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Fig. 11 Walking left laterak,=0, =0, &=0.04,a,=0, the other parameters
are same with Fig. 9 (d1=0, d2=1.9cm).
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Fig. 12 Joint trajectory of robot walking forward, swerving, and walking left 0

lateral.

B. Parameter Tuning

The values ofy, a,, and awould directly affect the stride
of walking forward, walking lateral, andswerving
respectively. By changing the values ¢f @ and g, different
gaits can be obtained. Fig. 13 shows the relationship of,d1,

d2 to a, a,, and a, respectively. The results indicate that when

a u v,w 3¢t andb are constant, d1,, and d2 are
proportional to a;, a, and a respectively, and the
corresponding slopes are 6.6, 16.7, and 4.75.

Fig. 13 The relationship between &, as and the position of the landing foot.
a=5, u=1, v=5, 36.57, Wi =W =Ws5s~Wys 1= @, Wy =W, ~ & c=CEt=2, b=-
0.3/180*CE

V. CONCLUSION
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In this paper, a 4-cell CPG network is proposed to
implement a series of walking of biped robot. By adjusting the
parameters of the proposed CPG network, different gaits can
be obtained. Thus, the proposed method saves a lot of
computation and is more efficient than ZMP based and neural
networks based methods. Experimental results verify that the
proposed method is available in obtaining different gaits and
smooth gait transitions.

In future, we plan to incorporate the information of pressure
sensor to improve the proposed CPG network for the adaptive
walking in the complex ground conditions.

REFERENCES

[1] J.J. Kuffner, K. Nishiwaki, K. Kgami, M. Inaba, and H. Inoue, “Foot-step
planning among obstacles for biped robots”, in Proc. IEEE/RSJ Int. Conf.
Intell. Robots Syst. , Maui, Hawaii, Oct. 2001,pp. 500-505

J. J. Kuffner, K. Nishiwaki, K. Kgami, M. Inaba, and H. Inoue, “Motion

planning for humanoid robots”, Trans. Adv. Robot., vol.15, pp.365-

374,2005.

J. Chestnutt, J. Kuffner, K. Nishiwaki, and S.Kagami, “Planning biped

navigation strategies in complex environments”, in Proc. the |EEE Int.

Conf. Humanoid Robot., Munich Germany, 2003.

J. Chestnutt, M. Lau, J. Kuffener, J. Hodgins, and T.Kanada, “Footstep

planning for the Hongda ASIMO humanoid”, in Proc. IEEE Int. Conf.

Robot. Autom, Tsukuba, Japan, 2005, pp. 629-634.

Z. Xia, J. Xiong and K. Chen, “Parameter self-adaptation in biped nav-

igation employing non-uniform randomized footstep planner”, Robotica,

28, 2010, pp.361-366.

Z. Xia, J. Xiong and K. Chen, “Global navigation for humanoid robots

using sampling-based footstep planner”, IEEE/ASME Transactions on

Mechtronics, vol. 16, 2011, pp. 716-723.

Z. Xia, J. Xiong, and K. Chen, “A deterministic sampling-based approach

to global footstep planning for humanoid robots”, in Proc. 2009 IEEE Int.

Conf. Humanoid Robots (Humanoids), Paris, France, Dec. 7-10, 2009,

pp.142-14.

Q. Huang, et al. “A High stability, smooth walking pattern for biped

robot,” in Proc. IEEE Int. Conf. Robot. Autom, Michigan, American May.

vol. 1, 1999, pp. 65-71.

] Y. Nakamura and T. Mori, “Reinforcement learning for a biped robot
based on a cpg-actor-critic method,” Neural Network, vol. 20, no.6, pp.
723-35. Epub 2007.

[10]J. Nassour, P. Hénaff, F. B. Ouezdou, and G. Cheng, “A study of adaptive
locomotive behaviors of a biped robot: Patterns generation and
classification,” in Proc. 11th Int. Conf. Simul. Adapt. Behavior: Animals
Animats, 2010, pp. 313—-3244.

[11]A. Fairhall and W. Bialek, “Adaptive spike coding,” ifhe Handbook of
Brain Theory and Neural NetworkM. Arbib, Ed., 2nd ed. Cambridge,
MA: MIT Press, 2002.

[12]S. D. Iversen and M. Mishkin, “Perseverative interference in monkeys
following selective lesions of the inferior prefrontal convexitgXperim.
Brain Res.vol. 11, no. 4, pp. 374386, 1970.

[13]3. Morimoto, G. Endo, J, Nakanishi, and G, Cheng, “A biologically
inspired biped locomotion strategy for humanoid robots: modulation of
sinusoidal patterns by a coupled oscillator model,” Robotics.vol. 24, no.
1, pp. 185-191, Feb 2008.

[14]L. Righetti and A. J. ljspeert, “Programmable central pattern generators:
an application to biped locomotion controlif Proc. IEEE Int. Conf.
Robot. Autom, Orlando, Florida. May. 2006, pp. 1585-1590.

[15]J. Nassour, V. Hugel, F. B. Ouezdou, and G. Cheng, “Qualitative adaptive
reward learning with success failure maps: Applied to humanoid robot
walking,” Neural networks and learning systems, vol. 24, pp. 81-93, Jan.
2013.

[16]J. Yu, M. Tan, J. Chen, and J Zhang, “A Survey on CPG-Inspired Control
Models and System Implementation,” Neural networks and learning
systems, vol. 25, pp. 441-456, March. 2014.

[17]NAO http://www.aldelbaran.com/en/humanoid-robot/nao-robot.

(2]

13

[4

(3]

(6]

[7

8]



