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Pedicle Screw Placement: Drill a hole on spine 
and insert a screw

Haptic: Variable Impedance Control𝒖𝒖haptic = 𝑱𝑱𝖳𝖳(𝜽𝜽𝜽(𝜽𝜽(𝜽𝜽𝜽(𝜽𝜽𝑑𝑑 − 𝜽𝜽𝜽 − 𝒙𝒙�̇�𝜽 𝒙 𝒙𝒙fdbk𝜽 𝒙 𝒈𝒈(𝜽𝜽𝜽𝑲𝑲𝑲𝑲𝑲𝑲 𝑲 diag𝑲𝑘𝑘𝑥𝑥, 𝑘𝑘𝑦𝑦, 𝑲𝑲𝑘𝑘𝑧𝑧𝑧max𝑲
- Provide assistance according to weight;
- Render drilling force.

Robot: Position Servoing𝒖𝒖ur = 𝑲𝑲𝑝𝑝𝑱𝑱†
ur(𝒒𝒒𝒒(𝒒𝒒ur − 𝒒𝒒𝑑𝑑𝑑ur𝒒

- Follow Haptic Device's Movement

Current Robotic Solution
Navigation, use tube to guide tools

Defects in HRI
	● Poor hand-eye coordination
	● Require manual operation

Goal 
	● Build a better HRI Interface
	● Use gaze to ensure surgeon is always 
included in the control loop

1. AR-Haptic Interface 2. Visual Attention Based Human–Robot Collaboration 3. Shared Interaction Control
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Drill Movement in Distraction Phase (mm)
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Drill Depth Standard Deviation in Distraction Phase (mm)
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Task: Drill a 30 mm hole, with a 
distraction phase to draw participants' 
attention

Settings: 𝑤=0, 𝑤=1, 𝑤=𝑓(𝛼)

Safety
Drill movements is unsafe when 
the surgeon is not in the loop.

Ergonomics
Less exerted impoulse leads

to redused work load.

Attention Level 𝜶
Proportion of cumulative 
fixation (𝓕) duration on 
surgical-relevant (𝓐) objects 
within a time window (𝓦(𝑇))

𝛼𝛼𝛼𝛼𝛼𝛼 𝛼 𝛼𝒑𝒑𝑖𝑖∈ℱ∩𝒜𝒜∩𝒜𝒜𝛼𝒜𝒜 𝛼 time𝛼𝒑𝒑𝑖𝑖𝛼 − time𝛼𝒑𝒑𝑖𝑖−𝑖𝛼𝑇𝑇

Safety Critical HRI Paradigm
 ✔ Operator focused 
Robot provide assistance

 ✘ Operator distracted 
Robot reduce assistance

 ✌ At all time 
Robot monitor & enforce 
safety

Augmented Reality
•	Display surgery information
•	Eye tracking
Haptic Device
•	Exert drilling commands
•	Feel drilling force feedback
Position Coupling
aligns the physical feedback 
with the visual cues

scan me!
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