
SYDE 575: Introduction to 
Image Processing

Digital Image Processing Fundamentals



Electromagnetic Spectrum

Source: Gonzalez and Woods



Image Sensing

Source: Gonzalez and Woods



Digital Image Acquisition 
Example

Source: Gonzalez and Woods



Simple Image Formation Model
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● Image may be characterized by:
– Amount of source illumination incident on scene
– Amount of illumination reflected by objects in scene 

(r=0 for total absorption, and r=1 for total reflectance)



Image Sampling and 
Quantization

Source: Gonzalez and Woods



Example

Source: Gonzalez and Woods



Digital Image Representation

Source: Gonzalez and Woods



Spatial Resolution

Source: Gonzalez and Woods



Gray-level Resolution

Source: Gonzalez and Woods



Digital Zooming

● Nearest neighbor interpolation
– Look for closest pixel in original image
– Fast but causes undesirable checkerboard effect

● Bilinear interpolation
– Determines pixel value based on four nearest 

neighbors
● Do linear interpolation in x direction
● Do linear interpolation in y direction based on 

results of interpolation from x direction
– Does not suffer from checkerboard effect but can 

result in a blurred appearance



Digital Zooming

● Bicubic Interpolation
– Determines pixel value based on sixteen nearest 

neighbors
● Do cubic spline interpolation in x direction
● Do cubic spline interpolation in y direction based on 

results of interpolation from x direction
– Does not suffer from checkerboard effect like nearest 

neighbor interpolation and preserves fine details better 
than bilinear interpolation



Zooming Results

Source: Gonzalez and Woods

Nearest Neighbor Bilinear Interpolation Bicubic Interpolation



Discrete Convolution

[ ] [ ] [ ] [ ] [ ]
k

g n f n h n f k h n k
∞

= − ∞

= ∗ = ⋅ −∑

output input impulse 
function



Discrete Convolution Example

45 6

input

1/31/3 1/3

input

* = ?



Discrete Convolution in 2D

output input impulse 
function
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Discrete Fourier Transform

● A signal can be expressed as a weighted sum of sines 
and cosines

Source: Gonzalez and Woods



Discrete Fourier Transform

● Euler's formula

cos sinje jθ θ θ= +
● Based on this, summation of sines and cosines 

can be expressed

2 / cos(2 / ) sin(2 / )j ux Me ux M j ux Mπ π π− = −

cosines sines



Discrete Fourier Transform

output input sinusoids
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Discrete Fourier Transform in 
2D

output input sinusoids

● For an MxN image
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Fourier Analysis: Spectra

1/ 22 2( , ) ( , ) ( , )F u v R u v I u v = + 
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● Power Spectrum

2( , ) ( , )P u v F u v=



Fourier Spectra Characteristics 
of Images

● Most energy reside in low frequency components
– Implies that the original image can be reconstructed 

with good approximation with the low frequency 
components

● Low frequency components correspond to coarse details
– e.g., DC component represents average color of an 

image
● High frequency components correspond to fine details

– e.g., edges, noise



Fourier Analysis: Spectra

● In image coordinates, origin (0,0) refers to top-left 
corner

● Results in spectra being centered at corner
● Common practice to multiply input image by (-1)x+y

– Why?

( , )( 1) ( / 2, / 2)x yf x y F u M v N+ ℑ − = − − 
● Brings original of spectra to center of image



Fourier Spectra Example

Source: Gonzalez and Woods



Fourier Spectra Example

Source: Gonzalez and Woods



Fourier Analysis: Phase

● Characterizes structural information within an image

1 ( , )( , ) tan
( , )
I u vu v
R u v

φ −  
=  

 

Source: Gonzalez and Woods



Transfer Function

output input transfer 
function
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Image Quality Measures
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