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Wavelet-based Image 
Compression 
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Situations where image compression 
offers a solution 

ÅVideo 
ï480p with 10 key frames/sec requires 0.51 GB for 

one minute. 

ÅDigital cameras 
ï1 MP and 8 MP images require 3 MB and 22.8 MB 

of storage. 

ÅReducing storage and transmission costs lead 
to image compression. 
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Overview 

ÅRedundancies in images. 
ÅWhat typical image compression systems do. 
ÅCurrent methods for natural image 

compression. 
ÅState-of-the-art image compression with 

wavelet representations. 
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Representing information with 
data 

ÅMore data is usually used than is absolutely 
required. 
ÅReduce data by minimizing redundancy and/or 

reducing detail. 
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Coding redundancy 

ÅSome values are more common than others. 
ÅExample, this image has four colors: 
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Huffman tree construction 

LƳŀƎŜ ŦǊƻƳ ά¢ƘŜ 5ŀǘŀ /ƻƳǇǊŜǎǎƛƻƴ .ƻƻƪέ ōȅ aŀǊƪ bŜƭǎƻƴ 
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ÅAverage bits per symbol with BCD: 3 

ÅNew average bits per symbol: 2.7 

ÅRedundancy has been decreased by 10%. 

Huffman coding 

LƳŀƎŜ ŦǊƻƳ ά¢ƘŜ 5ŀǘŀ /ƻƳǇǊŜǎǎƛƻƴ .ƻƻƪέ ōȅ aŀǊƪ bŜƭǎƻƴ 
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Arithmetic coding 
Åa1 = 0.2, a2 = 0.2, a3 = 0.4, a4 = 0.2 
Åa1 a2 a3 a3 a4 can be encoded as 0.068 
Å3/5 decimal digits per symbol. 

LƳŀƎŜ ŦǊƻƳ ά¢ƘŜ 5ŀǘŀ /ƻƳǇǊŜǎǎƛƻƴ .ƻƻƪέ ōȅ aŀǊƪ bŜƭǎƻƴ 



9 

Inter-pixel redundancy 

ÅAdjacent pixels tend to be correlated. 

ÅTransform to reduce correlation. 

ïTransforms do not provide any compression. 

ïTransforms are reversible mappings between 
domains. 
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Psycho-visual redundancy (lossy) 
ÅWe perceive substantial variances in intensity. 
ïBut miss minor ones. 

Image from http://www.cse.unr.edu/~bebis/CS474/ 
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ÅThe human eye is less sensitive to chroma. 
ïOnly applicable in natural images. 
ïDecompose RGB into luminance and chroma. 
ïChroma is often down sampled (4:2:2 or 4:1:1). 
ïDetail reduction is often imperceptible. 
ïFormula for lossless YUV: 
 
 

Psycho-visual redundancy (lossy) 
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Original image 

Image by Haneburger published on Geolocation.ws, filtered by demo program. 
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RGB channels 

Image by Haneburger published on Geolocation.ws, filtered by demo program. 
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YUV decomposition 

Image by Haneburger published on Geolocation.ws, filtered by demo program. 
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Criteria for compression 

1. What is the amount of information in an 
image? 

2. How much redundancy can be removed? 
3. What is the minimum amount of data 
ǊŜǉǳƛǊŜŘ ŦƻǊ ŀƴ άŀŘŜǉǳŀǘŜέ ǊŜŎƻƴǎǘǊǳŎǘƛƻƴΚ 
ïVisual quality measured by subjective and 

objective fidelity. 

4. How computationally complex is the 
encoder? 
ïModern techniques were previously unfeasible. 
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Anatomy of an image compressor 

ÅImage compressors use the following steps to 
tackle the various redundancies: 
ïTransformation 
ÅInter-pixel redundancy 

ïChroma decomposition and quantization 
ÅPsycho-visual redundancy 

ïSymbol coder 
ÅCoding redundancy 

ÅThe output from the symbol coder is then 
transmitted. 
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Discrete Cosine Transform 

ÅCurrent standard transform for minimizing 
inter-pixel redundancy. 
ÅDecomposes a block into a weighted sum of 

sinusoidal waves of different frequencies. 
ïTransforms pixels from image space into 

frequency space. 

ÅDiscrete real-valued descendant of the Fourier 
Transform used in signal processing. 
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Basis functions 

ÅDefinition similar to Linear Algebra, but with 
functions instead of vectors. 
ÅA basis is a set of functions with the following 

properties: 
ïAny weighted sum of the basis functions can 

represent every possible outcome in a given 
space. 
ïEvery pair of functions within the basis is linearly 

independent. 
ïBasis for a N-dimensional space has N entries. 
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Analogy with basis vectors 

ÅThe orange and blue vectors form a basis for 
the surface. 
ÅThe green and yellow lines can be expressed 

as weighted sums of the basis vectors. Their 
representation is a pair of weights for the 
basis vectors. 
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Basis functions 

ÅThe basis functions for a fixed-size DCT 
transform are calculated from a formula, not 
an image. 
ÅThe transform only finds the weights 

associated with the basis functions such that 
their weighted sum will reproduce the original 
image block. 
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DCT transform 

ÅJPEG uses 8 frequencies in two dimensions 
that are used to represent each 8x8 block. 
ï64 pixels are used to calculate 64 coefficients 

which represent the energy present at each 
frequency. 
ïThis separates approximation and detail 

information. 
ïThe weights are stored as DCT coefficients. 
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DCT basis 

DCT basis generated by demo program. 
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DCT applied to an image 
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DCT applied to an image 

DCT calculated by demo program. 


