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Quadrupedal Robot System Adapting to Environmental Changes

Satoshi Ito*!, Hideo Yuasa*?, Zhi-wei Luo*?,

Masami Ito*! and Dai Yanagihara*®

Animals change their gait patterns with environmental conditions. The adaptive changes of gait patterns can be
observed in the experiment where a decerebrate cat was forced to walk on the treadmill. This experiment suggests
that cats should memorize the locomotion pattern and adjust it in adaptation process. From this point of view, we
control the quadruped walking robot to behave adaptively on the treadmill like this cat. For the control and adap-
tation law, we take the decentralized approach: each four limb is regarded as subsystem, and pattern generation and
adaptation is achieved with only the local interaction among four subsystems. Such a system structure is supposed
to be important on the adaptability and flexibility.
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Fig.1 Experiment for adaptive locomotion with a decerebrate

cat
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Fig.2 Structure of thythm generator consisting of four oscilla-
tors
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Fig.3 Mechanism of adaptation in perturbed locomotion
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Fig.4 Mechanical structure of one leg of a quadruped robot

Table 1 Specifications of motors in the robot system

2.2

Rated output 30 (W] 100 [W]
Rated torque 0.095 [N-m] 0.32[N-m]
Max. torque 0.28 [N-m] 0.95 [N-m]
Rated speed 3,000 [r/min] 3,000 [r/min]
Max. speed 5,000 [r/min] 5,000 [r/min)]
Gear ratio 1/1 1/11
Weight 0.24 [kg] 1.7 [kg]
Usage locomotion robot treadmill

Table 2 Specifications of strain gage transductor

ML v R IILDIER
Bl A 7 0 EEETIE,

Specifications
Rated load + 5.0 [kgf]
Admissible 150%
Rated output | 0.4[mV/V] (more than 800 x 10~%)
Weight about 80 [g]
ThzikRD, PLy R INEDOMICHHRE REEZHET 5.
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Fig.5 A flow in control for quadrupedal robot system with pat-
tern genelator
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Fig.6 A link model of one limb. Each limb has the same struc-
ture
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e e
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(a) correct estimation (b) smaller estimation

Fig.9 Treadmill speed estimation and limb movement
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Table 3 Parameters for walk gait

natural frequencies || desired relative phases
wo = 27 Po= ‘rr
wi = 2% D = —7\'
wy = 2 Dy = —%ﬂ
w3 = 27

Fig. 10 Locomotion experiment of quadruped robot on tread-
mill
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Fig.11 Walk gait of a cat and a robot
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Fig.12 Learning of treadmill speed
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Fig. 13 Learning of natural frequencies of each four oscillators
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Fig.14 Learning of desired relative phases
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Fig. 15 Learning processes of natural frequencies
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Fig. 16 Learning processes of desired relative phases
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Fig. 17 Adapted gait of a cat and a robot
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