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Memory based control of bipedal walking robot with round foot profile

*Seiichi MIYAKOSHI (AIST)

Abstract— In this paper, with a compass-like biped model, a memory-based controller for a planar bipedal
walking system is presented. This paper is structured into three parts: Firstly, it is shown that the model
with a point shaped foot is able to represent human walking characteristics. A systematic conversion from
the point shaped foot to the equivalent of a normal surface foot - resembling the shape that of humans,
this extension preserves the same human-like walking characteristics. Secondly, the memory based walking
motion generation and controller is presented, this controller refers to a memorized trajectory library, made
of neutral orbits with various gait parameters for continuous walking. Thirdly, the proposed surface foot and
the controller are combined, and the bipedal system is examined and evaluated with dynamical simulations.

Key Words:

Bipedal walking control, compass-like biped model, foot sole profile, motion based shape

design, partial passive system, memory based motion generation and control.
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Fig.1 Biped walker model: A compass-like leg con-
figuration provides a simplified and equivalent
human-leg like mechanism. Compass-like biped
walking model and the model in the dynamic
simulator LMS DADS.
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Table 1 Physical parameters of the biped model

Torso mass 40.0 [kg]
Leg mass 10.0 [kg]
Foot mass 1.0 [kg]
Thigh neutral length 0.5 [m]
Shank neutral length 0.5 [m]
Restitution coefficient 0.0

Floor young’s modulus | 2.058 x 107 | [N/m?]
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Fig.2 Conditions of swing leg, and extrapolated
stance leg
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Fig.3 Decompose the leg motion to prismatic knee
and rotational ankle motion to transform from
point foot to surface foot
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Fig.4 Schematic picture of foot profile adjustment
and acquaired foot profile via optimization
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¢a = Mn(a, f,t) = —2acos(2r f1) (2)
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$a = 47 fasin(27 ft) (3)
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Fig.5 The procedure to acquire the data sets for each combination of parameters including time. For each
set of frequency and amplitude, a corersponding symmetric trajectory with sampling time interval are

derived from dynamic simulations.
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Fig.6 Scheme for hip joint control in single support phase using the inverse derivation from stance leg states
to hip joint parameters, based on the acquired data sets. In each frequency layer (in each phase plot), the
closest point from the stance leg state is chosen, then the point itself shows the phase (time progress), the
trajectory, which the point falls on, indicates the angle parameter, and the cross- section itself provides

the frequency parameter.
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Fig.7 Quasi-Constant step length walking with the
optimized foot profile. The upper figure shows
the optimized foot profile, and the lower diagram
depicted a stick figure of the produced motion.
The target hip amplitude, with corresponding to
the step length, is 0.3[rad].

Fig.8 Quasi-constant step length walking with the
wooden clog like profile. The upper figure shows
the wooden clog like profile, and The lower di-
agram depicted a stick figure of the produced
motion. The target hip amplitude, with corre-
sponding to the step length, is 0.3[rad].
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Fig.9 Quasi-constant step length walking with the
shoe like profile. The upper figure shows the shoe
like profile, and The lower diagram depicted a
stick figure of the produced motion. The target
hip amplitude, with corresponding to the step
length, is 0.3[rad].

Fig.10 Quasi-constant step length walking with the
flat foot profile. The upper figure shows the flat
foot profile, and The lower diagram depicted a
stick figure of the produced motion. The target
hip amplitude, with corresponding to the step
length, is 0.3[rad].
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Table 2 difference of push-off efforts
| Foot profile (OO O O) | do | ki |
Optimized (0O 0O) 0.345 | 0.32
Wooden clog (0O 0O) 0.40 | 0.32

Shoe (O DOO) 0.45 | 0.37
Flat (DO 0O) 0.61 | 0.59
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