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1. Introduction

Locomotion necessary produces interactions with en-
vironments. All the responses of the action to environ-
ments, or the changes there, are reflected in the ground
reaction forces. Therefore, we consider a balance con-
trol with focusing on ground reaction forces in this pa-
per. To keep the analysis simple, the static balance is
treated.

2. Control of static balance

Static balance is often controlled by the ankle joint
[1]. This behavior is enough described by the model
as shown in Fig. 1. In order to include effects from en-
vironments, we consider constant external forces as the
environmental conditions. The horizontal and vertical
components of them are expressed byFx andFy, re-
spectively. The model contacts the ground only at the
two points, where the vertical component of ground re-
action forcesFT andFH are detectable. The goal of
static balance control here is to makeFH andFT equal
at the stationary state with keeping the body part from
tumbling. Using the PD control with integral feedback
of FH − FT , The stationary posture such as shown
in Fig. 1 emerges [2]. Note that the stationary pos-
ture changes adaptively with the external forces. Be-
cause the environmental conditions are reflected in the
ground reaction forces, the magnitude and direction of
the external forces can be estimated from the states of
stationary posture. Based on these estimates, a desired
posture appropriate to the current environments is in-
ternally generated, which is utilized for the behavior at
the next trail.

3. Conclusion

The control scheme in this paper is summarized as a
block diagram in Fig. 2
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Figure 1: Model and stationary posture by proposed control
law.
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Figure 2: Control scheme.
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