




























































































































Real World Applications

Reconstruction
Hand Recognition
Cache Oblivious Algorithms
Finding good occluders



Reconstruction

Surface Reconstruction
Algorithm



Example Reconstruction



Reviver
http://www.compgeom.com/reviver



Reviver



Problems with Reviver



Curve Reconstruction

The same problem in 2 dimensions

Why care?
Because it has applications too (object 
recognition, segmentation …).
And it is the foundation of solving 3D 
reconstruction problems



Noise



Results Snapshot

We gave and implemented an algorithm 
that reconstructs curves provably in 
presence of noise.
The algorithm works by finding out local 
cluster centers in the data whose 
reconstruction gives a faithful 
representation of the data.



Reconstruction



Reconstruction



Hand Recognition

Using Palm outlines



Hand Recognition



Stages of Feature Extraction

Thresholding
Smoothing
Boundary Finding
Curvature Graph
Distance Transform



Classification

Extract 30 features from each hand 
image. (We collected 700 images.) 
Given a query hand image, identify 
which person it belong to
We use Minimum enclosing balls in 
infinite dimensions for Classification!



MEB Classifier



MEB Classifier



MEB Classifier



MEB Classifier



Misclassification Rates
Training Set 
Size

Nearest Box MEB SVM

3 2.81 1.53 4.77

4 1.74 .94 .93

5 1.72 .39 1.93



MEB Classifier 

We also tried MEB Classifier on Breast 
cancer data and compared it with other 
classifiers



FNA data ( Fine Needle Aspiration )

Wisconsin breast cancer database was 
used.
Dataset contained 30 real valued 
features such as mean area, radius etc 
extracted from images.
The dataset contained 569 (357 benign 
+ 212 malignant) cases.
Classified dataset using different 
classifers.



RESULTS:
CLASSIFICATION RESULTS USING VARIOUS CLASSIFIERS

% MEB SVC Neural 
Net

Parzen Fischer k-NN ldc

Accuracy 95.96 91.75 96.81 95.79 95.82 94.60 95.72

Sensitivity 97.76 99.55 98.55 98.44 99.27 96.31 99.33

Specificity 92.92 78.58 93.87 91.32 90.00 91.70 89.62

The results shown above were obtained by averaging the accuracy,
sensitivity and specificity of each classifier over 10 runs



Cache Oblivious Algorithms



Cache Oblivious Algorithms

Algorithms that take into account that 
memory access is not unit cost.
And do not need any ‘voodoo’
parameters.



(Z,L) Ideal Cache Model

Features:
• Two-level hierarchy.
• Cache of size Z.
• Cache-line length L.
• Fully associative.
• Optimal, omniscient 

replacement.

Measures:
•Work W.
•Cache misses Q.

Measures:
•Work W.
•Cache misses Q.

PP
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Snapshot of main results

We can do voronoi diagrams and 
delaunay triangulations in the cache 
oblivious model.
We implemented a 2D Delaunay
triangulation Algorithm that can do 
delaunay of massive data sets (based 
upon ideas from the cache oblivious 
algorithm)



A Picture of cuttings



Running Times in 2D



Finding Good Occluders

Preliminary Results



Finding Good Occluders

Find large covering of the inside of a 
closed shape with convex bodies for 
visibility processing.



Preliminary Results



Preliminary Results



Preliminary Results



Current Projects

Implement provable reconstruction 
algorithms in 3D for massive data sets.
Use/Improve MEB Classifier and design 
new classifiers for other applications

Currently work underway on detection of 
Cancer using Mass Spec data of blood 
serum. ( Joint work with Olaf Hall-Holt, Joe 
Mitchell, Marshall Bern ) 



Future Work



Areas

Computational Geometry 
Clustering / Pattern Recognition
Core Sets and Optimization
Bio-Metrics 
Bio-Informatics (Mass Spec data Analysis)
Surface Reconstruction with noise
Scientific Computing (Cache issues)



Open Problems

Core Sets for other problems?
Surface reconstruction with noise
Provably good occluders?
Cache Oblivious / Aware data structures 
and algorithms for graphics?
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