
②Objective

Our goal is to develop an active constraints framework applied to deep 
and narrow regions.  We aim for a real-time algorithm to prevent
collisions.
E.g. deep neurosurgery:

①Introduction

Surgical procedures in deep and narrow regions of the body require 
active constraints/virtual fixtures for increased safety and operability.

Motivation: Deep brain vessel anastomosis

Submillimeter accuracy is required in a highly constrained workspace.
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Suture 0.02 mm< 0.7 mm 9-DOF (redundant) robotic arm

Constrained workspace

② Robot-robot collisions

① Tool-workspace collisions

③ Shaft-shaft Collisions

③Proposed methodology

Method requires a distance function and a distance Jacobian between 
pairs of primitives.

Constrained Optimization Distance Jacobian Linear Constraint

Primitives can be combined pairwise:

⑤Conclusion
Primitives modelled complex interactions between robots and 
workspace, preventing collisions with smooth velocities in real-time.

Restricted zone
Controlled point

④Simulations
No active constraints
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With active constraints
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