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Passive dynamic walking of a biped robot with torso and its stabilizer
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ABSTRACT A simulation model of a biped robot with torso was established using Matlab the passive dynamic walking of this model
was studied the stability of the walking was analyzed and a full-state linear feedback walking stabilizer was designed. Simulation re—
sults show that the model can walk down a slope without any actuator and there are two unstable walking gaits on the same slope. The
results also indicate that the model can realize stable walking by adopting the full-state feedback stabilizer.
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Fig.1 Model of a biped robot with a torso
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Table 1 Parameters of the robot model ‘Event’
m,/kg  my/kg  m/kg L /mo L /m L /m o g/(mes™?) 2.1
10 10 5 0.5 0.5 0.5 9.81
0.05rad
(6, 6, 0, él éz 03) =
(-0.19697 0.296 97 - 0.037 92 1.061 95
L1 0.35413 —0. 604 50) 0.718
0.489 m (
).
4
M(6)6+N(0 6) +G(6) =0. (1)
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Fig.2 Sketch of model walking 0l o004 006 008 010
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Fig.5 Curves of step length versus slope
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Fig.3 Curves of joint angle versus time
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Fig.6 Curves of step period versus slope
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Fig.4 Trajectory of torso motion in the phase-plane
7
2.2 Fig.7 Curves of COT versus walking speed
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6,)" x +6x,,, =5(x" +6x,)
. xk k x* +8xk+1%5(x*) +(')S(X') Sxk.
(2) ( step-to-step function) S ' s
oS( x
6x,,, = (,gx) . 5x,. (5)
(3) x
* :S * *
x (x ) x (4) A A= 8(x) (5)
ax X=X
x S
x =S(x")
X, =x +6x, 2.1
x..,=5(x,)
0 -2.05156 -0.29636 0.46561  -0.59370  0.02869  0.02852
B 2.05156  0.29636  —0.46561 0.59370 -0.02869 -0. 02852%
4.0 -39.33376  3.44839  30.50317 -5.81238  0.61162  5.10267Q
_g 40.36949 —-3.73642 —29.47900 6.36739 -0.59743 4. 80759%
42.52212 -6.76913 -35.25619 5.28699 -0.55114 -5. 952565
0-261.69263 24.74250 204.53424 -37.62490  3.92876 34.367520
u =0
A= 68.89246 —0.05672 +0. 647 13i 0.14375 0.00898 0
ox,,, =Adx, + Bu,. (8)
4 u, = —Lbx,. (9)
L
(1) (-u0uw' (8) (9)
x =S(x" u) 2.1
w, =u +8u,
x +6x,,, =S(x" +6x, u +6u,)
X +ox, ~S(x" u') + p'=0 0.1 0.2 0.3 0.4 0.5
0S(x u) s +85(x u) s
ax oot o O ou et e B= 0.0165 -0.0165 0.82701 -0.83367 -0.96876 5.66332 "
(6)
u ¥ L= -45.03174 5.17955 35.86010 -6.32360 0.67410 6.00108
(6) u =0 du=0 ) B P L0740 03819 -0.16%9 -0.48920 001755 ~0.07065
5 8S(x u) B 81.30740 0.3819  0.126%9  0.48920 -0.01755 0.070658
T u A/_D—2.09201 08516 0.84649 -0.5869  0.0413 01971
'g 28811 058160 0.41630 109563 -0.03546 0.195305
(6) 5-1.10259 S50 -0.51654 -0.83903  0.10190 -(1138985
ox,,, =Adx, + Béu,. (7) 0-6.66308 -4.5909 14679 -1.81227 011111 038140



M, =(m, +my +m) (1, +1,) ? +m1l§
p=0 0.10000 0.20015 0.29897 0.40176 0.4912 . M,=-m(l,+1,) l,cos (6, -6,)
My =m/(1l,+1,)1,cos (6, —6)
My = -m(1, +1,) lcos (6, —6,)
M,, =m1li M, =0
M, :mu( L, +lb) luCOS( 0, - 03)

0, +6,-2y=0 (8) My, =0 M, =muli
Nl = _ml( la +lh) thin ( 01 _02) éi +mu( la +
ll)) luSin ( 0| _03) é%

Ny =my(L, +1,) Lsin (6, =6,) 6]
Ny = =m,(1, +1,) L,sin (6, - 6,) 6]
G = - (( my, +m +mu) (lu +lh) +mlla) gsin 6,

10 PD

G, =ml,gsinf, G, = -ml gsing,.

o Hy Hup
H'(0%) =y Hy Hyo
H;, H;, H,U
o Hy Hup
H(0) =iy Hy,
LH;, H;, H;U

Y= =(my +my+m,) (L +1)" =ml +m(l, +
1) lcos (6, —6,) —m,(, +1,)L,cos (6, —6;)
H, =ml,(lcos (6] —0,) =1, +1,cos (6, —6,))
Hy=-ml,(l, +lcos (6 —6,) +l,cos (6, —65))
Hy = -m/(1,+1,)1l,cos (0, -65)

Hy, =0 Hy=-m]l
Hy =m( 1, +1,) l,cos (6, -6,)

Hy = -ml, Hy =0
H) =ml 1, —(m, +m,) (I, +1,) cos (0, -
0,) -2my(1l, +1,)l,cos (0, -0,) —m,([, +
1) l,cos (6, —6;)

Hy, =ml 1,

Hy=-ml,(l, +l,cos (6, —0;) +l,cos (6, —65))
Hy = -m/(1,+1,)l,cos (6, —6;)

Hy, =0 Hy=-ml, H;=mll

H, =0 H =0.
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V.o 0
N6 6) = V.E6(e) = 5.5 o |
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