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Autonomous Gait Principe for a Free-Climbing Robot with Mechanical Anisotropy
and Uncertainty
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This research project has addressed development of a gait control law for a
four-limbed free-climbing robot in extreme terrain, such as a cliff wall. This project contributes
to development of gripping mechanics of the spine-typed gripper, including its mechanical
anisotropy. Moreover, based on the gripping mechanics, a method of which the grippable region is
detected by a ranging sensor was proposed and validated by experiments. With these data as feedback
information to the control law, the intelligent gait control law was established to satisfy multiple

evaluation indexes: distance from the destination, motion stability, the grippable region, and
reachable range of the gripper. The developed control method was evaluated by several experiments
and numerical simulation, and the results confirmed the validity of the proposed method.



E-YEBBTERILBLIHMIEZ] | FEUVU-AEOH

HLE03

3123IHE5¢93

556

4 F92 TR
EﬁgK E%(
TR
| |
ZEECHOHE] | LV3a[OHE] BEVY-293
(@)
1

H—HRE—4
EE—

ffa=v b

(b)

(0]

BREFA N
N

(=]

BX3137
CRIEALG

N
120°

HiffE

BER
BREDO
&KIE

0 45 90 135 180
SIFADIERAE 6° ]

(©

(In: K. Nagaoka et al., IEEE Robot. Automat. Lett., Vol. 3, Issue 3, pp. 1765-1770, 2018.)

(@) 4

2:

w2508

«{35#%]

&8

(b)

90°

(In: K. Nagaoka et al., IEEE Robot. Automat. Lett., Vol. 3, Issue 3, pp. 1765-1770, 2018.)




Q ERWEEEECTIC
EEBORIDLEHICL | 40

ROVERJESTREN? | S RE DU THEE
o (GREnsESD

BRe 7
(REHE & [FRH)

S B
L7 (REES IR
3 i
RGB-D RealSense
D435i Intel
045 2
04

E 035 E
2 03 ry

K] e
2 oz s
& o1s E',’

S o s

RGB-D = 0

o 0s 04 03 02 01 0
4 y of regression plane [m]
4.

30° @ 60°



L reachable area of e 8 8 8
e e thegripper of free limb . e pog
Ve z ¢ o8 & . .
@ . \ s goal point
by I X . “ e s e
. “ e e
. “ s s
\2‘350 ie o o e
ﬂ. L ]
. e o o
. e e
leg3 leg4  giscrete grippable point
3p <3 P

current stable
area of CoG

6(b)

trajectory of CoG

" next stable
area of CoG



2]m]

grippable point

«1m]

path of the CoG projected point

footprint of each leg

i legs

leg1.
G
PPN

T

0 01 02 03 04 05

x, [m]




9 0 4

Yuki Shirai, Hayato Minote, Kenji Nagaoka, Kazuya Yoshida

Gait Analysis of a Free-Climbing Robot on Sloped Terrain for Lunar and Planetary Exploration

The 14th International Symposium on Artificial Intelligence, Robotics and Automation in Space

2018
, Warley F. R. Ribeiro, , ,
19
2018
, , s , William Jones
62
2018

Kentaro Uno, Warley F. R. Ribeiro, William Jones, Yuki Shirai, Hayato Minote, Kenji Nagaoka, Kazuya Yoshida

Gait Planning for a Free-Climbing Robot based on Tumble Stability

The 2019 IEEE/SICE International Symposium on System Integration

2019




Warley F. R. Ribeiro, Kentaro Uno, Kenji Nagaoka, Kazuya Yoshida

Analysis of Motion Control for a Quadruped Ground-Gripping Robot for Minor Body Exploration

The 32nd International Symposium on Space Technology and Science

2019

Kenji Nagaoka, Hayato Minote, Kyohei Maruya, Yuki Shirai, Kazuya Yoshida, Takeshi Hakamada, Hirotaka Sawada, and Takashi
Kubota

Passive Spine Gripper for Free-Climbing Robot in Extreme Terrain

The 2018 IEEE International Conference on Robotics and Automation

2018

2020

2020

2020

2020




Warley F. R. Ribeiro, Kentaro Uno, Kenji Nagaoka, Kazuya Yoshida

Dynamic Equilibrium of Climbing Robots Based on Stability Polyhedron for Gravito-Inertial Acceleration

The 23rd International Conference on Climbing and Walking Robots and the Support Technologies for Mobile Machines

2020




