
L. Yaroslavsky. Selected Topics in Image Processing       Part 1. Imaging transforms in digital computers 
 
Lecture 1. Convolution integral and digital filters 
1.1. Imaging transforms and principles of their discrete representation  
The consistency principle and the mutual correspondence principle between continuous and digital 
transformations. 
Main assumption: signal discrete representation through shift sampling ( ) ( ) ( ) ( )( )[ ]{ }xukxx sss
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1.2. Convolution integral and digital convolution  

Convolution integral: ( ) ( ) ( )∫
∞

∞−

−= ξξξ dxhaxb   ⇒  ∑
−

=
−=

1

0

hN

n
nknk ahb  

{ }nh - Discrete PSF of the digital filter; 
Overall PSF of the digital filter:   
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Continuous frequency response of the digital filter: ( ) ( )∑
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Theorem 1. Given signal sampling and reconstruction devices and the number of signal samples, overall 
frequency response of the digital filter 
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is completely determined by coefficients { }rη of the digital filter Discrete Frequency Response  DFrR (SDFT of 
the filter DPSF):  
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 or by  its continuous frequency response 
 
Theorem 2. Coefficients of Discrete Frequency Response of the digital filter are samples of its Continuous 
Frequency Response CFR_DF taken with a sampling interval xNΔ1  
and 
Theorem 3 CFR_DF of the digital filter is a discrete sinc-interpolated function of its samples 
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Consistency and mutual correspondence principle between continuous and digital signal 
transformations 

 
Direct imaging: man made devices 

 

 
A woodcut by Albrecht Dürer showing the relationship between the light distribution on an 
object and image plane (adopted form R. Bracewell, Two-dimensional imaging, Prentice Hall Int. 1995) 
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Schematic diagram of optics of photographic and TV cameras 

 

Continuous input signal Continuous output signal

Discretization 
and 

quantization 

Digital signal 

Digital 
signal 

transformations 

Reconstruction 
of the continuous 

signal 

Equivalent continuous transformation 

Digital signal 

Object plane ( )ηξ ,  Image plane ( )yx,  

Objective lens 

Object ( )ηξ ,a  
Image 
( )yxb ,  



 
Direct imaging in animal kingdom 

 

 
 

Compound eye of insects 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Human eye 

About 100,000,000 
photoreceptors 
(6% cones, 94% rods)



 Transform imaging and wave propagation 
 
 
 
 
 
 
 
 
 
 
 
 
 

Huygens-Fresnel principle. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Point spread function  
of free space wave 
propagation  ( )
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Kirchhoff-Rayleigh-
Sommerfeld integral 
transform ( ) ( )
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“Near zone” approximation: 
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Fresnel integral transform:   
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C. Huygens (1629-95), 
Dutch physicist 

 
A. J. Fresnel (1788-

1827), French 
physicist 
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Discrete representation of convolution integrals 
 
Digital filter that corresponds to a convolution integral: 
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Overall continuous PSF of the digital filter: 
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Overall continuous frequency response of digital filter: 
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where ( )frΦ  is frequency response of the signal reconstruction device: 
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( )ps −Φ  is frequency response of the signal sampling device: 
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( )pDFCFR _  is continuous frequency response of the digital filter: 
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Continuous frequency response of the digital filter: 
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Let discrete signal has N samples and let { }rη  be Discrete Fourier Transform coefficients of 
discrete PSF { }nh  of the digital filter: 
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“Filter space-variance” term:  
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Signal base band

 
Continuous frequency response and its samples (marked by circles) of a digital filter that 
computes signal local mean over 5/64 of signal size  
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Overall frequency response 
of a digital filter 
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Filter space variance is 
associated with the finiteness of 
the number of signal samples 
When the number of signal 
samples tends to infinity, filter is 
becoming space invariant:  
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