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Nonlinear Disturbance Prediction Using Reconstructed Attractor

Nobutaka Bando, Student Member, Yoichi Hori, Member (The University of Tokyo)

In this paper, nonlinear predictor to compensate for the interference force between axes on robot manip-

ulator is proposed. This interference force is treated as disturbance and the reconstructed attractor which

is often used in chaos analysis is applied to express and predict disturbance. Using this predictor, a high

performance servosystem considering robot dynamics without exact plant model is realized. Furthermore,

this predictor is effective even if there are some kinds of unknown dynamics such as friction force and even

chaotic behavior hard to be modeled. Some simulation results using the double pendulum system are shown

to verify the effectiveness of the proposed method.
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Fig.1. Configuration of the system including non-
linear predictor
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Fig.2. Concept of reconstructed attractor using
time delay coordinates
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Fig.3. Prediction of the next step
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length weight

arml 10[cm] 0.200[kg]

arm2 8[cm] 0.100[kg]
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Fig.4. Model of the double pendulum and its
parameters
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Fig.5. Disturbance at axisl estimated by the Dis-

turbance Observer
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Fig.6. Time series of 6;
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Fig.7. Time series of 65
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Fig.8. Three dimensional reconstructed attractor
of disturbance at axisl

gedvOb0l1000000O0OOOOODODOOOO20
00 (6) 0000000000000 ODODO00O01000
sooobobbO0ob0o000ooooobobooooogoog
gdsdouoooooboooooooooobooooo
ggooboboboboooogoboobooguoboboooaaon
ggooobosuoboobboooooobbbooooon:
dtdddoooooooooooo

050 10000000000300000 60ms]0O0O
ooooObboOoooooooooobboo8sboooooon



000000000 10000010000000000
(5)00000000000010000000 dk+ 1)
000001 00000000000000000000
0000 d(k+1)000000000000900000
00000 (10)0100000000000000000
d(k+1)0000000000 90000

L af

x(k+1):daz’
000000 200000000000000000100
00000000000000000100000
090100002ms] 00000 1000000000
000000000 10000000000000000
0000000000000000000 1000000
00000000000000000000000000
000000000000000000000000000
000000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000000000
0000000000000000000000000
00000000000000000000000100
00000000000000000000000000
000000000000

(z'(k)—z (k—1)+z (k)  (10)

5. 0 0O 0O

ggbobobobooooooooobobooooooboobooog
gobbOoooooboooooboboooooz200000
gooObOoboooobooobooooooooooboo
gooboooboooooooboobobooooooooboooo

0.08

T T
~ ~ 1st order approximation
0.06 — Proposed method

Error(Nm)
'

-0.04

-0.06 -

-0.08 ! - !
20 20.5 21 21.5 22

Time(s)

09 0D00bbD1000booobooo11d
goboogobbooobooo

Fig.9. Time series of error between true distur-

bance and one sample time prediction by the pro-

posed method and 1st order approximation
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Fig.10. Time series of error between true distur-
bance and twenty sample time prediction by the
proposed method and 1st order approximation
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