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User Study: 14 subjects, better accuracy, less operator workload

Virtual Fixture (VF) Assistance for Needle Passing and Knot Tying
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Motivation 
Suturing is a highly 
dexterous task in minimally 
invasive surgery (MIS).

Especially challenging 
for novice operators.
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Motivation 
Suturing is a highly dexterous 
task in minimally invasive surgery 
(MIS).

Especially challenging for 
novice operators. 

Approach
Use VF assistance to improve 
operation accuracy and 
reducing operator’s mental 
stress. 
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• Suturing Task 
• Render Haptic Feedback 
• VF1: Needle Passing Task 
• VF2: Knot Tying Task 
• User Study … 
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Suturing Task
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http://www.youtube.com/watch?v=crMKcJMpfZ4


Why Do We Need VF? 
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System: Hardware 
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System: Block Diagram
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Help User by Providing Haptic 
Feedback
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Master Controller
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Impedance Virtual Fixture
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Example Plane VF
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Virtual Fixture
for

Needle Passing Task
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Needle Passing: Position
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Needle Passing: Bite
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Needle Passing

 

User Press Pedal

Align Rotation 

Align Position 

Pass Needle
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Needle Passing Bite VF
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Does it WORK?
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Does it WORK?
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Virtual Fixture
for

Knot Tying Task 
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Knot Tying VF
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Experiments & Results
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Adverse Events: 
Average number of slips drops from 1.5 in freehand 
mode to 0.34 with VF. (F1,84 = 28.87, p < 0.01)
 



Results: Operator Workload
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Future Work

 

- New virtual fixtures
- Evaluate effect on 

learning 
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Thank You !
zihan.chen@jhu.edu
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