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Project Summary

› Integrate the power steering UR5 
system with synthetic tracked 
aperture ultrasound (STRATUS) 
imaging algorithm

› Validate STRATUS in multiple 
direction through phantom study 
and in vivo study

› Extend the existing system to a 
higher dexterity



Project Summary

› Virtual fixtures: 
– stay on line (both lateral and elevation)

– stay on plane + rotation

– follow a trajectory

› Virtual fixtures enable STRATUS and can make the 
procedure repeatable 
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Paper Abstract

› Paper 1: A Cooperatively Controlled Robot for Ultrasound 
Monitoring of Radiation Therapy

› Paper 2: Cooperative Control with Ultrasound Guidance for 
Radiation Therapy

› Goal: reproduce the ultrasound guidance that is consistence 
with the treatment plan

› Method: using a co-manipulation strategy that uses static 
VFs (paper 1) or incorporates real-time US imaging in the 
control loop to update the VFs (paper 2)



Background

› Radiation therapy: CT scan for treatment planning 
delivery of treatment according to the plan

› Ultrasound (US) can be used to both assist with patient 
setup and to provide real-time monitoring of soft-tissue 
targets.

› Challenges:
1) the ultrasound probe contact pressure can introduce 

inconsistence deformation to the target area

2) radiation therapists typically do not have ultrasound 
experience



Material and Method

(1) Unconstrained
(2) Static VFs
(3) Dynamic VFs



Admittance Control 



Virtual Fixture



Static VFs



Experiment 1



Experiment 2 

The results showed a mean absolute error in x direction as 

0.9 ± 0.5 mm and 0.3 ± 0.3 mm in z direction

When a mean normalized cross-correlation is used for 

experiment images and reference images, it yields a 

coefficient of 0.91 ± 0.01



Static+Dynamic VFs





Data Analysis



Result



Paper Assessment 

› The paper provides a method to reproduce US image

› Clear workflow for the application, algorithm and 
experiment

› Virtual forces/torques enable both VFs and haptic guidance 
for cooperative control

› Limitations:

› Only one sample size

› Not-yet clinically applicable

› Only one sensor

› Larger error in clinical setup due to tissue motion



Conclusion/Application

› Virtual fixture can provide haptic guidance to reproduce 
consistence US image and probe placement

› It a co-manipulation strategy where the human is 
always in control of the robot

› We attempt to implement the virtual force/torque 
method to our “follows trajectory” VF case

› It can also possibly be incorporated with our second  1 
DOF force sensor (e.g. maintaining a certain pressure 
during a scan)



› Question/Comment?
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