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Motivation & Goal: 
• Enable safe cooperative manipulation in deep 

confined spaces to reduce work-related 

musculoskeletal disorders (>600k per year 

account for 34% of lost workdays)

Approach: 

• Reconfigurable serial-continuum robots

• Whole body sensing and interaction

• Planning and control for bracing

• Sensing & environment model update

ROBINS AIR FORCE BASE

Revolute 
joints

Continuum 
segmentsStatic balancing

Multi-modal 
sensing skin

Revolute 
joints



3

Contact 
(x8)

Proximity (x8)

Silicone Skin

3x



4

Lie Group Methods for Solving Statics of Continuum Robots
Cosserat Rod Boundary Value Problem

Orthogonal collocation + Magnus expansion

A. L. Orekhov and N. Simaan, "Solving Cosserat Rod Models via Collocation and the Magnus Expansion," IROS 
2020, pp. 8653-8660, doi: 10.1109/IROS45743.2020.9340827.
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Static Balancing Wrapping-Cam Design Optimization

Contribution
Design framework for 
• Ensuring cam is convexity
• Staying within spring limits
• Increasing robustness to parameter 

uncertainty
• Friction modeling for cam/wire
• Balancing of couples 2DoF systems

2 DoF Wrapping Cam Design

Simulation Progress: Desired vs Actual Cam TorqueEffect of Friction on a One-Dof Cam 
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Shape Sensing with General String Encoder Routing
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