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Abstract

A modified repetitive control is formulated and analyzed in the discrete-time domain. Sufficient

conditions for the stability of a class of repetifive controllers are given by means of the

regeneration spectrum method. When a periodic signal input is drived into the two-mass-spring

plant, the performance of the proposed controller which comprises a low-pass filter and two feed-

forward compensators, turns out highly accurate by comparing the tracking result from the

conventional L.Q controller.

. A B

dutA o 2 AFS ¥ AAdste 304
vhebdt &Y FHE0] HEHLZ FeHa gle
o, ol g WiEA Q] FA o vl AEstn AU
Azt 7 A gl 282 v Eoig o 2%k
FE9 A5 oA AR, F oA A 2dE FL o
2 & 4 Ut ol# T Alag e 52 548 /44
317] 3k, B Alxgle] 948 28 A 3
BE Atgate] Aojstes 4 Qd 54
(learning control)t} ¥FE A o] (repetitive control)

o] H&5 1 vt 53] A H TP ES s
A F7EA Y A" 3 FU)E DAz
2 e o Ad8ds ad g gy FAF

22X ZA AN2HE ZYEL Ho)84AE ALE
Bl wbEA o] WA of glojM e R Ed e
o3 F7149 Qo dste] e WAHoE
AEaA F2Z25A H1, F712 A &gl A
T EFHEH e E Ao d 5 Y.

REEAo}7] o] A9 AFT L ZTHES]
FEF Bl L 72 o g sho] Harad 2|3 A
=593, &3] Tomizukay ©] 4k 7@ 0.7 whE.

* FAARRE A7 - AASFHE AASA DY 5 1 09d 119)

(i12)



VR AL TPAA) B 2FA S B AT 113

Aojzle] AAE AGtAT. gA gHEA o]
A2 AR FFA ALY S& ool F2 ANS
A ek, BB 7 Fe Al 2Flo] HET Aol
Aol P FF FUE Alold g 54
A7 AojA 3 glen, o2 7 54L M
A ¥ E FEA 7| o] HAr TeFstA A
w51 T,

B =M A dEld F A AgAE=
B} 2g ALEE o4 WEA 718 AA 5,
olel A AFE AN S AP 2= Y
(regeneration spectrum mothod)"& Al &3l 2
Mgt 2da AAE Mg S 244 2d
of 2&ata goo] dhRzel 3R L A A
AL A 2ot M8 RASHA, olof g A
E HAA LQAY 7189 Aast vln AES
(=

2, gb= Ao 23 oM Ao
AABel 7o W otEE

yEed e oawl oA qRAI2H 9
E2 o] AAAA glo] AHE FFe7] A E
FI Yo X ¢Fe] F47) mdo] XFHe ok
3, G E B =7t Al2Rle] ool o8 A
A ghotol drt. £ ¢ @A) R & o2
Zo] A4 gl

F7] N& zte 7149 ol Ee] 3 F7&
ool & w, A F7& AL A Fr=

o] Bl A & 714 F r(n)e

r(n)=ry(n—N)+ry(n—2N)+ro(n—3N)+---
(1

o] H1, r(n)el] 3l z- A F4A Rz)e v} 2ol
7% & U

R(z)=z""Ro(z) +2"""Ro(z)+2z""Ro(z)+---
=Ro(z)z M(L+z +z ™4z~ )

Z—N

=Rol)

(2)

@, Ro(z)e ro(n)2] z—Wgo)2} £} A F1 &
AL g U A F213 0 Mo dig 247 2y

ADE 7|Fez 18 13} o] NAF A9 84
Zte A ARE EEAEE veEhd 5 9

Soup rle

o)y

111
=

o g AAAAT gl AEAAE 98
Uiie] 8113 34 Rd g 4l et
B2E ¥ genzg B2 =RAAe HE
o171 Pej & A gtstz Yoo
=R AR 2 U Ndeiz 9T
AAEE A3 8] AFEHF e gz, AF
o P82 A3 2=l §37 2 E »AE] §
B Colz) 2 AAAH] EHE Gz 43
dEe A Fr)o dad FA-L ANMetr] A8
Ciz )8 =ste] 29 29} Ze] P43

o] A FAE TEFTH Ao Alxwle] AHH
€Y AT

Hu
[

Moy &
e » o
ir

Y(z) _ z7G(z )a(z" )+ Glz" )Ny (z7H)
R(z) 1+Ciz NG{z™)—zDy(z™Y)

ol A} A7),

Ni(z™)=Cyz")—zMq(z )Ci(z"H+z""Cx(z™")

(3)

Dz )=q(z7H14+Ci(z Wz N —{Clz™)
+aqlz"NG(Ez™)

oleh. =g A P33 ezl E(z)=R(z)—

N step delay

R

Re®) p [y gy
ﬁl—lz (=] 1]

Fig. 1 A periodic signal generator in discrete time
domain

Fig. 2 Block diagram of the discrete time repet-
itive process control system
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Table 1. Parameters of the process system

Parameter Value Unit

Spring ‘&< ki, ke 196 [N/m]

Spring 4 ks 784 [N/m]

AZFm -+ AF 2.5 [Kg)

AT my 2.3449 Kgl
AHAG ) £ YA HEM 5.59

time [gec)
Fig. 4 Tracking performance of the repetitive

control :
r{k)=sin(wk) 4+ 0.4{sin(2wk)+ cos(2wk)}

{(116)

Ca(z™) = 1000 (26)

o] 42 AHslar) o2 A" Ao 9
ZAEE 23 29 Fo] AT HE 2R 94
A rk), &

k) = sin(wk)+0.4{sin(2wk)+cos(2wk)}
27)

o g B FF5 A(10)2 o] &3ld Al & o]
A% 232 29 49 JeEMATE A71A 0=2
wle|m, 71 L=22 slgth o| 258 &5 L 4
gol £ Wi IR FARA FFH US
& & glth

=% ZYE Hv|EEo] HEE A% AA
9 Aolr]e] HEA o] et AAAEE A EH o]
HAate] 2o}k B A= ZHES] AHF my, me
7} 20% Fo] B3, AXT A5 kK, ke, kel 20%
o] g o| AP /M A5, dE AR
o the AR FFAAE 17 59 YER AT of
a9 52 FE AAE A7) = FAES] deiuH
Wil = BE7stn 298 MBAFS FA% L
AeS I & gt

o AAE Aol 455 LQ A F
ZA%%3 vl wate] 2o}, o] & Y& Ae A} Al
ol el 715 d S F Q=diag[2000, 0, 0,
10], R=0.022 F%13, v 7 dejd o] At
o] =2 K=[452.02, 20.1076, —240.8393,

posilion

time [sac]

Fig.5 Robust tracking performance of the
repetitive control :
r(k)=sin(wk)+0.4{sin(2wk )+ cos(2wk)}



S8 AN TR A 2EA A Bd AT 117

J‘ﬂ l

pasdion

time [sec)]

Fig. 6 Tracking performance of the L.Q control :
r(k)=sin(wk)+0.4{sin{2wk) + cos(2wk)}

14.14917} =it 7158 Q) g2 A8 e s
AXA Ak 28l Aol i HA e 59
o] 5 721.032 & F g3 B nE FH ¥
d e £FHAES Aol ds 25, oY 6
Zo]l A AE e 2F4F L 2o Fm 9}

6. & =

E =M e ZHES A4 A FEHF
< N7 $1E o3 ‘C&Hzﬂcﬂﬂg A gkttt
Aol zele] kA A =TS A F M9
AFA R o) 57 A9 B %l £ F7hsld ¥9
AlA Bgtom, ARl b 21 AT Al
Ho] Agdsg 7oz 4 AHERHA 9
8 patgeh AR A7 E b E dge Re
-G A A gste] BokE o Wl £33 2T
e ARE AT TF AAE A o719 A
< 2A87) A8t 2-Bg A AFH AXY A
g AsE FAS YR vl S5 FFMHT 2
FE AUtk ol5S ¢8 AL dstd XD &
g 545 #E LQ Alejr]e ds viu¥Ees
A At A7 e 3% FEAT FAL gl
st}

(117)

%
rgh

)

1) B. A. Francis and W. M. Wonham, “The Internal
Model Principle of Control Theory,” Automatica.
Vol. 12, No. 5, pp. 457~465, 1976.

2) T. Inoue et al., “High Accuracy Control of Servo
Mechanism for Repeated contouring,” in
Proceedings of the 10th Annual Symp.
Incremental Motion Contr. Syst. and Devices,
pp. 258292, 1981.

3) 8. Hara, Y. Yamamoto, T. Omata, M. Nakano,
“Repetitive Control System : A New Type Servo
System for Periodic Exogenous Signals,” IEEE
Transactions on Automatic Control, Vol. 33, No.
7, pp- 659~668, July 1988,

4) M. Tomizuka, Tsu-Chin Tsao, Kok-Kia Chew,
“Analysis and Synthesis of Discrete- Time

Trans. of ASME.
Journal of Dynamic System, Measurement and
Control, Vol. ITI, pp. 353358, Sept. 1989.

5) K. K. Chew and M. Tomizuka, “Digital Control

of Repetitive Errors in Disk Systems,” IEEE

Control Systems Magazine, pp. 16~20, 1990.

N. Sadegh, R. Horowits, W. Kao, M. Tomizuka,

“A Unified Approach to the Design of Adaptive

and Repetitive Controllers for Robotic

Manipulators™, Trans. of the ASME. Journal of

Dynamic System, Measurement and Control, pp.

618629, 1990.

7) K. Srinivasan, F. R. Shaw, “Analysis and Design
of Repetitive Control Systems Using the

Repetitive Controllers,”

6

Ry

Regeneration Spectrum,” Trans. of ASME.
Journal of Dynamic System, Measurement and
Control, Vol. 113, pp. 216~222, June 1991.



118  EEAERMEARE, $244 1%, 2000

N XA A

flEsa) (i)

1960 84 19874 FACiw HXI=
2o #9. 199241 FojcHatm CSH H
A= S (MAp, 19973 el
S ojshel ZiuSatn e (A, 1987
xRy HACEw MolH&Zsta, 2Et
8] ZME,

SI2=F (ke

19674 TEAM, 1986 2R H7|1E
2} Fel 19889 RACiEm cfEtyE H
7122t FY (MAD. 19954 SCiE2 &
2 (BrAD. 1998d~#x| SR Ho
AZTaa) D4 GHate ZAYE

P71 GREHE)

195741 7R, 1981 Selefm H71F
sinl FHe 19904 ol ix|ElFERiiEtm
Hoi2etn &Y AP, 1990A-S1 53
tf| HojA&=stn} = SFEE] 33,

(118)



