Waveletbased Image
Compression



Situations where Image compression
offers a solution

A Video

I 480p with 10 key frames/sec requires 0.51 GB for
one minute.

A Digital cameras
I 1 MP and 8 MP images require 3 MB and 22.8 ME
of storage.

A Reducing storage and transmission costs lead
to Image compression.



Overview

A Redundancies in images.

A What typical image compression systems do.

A Currentmethodsfor natural image
compression.

A Stateof-the-art imagecompression with
wavelet representations.



Representing information with
data

A More data is usually used than is absolutely
required.

A Reduce data bgninimizingredundancyand/or
reducing detall.
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Coding redundancy

A Some values are more common than others.
A Examplethis image has four colors:




Huffman tree construction

Original source . Source reduction

Symbol Probability 1

2 3 4

a, 0.4 0.4

a 0.3 0.3 :
a, 0.1 0.1 _
a, 0.1 0.1 :| _
a, 0.06 0.1

as 0.04
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Huffman coding

A Average bits per symbol witBCD3
A New averagdits persymbol: 2.7
A Redundancy has been decreased by 10%.

r plr) Code 1 Lir) Code 2 L(r.)
rg = 0 0.19 (00 3 11 2
o= 117 0.25 001 3 01 2
ryo= 207 0.21 010 3 10 2
ry = 3/7 0.16 011 3 001 3
ry = 47 0.08 100 3 0001 4
rs = 5/7 0.06 101 3 00001 5
re = 6/7 0.03 110 3 000001 6
=1 0.02 111 3 000000 6
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Arithmetic coding

Aa;=0.2,3=0.2,a=04,3=0.2
A a, a,a,a,a,can be encoded &3.068
A 3/5 decimal digits per symbol.

ai a as as ay
1 — 0.2 — 0.08 — 0.072 — 0.0688 — —
ay ay ay ay ay
_ _ ] —] 0.06752 — —
as as as as as
a an a a a
a a ay a ay
0— — (- 0.04 - 0.056 — 0.0624 —
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Inter-pixel redundancy

A Adjacent pixels tend to be correlated

A Transform to reduce correlation.
I Transforms daot provide any compression
I Transforms are reversible mappings between
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Psychevisual redundancy (lossy)

A We perceive substantial variances in intensity.
I But miss minor ones

Image from http://www.cse.unr.edu/~bebis/CS474/ 10



Psychevisual redundancy (lossy)

A The human eye is less sensitivectboma
I Only applicable in natural images.
I Decompose RGB into luminarneed chroma
I Chroma Is often down sampled (4:2:2 or 4:1:1).
I Detall reduction is often imperceptible.
I Formulafor lossless YUV:
~ (|R+2G+B
2 [ | ‘
U R-G

V, B-G
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Original image

Image by Haneburger published on Geolocation.ws, filtered by demo program.12



RGB channels

Image by Haneburger published on Geolocation.ws, filtered by demo program.13



YUVdecomposition

Image by Haneburger published on Geolocation.ws, filtered by demo program.14



Criteria forcompression

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
NBEIlj dZA NBR F2NJ Iy dalF RS
I Visual quality measured by subjective and

objective fidelity.
4. How computationally complex is the

encoder?

I Modern techniques were previously unfeasible.
15



Anatomy of an Iimage compressor

A Image compressors use the following steps to

tackle the various redundancies:
I Transformation
Anter-pixel redundancy

I Chroma decomposition and guantization
APsychevisual redundancy

I Symbol coder
ACoding redundancy

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

A Current standard transform for minimizing
inter-pixel redundancy.
A Decomposes a block into a weighted sum of

sinusoidal waves of different frequencies.
I Transforms pixels from image space into
frequency space.

A Discrete reavalued descendant of the Fourier
Transform used In signal processing.
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Basis functions

A Definition similar to Linear Algebra, but with
functions instead of vectors.

A A basis is a set of functions with the following
properties:
I Any weighted sum of the basis functions can

represent every possible outcome in a given
space.

I Every pair of functions within the basis is linearly
Independent.

| Basis for a Mlimensional space has N entries.
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Analogy with basis vectors

A The orange and blue vectors form a basis for
the surface.

A The 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

A The basis functions for a fixesize DCT
transform are calculated from a formula, not
an image.

A The transform only finds the weights
assoclated with the basis functions such that
their weighted sum will reproduce the original
iImage block.
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DCT transform

A JPEG uses 8 frequencies in two dimensions

that are used to represent each 8x8 block.

I 64 pixels are used to calculate 64 coefficients
which represent the energy present at each
frequency.

I This separateapproximation and detail
iInformation.

I The weights are stored as DCT coefficients.
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DCTbasis
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DCT basigenerated by demo program.



DCT applied to an image
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DCT applied to an image

DCT calculated emo program.
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