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Running of a Quadruped Robot on Irregular Terrain
Using Delayed Feedback Control

o Zu Guang ZHANG Hiroshi KIMURA  Yasuhiro FUKUOKA
Univ. of Electro-Communications

Abstract:

The purpose of this study is to find the simple control method to generate the steady run-

ning of a quadruped robot autonomously with good energy efficiency and adaptability against distur-
bances such as irregularity of terrain. In this paper, we propose the delayed feedback control (DFC) using
the stance phase period measured by the contact sensor with good precision. We carry out the simu-
lations to show that the proposed simple method is effective to generate the running with good energy
efficiency and autonomous adaptability against disturbances. MPEG footage of those simulations can be

seen at: http://www.kimura.is.uec.ac.jp/running.

Key Words: Quadruped Robot Running, Bounding Gait, Quasi-passive Running, Fixed Point, Self-
stabilization, Rhythm Generator, Delayed Feedback Control (DFC)
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O 1: The sagittal plane model of a quadruped robot.
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O 2: Phase transitions of the sagittal plane bounding
gait.
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O 1: The characteristics of the fixed point

yp (m) 0.2 0p (rad) 0
Zp (m/s) 0.95 0p(rad/s) -1.52
«,;d (rad) 0.524 td (rad) 0.838
energy (J) 1.36 cyclic period (s) | 0.292
eigen values of J 0.0003, 0.0005, -0.032, 0.0213
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(a) Energy of the bounding quadruped at the apex
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(b) Hip joint torque in the stance phase

O 3: Results of the energy referenced control.
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O 4: Switching of the hip joint controller according
to the output phase: ¢; of the rhythm generator.
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0 5: DFC in the transition from standing to steady

bounding.
7' n+1 = 7] - 5()Kpr.. (8 [n] - ti'[n — 1])
(13)
_ —1, 1= f: foreleg
o0 = { 1, 1= h: hindleg
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O 2: The parameter values of the controller used in

simulations.
| parameters | value || parameters | value |
by 0 Yn ™
bos 0.16 bon 0.09
'yf,d(rad) 0.524 744 (rad) 0.838
Kpp.r 0.12 Kpr.r 6.8
Kp(N-m/rad) 1.2 K4(N-ms/rad) | 0.02
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0 6: DFC in the transition from standing to steady
bounding.
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O 7: Bounding up a step 2 (cm) in height without
DFC.
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O 8: Bounding up a step 2 (cm) in height with DFC.
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