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Footstep and Timing Adaptation for Humanoid Robots Utilizing Pre-computation of Capture Regions
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Existing studies on robust walking and balance recovery

v Footstep and timing adaptation [Khadiv et al. 2016][Yamamoto et al. 2020]
v Center-of-mass height variation [Caron et al. 2018]

¢ Angular momentum variation [Park et al. 2020]

Multi-step v.s. single-step lookahead

- Multi-step lookahead is clearly beneficial for expanding the stabilizable basin
- Real-time implementation without oversimplification is still an open issue

Our proposal

v/ Fall-avoidance control based on multi-step lookahead while retaining
sufficient level-of-detail of kinematic and dynamic information

¢ Precomputation of N-step capture basin

¢ Generation of fall-avoiding movement based on multi-step
lookahead with small-enough computation cost for real-time use

LOW-DIMENSIONAL DYNAMICAL MODEL FOR
CAPTURABILITY ANALYSIS

Our analysis Is based on the following

2D (X, y) centroidal dynamics: .
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One-step dynamics expressed in the support-foot local coordinate
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Step duration Is lower-bounded by the travel distance of the
swing foot (cannot step too quick)
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CAPTURABILITY ANALYSIS METHOD BASED ON
DISCRETIZATION OF STATES

Variables N _(jswg ------------ Swing-foot pose (X, y, and angle)
ﬁicp ............ ICP position (X, y)
« Both expressed in the support-foot local coordinate
T e Step duration

Definition of N-step viable capture basin
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Existence of a feasible transition
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Capture basin representation based on the discretization of space
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enumeration in 11 dimensional space!

Efficient 2-phase computation method

For each possible value of ICP, enumerate all combinations
Phase 1. of minimum step duration and landing configuration that
leads to (N-1)-step basin. (enumeration in 7D space)
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The relationship between picp, and e determines
a lower-bound on the step duration

Position of ICP at landing
(expressed in the current support-foot coordinate)
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For each tuple enumerated In Phase 1, enumerate all
Phase 2: possible swing-foot configurations that are reachable to the
landing configuration within the miminum step duration.
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STEPADAPTATION THAT UTILIZES PRE-COMPUTED CAPTURE BASIN COMPUTATION RESULTS
CAPTURE BASINS
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*AMD Ryzen 9 5950X 3.4GHz, single-core implementation
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