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Project Summary
Improve performance of the Galen Microsurgical system:

● Implement tool gravity compensation for static tools
● Implement tool gravity compensation for tools in 

motion 
● Characterize and account for deflection 



Papers Selected
The robotic ENT microsurgery system: A novel robotic platform for microvascular surgery

Why: Demonstrates a relevant use case for the Galen system. 

Tool Gravity Compensation for Maneuverability Enhancement of Interactive Robot Control for Bone Fracture 

Reduction System.

Why: Directly related to the problem we are trying to solve.

Gravity compensation and compliance based force control for auxiliarily easiness in manipulating robot arm
Why: Also related to the gravity compensation problem



The robotic ENT microsurgery system: A novel robotic platform for 

microvascular surgery.

Summary:

● Tested effectiveness of the REMS system for microvascular surgery
● Developed a tremor rating scale for microvascular surgery (MTS)

Results: 

● There was significantly less tremor for naive users 
● Slightly less Time to Complete for naive users 
● Inter-rater reliability for MTS was good, having an intraclass correlation 

coefficient over .9



Significance  
The paper showed that the REMS is capable of performing microvascular 
surgeries, which other robotic surgical systems such as the DaVinci are not well 
suited for. 

User feedback suggested that the REMS was more stable and generally 
preferable over freehand surgery for naive users. This suggested that the REMS 
could ease the learning curve associated with microvascular surgery. 

The expert finished quicker freehand, and had around the same tremor score 
between the REMS and freehand.



Experiment
For this experiment, 6 naive participants and 1 expert performed a microvascular 
anastomosis on a chicken thigh model, using both feedhand and the REMS.

Feng, et al. 



Experiment
Each Trial was recorded for blinded 
grading of tremors and Time to 
Completion by 7 independent 
microvascular experts using MTS

MTS determines severity of a tremor 
based on the amplitude of the tool tip 
compared to the vessel width. 

Feng, et al. 



Results

Feng, et al. 

Feng, et al. 



Thoughts
Next steps:
Redoing the study with more intermediate users to see how TTC and tremor is 
affected. 
See how well the system works on even smaller scale procedures. 
Implementing and getting feedback for additional features such as virtual fixtures 

Critique:
Mentioned a metric called TTS but did not describe what that was 
Mentioned how the first trial took more time on average than the second 
regardless of whether it was feedhand or REMS. 



Tool Gravity Compensation for Maneuverability Enhancement of Interactive 

Robot Control for Bone Fracture Reduction System

Summary

● Presents work on an ongoing bone fracture reduction robotic system
● Used a knob connected to a 6DOF F/T sensor to position the system
● Created an analytical approach to tackle gravity compensation

Results: 

● They found that their model was effective at removing gravity based 
disturbances in the F/T readings.



Significance
When long bones fracture and need to be surgically repaired, they have to be 
aligned and supported by several assistant surgeons during the operation.
This is physical fatiguing and also exposes these surgeons to excess radiation.

Perfect use case for a robotic system to implemented. 



Robot Assisted Bone Fracture Reduction System
System includes:

● A positioning robot
● A drilling robot
● A 3D surgical navigation system
● A C-arm
● An optical tracking system

kim, et al



Gravity compensation approach

kim, et al



Accounting for Bias

kim, et al



Results:

kim, et al



Thoughts
Directly relevant to our project, as we are trying to compensation for tool gravity

Good empirical evaluation.

The paper did not go into much detail about their system. Did not talk about the 
type of optical tracking system



Gravity compensation and compliance based force control for auxiliarily 

easiness in manipulating robot arm.

Summary:

● Proposed a method using vector projection to calculate a general solution for 
gravity compensation at joints of robotic manipulator 

● Developed an approach called force counterbalance control to balance 
external loads and retain dexterity

Results: 

● Experimentally found that their methods were successful at retaining ease of 
use under an external force



Experimental Setup
They used a 6 DOF robotic arm connected to a PC

Luo, et al



Gravity Compensation Technique
They use Denavit-hartenberg form to construct forward kinematics using 
coordinate transformations between joints

Luo, et al



Gravity Compensation Technique

Luo, et al



Auxiliary Torque Compensator

Luo, et al



Critiques:
Riddled with grammatical errors
Experiment results did not have any empirical results, they just stated that it 
worked. 
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