H10% 184 201046 A
1671-1815(2010) 18-4506-04

B e R 5 TR

Science Technology and Engineering

Vol. 10 No. 18  June 2010
(© 2010 Sci. Tech. Engng.

R Al e b R B¢ G % — Smith 5 9% B 58

YEXE RS

it E

(RPRA 2 B L SUA5 B TR ABe , KK 163318)

i B ARBEHNBETHEEEDARANARNET RIS —HGREHE, EAAS8AENEE RTHEIEERFL &
REFFHMA AL TRARS L EHNBENRGAY , ZARARENERH AN RAERT AT EHBEREAX, TERE
LAT e EE LK, T LB R T R E R R R, B R B Smith A S A - M HA RS,
5 45 o 28 BE A T AR A R A R e M e, SRR TR R B4 R F Smith FUAE R H B R AR AR MK, THEERE
B, & -Smith 12 5] 28 oy M A A A I B fe K B L T AL T H w R B,

Ketinl  ksbd e & HE Smith Hik o PID R4
kRS TP202; SCHRbRAGRS A

i e B B  A7 AE T 28 Tl ad A 5, 4
T AT RE ST . S Rh i 5 B A7 78 X 2 S8 A 2
WA, PRI B R R AR E N R
IR T 55 2R G 18] 8 X0 FU (RO, HOX R GEMERERY
SOMA LB R o KAl 5 2R G — B e A 8
HiES . AT EREAT T R/,
Pl 75 vk T 24 PID 5 | Smith FAS 4 1, (H 2
PID 57 3% A i 50 Iz 4l i J& X 28 G247 oK 19 52 0, it
Smith A 55 ] SO0 45 ) 0F G 4 A5 OKG E EOK qod
P, SR A 7 R o RS AR RS B 1 B, I
PRI Z BB o AR SR 28 M 4 st
VLR RET L A e L AR 22 R T IX 5 T AY
WFFE, IS T — % B RCR , (HE i T IX SR R
VAR O, ARME R T B AR L iy A2 7 B s T, A
TAERLREAE S S AL R IR ST P 4R H A B &
FERIRRRE , o — A B AT AR & PR PR Y B S N R 4
AE AL HHAE b D0 AN A B0 RE P O 3 T L T A 4
HAFAEAR K BRI Z AL, S8 A U R R4 X 42
JEHUIE B AR TR A0 M ) A2 R A% 26 T4, 48
PP R G A 4 , S AF S MR W A T —4
AP P R o DR AR SO T G ik

2010 4F 1 A 8 HH]

SR GUR 4 ) 5k A 4 G B — BT B A S -
Smith 42 &% , FH T xF Al J5 0 R, LU 2
ARG

1 %PE-Smith #iH23

GRBEPE ] i 2 5 25 2R W) 2R GE Y S e AL BT i3
THRY— Bl RE RS A% o A2 W0 S AR 4 e ik 2 4
AT 37~ 2H B, b U 200 S b e iR ™ AR B T 4
HLCo3 Rt B T 4B T, Al T 408 T, ) Fags ™
FERY B AU, Y PTIEAR A LA ZE R FE 40 3
e H 5 B as T A0, BIAL6 25 20 7, A4
T, SRJE R B A0, B AN AR BT LA R B
o PR Z R HUAN R T, g e, i T,
ML D T 22 P AR 22 1) B AL, BER P
b AN T, AR 2 e T T, A0
Az, B AL BEE DD . Gad — Bt ) G S it
ARG TP

AR T, XS T, 400 B 40T /A
N T B S A AL, FEAR SO T, B3 il
PSRRI X B AL A 3 A Lo il T
AR, B A —TJ5 iz 2 T, 4 s 4kt , 7
—IT MRSz T, A ER] X2 & AX B 4i
JE B B R DL R R



18 1 A3, 45 . KAl I A G2 1 G s — Smith 451 2505 4507

B(k) =T,(k) - T.(k) (1)

T,(k) = Ke(k) (2)

T.(k) = KyiflAB(k - d) ]} e(k) (3)

b e (k) ER & RPUSIREE s K, 4 T), 40 £ ot

W15 K, o T ARl 55 AB(k) 9 B iR
e A TR A AN (4)

AB(k-d) =B(k-d) -B(k-d-1) (4)
(4)  d D9 G i W Y SE R B[] 5 f SR AR 2R Ak bR
W5 B AR BE AR A O, FRTERR (k- d) AR
I, B 20 2 W6 ) B0 MR L5 T JEURE B AR e B A
R

HIZ(1) ~ (4) , 155 B 40MI A9 B -5 i etk
JERRARN(S)

B(k) = Kie(k) - K, {f(AB(k = d))}e(k) =

K{1 - nfflAB(k - d)]}e(k) (5)
R MK =K, in = & HoR T 5 T, AL

EX 8

e RG-S 1 R G0 A

(1) FUik, B a5 E REEEB RSN
55k ASSRAENSA]

(2) 25 kAVIIBTIEIR I e (k) A T4 & 2R
I 220 1) 20 2 15 (B D 22 e (B)

(3) %5 kACHY B 40O B(k) AHS T4 & 4
AL 2 A w (k)

i DL S HE A R 282 (5) AT RAAS 2] G0 52 4 il e
= (6) .

u(k) = K{1 = AnflAu(k —=d)]}e(k) (6)

2 (6) K AT LAARE I A B 45 1) 28 G e 1
TFIE#E, 30y PID EHIEHE, A = -1 I 3RR
PEE R AR TR, A =0 BRI E, A =
1 IR S e i

S i A R R R S A E AT AR R A
Y I B Sl s AR A O, B
A= (7)

Vulk —-d) =u(k-d) —u(k-d-1) (7)

HRESCHR (3 ], BAR Ltk s By an =X (8) , BV f
L€

f(Vu(k =d)) = K(1.0 —exp( —u(k)*/a))
(8)
A8 a > 02— ZEREIL RIS, o i
R, M ZF- 3 o (BXS BT AR Au 8 0 < f(Vu
(k-d)) <1,

3 iR

WRG LB REN G, (s) = Gy(s)e™ =

Lo FGL S B B 1, SRR

10s +1°
T =1s,
3.1 PID =%

PR RIZR S El . K=1.21, T, =14.5,
T, =1.5 ffEh&mE 1 s,

1.4

1.2F

1

0.8

Ly

0.6f
0.4¢

0.2

0 ; .
0 50 100

150 )
1 PID il 5 FL i 2k

M 1B RS RE AR, RIFIR2E A =
5% I, EHEERFE R 1, = 52.7 s, RRUFIRE A = 2%
(LRt e, = 81.5 s, iR o, =22.2%, I
THiTE] 2, = 7.8 s,
3.2 Smith FfEiE$
3.2.1  FRAEAER & # 69 Smith

Al 4% 1 >4 BC Smith Al £ AL G, (s) =
o DB 5 R G B, D I
WK 2 fiis.

A B 2 A5, ISR 2ZE A = 5% B, AT ]
t, = 14.5 s, RVFIREN 2% W, AW E K 1, =
30.2 s, FFHIFE] 6, = 2.7 s, I R GETC R, AT LA




4508 B ¥R 5 T & 10 &

0.8}

Ly

0.6
0.4

0.2}

0 50 100 150 1}

P2 PRSI ER I Smith FUAG 2 ] 4 017 2 £k
7 H TR Y A I 2 ) A ORI T8 L PID £
il o

3.2.2 B Sk BURd 9 Smith T4 45 41
AR T =T + AT, AT =20% T, H]

G (5) = A7 i ZF 5 78 10 i 22 i £

3

1.4

1.2

1 .
0.8}

it

0.6 +

0.4+

021

0 { i 1
0 50 100

150 IR} [H]
3 TSI A ) 4R IO A Smaith FUAR 42 il 5 0 20 2k

HE 3 FTLVE H, RIFiR2E A = 5% B, JREE
R e, = 55.7 s, RVFR2ZE N 2% B, VI HE B [H])
t, =741 s, RETCEIH, L FHIE] ¢, = 30.5 s, 7]
U224 Smith T4k 45 76 A g e 42 3l R4C2R 37 B — 2 5
Wi, £ A PEREFE AR AR 22
3.3  f:y5-Smith 5%

By — Smith 455 R4 Simulink HEEIANE 4 PR

~ 1

Transport
Delay2

7| 10st1
Transfer F

. 1

7] 10st1
Transfer Fcn 1

Transport
Delayl

4 SR RE-Smith #4551 2076 RSE Simulink

YA G, (s) = 0 1 HI T R
s+ 1

P R — 2, BEE RN S R
FVFIRZEA = 5% B, JHEERE N ¢, = 12.8 s,
FOFIRZE R 2% B, AR Ry ¢, = 13.8 s, L THAT
B e, = 1.8 s, RELMIHE, AT LB RS T 05
A1 Smith $55 ) 25 4 B8R B4l Smith TG 1

3.3.2  mhIA) Bk BL B 04 S - Smith FAAE 42 4]
AEHEHE T =T + AT, AT =20%T,B) G, (s) =
] . P > = /) » N
s 21 T EASE A2 B h Zean Al 6.,
RVFIRE A = 5% B, JFEEEE N ¢, = 25.7 s,

FOVFIRZEN 2% I, JFEIIE] Ry ¢, = 28.9 s, KRG
B, FTRERE = 11,65,



18 1 A3, 45 . KAl I A G2 1 G s — Smith 451 2505 4509

1.4

1.2+ 1

0.8) .| i

i iy

0.6 | 1

04} 1

021 i 1

0 30 100 150 i

Bl5  FUAd A 2R A o 63— Smith 42 i 2 05 B 2k

0.8} ; :

it

0.6

0.4 1 f , .

02 ~ i

0 50 100 150 mHil

6 TUAt R Y I i) K50k IS SR~ Smith 42 1 2507 3 th £k

4 ik

ARICREW I RS S HLEE S Smith Fi
PEHIARZS G, it Hh—Ph S e Smith $2 5 &5 , K H R
PR I % G2 4 ) il aod 7 JCATE T, 42 ol A0
RAF o 558 ML ) AR AH L, 1245 1 4% 5 3 /DN,
W 7 P (B2, b I )T, EL A5 1 s 45 A T 2R, B
T A g AT LAY T S bR R e AR
BN — R R T T BT

2 % xX #t

1 INENLRREA. ST MY Smith il PID =251 5
5 B ¥ B8 55 %, 2009328 (10) :9—12

2 ATE, FLR. T AT S EUR A s S BT UL R s il B
8. TakAYF 5 A 3hfb$ & ,2009; (02) :32—34.

3 kERk AR, OO, AR A TRl R 5. KIKA
T2 B3R, 2009333 (1) :78—80.

Research on Immune —Smith Controller in Large Time Delay System

REN Wei-jian, QIAO Jian-guo

(Electric Information Engineering , Daqing Petroleum Institute, Daqingl63318,P. R. China)

[ Abstract ]

The immune controller is an intelligent controller which drawing on the immune mechanism of biolog-

ical system. It has characteristics of short adjustment time, strong anti-interference ability. Immune suppression

links of the immune algorithm is equivalent to the feedback link of the proportional integral derivative controller.

Immune suppression of the immune controller related to output of the controller and unaffected by system measure-

ments. So it can overcome the time delay. Immune controller and the Smith predictor are combined and design a

new kind of controller. It enables the controller to overcome the time delay and lower using Smith controller of reli-

ance on the accuracy of the system model. Simulation results show that the Immune-Smith controller, the perform-

ance of matches and mismatch in the model under all circumstances, superior to other controllers.
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