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Motivation
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Toe Joint Benefits
● Reduced ankle movement
● Increased Range
● Propels step
● Longer ground contact
● energy efficiency

[Yamamoto19]
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Related Work
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Wabian-2R

[Ogura08]
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Toe-off & Heel-contact

[Ogura08]
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[Russo21]

Compliant Foot
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Baseline
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Baseline walk video / image
What I am doing
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Baseline walk controller
● Parameterized Quintic Splines
● Interpolate poses of flying-foot and torso
● Given command velocity
● Optimize parameters
● Open loop
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Approach
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Model Changes
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Foot Reference Frame

Baseline Changed
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Foot Pitch
Baseline
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Foot Pitch
1st Iteration
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Foot Pitch
Final – 2 new parameters
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Foot Height
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Parameter optimization
● Black Box optimization
● Set possible parameter ranges
● Conduct trial to evaluate parameters
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Trial
● Only walk forward
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Trial
● Only walk forward
● Routine:

– Walk for 10 seconds
– Stand for 2 seconds
– Repeat at increasing speed

● Objective: highest speed without fall
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Final Parameter Set
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Final Parameter Set
● Lower walk frequency of 1.5 Hz
● Higher double support ratio
● Forced foot pitch
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Results
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Walk Reliability
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Walk Reliability

Baseline
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Achieved Velocity
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Energy Consumption
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Pitching Leg-Joints
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Discussion
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Discussion

To what degree can a toe-off motion be realized in 
Cartesian coordinates?
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Conclusion
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Conclusion
● Less energy at higher speeds
● Reduced ankle movement
● Increased foot’s range
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Conclusion
● Less energy at higher speeds
● Reduced ankle movement
● Increased foot’s range
● Poorly adapted to slow speeds
● Requires additional stabilization
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Future work
● Adjust to different speeds
● Closed loop stabilization
● Heel-contact movement
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Additional slides
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Walk Parameter Ranges
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Walk Parameter Sets
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Walk Parameter Sets
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Optimization Studies
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Pitching Leg-Joints
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Pitching Leg-Joints
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Pitching Leg-Joints
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Energy Consumption
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Average Speed
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Walk Parameters

[Bestmann23]
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Windlass Mechanism

[Hashimoto10, Yamamoto19]

● Variable Stiffness
● Shock absorption
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Level Feet

[Ogura08]
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