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Graph Based Model Predictive Control of a Planar Bipedal Robot

Yuichi Tazaki* and Jun-ichi Imura*

In this paper, a new control method for a planar bipedal robot, which we call here Graph-based Model Predictive

Control, is proposed. This method consists of two phases :

the graph construction phase and the realtime control

phase. In the graph construction phase, a directed graph on the state space of the control target is constructed

off line. In the realtime control phase, the controller drives the state of the control target so as to make it move

through graph nodes connected by directed edges. By tracing directed edges, a model predictive control is achieved

in some sense.

Moreover, since the directed graph is constructed in advance, the realtime computational cost is

dramatically reduced compared with the ordinary MPC. In addition, by constructing multiple directed graphs based

on different cost functions, one can design multiple motions and switching trajectories among them in a uniform way.

The proposed method is applied to the speed changing control problem of a bipedal walker on a 2-dimensional plane

and its effectiveness is verified by numerical simulation.

Key Words: Bipedal robot, MPC, Motion planning
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Fig.1 Model of Planar Bipedal Robot.
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Fig.5 Feedback mechanism.
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Table 1 Physical Parameters
body mass 20.00 [kg
shank mass | 10.00 [kg] || thigh mass 10.00 [kg]

body length | 0.50 [m]
shank length | 0.40 [m
ankle to toe 0.15 [m

thigh length 0.40 [m
ankle to heel | 0.15 [m

Table 2 Waypoint parameters

stride[m] | period[s] | clearance[m]
low speed | 0.20 0.40 0.03
high speed | 0.40 0.50 0.05

Table 3 Weight parameters

steady state ~o 0
low speed 1 6000
high speed 2 | 12000

Il I
@/ W/ W

Fig.6 Gait of bipedal walker.

kinetic energy

05

Fig. 7 A phase curve in variable speed locomotion.
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Fig.8 Phase curves under noises and errors.
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