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Abstract

An inexpensive camera with depth sensor en-
ables us to observe joint positions of the human
demonstrator with reasonable accuracy in a
fast and comfortable way. In order to mimic the
motion observed with the depth sensor based
motion capture system by a humanoid robot,
inverse kinematics should be solved to acquire
the joint angle of the robot. However, It is
tough to solve the inverse kinematics, in fact, to
calculate the joint angles of the robot from the
position of the joints of the human demonstra-
tor, because of redundancy and difference of
body link structure between a human demon-
strator and a humanoid robot. This paper pro-
poses a particle-filter-based joint angle estima-
tion method for the humanoid robot to imitate
human demonstration. The method provides a
realistic solution of the estimated sequence of
the joint angle for the humanoid robot imita-

tion in real-time.
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Algorithm 1 Particle filter
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1: Initialize particles ©; = (0,[3], 0?], e ,HEM])
2: for m=1to M do
3:  Update particles with the motion model:
6" = 6l + N(0,3)At
4:  Calculate the belief of each particle with the mea-
surement model:
wi™ = h(el, -
: end for
: form=1to M do
draw m from ©; with probability o w
add 0/"t00, 4

: end for

) thiN|0t)

[m]

10: return Oy

3 0Oodg

oboooboooooboooooboobo 20000000
oO0ooooDoOoODO0OO0 KINECTODODOOODOOO
gobooooboooOoOooooooboooboooo
oo0bOo0ooOo0oDoOoooOO0ooboOoooooD 400
gboboooooooboooobooooooo20000O
gobooobobooboobooooboooobooooo
4d)0000000000000DO0DD0DO0ODO0OOD
gboboooobOooobOoOooooobooooooooono
ooboooboboooooooooooboooooon
goboooboboooooooobboooboobobooo
gboooobooboooboobooooboooooan
gbooooboobooobooboooobooboooogon
oobooOooooooooooooooboooOooooon
gooooobobooobooboobobobboooboon
gboooooboooooooboo

L-shoulder pitch ——
L

R-shoulder pitch ——
R-sh .

e [rad]

joint angl
6 kb o ok omw

joint angle rad]

G b A o kN w

o 05 1 15 2 25 o 05 1 15 2 25
time [sec]

(a) OO (b) 0O

Lithigh pitch ——
Lthigh roll -
Lithigh yaw s

R-thigh pitth ——
RANigh roll e
Rthigh yaw e

e [rad]

joint angl
6 kb o ok omw

joint angle rad]

6 b A o kN w

U4 000000000000000000000D0O0
gboooooooo



0000000000000 200000000000
0000000000000000000000000
00000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000005006000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000 6(a)00 6(b)00000000
00000000000000000000000000
00000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000

e [rac])

joint angle [rad]
b s o s m e

joint angl
6 kb o ok omw

time [sec]

(b) 0O

Lethigh pit
Lihgh
Lithigh ya

R-thigh pitch ——
Rethigh roll -
Rethigh yaw s

le [rad]

joint angle [rad]

L S

joint angl
6 kB o ok om o ow

time [sec]

(d) 00

0O 5:

joint angle [rad]

ime [sec]

(b) DD

Rithigh pitch ——
Rthigh roll s
Rethigh yaw s

joint angle [rad]

b % A o ok on w

ime [sec]

@) 00

06 0000000000O000000

23

4 0OO0O0O0O

OO0000C0KINECTOOOODOOOOODODOOO
gbooooboooooboobobobobbooboon
gboooboobooboooboooobobocoobon
gobooooooobooooboooobooooooo
goboooooobooobooboboooobooboooogoo
gbooboodboobooobooobobooboobooboon
gboooboobooOoooboobOoocbooboboooboon
gobooboooooooooobooooboooon
gbobooobobooooobobooooobooboon
gboooooao

goon

[Inamura 04] Inamura, T., Toshima, I., Tanie, H., and
Nakamura., Y.: Embodied symbol emergence based
on mimesis theory, Int. J. Robotics Research, Vol. 23,
No. 4, pp. 363-377 (2004)

[Peters 11] Peters, J., Mulling, K., Kober, J., Nguyen-
Tuong, D., and Kromer, O.: Towards Motor Skill
Learning for Robtics, Robotics Research, Vol. 131,
No. 70, pp. 469-482 (2011)

[00 13 00 00000000000 0ooOoOoOoooo
O000000000o0O0O,00000ouou (2013)

[00 11 00 00,00 00,00 00,000000
0000000000000 000O00O00OOO
0,0000000.C, 0000000000000,
Vol. 131, No. 3, pp. 655-663 (2011)

(D009 00 00,00 0000000000000
N-gram 00000000000000000C00O00O
0,0000000000000, Vol. 21, No. 6, pp.
1143-1154 (2009)





