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Image Coding and Compression

Why Compression?
Two hour SD movie

28 Dual-Layer DVDs

30
frames

sec
£ (720£ 480)

pixels

frame
£ 3

bytes

pixel
= 31:1 MB=s

31:1MB=s£ (602)
sec

hr
£ 2 hrs ¼ 224GB
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What to Code?

Image intensities
RGB, YCrCb

Transform coefficients
Model parameters
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Image Coding Model

Object: Reduce the data size without 
sacrificing the image quality 
Compression Ratio

Transformation Quantization Codeword 
assignment

Image
source bitstream
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Example: Image Quantization
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Fidelity Criteria
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Rating Scale
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Other Metrics

P-PSNR
VSNR
SSIM
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Image Quantization and Reconstruction

Quantization is the “lossy” part
Achieves the most compression efficiency

Scalar Quantization
Vector Quantization
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Uniform Quantization

Equal spacing of the reconstruction levels
False contours
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Improved Gray-Scale (IGS)

Treat the LSBs as noise and use them to 
remove the false contours
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Non-Uniform Quantization

Optimal Quantizer
Minimizing RMS by choosing the decision 
levels and reconstruction levels

Lloyd-Max Quantizer
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Non-Uniform Quantizer by 
Transformation

We can “flatten” a non-uniform distribution 
source by applying transformation
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Codeword Assignment: Bit Allocation

Uniform assignment
Non-Uniform assignment

Assign the codeword according to its 
probability
Uniquely decodable
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Holy Grail: Entropy

Entropy just provides the lower bound of 
the average codeword length, not the 
actual codeword assignment method

H ´ ¡
LX

i=1

pi log2 pi
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Huffman Coding

Lavg=2.2    H=2.14
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Huffman Coding
H(x) · Lavg · H(x) + 1

pmax < 0:5;

H(x) · Lavg · H(x) + pmax

pmax ¸ 0:5;

H(x) · Lavg · H(x) + pmax + 0:086

Fail at highly skewed data

Tighter bound:


