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how our brain acts when we see 
this: 



how our brain acts when we see 
this: 



What’s in front?



What it is?













http://www.youtube.com/watch?v=BEHpwaUDk3U

http://www.youtube.com/watch?v=BEHpwaUDk3U


Marr’s Primary Sketch

BarEdge terminators

Go symbolic



Pb Images I
Canny 2MM Us HumanImage



Pb Images II
Canny 2MM Us HumanImage



Pb Images III
Canny 2MM Us HumanImage
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Readings

• Puzzicha, Buhmann,Rubner, Tomasi

• Empirical Evaluation of Dissimilarity measure for color and 
texture

• Rubner, Tomasi, Guibas

• The earth moving distance as a metric for image retrieval

• Martin, Fowlkes, Malik

• Learning to Detect Natural Image Boundaries using 
Brightness and Texture



Image Feature: Texture



Schools of thoughts on texture

• Texture: repeated elements, subject to randomization of their 

location, size, color orientation

• Julesz: Nth-order joint empirical densities of textons

• Bergen-Adelson,Malik, Tuner: Multi-scale filter banks, 

wavelets
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How the brain works (v1):
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How the brain works (v1):
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How the brain works (v1):
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Hubel and Wiesel Cat Experiment



Visual Cortex Cell Recording
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Base filter: 

Imitation Brain:



34

Filters are dedicated to a range of orientation: 

Base filter: 

Apply rotation:
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Bank of Filters
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Odd-symmetric filters:
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Odd-symmetric filters:
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The zero-crossings correspond to magnitude peaks.



Difference of Gaussian (DOG)



Simple Cell Receptive Field vs. 

Gabor Function

Solid line: Simple Cell Receptive 

Field.

Dashed line: Best fitting Gabor 

function.

From: DeValois and DeValois, "Spatial Vision", 

1988.



Gabor Filter
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Dennis Gabor
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Fourier Transform of a Gabor Filter

The Fourier Transform of a Gabor filter is a localized set of 

spatial frequencies.

Gabor filters are band-pass filters.  They are tuned to spatial 

frequency.

Fourier

Transform



Fourier Transform of a Gabor 

Filter

Fourier

Transform



Spatial Scales

The spatial profile of 

the simple cell 

receptive field is 

predicted by taking the 

inverse Fourier 

transform of the 

contrast sensitivity 

function for that cell.



Spatial Frequency Columns

As with orientation and ocular dominance, spatial frequency shows 

columnar organization in the cortex.



2D 

Gabor filter



Laplacian pyramid is doing

Band-pass filtering

What is a oriented 

band-pass filter?



Filter Banks



Filter Bank



Dot filter response



Odd symmetric filter outputs



Even symmetric filter
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Texture Processing Pipeline



Similarity using  ave. filter bank response





Average filter bank response



Is mean of filter outputs sufficent?



Texture Patch Types

•Simple: clean step edge

•Textured: on either side, or step with 
noise

•Complex: wrong scale, or just a mess

•Invisible: boundary but no edge



Simple 
Patches

Off-Boundary     On-Boundary



Off-Boundary     On-Boundary

Textured 
Patches



Off-Boundary     On-Boundary

Complex 
Patches


