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Motion Pattern Generator

Satisfying Dynamical Consistency and Differential Relations
between Position, Velocity and Acceleration

O Tetsuro MIYAZAKI, and Masafumi OKADA (Tokyo TECH)

Abstract: This paper proposes a motion pattern generator. A human motion is measured by a motion capture
system, and it is transformed to a robot motion that satisfies the dynamical consistency and the differential
relations between position, velocity and acceleration. The proposed method is applied to two tap dancing robots
with different dynamical property, and the obtained motions are discussed.
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Fig. 1: Tap dancing robots and their dynamlcal model

Table 1: Parameters of tap dancing robots

large | small
5] leg mass [kg] 2.9 2.8
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Fig. 2: Marker position and two links model for motion
capture
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Fig. 3: Motion data of tap dancing robot small
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Fig. 4: Angular accelerations of tap dancing robot small
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Fig. 5: Floor reaction force of tap dancing robot small
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Fig. 7: Generated motion of tap dancing robot small
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Fig. 8: Generated motion of tap dancing robot small
(after optimization)
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Fig. 10: Angular accelerations of tap dancing robot large
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Fig. 11: Obtained input sequence of tap dancing robot
large

Z Fig 11 127, KHPROWERIT AR v ~ Large D AJ)
5, FOWFERIIER Y b Small DA NFIEE L, EEHIZILE
B R & 7R A IR A 2 2 12 AR v b Small D703
K b2 1.5Nm 2 5L L TODREFA R .

4 HhHYIc

KT, R @B 0 Ry b o
WA 571, (0 - BT - MIREEE OB B % 5
%, NEIOMEENE 0 v koS EHR A & i T SR~
LI B HIE AR LT, MFICR R R R

L vRy FOEIIRT D BALEE & A G~ T
A—=H L L, EBTLHEBORME, JIrrEEE I
TR, ANDORE SOBIRER T3 L 5 ITREHS
7 A= ety o iEER LT,

2. |METDHEERANTE—VarFy 7FxIcLoT
A L7 N OIEEN T — X 225 L, ¥ v T X An
AR b Small, Large DiEShT — X &2457=.

3. SN EEN T — & & BAEEER) Y — & LTHNT
HLOET b7 7 XIS\ BERER ZRE L, BAE
BEN Y —NGEWE v I ARy N OEBNAE
S NT-Z & T, JIFENC B ATRE /R E SN T — & 23|
B LB LNTWAZ & a2 R L.

4. B LTe S v 72 Za Ry § Small & Large D)
L, B 7 OBENPKELS, HV 7 DR
MHOELLENEH VR A > b Large TrRbign/h &
TN, FAE ML TEMDER SN TNDZ &
R LTz,

it

AWZEE, BlEEAERRERE CREST (3% b 2—
< U3y ML D AREIEREE L REE 7 - TES
) OXEEZITZ.

ZE Xk

1) B.Dariush, M.Gienger, A.Arumbakkam, Y.Zhu, B.Jian,
K.Fujimura, and C.Goerick : Online transfer of human
motion to humanoids, International Journal of Humanoid
Robotics, vol. 6, no. 2, 265/289 (2009)

2) A.J.Ijspeert, J.Nakanishi, T.Shibata, and S.Schaal : Non-
linear dynamical systems for imitation with humanoid
robots, In Proceedings of the IEEE-RAS International
Conference on Humanoid Robots, 219/226 (2001)

3) N.S.Pollard, J.K.Hodgins, M.J.Riley, and C.G.Atkeson
Adapting human motion for the control of a hu-
manoid robot, In Proceedings of the 2002 IEEE Inter-
national Conference on Robotics and Automation, vol. 2,
1390/1397 (2002)

4) HrfE, Wi, &R, &, AR, R W E X e
NEMWE 2 BB T a—~ /A FrfRy MZED A0
%ﬁ@ﬂﬁ@ﬁfﬁ, AART Ry FEaEE, vol. 24, no. 3, 388/399

2006

5) K.Yamane, and Y.Nakamura : Dynamics filter - con-
cept and implementation of on-line motion generator for
human figures, IEEE Transactions on Robotics and Au-
tomation, vol. 19, no. 3, 421/432 (2003)

6) Y.Y.Tsai, HK.Chu, K.B.Chen, T.Y.Lee, and C.L.Yen :
“Animation generation and retargeting based on physics
characteristics,” In Proceedings of Third International
Conference on Intelligent Information Hiding and Mul-
timedia Signal Processing, pp. 349-352, 2007.

7) Y.Y.Tsai, W.C.Lin, K.B.Cheng, J.Lee, and T.Y.Lee :
Real-time physics-based 3D biped character animation
using an inverted pendulum model, IEEE Transactions
on Visualization and Computer Graphics, vol. 16, no. 2,
325/337 (2010)

8) K.Yamane, and J.Hodgins : Simultaneous tracking and
balancing of humanoid robots for imitating human mo-
tion capture data, Proceedings of IEEE/RSJ Interna-
tional Conference on Intelligent Robots and Systems,
2510/2517 (2009)

9) K.Yamane, and J.Hodgins : Control-aware mapping of
human motion data with stepping for humanoid robots,
Proceedings of IEEE/RSJ International Conference on
Intelligent Robots and Systems, 726/733 (2010)

10) K.Yamane, S.O.Anderson, and J.K.Hodgins : Control-
ling humanoid robots with human motion data: Exper-
imental validation, Proceedings of IEEE-RAS Interna-
tional Conference on Humanoids Robots, 504/510 (2010)

11) =%, WM - AR EE) Y — o OMS, H
ArRy NEEPIGERS, AN3-8, (2012)

12) MM, #E: $0E7 s 727 %2 B0i-aRy s oRGRESEH
Wickzala=r—raYFROEFR BAR Ry MES
5, vol. 25, no. 4, 545/553 (2007)

13) B« MRS & AR TR D AR AE D
FME AR Ry A, vol. 25, no. 5, 671/677 (2007)



