Possible projects (examples)

« Construction and extension of statistical atlases of bony anatomy (RHT, Ofri)
« Measure EM tracker distortion in different environments (RHT)

Evaluation of tool motion in DaVinci using EM tracker (RHT)

e Calibrating (stereo)endoscopes for DaVinci (Hager)

e  Stereo vision algorithm implementation & benchmarking (Hager)

* Interactive environment for surgical robots (RHT/Kazanzides)

»  Cooperative manipulation for robotically-assisted ultrasonography (RHT)

«  Stereo visualization & performance tests with DaVinci (Marohn, Hanly)
 Smart sensors for surgical retractors (Talamini, Fischer)

« MATLAB-based surgical navigation for hip osteotomy project (Armand, RHT,
Gouthami)

« Ultrasound bone segmentation / US-CT registration (RHT, Jain)
« Surface-to-surface tracking of breast models in radiation oncology (Li, RHT)

 Deformable image registration of the liver using ITK (Cleary)
e Liver tumor segmentation using ITK (Cleary)
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Possible projects (examples)

* Integration of new microsurgery surgical robot (RHT, lordchita, Kapoor)
» 3D elastography (Boctor)

e Simulation for monitoring liver ablation (Boctor)

* Segmentation & visualization based on strain imaging (Boctor)

» Ultrasound calibration (Boctor)

e US Calibration (Jain)

» Prostate seed brachytherapy (Jain)

» Tracking of coronary MRI (Dewan)

2 600.445 Fall 2000; Updated: 10 February 2005
Copyright © R. H. Taylor

Engineering Research Center for Computer Integrated Surgical Systems and Technology



Surgical navigation for hip osteotomy

 Project Description

— Develop simple surgical navigation system to support
research project on FEM-optimized hip osteotomies.

— NIH R21 project (PI is Mehran Armand, APL), potential for
summer support MS project

e What students will do:

— Extend existing MATLAB code for registration, tracking
(Polaris tracker), communication with segmentation,
Integration with existing FEM code

— Experimental validation of system on phantoms

— Support cadaver trials in latter part of April

— Publication
 Deliverables

— Working MATLAB code; participation in experiments; reports
 Mentoring

— Mehran Armand, Russ Taylor, Gouthami Chintalapani
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Bone Atlases for Deformable Registration

 Project Description

— Construct a “pipeline” to build statistical atlases of bony anatomy
(pelvis, femur, knee, spine ...)

— NIH R21 project (PI Jerry Prince);
 What students will do:

— Use existing software to input and preprocess CT images of
multiple patients

— Assemble shells, programs, and other “glue” to construct atlases
using existing programs
— Develop statistical models (poss. incl. articulated anatomy)

— Participate in research on 3D/3D and 2D/3D atlas-based
segmentation and registration

 Deliverables
— Working programs, atlases, papers, report
o Skills
— C++ highly desirable for interfacing programs

— May be able to use MATLAB or scripting language, but less
desirable

« Mentoring
— Russ Taylor, Gouthami Chintalapani (project leader)
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Deformable image registration of the liver using ITK
(Cleary)

 Dynamic or 4D images (in which a section of the body is
repeatedly imaged in order to capture physiological motion) are
becoming increasingly important in medicine. These images are
especially critical to the field of image-guided radiation therapy,
because they enable treatment planning that reflects the
realistic motion of the therapy target. For example, a tumor in
the lung or liver can move several cm during respiration, which
IS more than enough to place it outside the penumbra of a
conformal radiation therapy beam. If this motion is not observed
and corrected, the dose to the tumor will be reduced while dose
to surrounding healthy tissues will be increased. Although itis
possible to acquire static images and deform them based on
generalized assumptions of normal motion, such an approach
does not account for variability in the individual patient. To
enable the most effective treatments, it is necessary to be able
to image each patient and characterize their unigue respiratory
motion.
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Deformable image registration of the liver using ITK
(Cleary)
 Number of students =1 or 2 or 3
 What the students will do
— Given 4D liver MRI data sets

— Use deformable methods in ITK to create a deformable liver
model

« Deliverable
— Working program
— Demo
— [likely conference/journal paper]
« Skills assumed
— C++ programming (to use ITK) is required
— Desirable = knowledge of ITK or segmentation
* Mentoring available from Dr. Cleary’s lab
« Summer internships possible if result is excellent
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Liver tumor segmentation using ITK (Cleary)

* The overall objective of this project is to integrate the
segmentation components of the Insight Toolkit (ITK) into an
existing software and hardware platform for radiofrequency
ablation treatment planning and image guidance. The software
platform is called Nav-RFA (Navigation for RF Ablation) and is
written entirely in C++, using object oriented methods and the
Visualization Toolkit (VTK). The hardware platform is based on
the AURORA magnetic tracking system from Northern Digital,
Inc. and is intended to provide image guidance for
radiofrequency probe placement. The Nav-RFA application has
been developed at the ISIS Center at Georgetown as a
E)rot)otype In a short time frame using Extreme Programming

XP

 Methodology [1]. A major limitation of the prototype is that the
physician must hand segment the tumor on each axial slice of a
computed tomography (CT) scan. The primary objective of this
project is to integrate the segmentation components of ITK with
the Nav-RFA application to provide semi-automatic
segmentation of liver tumors and evaluate the results on
selected liver test images. (focus of the Hopkins project will be
on liver tumor segmentation)
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Liver tumor segmentation using ITK (Cleary)

 Number of students=1o0or2or3
* What the students will do
— Be given set of CT images with liver tumors

— Will use ITK tool set to develop semi-automated
segmentation to find the tumors

« Deliverable
— Working program
— Demo
— [likely conference/journal paper]
« Skills assumed
— C++ programming (to use ITK) is required
— Desirable = knowledge of ITK or segmentation
* Mentoring available from Dr. Cleary’s lab
« Summer internships possible if result is excellent
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Project Ideas From Ameet Jain

Prostate seed brachytherapy

Intra-operative 3D dosimetry based on C-arm imaging & TRUS
60% of practitioners have C-arm

No one can use fluoro today for quantitative dosimetry

TRUS images of soft tissues

Calculate dosimetry&
Update remaining plan

K Fluoro images of seedy‘
—_ o~
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Our Suggested Approach
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Role of Fluoroscopy — Seed locations

Source, Source,
Q\ /.

3D Seed
Coordinates

Image,
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Why fluoroscopy is so difficult?

e Calibration

e C-arm Pose Recovery

e Seed reconstruction

« Registration of X-Ray to US

S
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Prior Works: Pose Recovery by Tracking Hardware

Extra Hardware
Intrusive
Expensive
Cumbersome
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Our Approach: Stationary X-ray Fiducial

Source, Source,
e o
e Non-intrusive
* No expensive tracker
* Also solves: NN
C-arm calibration
US X-ray registrationif
mounted on TRUS
image, ~  / N Image,

Register
each image
to the
fiducial

\

\
\
\
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Characterizing C-arm distortion patterns

Project description: Most C-arms suffer from image distortion due to various
reasons. For each pose, the image distortion is modeled using a high degree curve
(CIS-1), evaluated using a distortion correction grid. This solution does not assume
any underlying pattern in the distortion. Infact most distortion fields seem to indicate
properties like axis of symmetry, etc. The question is — can we model/understand
these properties to simplify the distortion correction procedure.

Skills required: CIS-1, mathematical ability, linear algebra
Programming language: Matlab preferable, but C++ ok too.
Appropriate for: Grad students, Seniors

Resources: Lab computers, previously collected image data, segmented data,
distortion functions written in matlab

Deliverable: A report with any particular observed pattern in image distortion.
Extension: Can be extended to a masters project, thesis or a paper.

Mentor: Ameet Jain, can meet once every 7-10 days.

Number of students: 1-2
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Intensity based pose estimation using the
FTRAC fiducial

Project description: We have validated the use of our fluoroscope tracking and
calibration (FTRAC) fiducial. Presently geometric features of the fiducial are
segmented from the X-ray image and an optimization done. To do away with
segmentation part of it, the optimization can be conducted directly on the intensity
values.

Skills required: Computer vision/X-ray imaging, math, basic optimization
Programming language: Matlab

Appropriate for: Grad students, Seniors

Resources: Lab computers, FTRAC pose estimation code (geometric), both
simulation and processed phantom data with ground truth is available

Deliverable: Extend the geometric code to an intensity based pose estimation by
adding a few matlab functions.

Extension: Can be extended to a masters project, thesis or a paper.
Mentor: Ameet Jain, can meet once a week.

Number of students: 2-3
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The Correspondence Problem

FTRAC Fiducial |« v

Sohr/(:e2 Source1

3D Seed Prostate
Coordinates info from
TRUS
Image,
A

Seed Matching Problem ?
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Discrete Tomography based seed
reconstruction

Project description: The correspondence/seed matching problem has been solved
by us by proposing the MARSHAL algorithm. But hidden seeds in X-ray images are
still an unresolved issue with no good solution being offered so far. We believe that
discrete tomography may offer some help. The project will build on the work done in
a project during the course image reconstruction and restoration.

Skills required: Computer vision/X-ray imaging, basic tomography, math
Programming language: Matlab

Appropriate for: Grad students, Seniors

Resources: Lab computers, earlier written code, both simulation and processed
phantom data with ground truth is available, literature

Deliverable: Extend and use the code to understand how the number of images
effects the feasibility of using discrete tomography.

Extension: Can be extended to a masters project, thesis or a paper.
Mentor: Ameet Jain, can meet once a week.

Number of students: 2-3
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Motivation

« 3D Ultrasound (US) is wuseful for anatomy reconstruction,
measurements, image guidance during surgery, RT update (4D US)

 Alow cost solution is a 2D tracked US (TRUS) probe.

« A necessary prerequisite is the calibration of the probe, i.e. an
accurate evaluation of the fixed yet unknown 3D transformation
between the image and the tracker unit.

It is usually achieved by using an accurately fabricated object
(phantom).
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Mathematical Framework

Cx:CTT TTR RTP Py

S,u
Calibration Equation mmmp  _ s,v

R O O O

The chain of transformations from pixel frame P, to the receiver frame

R, to transmitter frame T, and finally to construction frame C. (Upper
figure Courtesy of R. Prager)
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US Calibration

Project description: Contemporary US calibration methods use a very accurate
geometric phantom. We want to use a geometric phantom, but something that is not
accurate. We just know that the phantom has straight lines and want to use the
“lineness” property to do the calibration. Certain pieces of code is written and needs
to be put together to achieve this.

Skills required: Good in Math, optimization
Programming language: Matlab

Appropriate for: Grad students, Seniors
Resources: Lab computers, written pieces of code

Deliverable: Integrate all the code and write some more to achieve calibration. Use
available data to do some basic tests.

Extension: Can be extended to a masters project, thesis or a paper.
Mentor: Ameet Jain, can meet once a week.
Number of students: 2-3
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Elastography Projects (Boctor)

B-Mode image

Gel-Liver
phantom

Compression
plate

/

e
RFA /

device

Strain image rintg

Pathology image
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Project #1. 3D Elastography

Extending the 2D strain problem into 3D.
What will students do
— Input tracker data, US “RF” data (available)

— Extend Boctor’s 3D reconstruction code & 2D
strain code to produce 3D strain volume image

Deliverables:

— Freehand 3D Strain Ultrasound (3DSUS) system.
— l.e., working code + demo

— Report (may lead to good conference paper)

# students: 2

Skills: Basic signal processing and C++

Mentor: Emad Boctor (***)

Engineering Research Center for Computer Integrated Surgical Systems and Technology



Project #2: Elastography Based

Segmentation and Visualization
 What will the students do

— Input US b-mode images + US RF data
— Input strain images from Boctor’s program

— Modify deformable model segmentation code, construct
phantoms, evaluate

— Develop enhanced strain volume visualization
* Deliverables

— Program for 2D deformable model segmentation based on
strain field.

— Program for Volume rendering of 3DUS based on 3D strain
field.

— Report & possible paper
e # students: two
« Skills: C++, Matlab,
 Mentor: Emad Boctor (**)
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Project #3: Simulation of Monitoring

Ablation

« Building a virtual environment to test the limitation of
strain to monitor tumor ablation.

« What will students do
— Construct virtual phantom (FEM model)

— Use existing virtual ultrasound program to
generate series of RF data

— Evaluate strain calculations under different tumor
ablation scenarios

e Deliverable
— Simulation package
— Report, eventual coauthorship
e #students: 3
o Skills: Fieldll, Matlab, FEM
e Mentor: Emad Boctor (*)

27  600.445 Fall 2000; Updated: 10 February 2005

Copyright © R. H. Taylor Engineering Research Center for Computer Integrated Surgical Systems and Technology



Project #4: In-Vivo Calibration Analysis

* A new phantom-less method to calibrate US probe.
« What will students do

— Accept tracked US data of phantom

— Image processing to identify in-plane motion

— Speckle analysis to identify out-of-plane motion
e #students: 1-2

 Deliverables: 3DUS based on speckle de-correlation,
more next Thurs.

o Skills: Matlab and C++
 Mentor. Emad Boctor (***)
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Data Fusion and Densification for Video Based Registration

Description: Video based Registration is a novel method for
Intraoperative registration directly from monocular endoscopic
Images. This technique has the potential to provide a more accurate
surface registration at the surgical site than existing methods. The
XVision tracker is able to track point featuresin real sinuses of the
head. However the features which can be used for 3d structure
reconstruction are sparse. In this project, we aim to fuse and densify
the features to get denser 3d reconstructed points for robust
registration.

# of students: 3
Skills: Computer Vision, Linear Algebra, C++
Mentors: Darius Burschka, Ming Li
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Interactive Processing/Tracking of Coronary MRA Image database

Challenges Involved: -Significant motion of coronary arteries.

-Small size of coronary arteries. Difficult to locate in the low resolution images.

What to do: (1) Build a GUI for interactive Four chamber views
seleg:tlon of templates, processing, data -
logging etc. /

(2) Selection of optimal templates and
tracking the coronary arteries.

Skills Required: Matlab, basic image

High Low
processing. resolution resolution
I'd N\
Number of Students: 1 or2

Deliverables : Atleast (1) + some part (2)

Mentors: Maneesh Dewan, Greg Hager
Short axis views
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