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Development of a Biped Walking Robot Adapting
to an Unknown Uneven Surface

Jin’ichi Yamaguchi*!*4, Noboru Kinoshita*?, Atsuo Takanishi**** and Ichiro Kato****

In this paper, the authors introduce a biped walking control method for adapting to an unknown uneven surface,

and a biped walking robot which has a special foot mechanism for the control method. The biped walking robot has

an ability to acquire, during its dynamic walking, the information of the landing surface’s height and angle of
inclination. The authors performed adaptive walking experiments with the robot using the control method. As a
result, dynamic biped walking adapting to an unknown uneven surface was realized. The adaptable uneven surface’s

height range per one step walking was from —16 to +16[mm), and the adaptable angle of inclination range was

from —3 to +3° at the maximum walking speed of 1.28[sec] per step with a 0.3[m] step length.

Key Words : Humanoid, Biped Walking Robot, Dynamic Walking, ZMP, Trajectory Control
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¢ The robot
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The unknown uneven surface

Fig.1 Walking surface
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Fig.2 Biped walking robot WL-12RVIIL
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Fig.3 Assembly drawing of WL-12RVII
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Fig.4 Link structure of WL-12RVII
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Fig.5 Computer system structure of WL-12RVT1I
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Fig. 6 Structure of WAF-3, O-X'Y'Z": detection coordinate

Fig.7 WAF-3 installed on a biped walking robot WL-12RVII
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Fig.8 Stabilization of dynamic biped walking in real world
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[ Make a standard walking pattcm]

1 Before walking
12 1 While walking

Standard walking pattern <
[ the latter part of the swing phase ] |

Landlng oontroll [fanding phase]

NPT

f [ Obtain mformatlon on the Iandmg surface using WAFH

Return control

G TR y

g Retum to a standard walking pattern (hip, knee,ankle)
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R
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4 Return to a standard walking pattern (foot)
[ the first part of the swing phase ]

Fig.9 Outline of the adaptive walking control method

1996 &£ 5 A



552 e £ - KT #

W OE kOB —

Table 1 Division control of lower-limbs motion

one stride
stance phase swing phase Janding phase stance phase ) stance phase
Right leg (double support phase) (double support phase) (single support phase)
(Ill-c) aw | (D (1) (Ill-a) (II-b) | (I-c)
stance phase . stance phase stance phase swing phase landing phase
Left leg (double support phase) (single support phase) (double support phase)
(Ili-a) (m-b) | (Ill—c) () ) | (1) (In)

O™-X"Y"Z" : moving coordinate

0-XYZ
0-XYZ

Fig. 10 Coordinate systems for adaptive walking

: fixed coordinate
: detection coordinate
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DM ZHEHRELHEL, FZETOIA 73 A4 v F250N
DIRRETTELEHIRRE L HET 5.
BiRE (THREER) & HBEEROCENAE (Y #EY)
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BEIRT vy a v A=), FEHEERLEO 4 DOBERIR
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Agn .............................. (iﬁg}ﬂ]gﬁ)

(1)
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(I ) Landing motion

(1) Standard motion
[ landing phase ]

[swing phase (latter) ]

(IT-a) Modified motion
[ double-support phase ]

(IV') Return motion (foot)

hip.knee,ankle) [ swing phase (former) ]

" (hip
[single-support phase (former) |

Fig.11 Walking actions adapting to the ground geometry in one step-walking
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Fig. 12 Control of landing motion
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(a) Adapted walking pattern

0.4 - adapting region
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0.3 | — simulated ZMP

a— \M\}W

=0\

N

stable region

!
‘ L
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@ ) . 4
Eﬁ 0 ' o = = '
> .
_0.1 | stable region
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(b) ZMP trajectory

Fig. 13 Simulation of dynamic walking adapting to an unknown
uneven surface. Inclination+3° (3rd step), —3° (6th
step), length : 0.3[m/step], step time: 1.28[s/step].
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Distance between upper-foot plate and lower-foot plate during dynamic walking adapting to an unknown trapezoidal surface.
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Inclination +3° (3rd step), —3° (5th step), length : 0.3[m/step], step time: 1.28[s/step].
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Fig. 16 Inclination of lower—foot plate from upper—foot plate during dynamic walking adapting to an unknown trapezoidal surface.
Inclination +3° (3rd step), —3° (5th step), length : 0.3[m/step], step time: 1.28[s/step].
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Fig.17 Angle of upper-foot plate during dynamic walking adapting to an unknown trapezoidal surface.
Inclination +3° (3rd step), —3° (5th step), length : 0.3[m/step], step time: 1.28[s/step].
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Fig. 18 Total amount of change in the upper-foot plate’s trajec-

tory on Z™-axis per one step during dynamic walking
adapting to an unknown trapezoidal surface. Inclina-
tion +3° (3rd step), —3° (5th step), length : 0.3[m/step],
step time: 1.28[s/step].
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Fig.19 Deviation of the upper-foot plate’s trajectory on Z™-axis
from simulated trajectory. Inclination +3° (3rd step), —
3° (5th step), length : 0.3[m/step], step time: 1.28[s/
step].
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Fig. 20 Measurement results of landing surface’s absolute inclination during dynamic walking adapting to an unknown
trapezoidal surface. Inclination +3° (3rd step), —3° (5th step), length : 0.3[m/step], step time : 1.28[s/step].
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