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Part 10
Image Compression

But life is short and information endless ... Abbreviation is a necessary evil and 
the abbreviator's business is to make the best of a job which, although 

intrinsically bad, is still better than nothing. ~Aldous Huxley



Outline

2

8. Image Compression
►Fundamentals

►Some Basic Compression Methods (Huffman 
Coding)Digital Image Watermarking



Relative Data Redundancy
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►Let b and b’ denote the number of bits in two 
representations of the same information, the relative 
data redundancy R is 

R = 1-1/C

C is called the compression ratio, defined as

C = b/b’

e.g., C = 10, the corresponding relative data redundancy 
of the larger representation is 0.9, indicating that 90% of 
its data is redundant



Why do we need compression?
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►Data storage

►Data transmission



How can we implement compression?
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►Coding redundancy
Most 2-D intensity arrays contain more bits than are 
needed to represent the intensities

►Spatial and temporal redundancy
Pixels of most 2-D intensity arrays are correlated spatially 
and video sequences are temporally correlated

►Irrelevant information
Most 2-D intensity arrays contain information that is 
ignored by the human visual system



Examples of Redundancy
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Image Compression Standards
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Some Basic Compression Methods: Huffman Coding
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Some Basic Compression Methods: Huffman Coding
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The average length of this code is

  0.4*1 0.3*2 0.1*3 0.1*4 0.06*5 0.04*5

       = 2.2 bits/pixel

avgL = + + + + +



Huffman Example

• Suppose you have a message consisting of 6 symbols.

• Each symbol has a width of 8 bits.

• The length of the message is 100 symbols. (8*100) = 800 bits.

• The following table gives the frequency of symbols.
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Huffman Example
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Sembol Code Probability 

Olasılık

1 2 3 4

a4 1 0.45 0.45 0.45 0.45 0.55

a3 01 0.19 0.19 0.19 0.36 0.45

a6 000 0.18 0.18 0.18 0.19 

a1 0011 0.08 0.1 0.18

a2 00100 0.07 0.08 

a5 00101 0.03 

+ +

+

+



Huffman Example
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Notice that in the first case the probability of 0.55 is expressed as 0 and the probability
of 0.45 is 1.

Symbol

Sembol

Code Probabilty

Olasılık

1 2 3 4

a4 1 0.45 0.45 0.45 0.45 0.55 (0) 

a3 01 0.19 0.19 0.19 0.36 0.45 (1)

a6 000 0.18 0.18 0.18 0.19

a1 0011 0.08 0.1 0.18

a2 00100 0.07 0.08

a5 00101 0.03

(00)

(01)

(001)

(000)

(0010)

(0011)(00100)

(00101)



Huffman Example

►Original message length b= 8 bits *100 = 800 bits
►Huffman encoded message length

b’ =  length(a1)* freq(a1) + length(a2)* freq(a2) + length(a3) * freq(a3) + 
length(a4)* freq(a4)  + length(a5)* freq(a5) + length(a6)* freq(a6)

b’ =4*8+5*7+2*19+1*45+5*3+3*18=219

𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑟𝑎𝑡𝑖𝑜 𝑐 =
b
𝑏’

𝑐 =
800

219
= 3.65

Redunduncy 𝑅 = 1 −
1

𝑐
= 0.72

If you use fixed length encoding, the message length is 
3 bits*100= 300 bits.

This means that variable-length code is better.
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Symbol

Sembol

code Length

In bits

freq

a4 1 1 45

a3 01 2 19

a6 000 3 18

a1 0011 4 8

a2 00100 5 7

a5 00101 5 3
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Huffman Coding – Base of JPEG Image Compression
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Huffman Coding – Base of JPEG Image Compression
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Huffman Coding – Base of JPEG Image Compression
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