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Retina Project Overview

• Registration

– Preoperative images to intraoperative images

– Overlay of landmarks on live microscopic feed

• Requirements

– Image Matching/Tracking
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Paper Selection and Relevance

• Herbert Bay, Andreas Ess, Tinne Tuytelaars,  

Luc Van Gool,  "SURF: Speeded Up Robust 

Features", Computer Vision and Image 

Understanding (CVIU), Vol. 110,  No. 3,  pp. 

346--359, 2008

• SURF – algorithm for feature detection and 

descriptor generation

Background

• Computer Vision

– Object recognition

– Video tracking

• Finding point correspondence between 2 images

– Feature detection, feature descriptor, feature 
matching

– SIFT (Scale Invariant Feature Transform)

• Slow for live video implementation

• “Predecessor” / Influence

• Hessian (location), Laplacian (scale) – approx via Difference 
of Gaussians
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Problems

• Feature Detector

– Repeatability

– Robust

– Distinct

– Scale, rotation invariant

• Feature Descriptor

– Robust to noise, 

detection displacement, 

geometric/photometric 

deformations

– Fewer dimensions = 

faster, but less distinct

SURF Theory: Feature Detector

• Feature Detector

– Corners, blobs, T-

junction

– Integral Images

– Hessian-matrix (choose 

where determinant is 

maximum)

– Approximation

• “Fast Hessian detector”

• Small loss in repeatability

Images and formulas taken from SURF paper
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SURF Theory: Feature Detector

• Feature Detector

– Scale Invariant

Images and formulas taken from SURF paper

SURF Theory: Feature Descriptor

• Feature Descriptor

– Describing smaller-scale 

features within interest 

neighborhood

– Closely mimics SIFT

– Rotation invariant

– Haar Wavelet Responses

Images and formulas taken from SURF paper
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SURF Theory: Feature Descriptor

• Feature Descriptor

– Describing smaller-scale 

features within interest 

neighborhood

– Closely mimics SIFT

– Rotation invariant

– Haar Wavelet Responses

Images and formulas taken from SURF paper

SURF Theory: Feature Matching

• Feature Matching

– Sign of Laplacian (trace 

of Hessian)

Images and formulas taken from SURF paper
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Sample
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Experiment

• Comparison (speed, repeatability, reliability)

• Camera calibration for 3D reconstruction

• Object recognition experiment

Key Result – Feature Detection, Speed

Images and formulas taken from SURF paper
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Key Result – Feature Detection, 

Repeatability

Images and formulas taken from SURF paper

Key Result – Feature Descriptor

Recall precision for nearest-

neighbor ratio matching 

Images and formulas taken from SURF paper
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Critique

Good

• Described previous related 

work/algorithm

• Extended SIRF/other related 

detector-descriptors

• Justification of theory

• Balanced Speed vs. 

Performance

• Relevance to other areas of 

research

Bad

• Faster, faster, faster –> In-Depth 

Analysis of Performance?

• What ways is SURF 

better/worse than SIFT?

– Need larger sample testing

Next Steps

• GPU Parallelization - Done

• Feature Descriptor : 64 vs. 128 elements

• Testing on image distortions 

• Implications for image matching by comparing 

descriptors

• No color info used
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Assessment / Relevance to Project

• Speed vs. Accuracy

– Live tracking?

• Robustness for current data

– Scale invariant

• Customizable – Hessian threshold, description 

size

• Feature matching?

Conclusion

• Balance between Speed vs. accuracy

– Approximation, reduction in operations

• Valid replacement for SIFT
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Questions?


