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An IMC PID control method with set-point weight

HOU Ming-dong, ZHAN GJing-gang, ZHAO Zhi-cheng
(College of Electronics and Information Engineering, Taiyuan University Science and Technology , Taiyuan 030024, China)

Abstract : A control method performed by a fuzzy logic set-point weight IMC- PID controller is presented.
The set-point weight of the proportional part acted on the IMC PID controller is modified online by intelli-
gent method, and thefilter coefficient of a controller is manually adjusted, so the command tracking and
the disturbance rejection are greatly improved. The method can a so improve the shortcoming of the con-
ventional IMGC PID controller , and its control schemeis s mple and the adjustment of control parametersis
easy. Theoretical analyss and smulation results show the validity of this control method.

Keywor ds fuzzy logic; IMC PID ; set-point weight

(internal model control ,IMC) !
(5]

, PID
2 2l Mmc ,
PID (IMC PID) ¥ IMC ,

, , . PID ,
PID , ,
IMCPID A, PID (-7

[4]. , 2 ,
, . , IMC-PID ,

:2006-03-13.
: (20021018) .



2 IMC-PID - 85 -
M(9 = M (9 - M. (9. (3)
1 IMCPID ‘M. (9 M(9 s
11 IMC ® | M. ()= 1.
1 , M= (9 :
2. P(9 M M. (9 = e -_SﬁH. Re€)T >0
(9 , .Q(9) [T
U (9 ryd H :
2)
, F(s) ,
i i F(9
= o) | P(s) 1
P - = F(s) Qs+ 1) (4)
| : r M. (9
! M(s)
! A
E_ _______________________________ 2
Q(9 = M* (9 F(9. (5
1 1 2 G (9
Fig 1 Internal model control structure Q(9 ;
_— Qg
d GO =TT o9Me ©®
Tl . ‘G (9 IMCPID
Pis) QT
PID
Gi(s) 0
P(s = _Ke_Ts 1 (7)
: e’
2 IMC Pade
Fig 2 The IMC structure equivalent to classical 1. G_S
control structure P(9 = K 2 _ (8)
(Ts + 1)[1 + %%
1 :
(3) (5) (B6) (8 IMC-PID
_ P(s) Q(s) ,
A T IVIE N G(9 = [ 0RILE(T+0B)cs (g
A +0®)s
1- M(9Q(9 D(9 (1)
1+ Q(9[P(9 - M(9] : (T+0®)/(T+0 D) , PID
D=[P(9 - MU +D(. (2 Kp = LQ—FLKO\:O 9) - (10)
M(g = P(9, Ti=T+0®. (11)
D(s =0, Ym %
_ 01
To = T +0° (12)
) PID ,IMC-PID
12 IMC PID . A A
[8] : )\
1) M- (s)

M- (9,



IMC-PID

2 IMCPID-FSW
PID
u(t) = Kee(t) + Kd-d-%(;t)_ + K-I;e(r)d.(ls)

re(t) ,u(t) , Kp Ky
K ,
Kp
IMC PID ,
b
(b<)™,  (13)
u(d = Kees () + Ka demdt . mJ’;ecr)d.
(14)
eP(t) :bysp(t) - y(t) y IMC' PID
(IMC PID-FIX-b)
(o, ,Visoli (e &)
“ " b, e(t)
e (1), b(t) .
b(t) =w+ f (1) b, O<w<1,f (1)
. IMCPID-FSW-b
3. e(t) e(t) 5
f() 9
.e(t)  e(t) f(b)
4 5. , Kin
Kine Ko e(t) e(t) f(1)
[-1,1]. 1, ,

NVB NB NM NS Z PS PM PB PVB

3 FSW
Fig 3 Overal control scheme of the internal model
control- PID-fuzzy set-point weight

\NB N PS  PB

FEEE

4 e e
Fig 4 Membership functionsfor the two inputs
eand e of the fuzzy inference system

Fig 5 Membership functionsfor the output f of
fuzzy inference system

1
Table 1 Basicruletable of the fuzzy inference sysem

€
e
NB NS Z PS PB
NB NVB NB NM NS Z
NS NB NM NS Z PS
4 NM NS Z PS PM
PS NS 4 PS PM PB
PB z PS PM PB PVB

3
IMG-PID IMGPID-FIX-b IMGPID -
FSW-b 3 ,
(1)2
G (9 = 7T 2o e T 1§ = 02,0 8.
(15)
o1
G(9 = Sl 9 (16)
e _
G(9 =7, T=24L=24 (17

G@E = _l?e'LS;T =110;L =01,0408.

(18)



, IMC PID - 87 -

W)

r(t) =5x1(t),

"

d(t) =1(1). , o
12 IMC-PID ,
5 b
3 b
, , 6 9 24
23 3 3
(IA E) 3 . | = IMC-PID

4 | == IMC-PID-FIX-h

— IMC-PID-FSW-h
0

T, 20 40 60 80 100
H] t/s

9 T=1,L.=04 G&G(9
Fig 9 Step regponsefor Gi(s9), T=1,L.=04

ﬁi_

W)
'

2 IMCPID IMCPIDFIXb IMCPID-FSAMb

it i s THe 2 The okrshoot alle d three kinds o omtrd methods
— IMC-PID-FSW-h
v 20 40 60 80 100 P(9 IMCPID FPFb FPFSWb
= G (9 =02 31 10 2 0
G (9 =08 318 82 13
6&=08 GI(9 G(9 486 258 04
Fig 6 Step responsefor Gi(9 ,§ =0 8 G (9 T=2,L=4 228 11 06
G (9 T=2,L=2 116 56 08
8 G (9 T=4,L=4 20 114 Q5
7t i G (9 T=4,1=2 18 136
of G (9 T=1,L=01 20 12 1
o| Mo A G(9 T=1,L=04 233 146 32
Ak f G(9  T=1,L=08 206 196 4
: G(9 T=10,L=01 463 15 55
) G(9 T=10,L=04 384 168 20
; i G(9 T=10,L=08 485 2027 47
5 — IMC-PID-FSW-b
@ w | 8 AR 3 IMCPID IMGPID-FIXb IMG PID-FSWb
7 G(9 Table 3 Therisetime value of three kinds of control methods
Fig 7 Step responsefor G (9 P(9 IMGPID FP-Fb FP-FSW-b
G (9 =02 23 18 076
[T G (9 £&=08 301 268 2 58
AR . G (9 173 18 35
'? i ! Gs (9 T=2,L=4 325 590 415
41 s G (9 T=2,L=2 7 7. 80 6 25
g 3l G (9 T=4,L=4 605 45 315
G (9 T=4,L=2 58 620 424
2 G (9 T=1,L=01 510 58 302
1 S . G(9  T=1,L=04 495 575 482
— IMC-PID-FSW-b G (9 T=1,L.=08 515 565 492
10 20 30 40 50,/560 70 80 90 100 G (9 T=10,L =01 475 4 28 3 50
G(9 T=10,L.=04 518 396 362
8 T=4Ll=2 G(9 G()  T=10,L=08 48 38 352

Fig 8 Step responsefor G(9 , T=4,L =2



4 |IMCPID IMCPID-FIXb
IAE
Table4 The IAE value of three kinds of control methods

IMC-PID -FSW-b

P(9 IMGPID FPFb FPFSW-b
G (9 &=02 1359 641 2 46
G (9 §=08 1592 745 315
G (9 1370 861 5 32
G (9 T=2,L=4 3329 2428 1125
G (9 T=2,L=2 2035 2105 1591
G (9 T=4,L=4 2L.60 1725 10.58
G (9 =4,L=2 27.7 2513 2015
G (9 T=1,L=01 20035 1855 1412
G (9 T=1,L=04 2225 1605 1375
Gi (9 T=1,L.=038 2601 2075 1416
Gi (9 T=10,L=01 2250 1821 1251
G (9 T=10,L=04 2355 1836 1225
G (9 T=10.L=08 2822 17.46 13 29

IMCGPID IMCPID-FIX-b IMC PID- FSW-
b3 , IMC
PID-FSW-b .

IMCG PID ,

IMC PID

IMC PID

IMC PID-FIX-b

4

IMCPID

[1] GARCIA C E,MORARI M. Internal modle control-1. A
unifying review and some new result[J]. Ind Eng Chem
Des Dev,1982 ,21(2) :308 - 323.

[2] , : , . PID

[J]. ,2002 ,23(1) :27 - 30.

ZHANGJinggang, LI Linsheng, CHEN Zhimei , ZHAO

Zhicheng. IMC tuning of two-degree-of-freedom PID reg-

ulator [J]. Chinese Journa of Scientific Instrument ,

2002, 23(1) :27 - 30.

[3]RIVERA D E,MORARI M, SKOGESTAD S. Interna
model control. 4. PID controller desgn[J]. Ind Eng
Chem Res,1986(25) :252 - 265.

[4]IAN G H,JEFFERY R A, CHRISTOPHERJ G,et a.
Improved filter desgn in internal model control[J]. Ind
Eng Chem Res,1996(35) :3437 - 3441.

[5]ZHANG,W D, SUN Y X, XU X M. New two degree
of-freedom smith predictor for processes with time delay
[J]. Automatica, 1998, 34(10) :1279 - 1282.

[6] . PID [M].

,2002.

[7]LEE C C. Fuzzy logic in control systems: Fuzzy logic
controller[J]. IEEE Trans Syst, Man, Cybern, 2001
(20) :404 - 435.

(8] , , . [M].

,2003.

[9]JASTROM K. PID Controlers: Theory , Design and Tun-
ing[M].New York:ISA , 1995.

[10]Antonio Visoli Fuzzy logic based set-point weight tun-

ing of PID controllers IEEE Trans Syst ,Man,Cybern,
Pt A ,1999(29) :587 - 592.

. ,1980 ,

. Email :hmdcp @126. com.

. 51965 , ,
60 , 18
El ISTP
, 1970 , ,
118 . 8 El ISTP




