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Digital Imaging Fundamentals:

Sampling & Quantization
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Announcement

� Assignments:
� Due: 2/18/2007 (end of class)
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Digital Image Acquisition:
From Physical Image to Digital Image
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Digital Image Acquisition:
From Physical Image to Digital Image

Spatial 
discretization

Intensity 
discretization

Generally an image cannot be 
represented by an analytic function

Instead represent it as a tabulated 
function

� Sampling
Process of mapping a continuous 
function to discrete
NOTE: pixels are samples from physical 
image
� Photoreceptors in eye

� CCD array

� Quantization
Process of mapping continuous variable 
to discrete
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Preliminaries
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Delta function:

Sampling function:
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Preliminaries – Fourier Transform
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1-D Inverse FT:
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Image

Fourier 
Transform

Fourier Transform Pair - example



2/5/2008 8

Fourier Transform Pair - example

Image

Fourier 
Transform
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Fourier Transform Pair - example

Image

Fourier 
Transform
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Preliminaries – Convolution

Image from Mark Meyer
http://www.gg.caltech.edu/~cs174ta/
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Physical � Discrete Image
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Physical Image:

Sampling 
Function:

Sampled Image:
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Spatial Sampling
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Recovering Original Image from Samples
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Interpolation 
filter

• Should have no spectrum overlap in ( )yxf s ,

• should be able to filter out                when ( )yxr , 0, ≠nm( )yxf s ,
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Recovering Original Image from Samples
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Problem with Undersampling
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Problem with Undersampling

xω

yω
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Problem with Undersampling

xω

yω

Fold over 
frequencies

Aliasing Error

* Not correctable with post filtering
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Image from Robert L. Cook, "Stochastic Sampling and Distributed Ray Tracing", An 
Introduction to Ray Tracing, Andrew Glassner, ed., Academic Press Limited, 1989.

Aliasing

• At reconstruction 
signal will be mistaken 
for some simpler 
signal (there is no 
enough knowledge 
about the signal)
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Aliasing Error – Visual Perception

Original image Down-sampled 
version
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Band-limited image               , i.e.
Sampled uniformly on the rectangular grid at               intervals is 
recoverable without error from the sample values

if sampling rate is greater than the Nyquist rate! 

The recovered signal is given by:  

Spatial Sampling Theorem
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Temporal Aliasing - Video

• Strobing effect

• Flickering effect
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Zoom-in Reconstruction
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Bilinear Interpolation
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Bilinear Interpolation
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Quantization
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� Continuous Valued Samples � Discrete Valued Samples

Quantization

La Ua
� �

0d 1d 2d 1−jd jd 1+jd Jd1−Jd

Decision levels

∗ ∗ ∗ ∗
0r 1r 1−jr jr

∗
1−Jr

Reconstruction levels

� Issues:
� J=?

� Placement of reconstruction levels ?
� Placement of decision levels ?

� Error ?
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Quantization



2/5/2008 30



2/5/2008 31

Image Histogram
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bi-level image

Pixel values linearly 
increasing from 0 to 
255 with increasing 
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Image Histogram: example
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Compandor
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Luminance - Contrast
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Quantization:
Contouring Problem

1-bit 2-bit 3-bit 4-bit

5-bit 6-bit 7-bit 8-bit
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Dithering

Image from Thomas Funkhouser’s lecture in Princeton University.
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Dithering: Ordered vs. Random

Image from Thomas Funkhouser’s lecture in Princeton University.
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Half-tone

Image from Thomas Funkhouser’s lecture in Princeton University.
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Half-tone

Image from Thomas Funkhouser’s lecture in Princeton University.
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Half -tone: how many gray -levels 
per block?

Image from Thomas Funkhouser’s lecture in Princeton University.


