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Introduction

Goal: To develop an algorithm for the autonomous
acquisition of breast lesion ultrasound (US) images
during a mammography screening.

Significance: Ultrasound data will augment the data
collected by a mammogram, reducing the frequency
of return visits.

The Problem

« After receiving a mammogram, around 6 million
patients are called back for US scans each year,
despite only 350,000 patients actually being
diagnosed. 94% False Positive Rate

The Solution - Overview

« Ultrasound imaging in combination with X-Ray imaging
has been shown to increase the accuracy of breast
cancer screenings.

« Arobotic system to acquire US images would make
the mammography screening process more efficient
without the need for additional US technicians.

The Solution - Calibration

« Camera Calibration
- Got rid of distortion on
the image edges

6-DoF F/T Sensor

 Hand Eye Calibration
- found T_¢ by using Aruco |
Marker and solving an o
AX=XB problem

 Ultrasound Calibration
- found T_, by using a
cross wire Phantom and
solving a BXp problem
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Figure 1: Transformations on setup

The Solution - Motion Planning

« Path Planning to arrive at inputted lesion locations.

 Force based motion applies appropriate pressure for
ultrasound acquisition.

 Automated “wobble” motion captures ultrasound
images of a lesion at multiple angles.
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Figure 2: Co-Robotic Ultrasound Mammography Ultrasound Acquisition Workflow
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Figure 3: Ultrasound Data Collected by UR5 Robot

Outcomes and Results
« Calibrated camera and ultrasound probe to URS5 robot
o Achieved accurate transformations from the frame
of the end-effector of URS to the camera frame and
to the ultrasound probe frame
» Designed workflow for robotic ultrasound acquisition
o ROS, RViz, and Movelt integrated with C++ to
create workspace, constraints, and motion paths for
URS robot
o Robotig 6-DoF FT-150 Sensor used to control force
applied to US probe during testing
o Movement to lesion and “wobble” motion paths

Figure 4: Virtual Robot Model and Workspace Used for Path
Planning (Bounding Boxes Removed for Visualization)

Future Work

« Kevin and Yuxin will continue work over the summer.

* Improve consistency of motion planning algorithms.

« Automate control of Ultrasonix ultrasound imaging
computer system.

* Modify camera location for real time motion planning.

* Deep learning based lesion detection.

Lessons Learned

* Applied the camera calibration, hand eye calibration
and ultrasound calibration in realistic problem.

 |nterface with URS using R-Viz and Movelt to plan

robot trajectories and control a URS in cartesian space.

 Teamwork skills and experience.
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