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PROJECT GOAL
Develop algorithms that enable human-supervised robotic
manipulation of deformable objects under substantial
uncertainty

• Modeling: Modeling deformable object dynamics and associated 
uncertainty, 

• Planning: Planning algorithms for integrated exploration and task 
execution, 

• Control: Control algorithms for robust manipulation of 
deformable objects under uncertainty,

• Human Supervision: Algorithms for effective human supervision 
of robotic manipulation of deformable objects

INTELLIGENT ROBOTIC SURGICAL 
ASSISTANTS

GOAL: Robotic system to act more like an assistant and less like a 
follower
• Provide robotic surgical systems with low-level task automation 

capabilities
• Surgeon will have a high-level interaction with the system 

rather than low-level direct teleoperation
• System assist in basic manipulation tasks, such as, retraction, 

dissection, exposure, suturing
• Reduce tedium from simple, repetitive tasks; assist in complex 

manipulation tasks; reduce cognitive load

RESEARCH THRUSTS
• Perception

• Estimation of deformable object boundary constraints and 
material parameters
• For simultaneous manipulation and planning

• Localization and tracking of surgical thread, needle, and tools
• For vision based control

• Needle-tissue interaction force state estimation
• For force based control

• Planning
• Needle path planning 
• Optimal needle grasp and entry port planning
• Dual-arm needle manipulation planning

• Control
• Visually-guided manipulation
• Knot tying

RESEARCH HIGHLIGHTS
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