
Video and Audio Compression 



Compression 

•  Compression basically employs redundancy in 
the data:  
–  Temporal -- in 1D data, 1D signals, Audio etc.  
–  Spatial -- correlation between neighbouring pixels or 

data items  
–  Spectral -- correlation between colour or 

luminescence components. This uses the frequency 
domain to exploit relationships between frequency of 
change in data.  

–  psycho-visual -- exploit perceptual properties of the 
human visual system 



Compression Types 

•  Lossless Compression  
•  -- where data is compressed and can be 

reconstituted (uncompressed) without loss of detail 
or information. These are referred to as bit-
preserving or reversible compression systems 
also.  

•  Lossy Compression  
•  -- where the aim is to obtain the best possible 

fidelity for a given bit-rate or minimizing the 
bit-rate to achieve a given fidelity measure. 
Video and audio compression techniques are 
most suited to this form of compression.  





Lossless Compression Algorithms  

•  Repetitive Sequence Suppression 
– Simple Repetition Suppression  
– Run-length Encoding 



Simple Repetition Suppression 

•  If in a sequence a series on n successive 
tokens appears, we can replace these 
with a token and a count number of 
occurrences. We usually need to have a 
special flag to denote when the repeated 
token appears  

•  89400000000000000000000000000000000 can be 
replaced with 894f32 (f is the flag for zero) 



Zero Length Suppression 

•  Silence in audio data, Pauses in 
conversation etc.  

•  Bitmaps  
•  Blanks in text or program source files  
•  Backgrounds in images  



Run-length Encoding 

•  Frequently applied to images (or pixels in a scan 
line).  

•  A small compression component used in JPEG 
compression  

•  Sequences of image elements are mapped to 
pairs where ci represent image intensity or 
colour and li the length of the ith run of pixels.  

•  For example:  
–  Original Sequence: 111122233333311112222  
–  can be encoded as: (1,4),(2,3),(3,6),(1,4),(2,4).  



Lossless Compression Algorithms 
(Pattern Substitution)  

•  A simple form of statistical encoding 
•  Substitute a frequently repeating pattern(s) with 

a code 
•  Typically tokens are assigned to according to 

frequency of occurrence of patterns 
•  Count occurrence of tokens 
•  Sort in Descending order 
•  Assign some symbols to highest count tokens 
•  Dynamically assign codes to tokens 
•  For best compression: use entropy encoding schemes 



•  pi is the probability that symbol Si in S will 
occur 

•           indicates the amount of information 
contained in Si, i.e., the number of bits 
needed to code Si 

Entropy Encoding  

•  Based in information theoretic techniques 
•  The entropy of an information source S is 

defined as (Shannon):  



The Shannon-Fano Algorithm 
Symbol  A  B  C  D  E  
Count   15  7  6  6  5 
 
A Top down approach 
1.  Sort symbols according to their frequencies/probabilities, e.g., 

ABCDE.  
2.  Recursively divide into two parts, each with approx. same number 

of counts 



The Shannon-Fano Algorithm 

Symbol  Count  log(1/p)  Code  Subtotal (# of bits) 
A    15  1.38   00  30  
B    7  2.48   01  14  
C     6  2.70   10  12  
D    6  2.70   110  18  
E    5  2.96   111  15  

     TOTAL (# of bits): 89   



Huffman Coding 

•  A bottom-up approach  
•  Codes are stored in a Code Book.  
•  The code book plus encoded data must be 

transmitted to enable decoding 
1. Initialization: Put all nodes in an OPEN list, keep it 

sorted at all times (e.g., ABCDE).  
2. Repeat until the OPEN list has only one node left:  

(a) From OPEN pick two nodes having the lowest frequencies/
probabilities, create a parent node of them.  

(b) Assign the sum of the children's frequencies/probabilities to 
the parent node and insert it into OPEN.  

(c) Assign code 0, 1 to the two branches of the tree, and delete 
the children from OPEN 



Huffman Coding 

Symbol  Count  log(1/p)  Code  Subtotal (# of bits) 
A    15  1.38   0  15  
B    7  2.48   100  21  
C    6  2.70   101  18  
D    6  2.70   110  18  
E    5  2.96   111  15  

     TOTAL (# of bits): 87  



Huffman Coding of Images 

•  In order to encode images:  
– Divide image up into 8x8 blocks  
– Each block is a symbol to be coded  
– compute Huffman codes for set of block  
– Encode blocks accordingly  



Compression: Source Coding 
Techniques 



A Simple Example 
•  Let’s have a 2x2 block of monochrome pixels  

1.  Take top left pixel as the base value for the 
block, pixel A  

2.  Calculate three other transformed values by 
taking the difference between these (respective) 
pixels and pixel A, i.e. B-A, C-A, D-A  

3.  Store the base pixel and the differences as the 
values of the transform  

"   Less bits to store results, fewer symbols to store 
"   It’s too simple 

"   Needs to operate on larger blocks (typically 8x8 min)  



Frequency Domain Methods 

•  Can be obtained through the 
transformation from one (Time or Spatial) 
domain to the other (Frequency) via: 
– Discrete Cosine Transform  
– Fourier Transform  
– Etc  



Relationship between Time and Frequency 
Domain  



Relationship between Time and Frequency 
Domain  



Image Transform 

•  Time-domain 
–  x-axis = time, y-axis = amplitude 
•  Frequency-domain 
–  x-axis = frequency, y-axis = amplitude 



What do frequencies mean in an image? 
•  If an image has large values at high frequency components when 

the data is changing rapidly on a short distance scale 

High Frequency 
Components = 
Rapid Changes in 
Pixel Intensity 



What do frequencies mean in an image? 
•  If the image has large low frequency components then the large 

scale features of the picture are more important. e.g. a single fairly 
simple object which occupies most of the image.  

Low Frequency 
Components = 
Slow Changes in 
Pixel Intensity 



Transformation into Frequency Domains 

•  Any function (signal) can be decomposed into purely sinusoidal components (sine 
waves of different size/shape) which when added together make up the original 
signal  



• The bars on the left are the frequency spectrum of the sound 
ü The bars go up and down depending on the type of sound  
ü The accumulation of these make up the whole.  
• The bars on the right are used to increase and decrease the sound at 
particular frequencies, denoted by the numbers (Hz).  
ü The lower frequencies, on the left, are for bass and the higher 
frequencies on the right are treble.  
ü  The bars show how much of the signal is made up of sinusoidal 
waves at that frequency. When all the waves are added together in 
their correct proportions that original sound is regenerated.  



Discrete Cosine Transformation (DCT): 
Fourier Transform 

1D 

2D 

f(x) is a continuous function of a single variable x representing 
distance 
F(u) is the Fourier transform of the function, u represents spatial 
frequency   



The Discrete Fourier Transform (DFT) 

•  Images and Digital Audio are digitised.  
•  Need a discrete formulation of the Fourier transform 
•  Replace the integral by a summation, to give the 

discrete Fourier transform or DFT.  



The Discrete Fourier Transform (DFT) 

•  In 1D it is convenient now to 
assume that x goes up in 
steps of 1, and that there are 
N samples, at values of x from 
to N-1 

2D DFT  



Compression 

•  How do we achieve compression:  
– Low pass filter -- ignore high frequency noise 

components  
– Only store lower frequency components  
– High Pass Filter – filter low frequencies 



Principle of Image Compression 

•  Immediate neighbors of a pixel P tend to be 
identical to P 

•  If a current pixel has color c, then pixels of 
the same color seen in the past tend to 
have the same immediate neighbors. 

•  Use the context of a pixel (the values of some of its 

neighbors) to predict its value. 



Relationship between DCT and FFT 

•  DCT (Discrete Cosine Transform) is 
actually a cut-down version of the FFT:  

•  Computationally simpler than FFT  
•  DCT -- Effective for Multimedia 

Compression  
•  DCT MUCH more commonly used.  



DCT 

•  Helps separate image into parts (or 
spectral sub-bands) of differing 
importance (with respect to the image's 
visual quality).  

•  Similar to the discrete Fourier transform: it 
transforms a signal or image from the 
spatial domain to the frequency domain  



DCT 

•  The general equation for a 2D (N by M 
image) DCT is defined by the following 
equation:  



DCT Basic Operations 
–  Input image is N by M;  
–  f(i,j) is the intensity of the pixel in row i and column j;  
–  F(u,v) is the DCT coefficient in row k1 and column k2 

of the DCT matrix.  
–  For most images, much of the signal energy lies at 

low frequencies; these appear in the upper left corner 
of the DCT.  

–  Compression is achieved since the lower right values 
represent higher frequencies, and are often small - 
small enough to be neglected with little visible 
distortion. 



Differential Encoding 

•  The difference between the actual value of a 
sample and a prediction of that values is 
encoded.  

•  Also known as predictive encoding.  
•  Example of technique:  

–  differential pulse code modulation,  
–  delta modulation  
–  adaptive pulse code modulation  
(differ in prediction part)  

•  Suitable where successive signal samples do 
not differ much, but are not zero. E.g. Video -- 
difference between frames, some audio signals. 



•  Example: 
–  Actual Data: 9 10 7 6  
–  Predicted Data: 0 9 10 7  
–           : +9, +1, -3, -1.  
–  If successive sample are close to each other we only 

need to encode first sample with a large number of 
bits  

Differential pulse code modulation 
(DPCM) simple prediction:  

simply need to encode:  



DPCM 

•  Delta modulation  
– A special case of DPCM  
– Not Suitable for rapidly changing signals.  

•  Adaptive pulse code modulation  
– Fuller Markov model 
– data is extracted from a function of a series of 

previous values: E.g. Average of last n 
samples..  

•    



Scalar Quantization 

•  Quantization: 
– original_number / quantization_factor = 

quantized_number 
•  Dequantization 

– quantized_number * quantization_factor = 
original_number 

•  Example: 
–  Original Numbers: 83 13 21 5 4 2 1 5 6 2 1 2 2 1 3 1 
–  Quantization_factor = 5 
–  Quantizised Numbers: 16 2 4 1 0 0 0 1 1 0 0 0 0 0 0 0 
–  Dequantizised Numbers: 80 10 20 5 0 0 0 5 5 0 0 0 0 0 0 0 



Vector Quantisation 

•  Data stream divided into (1D or 2D square) 
blocks -- vectors  

•  A table or code book is used to find a pattern for 
each block.  

•  Code book can be dynamically constructed or 
predefined.  

•  Each pattern for block encoded as a look value 
in table  

•  Compression achieved as data is effectively 
subsampled and coded at this level. 



JPEG Compression 

•  "Joint Photographic Expert Group" -- an 
international standard in 1992.  

•  Works with colour and greyscale images 









JPEG Encoding Steps 

•  Encoding 
–  Convert to different color representation 
–  Typically get 2:1 compression 
•  Discrete Cosine Transform (DCT) 
–  Transform 8 X 8 pixel blocks 
•  Quantize 
–  Reduce precision of DCT coefficients 
–  Lossy step 
•  Lossless Compression 
–  Express image in information in highly compressed form 

YUV"
Encoding"

RGB" Discrete"
Cosine"

Transform"
Quantize" Lossless"

Compression"
.jpg!



YUV Encoding 
•  Computation 

–  RGB numbers between 0 and 255 
–  Luminance  Y encodes grayscale intensity between 0 

and 255 
–  Chrominance  U, V encode color information between 

–128 and +127 
•  Similar to Color (Hue) and Tint (Saturation) controls on color 

TV 

•  Conversion 
–  Values saturate at ends of ranges 

•  Color Subsampling 
–  Average U,V values over 2 X 2 blocks of pixels 
–  Human eye less sensitive to variations in color than in 

brightness 



Image Examples 

–  248 X 324 X 3B 



Color Subsampling 

– 2:1 Compression 
– No visible effect 



Discrete Cosine Transform 

• Image Partitioning 
– Divide into 8 X 8 pixel blocks 
– Express each block as weighted sum of cosines 

• Similar to Fourier Transform 

• Transform Computation 
F(u,v) = K(u,v) * Sum(i = 0,7) Sum(j = 0,7)  
   f(i,j)   *   cos ( [2i+1] * u * π/16)   *  cos 

( [2j+1] * v * π /16) 



Discrete Cosine Transform 

•  Inverse Transform 
f(i,j) = Sum(u = 0,7) Sum(v = 0,7)  
   k(u,v) * F(u,v)  *  cos ( [2i+1] * u * π/16)  *  cos 

( [2j+1] * v * π /16) 
– Expresses image as sum of discretized cosine 

waveforms 
• Would be exact, except for roundoff and saturating values 

– Each waverform weighted by coefficient F(u,v) 
– Low values of u, v correspond to slowly varying 

waveforms 



Quantization 

•  Quantization Coefficient Q(u,v) for each 
waveform (u,v) 
–  Approximate F(u,v) as  Q(u,v) * Round[ F(u,v) / 

Q(u,v) ]  
•  E.g., if Q is  2k, just round low order k bits to 0 

–  High value of Q gives coarser approximation 
•  Selecting Q’s 

–  Increase to get greater compression 
•  Major source of loss in JPEG 

–  Generally use Q’s that increase with u and v 
•  High spatial frequencies not as important 
•  Hope that many coefficients will be set to 0 



Quantization Example 

•  To throw out bits  
–  Example: 101101 = 45 (6 bits). Truncate to 4 bits: 

1011 = 11.  
–  Truncate to 3 bits: 101 = 5.  

•  Quantization error is the main source of the 
Lossy Compression.  

•  Uniform quantization  
–  Divide by constant N and round result (N = 4 or 8 in 

examples above).  
–  Non powers-of-two gives fine control (e.g., N = 6 

loses 2.5 bits)  



Quantization Tables 

•  In JPEG, each F[u,v] is divided by a 
constant q(u,v).  

•  Table of q(u,v) is called quantization table.  



Quantization Table 
------------------------------------------- 
16  11  10  16  24   40   51   61    
12  12  14  19  26   58   60   55    
14  13  16  24  40   57   69   56    
14  17  22  29  51   87   80   62    
18  22  37  56  68   109  103  77    
24  35  55  64  81   104  113  92    
49  64  78  87  103  121  120  101   
72  92  95  98  112  100  103  99    
------------------------------------------- 

 
• Eye is most sensitive to low 
frequencies (upper left 
corner), less sensitive to 
high frequencies (lower 
right corner)  
• Standard defines 2 default 
quantization tables, one for 
luminance, one for 
chrominance. 



JPEG Compression Examples 

–  Quality still reasonable 
–  Some loss of fine detail 

28:1 Compression" Original"

Compressed"



JPEG Compression Examples 

–  Quality drops dramatically 
as increase compression 
ratio 

–  Throws out color 
information first 

66:1"



JPEG Compression Examples 

86:1"

101:1"



Zig-zag Scan 

•  to group low frequency coefficients in top of 
vector.  

•  Maps 8 x 8 to a 1 x 64 vector 



Differential Pulse Code Modulation 
(DPCM) on DC component 

•  Besides DCT, another encoding method is 
employed: DPCM on the DC component  

•  DC component is large and varied, but 
often close to previous value (like lossless 
JPEG).  

•  Encode the difference from previous 8x8 
blocks - DPCM  



Run Length Encode (RLE) on AC 
components 

•  1x64 vector has lots of zeros in it  
•  Encode as (skip, value) pairs, where skip 

is the number of zeros and value is the 
next non-zero component.  

•  Send (0,0) as end-of-block sentinel value 


