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Introduction 
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 Because much of the day to day information is graphical or 
pictorial in nature, the storage and communications 
requirements are immense. 

 The goal of image compression is to reduce the amount of data 
required to represent a digital image. 

 Image Compression plays an important role in video 
conferencing, remote sensing, satellite TV, FAX, document and 
medical imaging. 

 

 



Steps involved in image compression & 
decompression 
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Need for compression 
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•  Data is the means by which information is conveyed.     

•  Data compression aims to reduce the amount of data 
required to represent a given quantity of information 
while preserving as much information as possible. 



Data redundancy 
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 Let n1 and n2 denote the number of information 
carrying units in two data sets that represent the 
same information 

 The relative redundancy RD is define as : 

 

 

 where CR, commonly called the compression ratio, is 
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Types of data redundancy 
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Coding redundancy 
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Contd.. 
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Types of compression 

10 



11 



12 



Classification of Lossless / 
Error free compression 
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Variable length coding 
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Huffman coding 

15 

 The most popular technique for removing coding 
redundancy is due to Huffman (1952) 

 

 Huffman Coding yields the smallest number of code 
symbols per source symbol 

 

 The resulting code is optimal 
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LZW Coding 
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 Remove Inter-pixel redundancy and addresses spatial 
redundancies in the image 

 Requires no priori knowledge of probability distribution 
of pixels 

 Assigns fixed length code words to variable length 
sequences 

 Patented Algorithm – in GIF, TIFF and PDF file formats 

 



LZW coding 
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Contd.. 
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Contd.. 
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Contd.. 
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Decoding LZW 
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• Use the dictionary for decoding the “encoded output” 

sequence. 

• The dictionary need not be sent with the encoded 

output.  

• Can be built on the “fly” by the decoder as it reads the 

received code words. 



Run length coding 
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Bit Plane Coding 
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 Process each bit plane individually. 

 
(1) Decompose an image into a series of binary images. 

(2) Compress each binary image (e.g., using run-length 
coding)  

 



Contd.. 
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Contd.. 
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Bit plane decomposition Example 
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Lossless Predictive Coding 
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Contd.. 
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Contd.. 
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Prediction error image 
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Histogram of original image and 
prediction error 



Lossy predictive coding 
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Contd.. 
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Contd.. 
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DPCM 
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Contd.. 
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Output 
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Lossy Compression 
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Add what is lossy 
compression, applications 



Transform coding 
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Contd.. 
 Transform the image into a domain where compression 

can be performed more efficiently (i.e., reduce 
interpixel redundancies). 

~ (N/n)2 subimages 



Example: Fourier Transform 

The magnitude of the 

FT decreases, as u, v 

increase! 

K-1   K-1   

K << N   



Transform Selection 

 

 

 

 T(u,v) can be computed using various 
transformations, for example: 

 DFT  

 DCT (Discrete Cosine Transform) 

 KLT (Karhunen-Loeve Transformation) 



DCT (Discrete Cosine 
Transform) 

if u=0   

if u>0   

if v=0   

if v>0   

Forward: 

Inverse: 



DCT (cont’d) 

 Set of  basis functions for a 4x4 image 
(i.e., cosines of different frequencies). 

 

 

 

 

 



DCT (cont’d) 
DFT WHT DCT 

RMS error:   2.32                       1.78                      1.13 

Using 

8 x 8 subimages 

 

 

64 coefficients 

per subimage 

 

 

50% of the  

coefficients 

truncated 



DCT (cont’d) 

 DCT minimizes "blocking artifacts" (i.e., 
boundaries between subimages do not 
become very visible). 

 
DFT 
 

i.e., n-point periodicity 

gives rise to 

discontinuities! 

 

DCT 
i.e., 2n-point periodicity 

prevents  

discontinuities! 



DCT (cont’d) 

 

 

 Subimage size selection: 

2 x 2 subimages original 4 x 4 subimages 8 x 8 subimages 



Wavelet coding 
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Basics of image compression 
standards 

 JPEG 

 MPEG 
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The JPEG Standard 

 JPEG is an image compression standard 
that was developed by the “Joint 
Photographic Experts Group”. JPEG was 
formally accepted as an international 
standard in 1992. 

 JPEG is a lossy image compression 
method. It employs a transform coding 
method using the DCT (Discrete Cosine 
Transform). 
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 An image is a function of i and j (or 
conventionally x and y) in the spatial 
domain.  The 2D DCT is used as one 
step in JPEG in order to yield a 
frequency response which is a function 
F(u, v) in the spatial frequency domain, 
indexed by two integers u and v. 
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Observations for JPEG Image 
Compression 

 The effectiveness of the DCT transform 
coding method in JPEG relies on 3 
major observations: 
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 Observation 1: Useful image contents 
change relatively slowly across the 
image, i.e., it is unusual for intensity  
values to vary widely several times in a 
small area, for example, within an 8×8 

image block. 

 much of the information in an image is 
repeated, hence “spatial redundancy 
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 Transform RGB to YIQ or YUV and 
subsample color. 

 DCT on image blocks. 

 Quantization. 

 Zig-zag ordering and run-length 
encoding. 

 Entropy coding 
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Main Steps in JPEG Image 
Compression 



Basics of MPEG 

 Moving Picture Experts Group 

   Established in 1988 
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 Generally produces better quality than the 
other formats such as: 
 Video for Window 

 Index and QuickTime 

 MPEG audio/video compression can be used 
many applications: 
 DVD player 

 HDTV recorder 

 Internet Video 

 Video Conferences 

 Others 
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 MPEG-1 : a standard for storage and 
retrieval of moving pictures            and 
audio on storage media 

  MPEG-2 : a standard for digital 
television 

  MPEG-4 : a standard for multimedia 
applications 
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 MPEG-7 : a content representation 
standard for information              
search  

  MPEG-21: offers metadata information 
for audio and video files  
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BASICS OF VECTOR 
QUANTIZATION 
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