
Neural Networks models

• Feedforward: perceptrons, MLP/BP
• ANN



Neural Networks models

• Linear classifiers
• Single layers – the XOR problem
• Multi layers



Neural Networks models

Association network

Basic operation:    

Update rule: 
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Neural Networks models

In vector form:
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Neural Networks models
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Neural Networks models

• Perceptrons: single level feedforward
• Changing the synaptic weights:
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Neural Networks models

• ANN:    S(t) = F(S(t-1))



The visual pathway



The eye



Eye types



Eye geometry



The Retina



Rods and Cones



Rods and Cones



Rods and Cones



Dynamic range



Retina scheme



What & Where



Retinotopic projections



Log polar



Log polar



Orientation columns



V1 structure



Image Processing



Image Filtering

• Modifying the pixels in an image based on 
some function of a local neighborhood of 
the pixels
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Linear Filtering

• The output is the linear combination of the 
neighborhood pixels

• The coefficients of this linear combination 
combine to form the “filter-kernel”
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Convolution

( ) ( ) ( )�� −−==
k l

ljkiHlkIHIjif ,,*,

Kernel
Image

=
=

H

I

H3H2H1

H6H5H4

H9H8H7

H1H2H3

H4H5H6

H7H8H9

H9H8H7

H6H5H4

H3H2H1

H

flipX −

flipY −

I9I8I7

I6I5I4

I3I2I1

⊗

192837

465564

738291

         

         

*

HIHIHI

HIHIHI

HIHIHIHI

+++
+++
++=

I



Separable kernels
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Height*width multiplications for each pixel
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Linear Filtering
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Gaussian Filter
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Gaussian Vs Average

Gaussian Smoothing Smoothing by Averaging



Fourier Transform
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The 2D Basis Functions
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Discrete Functions

0      1    2    3          ...         N-1

f(x)

f(x0)

f(x0+∆x)

f(x0+2∆x) f(x0+3∆x)

f(n) = f(x0 + n∆x)

x0 x0+∆x x0+2∆x x0+3∆x

The discrete function f:
{ f(0),  f(1),  f(2), … ,  f(N-1) }



Fourier spectrum  log(1 + |F(u,v)|) Image f

The Fourier Image

Fourier spectrum |F(u,v)|



Frequency Bands

Percentage of image power enclosed in circles (small to large) :

90%, 95%, 98%, 99%, 99.5%, 99.9%

Image Fourier Spectrum



Low pass Filtering

90% 95%

98% 99%

99.5% 99.9%



Noise Removal

Noisy image

Fourier Spectrum Noise-cleaned image



Noise Removal

Noisy image Fourier Spectrum Noise-cleaned image



High Pass Filtering

Original High Pass Filtered 



High Frequency Emphasis

+

Original High Pass Filtered 



High Frequency Emphasis
Original High Frequency Emphasis

Original
High Frequency 
Emphasis



Original High pass Filter

High Frequency 
Emphasis

High Frequency Emphasis 
+

Histogram Equalization

High Frequency Emphasis



2D Image 2D Image - Rotated

Fourier Spectrum Fourier Spectrum

Rotation



Image 
Domain

Frequency 
Domain

Fourier Transform -- Examples





Cheetah Image
Fourier Magnitude (above)
Fourier Phase (below)



Zebra Image
Fourier Magnitude (above)
Fourier Phase (below)



Reconstruction with
Zebra phase,
Cheetah Magnitude



Reconstruction with
Cheetah phase,
Zebra Magnitude



Edge Detection in Images

• Finding the contour of objects in a scene



Edge Detection in Images

• What is an object?
It is one of the goals of computer vision to 
identify objects in scenes.



What is an Edge
• Lets define an edge to be a discontinuity in 

image intensity function.
• Edge Models

– Step Edge
– Ramp Edge
– Roof Edge
– Spike Edge



Detecting Discontinuities

• Discontinuities in signal can be detected by 
computing the derivative of the signal.



Finite Difference in 2D
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Discrete Approximation

Definition

Convolution Kernels



Finite differences
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Classical Operators

Prewitt’s Operator
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Smooth Differentiate
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Classical Operators

Sobel’s Operator
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Smooth Differentiate
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The visual pathway



Gaussian Filter
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Difference of Gausians



Zero Crossing



LoG



Subjective  contours



Motion selectivity



Motion selectivity



Stereo vision



Stereo – Marr Poggio



Stereo – Marr Poggio


