
• Digital surgery: faster imaging, learning in simulation, digital 
twin, situation awareness

• Microsurgery: big cavities (Ø5-8 mm) to small cavities (Ø1-2 
mm)

Configuration of bicycle model parameters during insertion of flexible bevel tip 

needle(left) and duty cycle-controlled needle steering (right)

Translation and rotation twist vector

Translation and rotation velocity profile

Kinematics of nonholonomic bevel tip needle
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Needle steering in four directions of 3D space within the cone bounded by the 

maximum curvature (left) and simulated trajectory of a flexible bevel tip needle at 

various duty cycles (right).

Example of needle trajectory control by steering the needle during insertion under 

real time imaging using the orientation of the bevel tip
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• State of the art surgical robotics can only be used in large 
body cavities. 

• A typical robot design with arms and elbows  requires a large 

workspace 100(L) X 50(H) X 50 mm(W), which limits its use for 
abdominal and thoracic procedures.

• Millions of patients undergoing “small cavity” surgery do not 
benefit from robotics 

Small Cavities Need A Small Robot
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•  3-DOF Needle Driver: Needle insertion/rotation , cannula 
retraction 

•  3-DOF Cartesian Stage: x-y-z gross positioning

•  30RPM rotation velocity
• Integrated passive fiducial tracking frame localizes the device

6-DOF piezoelectric actuated needle placement robot (left); fiducial frame and 

rotary motor fixture, an exploded view of the needle clamping mechanism (middle); 

mockup test of human inside MRI (right)

• Goals: deliver tube and surgical tools in an endoscope
• Requirements: small outer diameter, large inner diameter 

(thin wall for the delivery catheter)

• Superb dexterity in small corridors
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Our 10-DOF ultra-steerable transnasal neurosurgery robot can be used for both 

craniotomy and skull base endonasal surgery, and is compatible with surgical tools 

used in the operating room

• Concentric tube robot: large radius, small angle

• Our ultra-steerable robot: small radius, large angle 

Ultra-Steerability Enables Dexterity in Small Cavities
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• Features of our catheter robot

• Ultra-steerable: maximum 235° bending angle with only 8.4 mm 

bending radius

• Small outer diameter: only around 4.2 mm for reducing incision 

area

• Rigid instrument: multi-incisions, limited workspace, collision 
with intraocular lens

• Steerable instrument: single incision, larger workspace, avoids 
collision

Ultra-Steerable instruments as one alternative option
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Leveraging our ultra-steerable instruments, our eye surgery robot can provide a safer 

and less invasive procedure with a larger workspace 
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DOF Type Descripti

on

Range of 

Motion

DOF 1 Rotation Catheter 1 ± 360 deg

DOF 2 Translation Steering of 

catheter 1
30 mm

DOF 3 Translation Catheter 1 70 mm

DOF 4 Rotation Catheter 2 ± 360 deg

DOF 5 Translation Steering of 

catheter 2
30 mm

DOF 6 Translation Catheter 2 70 mm

DOF 7 Translation Working 

channel 1
70 mm

DOF 8 Translation Robot arm 

2
70 mm

DOF 9 Translation Endoscope 150 mm
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Robot

(Maximum)

Bending angle
rigid ~ 67° ~ 90° 120° less than 160° 235°

Bending radius - 28 mm - - 45 mm ~ 8.4 mm

Outer diameter 3.5 mm 2.5 mm 1.93 mm ~ 4mm 4.02 mm 4.2 mm

Inner diameter 2.1 mm 2.3 mm 1.49 mm > 2.5 mm 1.84 mm 3.3 mm
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