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A Reflective Walk based on a Combination of Reflections

Takahiro Miyashita *, Koh Hosoda * , Susumu Takeuchi * and Minoru Asada *

This paper presents a reflective walk of a quadruped robot based on reflections to realize an adaptive walk in a

dynamic environment. The combination of reflections, a vision-cued swaying reflection [1] and a reflective gait, makes

the robot walk reflectively, without programming the exact motion of each joint of the legs. An experiment is shown

to demonstrate how the proposed method works.

Key Words: a legged robot, reflective gait, vison-cued swaying, reflective walk.
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(a) A vision-cued swaying

(b) A reflective gait

Fig.1 An outline of proposed method
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Fig.2 Supporting leg triangles and a lifted leg

5. ODOOODOODOO

gooooooo2000000000DOb0b00O0ooDbooOo
00000000000000 Fig.3000O0000 Lifted leg
selector 00000000000 @OOOOOOOOOO fO
goooooboooooooobooOoOoboobOobOooooobo
ooo

oobobobooooooooosoooobooooooooge
ooooocoooooo9obOobooooooooobooobono
oooocO0oO0oo0ooO0o30o0ooooooboono2000000
goooocoO0o0o120000000003000040000
gooobo2000000000000O00CO00

6. O O

obooooooooooooooboobocoooooooobooboo
gooooooooOoooooooooooooobobooooo
oooooood

6.1 000000

Fig4d0OODOODDOOOODODOOOUOOOOOOOOO
gooooooobOoooobooOoO0ooDbOoOoboDbOOooboDbOOooOo
00000 TITAN-VIII[10)] 0D DODOODO0OO0O0OO0ODO3000
ooo40000000000000O0O0O0O0OCCDOO
O(@OD0O0OEVI330)0 1000000000 0oooooo

JRSJ Vol. 18 No. 3

oo o oo o

00 0 512[pixel] x512[pixel] 0 00 0000 000 O (Gate-
way20000 G6-200,CPU:Pentium Pro 200MHz) 000000
0000000 (0O0DO0OO0OTRV-CPDG)00ODOOOOODOO
gooo0obOo0oOobOOo0obOo0obOOobOboOoooobooo
goooobobooobooobooboboboobooobooo
0oo0ooooooobooooooooboooooooo
0 [11]000 0000 16[pixel] x 16[pixel] 0 0 000 3000
0o0o000oooooobooooooooooooooooo
oobbez0y000D000DO0ODOO0ODOODODOOODbOO0
goooobooboooboobobobobbooboooooo
OzMPOOOOOODODDODOOOOODODOD10000D0OO
0(0O0DO0O0D0OLM-50KA) 000000000 D0ODOOOOO
goooobobooobooobooboboboobooobooo
0ooooooooobooooobooooooooooooon
D/AUDDOO (DOOORIF-01)D000O0DO0ODOODOOOO
0000 (Titech motor driver) D 00000

6.2 0000

gobooooocooooboO0ooboobOOooboOoobDOooOboOon
000000000000 Fig.5,600000000000
gooooooooooooooboooooo

K, =diag [1.5x 107" 1.5x107* 1.5x107* 1.5 x 107,

K; = diag[5.0 5.0 5.0]

00¢=0.0[0000000000000000000000
000000000000000000 (RF)OODO (LF)OO0
00 (RH)OOODOOOD (LH)D0OO0D0000D000000
0000000000000000000¢=8.2s00000
000000000000000 (Fig.5(a)~(b))000000
0000 ¢=22300000000000000¢=25.8[s]0
0000000000¢=39.2) 00000000000000
00000000000000000000000000000
00000000000000000 (Fig.5(c)—(f))0000
00 Fig.5()000000000000000000 (100[s))
0000000000 1000000000000Fig.6000
0000000000000000000000000000
000000000000 000000000000000

”@waying motion (9 DOFs)}f-
+
Lo, »{ visual servoing (6 DOFs)
7
>JI stance servoing (3 DOFs) |- 9' 2
/ +Y | legged robot [** Q
/ " 12 DOFs g
/
reflective gait control /
0 (3 DOFs)
Lifted leg selector E

“( reflective gait (3 DOFs) )~

Fig.3 Block diagram of the proposed method

Apr., 2000



gooooooooboooooooo

Gateway2k G6-200 CPU:Pentium Pro 200MHz
0S:VxWorks 5.3 (Windriver systems, Inc.)

Color Tracking Module
(Fujitsu Co., Ltd.)

A/D converter

D/A converter
— (Fujitsu Co., Ltd.)

—

v

force |sensors
| potentiometers

. CCD camera motor controllers

Fig.4 Experimental systems

0000000000 Fig.7(2)0(b)D0000000000O0

ooboooooobo20000000000000000000
gooooooooooooooooooooooboobooooo

goooooooooooooooooboooboooboooobooboooo

oooooooobooooooooocoOoooooooboboo
goooooooooooooooooooooobooooo
goooooocooooooo

7. 0 0O 0O O

ooooooooobooooooobobooooooooobooboo
goooooooooOoooobooOoooOoocOoOooOooboooboooo
ooooooooooooooooooooooooooon
oooooooooooooobooooooooobooooo
goooooooooooooboooooOooooboooo
oobo30ooooooooooooooooboooooobooo
goooooooooooooooboooooooobooboooo
oooooooooooo

oooooooooobDOobooobobOooboobOOoboOoobooo
gooooooooooooooooooooooboboooo
ooooooooooooooooooooooooooon
oooooooooooooobooooooooobooooo
gooooooooobooooooocoooooooboboooo
goooooooooooooooooooooobobooooo
goooooooooooooboooooooooboooo
gooooooooooooobooOooooooobooOooo
ooooooooooo

000000000000 000O0000O(Dooo 26600

ooooo0ooD0oi180 30

385

Lithedlsg )
/]
(e) t=39.2s]

() t=50.4[s]

Fig.5 The reflective walk (forward motion)

T T T T T

Final supporting leg polygon

600

200

Foot positions [mm]

Initial supporting leg polygon

‘ @ : Goal position of a lifted leg at i -th step

-400 ! ! ! ! !
400 200 [¢] -200 -400

Foot positions [mm]

Fig.6 The feet motion w. r. t. a world coordinate frame fixed
on the ground

20000 40



386

oo oo oo o

40

changing:steps
20l ging: step: |
z
3 20t |
123
2
g 10 t ﬁ\“ WN —
[=%
[}
g 0 (H ]M | fl T
£ m"\ uw ]
£
s -10 J
]
20 - 1
30 . . . .
0 20 40 60 80 100
times [sec]
(a) along x-axis
40 T
changing: steps:
30 1
2
3 20 + 1
13
2
g 10 t MM —
[=%
[}
g o n L’M lw w4 WW W\’"
£ T I ] (i L L
c ¥
s -10 J
]
20 - 1

-30 : :
0 20 40 60 80
times [sec]

100

(b) along y-axis

Fig. 7 Error of the target mark 1(upper left mark in the image

plane)

00o000)o0o000o972451020000000000000
goooooooooo

(1]

(2]
(3]

(4]

(5]

(6]
(7]

JRSJ Vol. 18 No. 3

o o o 0O

K. Hosoda, T. Miyashita, S. Takeuchi, and M. Asada. Adap-
tive visual servoing for legged robots -vision-cued swaying of
legged robots in unknown environments-. In Proc. of the 1997
IEEE/RSJ Int. Conf. on Intelligent Robotics and Systems,
pp. 778784, 1997.

M. H. Raibert et al. Special issue on legged locomotion. Int.
Journal of Robotics Research, Vol. 3, No. 2, 1984.

E. Krotkov and R. Hoffman.
planetary rover. IEEE Trans. on Robotics and Automation,
Vol. 10, No. 6, pp. 728-739, 1994.

D. J. Pack. Perception-based control for a quadruped walking
robot. In Proc. of IEEE Int. Conf. on Robotics and Automa-
tion, pp. 2994-3001, 1996.
go,00.000000C000000O0C0O0O0O0O0O0O0GCOOOO
goooOoooooo0ooooo0oooooooooooobD o0g.
0ooo0oo0oOoooo, Vol. 14, No. 2, pp. 313-319, 1996.

R. A. Brooks. Intelligence without representation. Artificial
Intelligence, Vol. 47, pp. 139-159, 1991.

R. C. Arkin. BEHAVIOR-BASED ROBOTICS. The MIT
Press, 1998.

Terrain mapping for walking

oo

(8]

(9]

(10]

(11]

O oo o

0o,00.0000000000000-000000000000
00-. 01400000000000000000, pp. 1047-1048,
1996.

00,00.0000000000. 000000000, Vol. 14,
No. 4, pp. 517-522, 1996.

K. Arikawa and S. Hirose. Development of quadruped walking
robot titan-viii. In Proc. of the 1996 IEEE/RSJ Int. Conf.
on Intelligent Robotics and Systems, pp. 208-214, 1996.

M. Inaba, T. Kamata, and H. Inoue. Rope handling by mobile
hand-eye robots. In Proc. of Int. Conf. on Advanced Robotics,
pp. 121-126, 1993.

00 00 (Takahiro Miyashita)

19700 70 3000019930 0000000000
gboooooosboooooooobooog
goooobooooooobobooobooooDo
gooboooOoooooOooOooOoooboooooboo
gboooooooooosuoooooood

ooooooooooo

goooooooooooboobobobobooog
oooooooooooooo

00 O (Koh Hosoda)

19650 110900019880 0000000000
ooo0ooo0oes3boooooooooooooon
gooooooooooooooooooooo
golegrooooooooooooooooooon
goo0oooooooleesooooooooooo

oo00199%0000000000000001996

goboboooooobooboloobooooooobooooooboooon
O0(O0)DIEEEDD0000O0O0O0O0OOOOO

goboooooooobooo

00 O (Susumu Takeuchi)

19730 70800019970 0000000000
000ooooooo9900ooooooooo
0o0oooO0oooO0o0ooDoOoooooo (o)oo
goooO0ooOoooooocOoOoOoOOoOoOoooo
oooo oooooooooooooo

00 O (Minoru Asada)

19530 100 1000198200000000000
gooooboooooooboobooboDo
gooolegoooOoOOODOOOOO199000
oolrooooooooooooooooon
goooboooboseoo1oooooog

gooooooocooolesoooooooono

0019920 IEEE/RSJ IROS’92 Best Paper Award 19960 0 O
goooooolooboooobooboooooooboooobbooDboo
0000000000000 0000000000000000O0
0000000000000 0000000000OIEEEDOOO

O

gooooooooooog

Apr., 2000



