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Stable Control of Underactuated Biped Walking on Discontinuous Ground

YAO Yuan, YAO Daojin, XIAO Xiaohui, WANG Yang
(School of Power and Mechanical Engineering, Wuhan University, Wuhan 430072, China)

Abstract: In order to achieve underactuated stable walking of the biped robot on a discontinuous real ground, a variable
step-length stabilized control strategy based on the adaptive feedforward control algorithm is proposed. Firstly, a single-input
and single-output adaptive feedforward controller based on CoM (centre of mass) motion state is introduced according to the
mapping relationship between robot walking speed, stability and CoM trajectory, to realize stable walking on the real ground.
Secondly, a variable step-length stabilized control strategy is proposed from the view of imitating human walking, in order
to eliminate the influence of the ground discontinuity on walking stability. The underactuated biped robot can walk stably
on the real discontinuous ground by changing the step length and the ideal tracking speed of CoM. Finally, the validity of
the variable step-length stabilized control strategy is verified by numerical simulation of the four-link robot model and the
prototype experiment on the mixed wood/rubber ground. The experimental results show that the proposed variable step-length
strategy can achieve underactuated stable walking on the real discontinuous ground.
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Tab.3  Structure parameters of the robot

S8 I/m  mlkg my /kg
¥ME 03 0404  0.785 2.537 5.8
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Tab.4 The size distribution sequence I of the discontinuous

ground
i Wi /m P i Wi /m P
1 0.25 5 5 0.25 25
2 0.26 10 6 0.25 31
3 0.24 15 7 0.24 37
4 0.25 21 8 0.26 41
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Tab.5 The size distribution sequence II of the discontinuous

ground
i Wi /m P, i Wi /m I
1 0.25 5 5 0.26 27
2 0.25 10 6 0.25 33
3 0.24 16 7 0.25 39
4 0.25 22 8 0.25 43
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Tab.6 The stochastic ground damping distribution sequence

i ¢ /(x10°N-s/m) j; i ¢ /(x10°N-s/m) j;
1 7.3520 1 4 5.9500 28
2 4.8210 10 5 3.0820 32
3 5.6180 19 6 2.0130 36
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Fig.5 The relative position change of the robot CoM
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Fig.8 The relationship between the CoM position and the step
length in variable step-length walking process

K8y 3 RAEmLIR GG, HLEs ATES AR L
% x 5RFRPK Ls RS, HEATHL fE
54 DIBEMT, PLas NISKEbr b K4k, x Al



%539 B5 5 W

WRIH, A TR Sl S T P USRI Bl AT R 749

S Ls R/NEEIE, W) R0 R AT B
BRI T R4S 5 A5 B I LB A A

BEERERRTE. 8 S BERANE, 3 %R
B b S B K BRI 0.25 m, 75 BUBEE 1 H 4.
2. TEH 6 USRI B KA, x IR,
ELTE RSB AT I, LA A S BRab KoM

K Lsq, FROA7 B AWK 2 A o e A

Bl 9 ML as NTEAMAG IV & Hu i b ¥ s brosb
ITED, Hd: (@) ~ (o) L NIER BATIRE
(d) ~ () AR B (9) ~ 1) JvEs B W
B, PKEZEMEK; (§). 0 MRERHHE: QO
NG EERE TR .

(0) E5 RS JIAE A3 () FRBRESHLIIEAT () HBREEREZE AL () Ja R IRICHEAT (k) JE BRI 260t (1) Ja 22 AT
K9 AR FUh AP KB AT I
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