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Quantization

▪ Digitization =
sampling (coordinate) + quantization (value)

•Quantization



Quantizer

▪ A quantizer Q maps a continuous variable u into a 

discrete variable Q(u) in {r1, r2, r3, …, rL}

▪ Partition the real line into L cells and map input 

values within a cell into a constant rk

Q(u) = rk if  tk ≤u < tk+1

rk : reconstruction level

tk : transition or decision level

Dk = tk+1 – tk : step size

•r1 •r2 •rk •rL-1 •rL

•t2 •t3 •tk •tk+1 •tL•tL-1 •tL+1=∞•t1=-∞



Quantizer Example

▪ Input-output graph of an 8-level quantizer

▪ Uniform quantizer
Except the outer two cells

tk+1 – tk = D  and rk = (tk+tk+1)/2
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Lloyd-Max Quantizer



Lloyd-Max Quantizer – Centroid Condition



Lloyd-Max Quanitzer – NN condition

•tk

•rk-1 •rk •rL-1

•tk+1



Design of Lloyd-Max Quantizer



Lloyd-Max Quantizer for Uniform Distribution



Lloyd-Max Quantizer for Uniform Distribution
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Lloyd-Max Quantizer for Other Distributions

▪ Notice that the Lloyd-Max 

quantizer reduces the 

average distortion by 

approximating the input 

more precisely in regions 

of higher probability. 
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Lloyd-Max Quantizer for Other Distributions

-3 -2 -1 1 2 3

0.1

0.2

0.3

0.4

-3 -2 -1 1 2 3

0.1

0.2

0.3

0.4

0.5

0.6

0.7

▪ Look-up table of Lloyd-Max Q is available for these 
distributions 



K - Means

K-Means Algorithm

Choose k data points to act as cluster 
centers

Until the cluster centers are unchanged

• Allocate each data point to cluster 
whose center is nearest (NN rule)

• Replace the cluster centers with the 
mean of the elements in their clusters 
(centroid rule)

End
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