
Transparency Optimization of the Galen 
Surgical System with a Frequency 
Domain Admittance Controller Design

Students: Brevin Banks

Mentors: Ugur Tumerdem, Manish Sahu, Adnan Munawar, Mohammad Salehizadeh, Russell Taylor

Engineering Research Center for Computer Integrated Surgical Systems and Technology 1



Project Introduction
The outcome of this project is a new functional frequency 
domain-based admittance controller that optimizes the 
transparency of the current Galen robot system in the mock OR 
while maintaining system stability. 

This will be accomplished by reimagining the current control 
system entirely with basic linear models and then introducing an 
admittance controller with loop-shaping to better compensate for 
stability issues that are presently experienced when forces are 
applied to the robot by the environment.

Furthermore, the controller will be designed and optimized with 
hand over hand transparency in mind and allow for the 
application of virtual fixtures.
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Background

The current Galen campus robot controller faces performance and stability 
issues when forces are applied. 

In addition to controller stability improvement, we want to optimize the 
transparency with a new controller. 

Stability innately affects the transparency of the control system and cannot be 
easily adjusted by simply tuning gains. There is much work to be done in the 
field of transparency optimization.
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Significance

• Natural and Steady Movements in the Operating Room

• Easy application of Virtual fixtures

• Could be Adapted to Make Quicker and More Accurate Procedures
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Deliverables

Minimum: 

• A stable frequency domain admittance controller in MATLAB code for the Galen surgical robot in the 
AMBF simulation environment

• A simulated control system package with optimized transparency containing code files that can be used 
in AMBF and MATLAB and is transferable to hardware

Expected: 

• An applied control system package to the low-level Galen controller that is stable and optimized for 
transparency including virtual fixtures

• A validated objective improvement in transparency according to specified metrics

Maximum: 

• A completed user study to investigate subjective transparency preference with different controllers on 
the Galen robot
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Technical Approach
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• Start with a basic linear system for 
the robot in simulation to develop 
controller architecture (Either 
Velocity or Position Control)

• Include environment and human 
impedance factors

• Apply Admittance Controller and 
Frequency based filters to tune the 
controller performance

• Identify robot dynamics for plant with 
LTI approach or similar method 



Technical Approach
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• Bound the human impedance and 
environment impedance with 
estimated values

• Aim for High Admittance a high 
impedance while maintaining stability 
and watching the effects of damping



Technical Approach Continued
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Project Dependencies
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Dependency Need Contingency Plan Planned Deadline Hard Deadline Status

Access to Computer 
Need a computer with a 
Linux platform

Use a lab computer 8-Feb 13-Feb Completed

Access to Galen AMBF 
Model

File access and editing 
permissions

Create a basic 3D model 
and crude dynamics

14-Feb 20-Feb Awaiting Files

Software Installation 
MATLAB SIMULINK

License
Use Lab Computer with 
preinstalled software

8-Feb 13-Feb Completed

Software Blender and 
AMBF Addon

Installation Instructions
Use Lab Computer with 
preinstalled software

8-Feb 13-Feb Completed

Galen Robot and 
Controller Access

Anton and Adnan complete 
controller pipeline for 
Galen task space and joint 
space control

Go without Galen hardware 
implementation. 
Implement on similar robot 
or move on without 
implementation

15-Mar 15-Apr waiting

IRB for user study IRB Approval Go without the User Study
(Submission 20-Feb) 

3-Apr
(Submission 24-Feb) 

17-Apr
Waiting



Project Timeline
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Task 1.1

Task 1.2

Task 2.1

Task 2.2

Task 2.3

Task 2.4

Task 2.5

Task 3.1

Task 3.2

Task 4.1

Task 4.2

Task 4.3

Task 4.4



Key Milestones



Testing Plan
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• Nyquist plot or Root Locus to assess stability across both 
extreme bounds for human impedance and environment. 

• Observe stability in bode plot phase and gain margin. (Key 
for loop-shaping)

• Produce Stability Map

• Organize and carry out user study with ENT surgeons to 
collect qualitative performance data on the transparency of 
the controller compared to the current controller

https://doi.org/10.48550/arXiv.2007.14503

https://doi.org/10.48550/arXiv.2007.14503


Team

• Student:
• Brevin

Roles: Admittance Controller Design, Simulation, Hardware Integration

• Mentors:
• Ugur Tumerdem, Ph.D.:  Primary Lead, Controls Lead

• Manish Sahu, Ph.D.: Coding Consultant

• Adnan Munawar, Ph.D.: AMBF and Galen Lead

• Mohammad Salehizadeh, Ph.D. Galen Consultant

• Russell Taylor Ph.D.: General Consultant
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Meetings and Data Management

• Regularly scheduled weekly meetings with mentor: 4pm Thursdays

• Weekly correspondence with the current week’s deliverables and 
updates delivered before the weekend by email to mentor

• Attend Weekly meetings for Galen Robot Controller team: TBD

• All code files and deliverables are to uploaded to GitHub and the 
project wiki. This includes MATLAB, C++, Word, Excel, PowerPoint, and 
PDF files

• Code files are regularly pushed and updated to GitHub repository
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