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�
JPEG Algorithm 








·	Targeted for full-collor still frame applications


·	Four modes:


     


Sequential direct cosine transformation (DCT)-based encoding, 


in which the image is encoded in a single scan


Progressive DCT-based encoding,


in which the image is encoded in multiple scans


Lossless encoding, 


which guarantees the exact reproduction


Hierarchical encoding, 


      in which the image is encoded in multiple resolutions


�



An JPEG  Encoder
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·	Image is divided into the appropriate number of 8x8 blocks


�
                


                                                                     Range Shift
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·	Original samples are shifted from range [0,2P-1] to range [-2P-1,2P-1-1]


In this example: P=8





             � EMBED Word.Picture.6  ���


                             �EMBED Equation ���


									


� EQ �� EQ �� EMBED Equation.2  ��� for  � EMBED Equation.2  ���,  � EMBED Equation.2  ��� for  � EMBED Equation.2  ���





� EMBED Equation.2  ���     for  � EMBED Equation.2  ���,  � EMBED Equation.2  ���     for  � EMBED Equation.2  ���




















Components of the transformed block are called DCT coefficients


Coefficient F(0,0), whose position is in the left-top corner of the block


 is called DC coefficient,  


 and others are called AC coefficients


For a greyscale image, DCT coefficients are in the range [-1024,1023],


and its representation requires additional 3 bits, compared to the original samples


Most coefficients have zero or nearzero values,


and that is the foundation for compression





�
                                                                    Quantization � EMBED Word.Picture.6  ���


                                                                             Q (u , v)


�
Quantization table is specified by applications


Quantization table in this example is proposed in (Nel 92(:


           


                         for (i=0;i<N;i++)





                                 for (j=0;j<N;j++)


        


                                        Q ( i , j )=1+((1+i+j) x  quality)(








Parameter quality specifies the quality factor and its recommended range is from 1 to 25


In this example, it is used quality=2


Quality=1 gives the best quality, but the lowest compression ratio,


and quality=25 gives the worst quality and the highest compression ratio  


Quantization increases the number of zero-valued coefficients


Loss of information from the quantization is not visually significant
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There is usually a strong correlation between DC coefficients of adjacent 8x8 blocks,        and DC coefficients used for predictive coding


AC coefficients are ordered into a “zig-zag” sequence,


what will help to facilitate the entropy encoding                  
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                                                                                                                       Huffman Coding
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RUNLENGTH is the number of consecutive zero-valued AC coefficients 


preceding the non-zero AC coefficient


SIZE is the number of bits for encoding amplitude


AMPLITUDE is the amplitude of the non-zero AC coefficient





                        Example: 0,0,0,0,0,0,476 is (6,9)(476)





Symbol (0,0) means “End Of Block” (EOB) and terminates each 8x8 block


Binary sequence is generated using the Huffman table
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An JPEG Decoder
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All steps from the encoding process are inversed and implemented in reverse order


The binary sequence is converted to a symbol sequence using Huffman tables,  


and then the symbols are converted into DCT coefficients


Dequantization is implemented using the following function:
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Inversed discrete cosine transformation (IDCT) is implemented using the equation:
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The last step consists of shifting back the decompressed samples in the range [0,2p -1]  








Compression Measures





Compression ratio (Cr)
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Higher Cr produce lower picture quality and vice versa


Number of bits per pixel in the compressed image (Nb)
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Root Mean Square (RMS) error
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      � EMBED Equation.2  ��� -  original pixel values





      � EMBED Equation.2  ��� -   pixel values after decompression





       n   -   total number of pixels in an image


   





JPEG Compression of Color Images





 JPEG sorce image model consists of 1 to 255 image components, 


   called color or spectral bands
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For example, RGB representation consists of three color components

















Each component may have a different number of pixels 


   in the horizontal (Xi) and the vertical (Yi) axis:
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First example is with the same resolutions,


and second example is with the different resolutions�
 


The color components can be processed in two ways:





 Non-interleaved data ordering, in which processing is performed 


component by component from left-to-right and top-to-bottom


 Interleaved data ordering, in which different components are combined  


into so-called minimum code units (MCUs)





Interleaved data ordering is used for applications that need to display or print                multiple-component images in parallel with their decompression�



Example of interleaved data ordering





              A:  H=2 ,  V=2                           B:  H=2 ,  V=1                 C:  H=1 , V=2     D:  H=1 ,  V=1
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      DATA  UNITS                    A                         B                      C                     D





                 MCU1 =  ( A00, A01, A10, A11,    B00, B01,        C00, C10,           D00 )





                 MCU2 =  ( A02, A03, A12, A13,    B02, B03,        C01, C11,           D01 )





                 MCU3 =  ( A04, A05, A14, A15,    B04, B05,        C02, C12,           D02 )





                 MCU4 =  ( A20, A21, A30, A31,    B10, B11,        C20, C30,           D10 )  �



The first block in the encoder and last block in the decoder for color JPEG compression            is a color space conversion block, such as RGB to YUV, and vice versa


JPEG algorithm spends 42% of compression time performing FDCT,                                 and 48% of decompression time performing IDCT


An example of the JPEG color compression (320 x 240 image, 24 bits/pixel)                             on an i486/33MHz machine with no math coprocessor
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 Progressive JPEG Compression





In some applications, an image may have large number of pixels


and the decompression process and transmission may take several minutes


The progressive JPEG mode quickly produces a rough image,  


and then improves its quality using multiple scans


The progressive JPEG encoder must have an additional buffer  


   at the output of the quantizer and before the entropy encoder


Progressive JPEG compression can be achieved using three algorithms:


 Progressive spectral selection algorithm,


 Progressive successive approximation algorithm,


 Combined progressive algorithm.








�
               Progressive Spectral Selection Algorithm
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The DCT coefficients are grouped into several spectral bands


Low-frequency DCT coefficient bands are sent first,


and then higher-frequency ones�



          Progressive Successive Approximation Algorithm
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DCT coefficients are sent first with lower precision, and then refined in later scans�
            Combined Progressive Algorithm
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Combines spectral selection and successive approximation algorithm�
                           Sequential Lossless Jpeg Compression
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Prediction block has replaced the FDCT and the quantization block  


   from the baseline sequential DCT-based JPEG encoder


�
� EMBED Word.Picture.6  ���








A prediction � EMBED Equation.2  ��� of the sample X is calculated on the basis of previous samples A, B and C


Predictor formula can as be simple as � EMBED Equation.2  ���=A or as complex as � EMBED Equation.2  ���=B+(A-C)/2�



Hierarchical JPEG Compression





Hierarchical JPEG mode creates a set of compressed images 


beginning with small images, and then continuing with images of increased resolutions


Lower resolution image is scaled up to the next resolution                                                  and used as a prediction for the following stage











