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Vincent Ng

Xin Yuan Wang

� Background

� Relevance

� Project Goals

� Technical Approach

� Timeline

� Deliverables

� Assigned Responsibilities

� Dependencies

� Management Plan

� Student: 
◦ Xin Yuan Wang

◦ Vincent Ng

� Mentors: 
◦ Prof. Russ Taylor

◦ Rogerio Richa

◦ Marcin Balicki

◦ Prof. Gregory Hager (Computer Vision)

� Fundus
◦ Interior surface of 
the eye

� OCT

� Surgical Tools

� Macular Hole 
Surgery
◦ Internal Limiting 
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3333

Solution: 

Annotations overlay on video

Surgeon annotates preoperative image

Problem: 

Mentally track notes & locations during 

surgery, adding significant load to the 
already challenging surgical task. 

Slide taken from Rogerio Richa’s
presentation

� Registration 
◦ Preoperative images to intraoperative images

◦ Overlay of landmarks on live microscopic feed

� Integration
◦ GUI for surgeons

◦ Frameworks – CISST, OpenCV

� Modern Hardware
◦ Parallel

� GPU

� Multi-core

� Registration
◦ Intra-intra feature 
registration

◦ Preop-intra registration

� OpenCV, SURF/SIFT

◦ Image processing

� OpenCV

� Modern Computing Power
◦ Multi-core 

◦ GPU

� Scale-space extrema detection

� Keypoint localization

� Orientation assignment

� Keypoint descriptor

Courtesy of David Lowe

(a) 233x189 image
(b) 832 DOG extrema
(c) 729 left after peak

value threshold
(d) 536 left after testing

ratio of principle
curvatures

Courtesy of David Lowe

RANdom SAmple
Consensus

Courtesy of wiki
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� Registration
◦ Intra-intra feature 
registration

◦ Preop-intra registration

� OpenCV, SURF/SIFT

◦ Image processing

� OpenCV

� Modern Computing Power
◦ Multi-core 

◦ GPU

• Image Processing
• Aperture
• Light cone
• Focus
• Exposure issues
• Interference with 
floaters

• Tool 
interference

� Registration
◦ Intra-intra feature 
registration

◦ Preop-intra registration

� OpenCV, SURF/SIFT

◦ Image processing

� OpenCV

� Modern Computing Power
◦ Multi-core 

◦ GPU

� Minimum
◦ Utilize, understand and implement SURF
◦ Test/Validate program using manually picked 
annotations as ground truth
◦ Data: Surgical and non-surgical

� Expected
◦ Multicore processor speedup
◦ Simple GUI that marks annotation for surgeon
◦ Initial Image processing for real surgery data

� Maximum
◦ Deploy solution into OR.
◦ Integrate fundus/OCT data to surgeon’s screen
◦ Real-time image processing with GPU acceleration
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Presentation and 

Proposal

Feature detection and 

Matching

Pre-op image processing 

Annotation registration

GUI

Speed-up with multicore

Advanced Image 

Processing

Refinement Final report 

and Poster

Cycle 2Cycle 1 Cycle 3

� Cycle 1 (Checkpoint: Feb. 17-28)
◦ Paired Programming

� Understanding CISST, OpenCV

◦ Shared Reading List

� Cycle 2 (Checkpoint: Feb 29-March 19)
◦ Xin: Identify areas of image processing to tackle for 
real images

◦ Vincent: Plan GUI/GPU strategy

� Cycle 3 (Checkpoint: March 19)
◦ Xin: More image processing, GUI

◦ Vincent: GPU/Parallelization 

◦ Cycle 1: (Checkpoint:Feb. 17-28)
� Fundus image of the phantom model

◦ Cycle 2: (Checkpoint:Feb 29-March 19)
� Pre-op/intra-op phantom data

� Pre-op/intra-op rabbit retina data

◦ Cycle 3: (Checkpoint: March 19)
� Feedback from surgeons about our test GUIs (HIPPA 
training, observe an actual procedure to see what 
the surgeon might want from our project)

� Access to actual hardware (CPU/GPU).
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◦ Weekly Meetings with Richa and Dr.Taylor on 
Friday

◦ Weekly FAQ session with Richa on Monday or 
Wednesday

◦ Weekly programming for 20 hrs, paper-reading 
and algorithm discussion for 5 hours

◦ Weekly Documentation Update

◦ Assess the viability of cycle 2-3 when cycle 1 is 
completed
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