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Image Compression 

Let   and    denote the number of bits in two representation of the same information.  

Number of bits to represent an image ( generally 8 bits for grayscale images) 

Compression Ratio 

  
 

  
 

Relative data redundancy 

     
 

 
 

All the three pictures below are computer generated.  

 

Coding redundancy 

Assume that a discrete random variable    in the interval         is used to represent the 

intensities of an     image and that each    occurs with a probability 

      
  
  

 

If the number of bits used to represent each value of    is       then the average number of bits 

required to represent each pixel is  
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The first figure above according to the column two and four gives        bits. 

However, if code 2 is used then           bits. 

Thus  

  
 

    
      and      

 

    
       

Thus 77.4% data in the original 8-bit 2-D intensity array is redundant. 

Note that code2 is a variable length code. Fixed length code can also be assigned , {00, 01, 10 ,11}, 

but then the resulting compression will be   
 

 
   

 

Spatial and Temporal redundancy 

The second figure above has 256 horizontal lines represented by 256 intensities which are equally 

probable. The figure below shows the histogram of the above image. 

 

Since we have 256 gray levels we need at least 8 bits to represent the image. Also, since the 

histogram is uniform , fixed lenght 8-bit code gives the minimum Length. 

However, if we represent the image as a sequence of run-length pairs, significant spatial redundancy 

can be eliminated.  In most images pixels are correlated spatially ( in both x and y) and in time ( 

when the image is part of a video sequence)  

 



ECW-705 Lecture 10 
 

Ver. 2.0  3 
 

Irrelevent information 

The third image above appears to be a homogemeous field of gray , can be represented by its 

average intensity alone. The figure below shows its histogram, Note that there are several intensity 

values actually ( from 125 through 131) . The histogram equalized version is shown here. 

 

 

 

Information in an Image 

A random event   with probability      is said to contain         
 

    
 units of information.  

Entropy 

Given a source of statistically independent random events from a discrete set of possible events 

             with associated probabilities                      , the average information per 

source output , called the entropy of the source is 

                 

 

   

 

In case of images the above can be written as 

                     

 

   

 

Thus the first image has the entropy  

                                          /pixel 

Similarly for the second figure 8bits/ pixel, and for the third figure 1.566/pixel. Note that value of 

entropy does not seem to have any visual resemblance with the complexity of the image. 
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Shannon’s first theorem 

Note that the first image when represented by variable length code we were able to represent the 

image by 1.81bits / pixel. However, this is still larger than 1.6614/pixel, the information contained in 

the figure. 

Shannon’s first theorem also known as noiseless coding theorem assures us that the image can be 

presented with as few as 1.6614bits/pixels  

Fidelity criteria 

Let        be the input image and         be an approximation of        from compressing and 

subsequent decompression. 

      
 

  
                  

 
   

   

   

   

 

   

 

       
             

   
   
   

                   
    

   
   
    

 

Huffman Coding 

 

 

010100111100 

           

? the last column should be 1 ,0 ? 
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JPEG 

Joint Photographic Experts Group 

ISO International Organization for Standards 

CCITT International Telegraph and Telephone Consultative Committee  

IEC International Electro-technical Commission 

JPEG defines both lossy and lossless compression processes. The lossy JPEG processes are based on 

the DCT whereas the lossless processes are based on forms of DPCM. 

PCM uses the histogram as a statistical estimate for entropy. DPCM uses the histogram of the 

differences of the gray scale. Differential pulse code modulation gives better compression than does 

PCM. The better performance of DPCM relative to PCM is due to the high degree of correlation 

found in most images and the difference values are usually close to zero thus giving better efficiency 

in encoding.  

Modes of operation 

The four JPEG modes of operations are  

1. Sequential DCT  

2. Progressive DCT 

3. Sequential lossless  

4. Hierarchical mode 

 

Image is first divided into pixel blocks of size    , which are processed left to right, top to bottom.  

Zero shift 

 The 8-bit image data is zero-shifted by subtracting 128 from the data before the DCT is calculated. 

For 12-bit data the zero shift is accomplished by subtracting 2048. This reduces the internal precision 

requirement for D  

The 2-D FDCT and IDCT can be constructed from products of the terms of a horizontal 1-D DCT and 

vertical 1-D DCT  

 2-D discrete cosine transform of each block is then computed,  

DCT 
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The basis vectors of DCT are orthogonal 

 

Quantized by               
      

      
  where        is given by  

 

Reordered, to form a 1-D sequence of quantized coefficients 

 

 

The AC coefficients are coded using the Huffman code. 

The DC coefficient is difference coded relative to DC coefficient of previous sub-image. 

JPEG uses two techniques for entropy coding: Huffman coding and arithmetic coding. Huffman 

coding is computationally simpler, and is simpler to implement. However, it requires the code tables 

to be known at the start of entropy coding. Arithmetic coding provides systematically higher 

compression performance (typically 10% or more) and one-pass adaptive coding in which the code 

book adapts dynamically to the data being coded.  
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Sequential and Progressive Coding 

A sequential encoder codes the image in a single scan or passes through the data. The decoder 

necessarily follows the same order in decoding the data. A progressive encoder encodes the image 

in two or more scans or passes through the data, first coding an approximation of the entire image 

with each succeeding scan. The decoder follows the same order in decoding, first reconstructing the 

approximating of the image, and then adding finer detail with each succeeding scan.   

Example 

FFD8          SOI 

FFC9  00 11 08 00 80 00 80 03 01 11 00 02 11 00 03 11 00   SOF9 

FFCC  00 06 00 10 10 05       DAC 

FFDA  00 08 01 01 01 00 00 3F 00 …      SOS 

FFCC  00 06 01 10 11 05       SOS 

FFDA  00 08 01 02 11 00 3F 00 …      SOS 

FFDA  00 08 01 03 11 00 3F 00 …      SOS 

FFD9          EOI 

 


