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Thesis Statement 

ÅWSI data set (digital slides) represent new opportunities 
to carry out numerical queries of morphologic features 
 

Thought: 

ÅIf we can take an H&E of a cancer tissue section 

ÅMake into a digital image  
ïconverting it to numerical values of 0s &1s 

ÅConvert these numbers back into an image 

Å!ƴŘ ǎǘƛƭƭ ƳŀƪŜ ŀ ŘƛŀƎƴƻǎƛǎ ƻŦ ŎŀƴŎŜǊΧΦ 

 

 
 

 

²Ƙȅ ŎŀƴΩǘ ǿŜ Řŀǘŀ ƳƛƴŜ ǘƘŜ лǎ ϧ мǎ ŦƻǊ ǘƘŜ ŎŀƴŎŜǊ ŘƛŀƎƴƻǎƛǎΚ 



Current state of Image analysis and 
pattern recognition algorithms 

ÅConventional image analysis:  Limited to quantitative IHC 
ÅChallenge of working with H&E:  separating Foreground 

from Background 
 
 
ÅWhy are algorithms not an integral tool for the pathologist? 
ïThe recent availability of digital slides 
ïDiscovery workflow:   
ÅPathologist knows what to identify and how to validate 
ÅProgrammer knows how to write the algorithm 

 
There needs to be an advanced algorithm that pathologists can use 



Let me tell you were we are going with this 
before I start 

¢ƘŀǘΩǎ ǿƘŀǘ ǘƘƛǎ ǘƻƻƭ ǿƛƭƭ Řƻ ŦƻǊ you 
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    Conventional Vector Quantization (VQ) 
(Context) 

ÅOrigin:  
ïOriginally utilized in broadcast video for video data 

compression 

ÅMethod:  
ïA block of data points (vectors) becomes represented by an 
ƛŘŜƴǘƛŦƛŜǊ ƛƴ ŀ άŎƻŘŜōƻƻƪέ 

ïNew data pointsĄnew identifier 

ÅUse: 
ï¢ƘŜ ƛŘŜƴǘƛŦƛŜǊǎ ŀƴŘ άŎƻŘŜōƻƻƪέ ŀǊŜ ǘƘŜƴ ǘǊŀƴǎƳƛǘǘŜŘ 

ÅLimitation:  
ïVQ only identifies exact pattern matches  

ïUnsuitable for tissue and cell-level pattern matchingĄ 
heterogeneity 



The greatest challenges of working with 
pathology images: 

Candidate Feature 

How many ways can this be sampled? 
-X and Y translational degrees of freedom  
-Rotational degree of freedom 
-Mirror symmetry  
-Dynamic range  
-Scaling factors 

The numerous ways to sample a feature 



Challenge  

 

ÅA representative 25 x 25 pixel feature can be 
stochastically sampled >50 million different ways 



The number of ways an image can be 
sampled is overcome with the use of 

Rings:  
 

-The only geometric structure in 2 
dimensional space besides a point that 
has continuous symmetry 
 
-Each ring matches a series of points on 
a circle 
 
-Converts this two dimensional 
orientation problem into linear pattern 
matching  
 



Adjacency Problem:      Binomial Interpolation 



How many points on the ring will be sampled? 
  
 
 Nyquist frequency theory:  all information is contained in twice 
 the maximum spatial sampling frequency (inter-pixel sampling) 
 



Spatially Invariant Vector Quantization 

ÅA pattern recognition algorithm that uses ring vectors 
 

ÅKey features: 
ïZero-training workflow  

ïRather an interactive discovery workflow model rather than 
ŀ άōƭŀŎƪ-ōƻȄ ŀǇǇǊƻŀŎƘέ 

ïComputationally inexpensive (runs on laptops) 

ïMulti-ƭŜƴƎǘƘ ǎŎŀƭŜǎ όƻǇŜǊŀǘŜǎ ŀǘ ǾŀǊƛƻǳǎ άƳŀƎƴƛŦƛŎŀǘƛƻƴǎέύ 

 

 
Needs a Pathologist                

(someone who understands morphology) 



Spatially Invariant Vector Quantization 

How is it used: 
 

Å1. A predicate image is selected (by clicking mouse) 

Å2. Image is searched 

Å3. A statistical probability heatmap of quality of 
matches is painted onto image 

 

 

 

 











The figure in the upper left is a satellite image of the NIH 
campus downloaded from Google maps.  A vector was 
selected from the green grass to generate a heatmap 

based on the quality of matches in the bottom left.  The 
top right is an image of breast tissue.  A vector was 

selected from the dark staining stroma to generate a 
heatmap based on the quality of matches in the bottom 

right 














