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A Study on the Trajectory Optimization Planning
of Biped Walking Machine

Changboo Kim*, Hyeonseok Cho**

ABSTRACT

In this paper it is purpose that reduces joint torques and their rate of change through optimizing trajec-
;ory planning of biped walking machine. The motion of biped walking machine is divided into leg motion for
walking and body motion for keeping balance. The leg motion is planned by three phases, that are deploy,
swing, and place phases, in terms of the state of foot against floor. The distribution of time assigned to
:ach phase is optimized and that causes leg joint torques and their rate of change to minimize. The body
notion is produced by using optimal control theory which minimizes body joint torques and satisfies Z.M.P.
sonstraints defined as region of each phase.
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Fig. 1 Structure of biped walking machine
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Fig. 2 Three phase of straight walking and each Z.M.P.
region
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Table 1. Kinematic property of biped robot

Index Value
Thigh length 0.44
Shank length 0.42

Hip width 0.27

Foot length 0.19%5

Foot width 0.1
(unit : m)
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Table 2. Dynamic property of biped robet

Link Name Mass Ixx lyy Izz
Foot 153 0.00055 0.00045 0.00006
Thigh 321 | 000038 | 000393 | 000393
Shank 841 | 001120 | 001200 | 000300

Hip 6.96 0.00700 0.00565 0.00627
Trunk 0.8 0.02830 0.13700 0.15140
(unit : kg, kg - m?)
Table 3. Walking parameters
straight walk | slope walk rotation walk
walking width 04 | 04 04
walling rotation angle 0 1 0 0.35877
hip lateral displacement 0.8 006 003
hip rotation angle 0 0.05236 0.06236
hip height 10 097 10
foot deploy angle 034907 034907 03407
foot place angle ~0.17453 0179453 017433
floor angle 0 -0.17433 0
fool max._ height | 0.05 005 005
( unit * m, rad )
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Table 4. Optimal time distribution of each walking pattern

Walking pattern The amount and ratio of time distribution
Ta Ts Tp
0.134 sec 0.332 sec 0.134 sec
Straight walking
(223 %) (554 %) (22.3 %)
0.137 sec 0.326 sec 0.137 sec
Slope walking
(22.8 %) (544 %) (22.8 %)
0.1385 sec 0.323 sec 0.1385 sec
Rotate walking
(23.1 %) (538 %) (231 %)
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Fig. 4 Torque trajectories of left leg in straight walking
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Fig. 5 Torque trajectories of trunk in straight walking
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Fig. 6 Angular displacement of left leg in straight walking
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| Angle of Trunk Joint 2,
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Fig. 7 Angular displacement of trunk in straight walking
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Ta = 0.134(Optimized)
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