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Development of humanoid robot with ”Double spherical hip joint”

*Tetsuya SHINOHARA (Univ. of Tokyo), Shigeki BAN(NTT DATA Co. Ltd.),
Tatsuya GOTOH(TOSHIBA Co. Ltd.), Tetsunari INAMURA (Univ. of Tokyo. CREST),
Masafumi OKADA (Univ. of Tokyo) and Yoshihiko NAKAMURA (Univ. of Tokyo, CREST)

Abstract— We developed a two armed biped humanoid. This humanoid has three characteristic mecha-
nisms, cybernetic shoulder, double spherical hip joint and backlash clutch. In this paper, we explain the
total system of the humanoid and the mechanism of double spherical hip joint. Double spherical hip joint
consists of two spherical joints whose center of rotations agree at one point and can realize two functions.
One function is as the hip joint and the other function is as the waist joint. It is expected that we can
controll the balance of the humanoid easily by taking advantage of this mechanism.

Key Words: Humanoid, Mechanism, Double spherical hip joint

1. 0000

000000000 0000000D0000000
O V234 0oo0000000000000oono
0000000D0000000D0D000000000n
000000000000 000000000000
00000000000000D0D000000000
00000000000 0000000000000
000000000000 0000000000000
000000000000 2000000 300000
000000000000000000000000
0000000000000000000000000
0000000000000 00000000000
0000000000000 00000000000
000000000000 000000000000
0000000000000 00000000000
000000000000 000000000000D
0000000000000 00000000
0000000000 0000000000000
0000000000000 000000000000
0000000000000 00000000000n
00000000000 0000000000000
0000000000000 0000000D00O0n
0000000000000 00000000000
0000000000000 00000000000
0000000000000 D00000000000
000000000000000000O0O00000
000000000 000000000000000
0000000000000 00000000000
000000000000 O000000D000000
00000000000 0000000000000
ooooo
0D000000000000000000000
000000000000 000000D0O0D0O000
0000000000000 00000000000

gogboobooooobooobooooboooo
gboobbgbooooboooobooooboobboo
gbogooboobbooooooboobooboboo
gogooooooobobboobon

2. gOobooOoobod

0000DoooooooooO0oO00O Fig.1OoOO
gooooobooouoboooboboboboo
goooooooooooboooooooobon
obooooooobbobobooooooogoenm
goobooboooboooooobooooooboboo
gbodboooooooooooooobobogoon
gooooboobobooboobbbobobbd

Yr

Pr Rr
Y1

Rl

P1

Fig.1 DOFs arrangement of hip joint
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Fig.2 Bending motion of the upper half body with
normal hip joint

Fig.3 Bending motion of the upper half body with
double spherical hip joint
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Fig.4 Whole body design of humanoid robot
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Fig.6 Cybernetic shoulder

Fig.7 Elbow joint
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Fig.8 Drawing of double spherical joint

Table 1 Comparison of motion range

Human Double spherical joint
Yaw | —350 +50 [deg] —350 +35 [deg]
Roll | =500 +50 [deg] —20 0 +35 [deg]
Pitch | —120 O +30 [deg] —1350 +90 [deg]




Fig.9 Design and photo of double spherical joint

Fig.10 Knee joint and ankle joint
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Fig.11 Hardware system
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