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• Limit Danger to People • But Be Stiff when Acted Upon

Question: How to do this with High Force capability?
Motivation: Leg Rehabilitation 

Goal: Safe Human-Robot Interaction



Focus 1: Balanced Hybrid 
Active-Passive Actuation 

Objectives: 
• Low Active Output Impedance 

• Won’t whack you with high inertia.
• High Passive Output Impedance 

• Hold stiffly when you push on it. 
• High Force Bandwidth 

• Render accurate haptic fields.

Safe • Strong • High-Performance



Approach

Series Elastic Actuator
Low-Freq. Active

DC Motor + Cable Drive
High-Freq. Compensation

Particle Brake
Low-Freq. Passive

Multiple Actuators – Torque Partitioning 



Approach

Dahl friction model 
Stiffness + Hysteresis



Achievements: Partitioned Control
Improved Trajectory Tracking

Benchtop 
Demonstrator Dills et al, 

ICRA/RA-L 2021



Achievements: Partitioned Control
Improved Servoing

Benchtop 
Demonstrator Dills et al, 

ICRA/RA-L 2021
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Stiffer Virtual Walls … … with Theoretical Explanation

Dills et al, 
HAPTICS 2022(on Passive Actuator torque)



Focus 2: Haptic Experiments in the Leg

Challenge: Using Haptic Robots to study 
human motor adaptation and motor learning 



NOTTABIKE

Dawson-Elli & Adamczyk, 2020 IEEE TNSRE

Neuromotor Optimization Testbed for Training in Atypical Behavior-Inducing Kinetic Environments 

Current Challenge: “Half-Reversed Cycling”: 𝛼 =
Negative!



Focus 3: 2D Haptic Leg Robot

• Provide 2D Haptic Force Fields
• High Forces: Leg Interaction and Rehab
• Safety: Active-Passive Hybrid Actuation

• Goal: 2D Motor Learning Challenges



High-Performance 
Active-Passive Actuators

• 100 Nm capacity

“Strong” SEA:
Brushless DC Motor
High-Ratio Drive
Spiral Plate Spring

“Fast” Actuator: 
Brushless DC Motor
9:1 Cable Drive

“Passive” Actuator: 
Particle Brake 
(with Torque Sensor)

Virtual Wall Demo
Work in Progress



• Match Force and Workspace 
• Empirical model of human leg capacity
• Optimized robot geometry/layout
• Left/right reconfigurable

“Pedipulandum” Design for 
Haptic Leg Interaction 

Work in Progress



Broader Impacts

• Rehabilitation
• Control Theory
• Handheld Haptic Demonstrator

• Miniature active-passive actuator
• DC Motor + particle brake

• Trigger, click, washboard demos

• Ready to demonstrate at expositions 
and public science days. 
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