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• Image compression motivation

• Lossless vs. lossy compression
(Information redundancy & Psychovisual redundancy)

• Lossless compression – selected methods
– Run-length encoding

– Huffman coding

– Delta encoding

– Deflate & LZW 

• Lossy compression – selected methods (Quid pro quo)

– Transform methods (Fourier, Cosine, Wavelet transforms)

– Subsampling (chroma subsampling)

– Posterization and paletted images

• Image compression applications: JPEG, JPEG 2000

• Video compression applications: MPEG1, MPEG2, MPEG4

• Compression in medical imaging

Image & video data compressionImage & video data compression
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Need for image compressionNeed for image compression

Standard definition TV PAL image:

576 lines x 720 rows x 3 B = 1.2 MB

Frames in 2-hour video:

25 fps x 7200 s = 180 000 frames

Capacity of video file:

180 000 frames x 1.2 MB = 210 GB

DVD:

4.7 GB

Compress data 44x !
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Lossless and Lossy compressionLossless and Lossy compression

CompressionCompression

LossyLossyLosslessLossless

Psychovisual redundancyPsychovisual redundancyInformation RedundancyInformation Redundancy
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Lossless and Lossy compressionLossless and Lossy compression

Source image
F

Encoded
image Y

Encoded
image Y’

Output image
F’

Encoder: Y=S(F)

Decoder: F’=T(Y’)

If F’ = F,  (T = S-1) then lossless compression

If F’≠≠≠≠ F,   (T ≠≠≠≠ S-1) then lossy compression

Encoder

Decoder

Transmission

or storage

Transmission

or storage
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Source entropySource entropy

Source entropy :

represents the average information per source output. 

For data source given in the form of an image, p(li) – is the probability of occurrence of gray

level li.

Entropy can be interpreted as the average number of bits required for coding a single image
pixel.
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RedundancyRedundancy

Let n1, n2 denote data units carrying the same information. 

Relative data redundancy is given by:

RD = 1 - 1/CR

where CR – is termed the compression ratio:

CR = n1/ n2

for  n1= n2 :  CR = 1;       R = 0

for n1>> n2 :  CR → ∞;    R→ 1

for n1<< n2 :  CR → 0;     R→ -∞
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Gray levels of adjacent pixels are strongly correlated.

Run length encoding (RLE) – an image is coded by symbol pairs (gi, li) where gi

denotes i-th gray level and li is the run length

Interpixel redundancy removalInterpixel redundancy removal

RL sequences: (1,4); (3,3); (0,2); (2,5); (3,2); (0,7); (3,11); (1,2)

8*3=24 bytes are neded for image coding

g – coded by 1 byte, 

l – coded by 2 bytes

0

1

2

31 2 43

6x6=36 bytes

CR = 36/24 = 1.5
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Lossless predictive coding

Differential Pulse Code Modulation (DPCM)
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E = 5.06 E = 2.44

Predictive coding - example

e(n) e(n)

E = 5.31E = 7.01
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lk p(lk) code 1 m1(lk) code 2 m2(lk) 

0 0.19 000 3 11 2 

1 0.25 001 3 01 2 

2 0.21 010 3 10 2 

3 0.16 011 3 001 3 

4 0.08 100 3 0001 4 

5 0.06 101 3 00001 5 

6 0.03 110 3 000001 6 

7 0.02 111 3 000000 6 
 

Variable- length coding (Example)Variable- length coding (Example)
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Psychovisual redundancy

Visual perception of humans does not work as  a 

camera of a predefined characteristic.

The eye is not equally sensitive to all image

features, e.g. the Mach bands
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Grey levels quantizationGrey levels quantization

8 bits
5 bits

3 bits
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Transform coding

Construct
NxN

subimages

Forward
transform

F(i,j)
Quantizer

Symbol 
encoder

Merge
NxN

subimages

Inverse
transform

Symbol 
decoder reconstructed

image

F’(i,j)
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Image transforms

� Fourier Transform - impractical

� The Karhunen-Loeve expansion - minimizes the mean square
reconstruction error, computationally complex, no fast transform

� Discrete Cosine Transform (DCT) – high compression ratios

achievable (fast vanishing of cosine coefficients), fast transform exists

� The wavelet transform – new compression metods developed, 
competitive or better than DCT, fast transform exists
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DCT basis functionsDCT basis functions

Image  8x8 blocks are
obtained by 
computing a linear 

combination of these 
DCT basis functions 

DCT coefficients of
image blocks assign a 
weight to each of the

basis functions
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Block matchingBlock matching

• MAD – Mean Absolute Difference
• SAD - Sum of Absolute Differences
• MI – Mutual Information
• NCC - Normalized Cross-Corelation
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IPB framesIPB frames
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POV- RayPOV- Ray

http://www.povray.org

http://www.povray.pl/tutorial.php?s=1,4,23

http://www.f-lohmueller.de/pov_tut/pov__eng.htm
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Summary, discussion and quizSummary, discussion and quiz

Summary, discussion and quizSummary, discussion and quiz
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