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GIMC Structure Considering Communication Delay and Its Application to Mechatronic System

Junichi Miyakawa®, Toru Namerikawa (Kanazawa University)

Abstract

This paper deals with a new GIMC structure considering communication delay by using Smith Predictor and its

application to mechatronic system. First, we stabilize the unstable mechatronic system by a PD controller and define

the stabilized system as a new augmented plant. We design the proposed GIMC structure using Smith predictor

based on H controllers for the new stabilized augmented plant. Finally, the proposed structure is evaluated exper-

imentally and the effectiveness of the proposed approach is proven. In addition, we apply the proposed structure to

a networked control mechatronic system.

goboobooGcGiMCcUOO,0oobo,b0bo0oo,ogobgo

(Generalized Internal Model Control(GIMC), Smith Predictor, Communication Delay, Magnetic Suspension System )

1. 0000
goooooooooooobob,ooboooooboon
gooobooboobobobooobooooboboo
0o0ooo®. 0000000000000000000
go,b0o00ooooooobbboooobooogo
good. goooobooooooooooobooooog
goobobo,00o0boboboobobooooobobog
0000 GIMCOOOO00DO0OO0O0O0O0®®, oo GIMC
0000000000000,00000000000 @,
000000000000 D00000000000 ®®,
gooobobooobobobooobooooboboo
goooooobog.
GgiMCOOOOOODOODOOOODOOODOODbOOO Ko
gobooooobooobbooobbooob Kooog
0,0000000 KeO,00000000 KOODOO,
goooooboobooboo. oo GIMCcOoboonoogno
00000000000, 0000000(@OO0O)0O0
goboogooooboooo,0obobobuooooooo
0000000000000000O0 ™. ooooo, 0
gooobobooobobobooobooooboboo
gobooboobooobooboooog.
oo,0bob0oooobobooooobobobon
gooooob,gbooobooobobooooo,0obogo
00000000000000D00000OO0O00g ®®,
gooobobooobobobooobooooboboo
goobobob,0o0bbobo0obobooboboobobo
gooooooo.
go0o,00b00oooobobooooobobobon
GgiMCOOOOODOO,0b00bobuoboboobgo
goooobooooobobo,0boboobooobo. oo, b
goooboboobogobobooobooooboboo
gobooboboooooooooo.

go,cgIMCO000000DLODbDObObOODbDODbO
goboooo,obooboobooo  GgiMcbbooooog.
go,00obo0boobobobobobobo. oog,
gooooboobobooboooobooooooo, PD
oooobobooboooobooooobobooogo
0.0b0bb0ibdd He OUOooooobob 2000
goooboobooo,0bbbbbo0ooooon GIMC
goboboooboobooobooo.boo,ocoobbobogo
go,000b00b00 GIMCUO00gonoooogoogn
goooboboobooboobooooobobooogo
go.oog,bo0bo0b0boo GIMCcOboobobon
00000000000000000000O000 "0
goo,00bobooooobooobo.

2. 00O0ODO0O00ODO GIMCcOO

0210 GIMCOO 0000000000 P(s)0
00000000 P(s)00, P(s)0000000000
000 Ke(s)00000000.000 PO K,0OODO
0000000000000000.

P(s)=M"'N, Kos)=V~'U (1)

e

T TR
@] [¥]
f . =

01 GgiMCcOO
Fig.1. GIMC Structure

1/6



0000,000000000000 K(s)000000o
000 Q(s) eRH. 00000 (20000000000
0000®®. 000,00000000 Q€ RHeo 00
(3)000000000000.

K(s)=(V-QN) (U + QM) (2)
det(V — QN)(00) # 0 (3)

00D000000000000 (1), (20000000
0100000.000,00000 P(s)0000000
0000000000. 010000000000000
0(Ke=V W) D0ODOODOO0O0O0O0O0000000
O0000. 00000 IMC(Internal Model Control) O
0000000000000, 000000000000
O, GIMC(Generalized Internal Model Control) 0 O O O
000.00000000 Q(s) € RHe 0000 (3) 00
00D00000000000000,QU00000 K
D00D0000. 0000 QOO00O0DOno.
GIMCOOD,0000 f(s) 0000 Ko, KOOOD
000D000000,00000000000000. 01
D00D00000 fO0D0DO, f(s)00 (40000
Dooooooooo®,

f(s) = N(s)u(s) — M(s)y(s) (4)

000000 f0,00000000000000000

D000, f(s) =00000 f(s) 2000000000

000000000000000.

f(s)=0: O0OOOOO0OO0O0,00,000000000
00 P=PO0O0,00¢=Qf=0000.0000
Ko=V-'Unoooooo.

f(s)#0: O0O0OO0O000O0O0,00,000000000
0P+#PO00,00¢#£000000000000
000. 0000 K=(WV-QN)"Y(U+QM)0000
0o.

00000,GIMCO00O00OO0 f(s)0000000

0000000000, 000000 Ko(s), K(s)0OO

00000000. 00000000000, Kod0O000O

00000000, KOO0OO00O000000000000

0000,00000 (f=0)000000000000

S iy e e Ve
o] &
A

Detector |«

02 0goOoQooopoooooO0 cgIMCcOO
Fig.2. GIMC Structure with Detector and Switch
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Table 1. Model Parameters
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Fig. 7. Bode Diagram of New Augmented Plant P
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Fig.8. Generalized Plant for Control System Design
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Fig.9. Bode Diagram of Controllers Ko and K

0000 A+LC, Ax+LiyC, 00000,00000 (21),
(22)00000000.

~ ~ A+LC | B+LD L
N )= |2t | B+ (19)
c | » I
-~ A L C, L B, LD
o) = k+ Lk k‘ k k+ LDy (20)
Ch | 1 Dy,
MA+LC) = {-100,-110, —260} (21)

AAg + LiCr) = {—300,—310,—400, —410}  (22)

5. 000000000

000000000000 GIMCOODODODOOO.
0510 0000000 0OD,040000000
0000000000, 000000 Ko =V-'oODo
0K=WV-QN) (W+QM)00D000DD0O000.
000000 2000000000000,000000
1x10°m| 00000000 010000000000
00 10000.000 Ko, 0OO KOODODOODOO.
01000 K,00DO KOOODOOOODOOOOODDo
0D00.000,00000000000 KeO KOOOO
000000000000, 00, K, 00000 0.35[s] O
D000000000000,0025s)00000000
O0000000000 01s)|000000000000
Doooooo.

4/6



Gap[m]

6 0.8 1

0 0.2 0.4 0.
Time[g]

010 000000 (OoOoO0oOoooo)
Fig.10. Step Responses with Nominal Parameters
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Fig.12. Internal Signal ¢ of GIMC with Smith Predictor
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Fig.13. Time Response of GIMC Structure
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