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Vibration Suppression Control of Leg Joint with Timing Belt for Humanoid Robot
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Taro Takahashi (TOYOTA MOTOR CORPORATION)

Abstract

Humanoid robots are expected to assist and take care of human beings in the near future. Timing belt is widely

used in robot legs to transfer power from actuators to joints. Vibrations due to timing belts strongly affect humanoid

robots capability of keeping balance and walking without falling. In this paper Self Resonance Cancellation with

feedforward vibration suppression control for Humanoid robots is porposed and succesfully implemeneted on a robot

leg. Both simulations and experiments are performed varying the robot leg inertia.
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0 1 Model Parameter
Ji [NOm/s?] 0.201| 7  [m] 0.181
Jo [NOm/s?] 148 re [m] 0.226
m1  [kg] 4.21 || Jyy [NOm/s?] 5.0x 1074
ma  [kg 7.85 || Byy  [NOm/s] 0.07
Li  [m] 0.330 || B, [NOm/s] 0.00
K [N/m] 61.8 || n 100

0 2 Gain Margin and Phase Margin for Each

Controller
Gm[dB] Pmldeg]
PID 0o 34.2
PID+Notch Filter 24.5 25.3
SRC 9.6 37.3
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0 3 Gain Margin and Phase Margin for SRC

O2[rad] Gm[dB] Pm[deg]
Conventional SRC 0 9.6 37.3
Conventional SRC  57/12 unstable unstable
Adaptive SRC 0 9.6 37.3
Adaptive SRC 5m/12 13.9 45.2
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0 10 Block Diagram of Adaptive FF with PID

0 4 Phase Margin and Bandwidth for Experimental
Setup(02=0[rad])
Pm[deg] Bandwidth[Hz]
SRC 78.8 8.9
PID 32.2 1.0

gooosrRCcOODOOOOO0OOODOOOOOFFOOO
gobobooooobooobobooooobooooboo
gbooobob 200b0b0OObUObObOObOoOobDOD
gobbooobbooobobobbbooooooboogo 1240
gobooooboobobooooboobobooooboobooboog
gboboooooboboobobooooboooooboon
gboboooUo 12000000000 PpiIDOOOOO
gbooooboooboobobooooboooobaon
gboooooboboooooboboooboobooboo
gboboooooboboobobooooobooooobooon
goboboooooboooooboobooo

5. JOO0oooooobo

05110 0Ooooo gooooooboooboon
gsrRCObboboooooobooowBoooobooooo
gbobobooobooobouoboboboobooooogoo
goooboooooboobooooooog sreogo
gboooooboooooooobooowoowgooogo
gboboooooboooooboobooobooboooobooo
gobooooooooboobobooooobooooboo
gooo

05120 00000000 sSrRcOO PIDO SRCO
gooobobooooooooooooboooooooooon
goooo-50HzO0ODOOOOODOOOOOOOOOOoD
gboooobooobooboboooboobooooobao
gboooobooboboobobooooboooooboaon
goooobbooe 0 ooad0noooOoOODOOO0O
gobooooooboboobobooooobooooboo
gobooOosrRcOobooooooooooooboooogo
ooooooooooOoonD 141500000000SRC
gbobooooboobobooboboooobooogoobooo
00000 6.0 5n/12rad 00006, 0 0rad0DO0 OO0
goboooooobobooboobooog

6. O u
goooboobooooooboobooooobobooonog
goboboobooooooobobobooo0ooooooooo
gboooobdoooboobobooooboooooboaon
goboooboooooobooooooooobooobboooo
gbooogobooobobosrcOooooooooooogn

=) j "
3 Y <
£ :
o N
S :
(O] :
Q :
[= N
X i
0 2 4 6 8
time[sec]
— 1 Model Response
8 = = = Conventional Hip angle Out|
E‘ 05k ““““““““ - Proposal Hip angle Out
: A .
Ed . N
o N o
B A R R
0 2 4 6 8
time[sec]
=z x10"°
g = = = Conventional Hip angle Error
§ sbo CERRRRRRRRSY Kkl Proposal Hip angle Error
N ' b :
) S S {11
o |'I| :
b Ve -
2 5 !
T o0 2 4 6 8
time[sec]

0 11 Simulation Result of Adaptive FF with PID

Knee Joint[rad]

time[sec]

Model Response
0.6 Adaptive Feedfoward with PID
! Adaptive Feedfoward with Adaptive SRC

Hip Joint[rad]

time[sec]

Adaptive Feedfoward with PID
= = = Adaptive Feedfoward with Adaptive SRC

Hip Joint Error[rad]

time[sec]

0 12 Simulation Result of Adaptive FF with Adaptive
SRC

gbobooooboooobooobooboooooboooboo
gbooobooboobooboooobooboooboooboooboog
gooobooboobooboooobooboooboboo
goooboobooooboooobobbooobooboo

5/6



AFMEIE—%

AKlE—%
AL TR)L L

Sy )

R

0 13 Experimental Setup

x 10

Reference
= =Hip angle

Hip Joint[rad]

_1 i i
0 _ 3
time[sec]
0 14 Time Responce of PID
-3
x 10
4

Reference
-| = = =Hip angle

Hip Joint[rad]

time[sec]

0 15 Time Responce of SRC

oboooooobooboooboboo

gogdo

010 C.H. An and J.M. Hollerbach:* Dynamic stability is-
sues in force control of manipulators,” Proc. American
Control Conference, Minneapolis,pp.10-12,1987.

0 20 Shumpei Okumura, Yasutaka Fujimoto: A Control
of multiinertia system for a biped robot with elastic

joints” , Annual Conference of the Robotics Society of

030

040

os0

gr7o

Japan, 2008(in Japanese)

000000000 moooooooOo 2000000
jdddodoo,00ooooooooooo, 101-05,
2008.9 6

Shumpei Okumura, Yasutaka Fujimoto: Multiaxial vi-
bration suppression control for a biped robot with elas-
tic joints” , in Proc. IEE of Japan Technical Meeting
Record, 2009(in Japanese)
0000000Domoooooooo 2000000
goooooo0oooo,oo00oooooogooon,
11C-09-129, 2009.3

K. Sakata, K. Saiki, and H. Fujimoto, ” Design of Feed-
back Control for Robustness of Resonance Mode using
Multiple Sensors for High-Precision Gantry Stage, " in
Proc. IEE of Japan Technical Meeting Record, ITC-11-
065, pp.8388, 2010 (in Japanese).

H. Fujimoto, Y. Hori, T. Yamaguchi, S. Naka-
gawa: Seeking Control of Hard Disk Drive by Per-
fect Tracking using Multirate Sampling Control” |
T.IEE Japan,120-D, No.10, pp.1157-1164(2000-10)(in
Japanese)

K. Fukushima, H. Fujimoto, S. Nakagawa,“ Short-
Span Seeking Control of Hard Disk Drive with Vibra-
tion Suppression PTC” | T. IEE Japan, Vol.126, No.6,
pp706-712 (2006) (in Japanese)
gooo,0000,0000D00000oboooooo
000oooooooooooooooooODoODoOOO
ooooo, JIASC-20110 Vol 2. pp.671-676, (2011)

6/6



