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Time Optimal Control for Quadruped Walking Robots
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Time optimal control algorithm for quadruped walking robots is developed and installed into a practical robot. Each leg is
modeled as a two link manipulator whose time optimal control theory has already been established by Bobrow. However, in
legged robot systems, each leg supports their body weight, and the reaction forces from its ground must be inside of their
friction corn. Moreover, the ZMP(zero moment point) of the robot is constrained for stable walk. Therefore, time optimal
control inputs are calculated under these constraints. SONY ERS-7 is used as a quadruped walking robot and fundamental
experiments are done. From the experimental results, the effectiveness of the developed control algorithm is verified.
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Fig.1 Kinematic model of quadruped walking robot
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Fig.3 Constraint imposed on ZMP
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(b) front leg
Fig.5 Regionin S-g-§ space satisfying constraints
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Fig.6 Cross-section in S - § phase plane

32 5.8.8

5(a)(b)
6 b

-

-5, =8, |08 5

Fig.7 Relationship between velocity 5"0 and stride 7

Bobrow
Ssi SsiT 3
ZMP

Bobrow

LI

_r 0
=z z
Fig.8 Time optimal trajectory for swinging leg

3.2 s 0



7
7
3 ----command ——results
Sn -90 T
0 80 160
_—100
0
3 110 e
s, " 120 s =~ =
-130
time [ms]
(@) Link f1
-—~--commands —— results
ERS-7 110
12 1.4kg 0.12kg _ 100 -
0 i e
Table 1 Parameters of robot legs g © e —— ~—
Joint-b | Joint-f1 | Joint-f2 Point-r1{Joint-r2 8 [ =
Li [m] 0.130 | 0.0701 | 0.077 |0.0701| 0.077 " " 10
time [ms]
M; [kg] 1.42 | 0.06 0.06 | 0.06 | 0.06 (b) Link 2
Table 2 Parameters of DC servo motors -~~~ commands ——results
150
Motor-f1 | Motor-f2 | Motor-rl | Motor-r2 —
5140 —= T
. [NM] 1.06 1.04 1.06 1.04 > e y
Vo[ V] 7.4 7.4 7.4 7.4 ® 120
120
S'. 0 80 160
7 2 264mm/s time [ms]
Amm (c) Link r1
S'v - —~—-commands results
264 mm/s o 248mm/s 110
2lmm e T N
v 100 \
© 9
9 80
0 80 160
time [ms]
(d) Link r2

Fig.9 Experimental results
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