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Two-Degree-of-Freedom Intelligent Internal Model Control
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Abstract: A scheme of two-degree-of-freedom mielligent intemal model control is proposed. The parameters of the feed-
back filter are on-line modified by intelligent method, so the dynamic performance, robusmess and disturbance rejection are
greatly improved. Simulation results show that the better control performance can be achieved for the process with time delay
and subjected to disturbances, even in the case that its parameters and structure change.
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2 EEEZBEHEMERS (Two-degree-of-
freedom intelligent internal model control )
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Fig. 1 Two-degree-of-freedom intelligent internal mode]
control sysem
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2.1 REBEEBFSE o BERMFH R (Fuzzy toning
a¢, the parameter of the feedback filter)
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1 BMEFEAFTREAHH
Table 1 Membership function of fuzzy variable E
E 17}
FE
-6 -5 -4 -3 -2 -1 -0 O 1 2 3 4 5 6

PB 6.1 0.4 0.8 1.0
PM 0.2 6.7 1.0 0.7 0.2
PS 63 08 10 05 0.1

PZ 1.0 0.6 0.1
NZ 0.1 0.6 1.0

NS 0.1 0.5 1.0 08 0.3
NM 0.2 0.7 1.0 0.7 0.2

NB 1.0 0.8 0.4 0.1

£2 BRMEEFECHREEK
Table 2 Membership function of fuzzy variable EC
S5
e
-6 -5 -4 -3 -2 -1 O 1 2 3 4 5 6

PB 0.1 0.4 0.8 1.0
PM 0.2 0.7 1.0 07 0.2
P§ 09 1.6 0.7 0.2

Z0 0.5 1.0 0.5

NS 6.2 07 1.0 0.9

MM 02 07 1.0 0.7 0.2

NE 1.0 0.8 0.4 0.1
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Table 3 Membership function of fuzzy variable F
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MaeBABEFTERBES, FRERLEHBE
TRERRAEGHBEMBEHTE, ASRU LA
T BPRTAR N BRI B AR A0 o (R 6 P R

T 2 3 a4 s A4 HHAERT A
VB 1 Table 4 Table of fuzzy control rules F
B 1 ‘ EC
M ! NB NM NS ZO PS PM PB
S 1 NBE VS VS VS5 VS V5 VS VS
Vs 1 NM M M S § S5 M M
FRAE E 3R I SRR, T LAk 5 ot 4 B 0 R e v m
BAMFIE 4. ez VB VB B M B VB VB
B 4 (RN, 32 A Mamdani 8 £ 38 B B B M M M B B
2, RHEOCEHTEN A, R SRS R PMm M M S§ § S M M
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HEFER GRS BEEBREINNEAR .
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Table 5 Table of fuzzy parameter tuming F
EC
E
-6 -5 -4 -3 -2 -1 0O 1 2 3 4 5 6
-6 1 1 1 2 1 1 1 1 1 2 1 1 1
-5 2 2 2 2 2 1 1 1 2 2 2 2 2
-4 3 2 2 2 2 2 2 2 2 2 2 2 3
-3 3 3 3 3 3 2 2 2 3 3 3 3 3
-2 4 4 4 3 3 3 3 3 3 3 4 4 4
-1 4 4 4 4 4 3 3 3 4 4 4 4 4
-0 5 5 5 4 4 4 3 4 4 4 5 5 5
0 5 5 5 4 4 4 3 4 4 4 5 5 5
1 4 4 4 4 4 3 3 3 4 4 4 4 4
2 4 4 4 3 3 3 3 3 3 3 4 4 4
3 3 3 3 3 3 2 2 2z 13 3 3 3 3
4 3 2 2 2 2 2 2 2 2 2 2 2 3
5 2 2 2 2 2 1 1 1 2 2 2 2 2
6 1 1 1 2 1 1 1 1 1 2 1 1 1

2.2 EMBEBRSN K186 AE (Intlligent
tuning Ky, the parameter of the feedback
filter)

BTN R E SRS AR W R
AaBgeRS . BERAEREHNRPIEITE
B4y ks THE, ERHNBRBERMREEWER
BAFEMN K E,EFAEEEMEF:

) BHBRE e > OAEETE) HERERS
BraTiEME, BEHREgER FEBRE
en < 0, BUERIREMERRINKIERR, 9T %

MERREMERR K > LERYRE ¢, > 0,
VAREYRZOERRBEDERR, B THIHELY
REMER, B L < L

2) FHERE e < O(ARETE). XANEH
FIH ik e, < OFF,K; < 136, > OF,
Ke> 1.

NEGREBAETE We, < e < ¢ B, H
K= lie, > Oye, < O BIFORIE UG FRE,H
{H ML Sl AT A R/ T SE

ik, EHUREXTE, L AHE FRAHE


http://www.cqvip.com

43 B 5 sy B Sl 627

Ki,e2 < e g e,

X = Ifz, es < ¢ s €2, 3)
Kisep < ey
HP 0<K <K< <lc <K, _1,e1> e
> oep > e >t > e, MERENRENTEA, K
B8 RO HE S NP IE SR
3 AR (Simulation study)
HTRITEERE _AMENEERTEN AR
HoEESHA_ahEREERHIETHRLE,
FFIEE F 0 MATLABY) B3l ko 6(2) S
K =10, =08, IRTHREEFERMG, IR
PRE It M R R R T BPEE L
B R R s e

G(s) 1

=03 D050 - @
BRFERAM T=0.5 W HMTH RERHNH
Bk %

G(z) =
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€.(z) = A=0T 1= 1.4127" +0.4962~°
40T 1207277 0.0487 4 0.03852°0
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RERERTAIHIT B

[el,ez,es,e4,e5,e6,e-,-,eg,eg,em,e“,eu] =

[1,0.8,0.6,0.4,0.2,0.1,

-0.1, -0.2, - 0.4, - 0.6, -0.8, - 1].
MMM RBEAEE K REDNT:
[Ki, Ko, K3, Ky K5, Ko, Kr, Ky, Ko Kigs KiyJ =
[0.5,0.6,0.7,0.8,0.9,1.0,1.1,1.2,1.3,1.4,1.5].
TR iRZE e = 0.1,e7 = - 0.1.
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Fig. 2 Response of the accurate model
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Fig. 3 Respsonse of the mismatched model
(parameters change)
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Fig. 4 Response of the mismatched model
(parameters and structure change)
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Table 6 The effect comparison between two parameters tuning individually and wning together

BRI HA ST BAHSHNERTL
BesM K o Ko K o Kpag Ke a2 Kpa
i 6.5 6.5 6.5 51 5.4 5.1 15.5 16.4 108
g H\j—l"ﬂ] . - . . - . . - -
Bm| — —
f 5 T 4.5 3.5 3.3 —_———— —
TR 57T 6.2 33 49 56 3.4 15,3 14.0 11.8
® mE v - ‘ ' ’ ' ' ’ ’
ISE _— 16.3 16.9 16.5 132.0 120.9 83.2

4 #5it(Conclusion)

AXFREMEE S ENEESITE, B
SR RENSSEMYE RERES L IRIEHS
S M- @b RN E RN KBS
FTERSETRHRBESSHEMNERRY i
PREHP KRN EXREE, FAEY o, WX
WEFMERARAN, SEEMARENRERR
MERFR, A _EGSET, THERERAR
AR MBERT LR, ISR {UA K L RETETE
—ERNENR NTAMAE, EEREERERA
EEEMHERT, 3TRAEE, TUREY K. &
BB C.(2) PR B HBETE RRIRY, AR A AT RE
—b i, (B4 B8 A M T A 4, L HR R AT
BHAERGER.

£ X 3 ( References)

1] Garcia C E. Morari M. Intemal model control, Part 1: A uufymng
review and some new results [J] . Industrial and Engineering Chem-
1stry Process Design and Pevelopment, 1982, 21¢2):308 - 323

Garcia C E. Morar M. Inemal model contral, Part 2; Design pro-
eadure for multivariable systems [J) Industtial and Engmeering

[2]

Chemistry Process Design and Development, 1985,24(2):472 - 484
EBeonomotl C G, Mormad M. Imtemal model conwol, Part 5: Exten-
sim to nonbinear systems [J]. Industrial and Enginesring Chermstry
Process Design and Development, 1986:25{2):403 - 411

Liu Lexing, Yu Wernin, Adaptive internal model controller and in-
telligent wning of parameters [A]. Pmceedings of China Academic
Conference oo Intelligent Automatic [C], Huhchaote, 1996, 501 -
505

Zhao Yao. Two-depree-freedom internal medel control for DC mator
speed control systems [J]. Electne Dirve, 1997:27(1):41 - 43
Shu Digian. Predicuve Coutrol System and lts Apphcations (M.,
Beijing: China Machine Press, 1996,15- 20

Mue Dmngyu. Computer-Aikded Cootrol Systern Desipn -MATLAB
Language and Applcations [ M ]
Press, 1996,181 - 194

(3.

(4]

[5]

7l
Beymng: Tsinphua University

ALEERA

AR 1971 1005 EEG T T 2R B #1998
FEMMNKZFAIRREHTE L2 RELRBES KE{TE AXE
b h R ST R

B R O1BSFE RNEEITERTIERAN LR HE
L, 0N T 1985 FEN W EEHE KB RFREHIBEEE
RS AN ADERRE FERRFOIREER
B EREr b, TR b R0y e


http://www.cqvip.com

