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Proposal of Repetitive Disturbance Rejection Control using Multirate Sampling Control
and Application to Visual Servo System

Hiroshi Fujimoto, Yoichi Hori (University of Tokyo)

Abstract- In this paper, novel multirate feedback controllers are proposed for digital control systems,
where it is restricted that the speed of the A/D converters are slower than that of the D/A converters.
The proposed controllers can reject the repetitive disturbance even in the semi-Nyquist frequency region.
Moreover, the perfect disturbance rejection is assured at M inter-sample points in the steady state. The
proposed methods are applied to the visual servo system, and the advantages of these approaches are

demonstrated by simulations.
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Fig. 1: Multirate Sampling control.
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Fig. 2: Multirate control with disturbance observer.

8

Al 511 N BIN
Tale]e| | | .
AM BMI e BMN
Ak é 614‘:1/ka7 T é [mfy e m?\:[]T (8)
xp[i] = x[i + vi] = 2((i + v)Ty) )
b, 2 S ST eAerbedr
bkj = H(i—1) <y < Wi fo(uk—ﬂ(]‘_l))Tf eAchCdT
vk S -1 0
O<<m<..<vy=1 10)

0000p;(j=1,-,N),v(k=1,---,M) 0 Figl 00O
0000000000000 0000000T,;000000
00000p =4/N,vy=k/MO000

22 0OO0OO0OO0OOCOOOOOO0O0O

tboboooboooboooboOoOoboOoboOoobboo
ogoog

@p(t) = AcpTp(t) + bep(u(t) — d(t)) (11)

Y(t) = cepp(t) (12)
0000 d@ooooouopooooouoo

Ea(t) = Acama(t) , d(t) = coaza(t) (13)

O000000000000000000000 Aca=0,ccqa =
100000o0oooo (1),0 (13)ooooooooooo
oobooooboobooo

z(t) = Acx(t)+ beul(t) (14)

y(t) = ccx(t) (15)

A |: Acp  —bepcea ] b. 2 [ bep ] r 2 |: Tp ]
¢ (0} Acq »Te 0 T g

ce = [eep, O]

0 (14000000000000000000000000
O00t=(i+w)T;000000000000000 i + ]
00 (6)00 k0000000000 DO000000

zli+wv] = Apz[i] + Bruli] (16)
1 Apk: Apdk > T Bpk
ool ]| %)

00000 (14)00 (2)000000000000000
000000000000 D0000000000000

dli+1 = A®[i] + by[i] + Juli] (17)

&li] = Cofi] + dyli] (18)
O0O000OFkg20000000000000O0ODOODOOO
ooo

uli] = Fpa,li] + Faqli] = Fali] (19)

O0OOF2[F,, F,)0000

0000e, 0000000000000 e, =% —v00
00 D&[i] = z[i] + Ce,[i] 000000 [7]00 (16) 00 O
(19)0000000000000000000000

@ [0 + Vi)
[ md[i =+ I/k] ] = (20)
e[t +1]
A+ By F, Apy + By Fa By FC @, [i]
(0 Adk (0 :l:d[l] ]
(0] o A eu[d]

DDDDBPkDDDDDDDDDDDDDDDDD k =
1,---,M0000000 (1,2) 0000000000000
oo

Apik + By Fy =0 (21)

ooO0oooOooF;,00000000O0COCO0O0O0O0O0OOO
ooooo0 k=1,.--,MO000000000O0

Apd =+ Bde =0 (22)

Ay | By
[4.]B, ]2 | (23)

Apamr B pM

000000F,000000M
.
F.=-B, A, (24)

000000000000 ¢ = (i4+w)T; 0000 z40]
00000000000000 «s 0000000000
z,[i+»]000000000000000000000000
000 xp[i],es]i] 0 Apys + BpyF, 0 ADDDDOOODODO
0000000000000000000000000000
00000000 xpfi+w]=00000000000000
oooo

0(17)0 0 (19)0000000000000000000
000000000000000000

oli+1 ] [ A+JFC b+JFd || 9]
wli] |~ FC Fd

23 0OO0O0OO0OO0OOOOODOOOOO

goooooobboooooobooboobobooooo
uoboobooooooooooobooobooOobOoOoobooDbOoo
goboooboooooobooboobboooboooobooooooobooo
oboooooooooboooooboboooooooo

00 To(2 2n/we) 000000000000 00DD00
0000000000000000000000000000
ooo [9)0

d(t) = ao + Z ar cos kwot + by, sin kwot (26)

k=1

1B, 00000 [6,8] 000000000



= ;f}d[z]

Observer
Switch
S wli] y4]
aali + 1] % HMHPC(S)H Y
= Addﬁcd[z] . i -+
Zali]
C: =]

Fig. 4: Two Link DD Robot with Camera.
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Fig. 5: Workspace Controller (Inner-loop).
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Fig. 6: Visual Servo System.
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Fig. 7: Frequency responses S[z], T[z].
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Fig. 9: Error ratio Er(k).
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