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Intelligent Walking Modeling of Humanoid Robot Using
Learning Based Neuro-Fuzzy System

U5 o, o

(Dongwon Kim and Gwi-Tae Park)

Abstract : Intelligent walking modeling of humanoid robot using learning based neuro-fuzzy system is presented in this paper.
Walking pattern, trajectory of the zero moment point (ZMP) in a humanoid robot is used as an important criterion for the balance of
the walking robots but its complex dynamics makes robot control difficult. In addition, it is difficult to generate stable and natural
walking motion for a robot. To handle these difficulties and explain empirical laws of the humanoid robot, we are modeling practical
humanoid robot using neuro-fuzzy system based on the two types of natural motions which are walking trajectories on a flat floor
and on an ascent. Learning based neuro-fuzzy system employed has good learning capability and computational performance. The
results from neuro-fuzzy system are compared with previous approach.
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Fig. 1. Design draw and joint information of humanoid robot.
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Fig. 2. Front and side view of humanoid robot.
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Table 1. Specification of our biped humanoid robot.

Size Height : 445mm
Weight 3kg

CPU TMS320LF2407 DSP
Actuator HSR-5995TG

(RC Servo motors) | (Torque : 30kgcm at 7.4V)
Degree of freedom | 19 DOF (Leg+ArmtWaisty=2*6 + 3*2+1)

Power source Battery
Actuator : AA Size Ni-poly (7.4V, 1700mAh )
__________________ Lo ____
Control board : AAA size Ni- poly (7.4V, 700mAh)
POWER SOURCE, |
[ CONTROLBOARD | | ACTUATORS |
{ Nispoly 7.4V, 70tman } | Ni-poly 7.4V, 700mah :
Il
SENSOR CONTROL BOARD ACTUATORS
|- Vision Camera | $ I DSP ¥PGA | :VI\ HSR $995TG
|- FSRsensors | { Tvs30LF2407a | XC$20 ] HSR 500516
PERSONAL COMPUTER

Conunand |
i

a9 3. ZEA2H] g A4 ESAE
Fig. 3. Overall block diagram of humanoid robot system.
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Fig. 4. Humanoid robot walking on a flat floor.
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Fig. 5. Humanoid robot walking on an ascent.
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Fig. 6. Fuzzy rules and their corresponding ANFIS architecture.
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Fig. 7. Bell type of membership function and its parameters.
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Fig. 8. Joint of humanoid robot for walking trajectory.
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Fig. 9. Relationship between joint 6,,6, and walking trajectory
ZMPx.
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Fig. 10. Relationship between joint &,,6, and walking trajectory
ZMPx.

5.2
5.1+

5.0

Error

4.9+

4.8+

4.7

T T T J 1

] 100 200 300 400 500
Epoch

I 11 85l e e e WskE.
Fig. 11. Variation of error according to epoch.
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Fig. 12. Relationship between joint 6,,6, and walking trajectory
ZMPy,

3% 13 BARAY 0,6,3 yF HyAZ 7] #AL
Fig. 13. Relationship between joint €,,6, and walking trajectory
ZMPy.
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Fig. 14. Variation of error according to epoch.
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Fig. 15. Walking trajectory from ANFIS.
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Fig. 16. Relationship between joint &,,6, and walking trajectory
ZMPx.
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Fig. 17. Relationship between joint &,,6, and walking trajectory
ZMPx.
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Fig. 18. Variation of error according to epoch.
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Fig. 19. Relationship between joint 8,,6, and walking trajectory
ZMPy.

% 20 299 9.6, 3 yE BAZ Ao BA.
Fig. 20. Relationship between joint &,,6, and walking trajectory
ZMPy.
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Fig. 21. Variation of error according to epoch.
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25. Criterion walking trajectory for ANFIS.
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Fig. 22. Walking trajectory from ANFIS.
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Fig. 23. Criterion x trajectory for ANFIS.
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Fig. 24. Criterion y trajectory for ANFIS.

AZe] #AE vehhion, B 4,6, 3 yF RPAZ
o] IAlE a9 20004 AHE 5 givk 3¥ 21004 &
Aot w7 A R, Sl e dliite] Walas vehd
Qomn, oju] Zelo] M= 5]0240|t}. ANFISE E3}]
g o=2v oAl A I3 2644 Uele
™, FARYI FABH) Foee 48 # F 5 vk
AR o] FA4lolA Heojd 23 FES E9 & U
£, ol 5 7Rdsfior 2 Wigolth

v, 42 & Halof

B =RoME dgrNl 72X AJAEE o435l F
Hiolt 22X AFHY FdFS Apsgich. 1 Ay} 3
ARPY w, AYAol| vjs] HPH ] AHFOZ ZMPx
E 424001 47302 ZMPyE 4599014 52002 th4 W3}
st} =3 029 BaloME 793904 1107, 5.79°1A
5102 W3k shAuk o)1 HA] F3L& 1024704 81
N2 oF 8% THa TS ARSI f9) B2 AT ;s
de = it webd gogel sjiusko 7 wulel e
9l AUE9} EYHS] 7] Ale]of] Hggt A ot
714 npEEa o tid IFE k= Ao| Wasith

ADEE

1] A, 2%, <AE93 71 Folwolsr AAES
3] A, vol. 32, no. 1, pp. 60-69, Jan. 2005.

[2] Y. Guan, E. S. Neo, K. Yokoi, and K. Tanie, “Stepping over
obstacles with humanoid robots,” JEEE Trans. Robotics, vol. 22,
no. 5, pp. 958-973, Oct. 2006.

[3] M. Vukobratovic and D. Juricic, “Contribution to the systhesis
of biped gait,” IEEE Trans. Biomed, Eng., vol. 16, no. 1. pp. 1-6,
1969.

[4] M. Vukobratovic and B. Brovac, “Zero-moment point-thirty five
years of its life,” Int. J. Humanoid Robotics, vol. 1, pp. 157-173,
2004.

[51 Y. Hasegawa, T. Arakawa, and T. Fukuda, “Trajectory
generation for biped locomotion robot,” Mechatronics, vol. 10,
pp. 67-89, 2000.



364 Mo - Ns3t - AAESS =2X M 13 &, M 4 5 2007. 4

[6] J. H. Pak, “Fuzzy-logic zero-moment-point trajectory [9] S. Kajita, F. Kanehiro, and K. Kaneko, “Biped walking pattern
generation for reduced trunk motions of biped robots,” Fuzzy generation by using preview control of zero-moment point,”
sets and systems, vol. 134, pp. 189-203, 2003. Proc. IEEE Int. Conf. Robot. Autom., pp. 1620-1626, 2003.

[7] J. H. Park and Y. K. Rhee, “ZMP trajectory ceneration for [10] J.-S.R. Jang, “ANFIS: Adaptive-network-based fuzzy inference
reduced trunk motions of biped robots” Proc. IEEE/RSJ Int. systems,” IEEFE Trans. on System, Man and Cybernetics, vol. 23,
Conf. Intelligent Robots and Systems, IROS 98, pp. 90-95, 1998. pp. 665-685, May 1993.

8] AEY, HAE, “o]F Fuiwol= ZE ] ok By [11] T. Takagi and M. Sugeno, “Fuzzy identification of systems and
e BA. 2] Zale) Hau e 27848 mRA]) vol, its applications to modeling and control,” IEEE Trans. Syst.,
54D, no. 6, pp. 376-382, Jun. 2005. Man, Cybern., SMC-15, pp. 116-132, 1985.

a3 el

19473 104 25948, 19819~&8 A 117
gk A7) FskE w4 200083~ A
(*bH IBS KOREA 37, ZilEoke 23}
g #5744, AsdiEsE

454

19743 39 1594, 20074 ot
A7 AR o8-8} 2L 2004 3~A A
dFistn Ar1EAE e A
TRk frsols 2R 44 2

A EelE, A¥E AFYsE Q5 e 8¢ 34 2dd, A, ddzA
A FEIAA) A28, AR, o Eagazy 2 HuE




