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Fig.2 Walking pattern synthesis of humanoid robot
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Fig. 6  Trajectory of ZMP velocity in single leg support phase

—-80 . . . . . . .
0 05 1.0 15 20 25 30 35 4.0

t/s

K7 BESC AN COG s i Bk
Fig.7 Trajectory of ZMP acceleration in
single leg support phase

S Lk

References

[ 1] Miyazaki F, Arimoto S. A control theoretic study on dy-



TR, 5. O AHLE AT ZMP 2D 25 R

474 ZHANG Yingchao, et al. A new walking pattern synthesis with variable ZMP of humanoid robot.

namical biped locomotion[ J]. Journal of Dynamic Sys- walking on biped locomotion robot WL-10ORD [ J]. Jour-
tems , Measurement ,and Control ,1980,102(4) :233-239 nal of Robotic Society of Japan,1985,3(4) .67-78

[ 2] Sano A,Furusho J.3D dynamic walking of biped locomo- [ 8 ] Hirai K,Hirose M,Haikawa Y et al. The development of
tion robot in consideration of angular momentum [ J]. Honda humanoid robot [ C] // Proceedings of the 1998
Transactions of the Society of Instrument and Control En- IEEE International Conference on Robotics & Automa-
gineers,1990,26(4) :459-466 tion, 1998 :1321-1326

[ 3] Goswami A,Kallem V. Rate of change of angular momen- [ 9] ZhuC,Tomizawa Y,Luo X,et al. Biped walking with var-
tum and balance maintenance of biped robots[ C] // Pro- iable ZMP, frictional constraint, and inverted pendulum
ceedings of the 2004 IEEE International Conference on model[ C] //IEEE International Conference on Robotics
Robotics & Automation,2004 :3785-3790 and Biomimetics,2004 :425-430

[ 4] Kajita S, Tani K,Kobayashi A. Dynamic walk control of a [10] Erbatur K,Kurt O. Natural ZMP trajectories for biped ro-
biped robot along the potential energy conserving orbit bot reference generation [ J]. IEEE Transactions on In-
[J].IEEE International Workshop on Intelligent Robots dustrial Electronics,2009,56(3) :835-845
and Systems,1990,2.789-794 [11] Kajima H,Doi M, Hasegawa Y,et al. A study on a bra-

[ 5] Kajita S,Kanehiro F,Kaneko K, et al. A real time pattern chiation controller for a multi-locomotion robot-realization
generator for biped walking [ C] // Proceedings of the of smooth continuous brachiation [ J]. Advanced Robot-
2002 IEEE International Conference on Robotics & Auto- ics,2004,18(10) :1025-1038
mation,2002:31-37 [12) B 7 . 5 ABLES AL M T. 5. 915 2

[ 6 ] Vukobratovic M, Stepanenko J. On the stability of anthro- #1,2007.
pomorphic system[ J]. Mathematical Biosciences, 1972, Shuuji Kajita. Humanoid robots [ M ]. Beijing: Tsinghua
15(1/2) .1-37 University Press,2007

[ 7] Takanishi,Ishida, Yamazaki,et al. Realization of dynamic

A new walking pattern synthesis with variable ZMP of humanoid robot
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Abstract Based on the 3D Inverted Pendulum model, a new walking pattern synthesis was proposed, which can
make a humanoid robot walk smoothly by variable ZMP( Zero-Moment Point) . By the new way,in the single leg sup-
port phase ,the COG ( Center of Gravity) trajectory equation of the humanoid robot can be educed through the varia-
ble ZMP ;while in the double leg support phase,the COG trajectory can be educed by the ZMP moving at a lower
constant velocity. Simulation results verifies the proposed method, which can guarantee a relatively high stability.
And the humanoid robot in this walking pattern can walk more smoothly,and in a more similar way to human walk-
ing.

Key words humanoid robot ;variable ZMP ;3D Inverted Pendulum



