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Introduction

 Lossless compression algorithms do not deliver compression
ratios that are high enough. Hence, most multimedia compression
algorithms are lossy.

What is lossy compression?

 The compressed data is not the same as the original data, but a close
approximation of it.

 Yields a much higher compression ratio than that of lossless 
compression.



Distortion

 A distortion measure is a
mathematical quantity that
specifies how close an
approximation is to its original,
using some distortion criteria.

• Quantitative vs. Perceptual 
Distortion



Distortion Measures



Example

 Suppose, {4, 5, 6, 6, 2} is the reconstructed data sequence of the input data 
sequence {5, 4, 8, 7, 1} in a lossy compression/decompression system.

 Calculate the signal-to-noise ratio as measure of the associated 
distortion.

 Hint

Calculate the signal power

Calculate the MSE

Find the SNR in dB

Do It NowDo It Now

?? 12.87 dB



The Rate-Distortion Theory

 Provides a framework for the study of tradeoffs between Rate and 
Distortion. A Typical Rate Distortion Function.



Quantizer

 Reduce the number of distinct output values to a much smaller set.

Main source of the ‘loss’ in lossy compression.

 Three different forms of quantization.

 Uniform: midrise and midtread quantizers.

 Nonuniform: companded quantizer.

 Vector 



Quantizer

 A uniform scalar quantizer partitions the domain of input values into equally 
spaced intervals, except possibly at the two outer intervals.

 The output or reconstruction value corresponding to each interval is taken 
to be the midpoint of the interval.

 The length of each interval is referred to as the step size, denoted by the 
symbol Δ.

 Two types of uniform scalar quantizers:

Midrise quantizers have even number of output levels.

Midtread quantizers have odd number of output levels, including zero as 
one of them



Quantizer



Uniform Scaler Quantizer

 Design a successful uniform quantizer to minimize the distortion for a 
given source input with a desired number of output values.

 This can be done by adjusting the step size.



Bounded vs. Unbounded Input

• Granular Distortion: the quantization error for bounded input.

• Overload Distortion: If the quantizer replaces a whole range of values,
from a maximum value to infinity and similarly for negative values (That
part of the distortion)





The variance of the error is



Non-Uniform Scaler Quantizer





A-law



Example: Uniform Quantized Image



Vector Quantization



Basic VQ Procedure



Scaler vs. Vector Quantization



Scaler vs. Vector Quantization



Scaler vs. Vector Quantization



Example: VQ



Transform Coding and DCT



Towards DCT















Towards DCT
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Discrete-Cosine Transform (DCT)



Discrete-Cosine Transform (DCT)



Discrete-Cosine Transform (DCT)

• In JPEG M=N=8



Example



Basis Function

• A basis function is an element of a particular basis for a function space.

• Every continuous function in the function space can be represented as a 
linear combination of basis functions, just as every vector in a vector 
space can be represented as a linear combination of basis vectors.

• The collection of quadratic polynomials with real coefficients has

{1, t, t^2} as a basis. 



1D DCT Basis Functions









JPEG DCT Basis Functions



DCT Coefficients



DCT Coefficients



JPEG



Q&A


