[EHE CD THBIRREENBC B u(r)
INFRER R E , DE BREI AR E R CD Bru(e) MF
B EREESSS BN R, BED, RBE (o)
7E OA WY FF IR BYBUBE KR, LA DN PR B 28 /&, M ZE R
Bl A BB, u(e) B/NTF X, LR8I, Bl 04 B
u(e) BESEKJG/N, T k, BLSe/NE K. RS A5 :
AB Bru(t) BARFE/N, k, RIS K)G/0; BC Bru(t) ML
FeNER, k, RFE/NER; CD B u(e) NARFFR, K,
RIS KIG /.

B2 g RIBE M N BhA g

Fig.2 Dynamic process of typical set-value response

3) Bk .

HXER[1]PEERLTRER, YREHN IR
BEUET, AL 5E XD k, 3 R G0 0E B 2 BE B B, BT5E
B3k k. H R TR R L 3.

2 3 SRR A Y 56 S SRR Z (8]
H®MXR. BE | XiBA(ERPHE-HTE I K
BasE R AL AT LATHE Y Ak, .

£ 3  AK, B A
Table 3 Fuzzy control rule of AK,

EC

NB NM NS ZO PS PM PB
NB NB NM NS PB NS NM NB
NM NM NS PS PM PS NS NM
NS NS ZO PS PS PS ZO NS
NO PS PS ZO ZO ZO PS PS
PO PS PS ZO ZO0 ZO0 PS PS
PS NS ZO PS PS PS ZO NS
PM NM NS PS PM PS NS NM
PB NB NM NS PB NS NM NB

MRS WAREBIAMNEZREEREL e , HiR
ZEHELR ec, RARK - B/MARER B 1 &
BAFHENEMXARITEN Akp, A
Aky = e ° (NBg x PBag,) [ ec o (NBg x PByg,).

(16)

3 F e Mec BISRIB REEN N T T BILHFR

BB ERBORFE, XA BTN

Ak, (k) = minlpng (i) enp, ()5 208, (K)].

(17
R g, (i) SHOBIEA NBg 00585 A TER (B4
BEINRENS | F9) ORBIE; s, () HTEM
S54 NBe 1% TR (W RE M BRE RS
BY) KR s om, (k) FBNIAEA PBoy B k

MNTEMKEE.

FIEEA Dl KR & KBS MRE Aky,--,

Akyss, MM A AK, AJRRA

AK, = Aky + Akyy + 0 + Akpse.
AR S SR B 1 BT 16 SR B 0 AL 1 B
e AK, HEM BT HEWR.

W HiRE e = -2, RETHHEE ec = 40}, K
Wid AK, = - 1.

FRAHAVATREARN i f1; BB
AK,, RIBERIR, ER“ X" FHAETEN S, 4
HATERBHE R A, B TARES AW EF BN SH”
R 25 TR SR B R 4 I S
4 KRR A (Actual application)

AN BEBEEERERTNERERLAT 28
KMERKOL LM KD — & KRB, 4
PRy 1.8 T

TZRBRIFN KELEH R AME,
M PRIRTHE CERMG 483K 39 50 s Bt 5 20 59 R L, 4 0
KE SRR, 2ERKE 5K, BES R BB
HRMT BENK BEREHKKEE, RERHH &K
KHER(g/m?) K (EKEB %), i o138 o B3
K E BB R R .

BR EBEEAIBIN—ANERE . CWE 28K
Pl 4EHL B B IZ W BT 8 O 130s, K 2 S H BY 8K
100s.

ERASBYEERI N DRERKEEHE;
2) B F 50 PO B TR 7K 32 B FE VR A0 BB A 14 TR K HE Bl £ A
BTEIREEK TR A ERHV T BRERR
B A B R AE S A4

MU SR, EXIS BT EENSE
¥, ER ARG, AR K.

THLZERILEBRAM I HIRIBARE LS
AR

ERFBFEB AR - RN RY,
FHATPRELRL

G = 2.6e7% /(1 + 93s). (18)
REEFAWY 10s. 244, B BRI BABE LB 1L
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20% , B0 K, = 3.12,T0 K., = 2.08, it % $As ik
M 15% , B K 4§ IS Bt 8] S 150s. 32 Bk 3 H) 2R
H 3.

gof

m/g-m-2

l CREEAL

0= T30 1505
t/s

B3 wEFLhHFERithEgE

Fig.3 Actual control response curve

SELhRiEFTRY , AR BRI S, AT
2EEAEYMER S, BE BRI BRMNE RBMEMD
PLTIMHESEH R, KB T LT WA E TS
Mt M EEN 80g/m® MK, ERTFIME
NTF 0.85g/m?, K RE/NTF 0.45% , ZTLHET
FER SRR FEI, B I KLELD 1.06g KFKH
B (U —T, 2PN RN 80 T ot , N REX &
PIWTAC FE(RBEFE, BT BB E AW .

5§ &5it(Conclusion)

ASCiTIe T i B R L A SR A AR A HE R
GREERGIEE, AT — e LIRS RET &
B EERE BN SRR fuzzy-PID #£H H ¥k,
XM A EHEABEAREREERSEEENH"
H Bl ER 434544 . 55 Astrom et al 13! Matausek et al 4]

2400 3000

MR SR, R EN SRR, ERGHA
HaE e R T Y0 , nTARB AT R4 H) PR 22 , B R
BEEMEEREN, 0F M SCER N A HREN T X
—R . BEENRNESRALEBEREBILERNX
FEH 1A, IS SRR T X — K.
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