Chapter 4                                                                                                                  JPEG                     


JPEG Baseline System
· JPEG uses transform coding, it is largely based on the following observations: 

· Observation 1: A large majority of useful image contents change relatively slowly across images,  

· Observation 2: Psychophysical experiments suggest that humans are more receptive to loss of higher spatial frequency components than loss of lower frequency components. 

JPEG overview

· Encoding 


Decoding -- Reverse the order

Major Steps

· DCT (Discrete Cosine Transformation) 

· Quantization 

· Zigzag Scan 

· DC component 

· AC Components 

· Entropy Coding 

Discrete Cosine Transform (DCT)

· From spatial domain to frequency domain: 
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· Discrete Cosine Transform (DCT): 
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· Inverse Discrete Cosine Transform (IDCT): 
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Quantization

· F'[u, v] = round ( F[u, v] / q[u, v] ). 

Why? -- To reduce number of bits per sample 

Possible quantization tables:

	Uniform quantization
	
	More accurate quantization
	
	Less accurate quantization

	16
	16
	16
	16
	16
	16
	16
	16
	
	1
	2
	2
	4
	4
	8
	16
	16
	
	8
	64
	64
	128
	256
	256
	256
	256

	16
	16
	16
	16
	16
	16
	16
	16
	
	2
	4
	8
	8
	8
	16
	16
	32
	
	64
	128
	128
	128
	256
	256
	256
	256

	16
	16
	16
	16
	16
	16
	16
	16
	
	4
	4
	8
	16
	16
	16
	32
	32
	
	128
	256
	256
	256
	256
	256
	256
	256

	16
	16
	16
	16
	16
	16
	16
	16
	
	4
	8
	16
	16
	16
	32
	32
	32
	
	256
	256
	256
	256
	256
	256
	256
	256

	16
	16
	16
	16
	16
	16
	16
	16
	
	8
	16
	16
	32
	32
	32
	32
	32
	
	256
	256
	256
	256
	256
	256
	256
	256

	16
	16
	16
	16
	16
	16
	16
	16
	
	8
	16
	16
	32
	32
	32
	64
	64
	
	256
	256
	256
	256
	256
	256
	256
	256

	16
	16
	16
	16
	16
	16
	16
	16
	
	16
	16
	32
	32
	32
	32
	64
	64
	
	256
	256
	256
	256
	256
	256
	256
	256

	16
	16
	16
	16
	16
	16
	16
	16
	
	16
	16
	32
	32
	32
	64
	64
	64
	
	256
	256
	256
	256
	256
	256
	256
	256


Quantization tables in JPEG:

	
	Luminance
	
	Chrominance

	
	16
	11
	10
	16
	24
	40
	51
	61
	
	17
	18
	24
	47
	99
	99
	99
	99

	
	12
	12
	14
	19
	26
	58
	60
	55
	
	18
	21
	26
	66
	99
	99
	99
	99

	
	14
	13
	16
	24
	40
	57
	69
	56
	
	24
	26
	56
	99
	99
	99
	99
	99

	
	14
	17
	22
	29
	51
	87
	80
	62
	
	47
	66
	99
	99
	99
	99
	99
	99

	
	18
	22
	37
	56
	68
	109
	103
	77
	
	99
	99
	99
	99
	99
	99
	99
	99

	
	24
	35
	55
	64
	81
	104
	113
	92
	
	99
	99
	99
	99
	99
	99
	99
	99

	
	49
	64
	78
	87
	103
	121
	120
	101
	
	99
	99
	99
	99
	99
	99
	99
	99

	
	72
	92
	95
	98
	112
	100
	103
	99
	
	99
	99
	99
	99
	99
	99
	99
	99


· The numbers in the above quantization tables can be scaled up (or down) to adjust the so called quality factor. 

Custom quantization tables can also be put in image/scan header. 

Zig-zag Scan

· Why? -- to group low frequency coefficients in top of vector. 

· Maps 8 x 8 to a 1 x 64 vector 
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The results of a 64-element DCT transform are 1 DC coefficient and 63 AC coefficients. The DC coefficient represents the average color of the 8x8 region. The 63 AC coefficients represent color change across the block. Low-numbered coefficients represent low-frequency color change, or gradual color change across the region. High-numbered coefficients represent high-frequency color change, or color which changes rapidly from one pixel to another within the block

DC component

· DC component is large and varied, but often close to previous value. 

· Encode the difference from previous 8 x 8 blocks -- DPCM 

AC components

· 1 x 63 vector has lots of zeros in it 

· Keeps skip and value, where skip is the number of zeros and value is the next non-zero component. 
· Send (0,0) as end-of-block sentinel value. 
Entropy Coding

· For AC components two symbols are used: Symbol_1: (skip, SIZE), Symbol_2: actual bits. Symbol_1 (skip, SIZE) is encoded using the Huffman coding, Symbol_2 is not encoded. 

· Huffman Tables can be custom (sent in header) or default.
JPEG Tables

[image: image6.png]Size,Value Encoding Table

Size | Code Value Range

0 00 0

1 010 -1, 1 0.1

2 011 32,23 00,01, 10,11

3 100 7.-6-5-4, 4567 000,....011, 100,...,11
4 101 15-14,13,...8, 8...,13,14,15 0000,....0111, 1000,...,1111
5 110

6 1110

7 11110

8 111110

9 1111110

10 11111110

11 111111110 -2047,...,-1024, 1024, 00000000000,...,11111111111





JPEG default AC code for luminance
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Example:
Use JPEG to encode the following picture
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1- Divide the picture  to  8*8 pixel 

2- Convert each subimage from RGB into YUV
3- Downsample the components U and V 
4- Process each component for each subimage
5- Assume that the first component in the first subimage represented in the following values
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6- Shift it by 128:
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7- Calculate DCT and round it to the nearest integer
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8- Using a quantization matrix with the DCT coefficient matrix from above results in:
The quantization matrix
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The result
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For example the first coefficient become 

[image: image14.png]round (%) = round (—25.9375
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9- The zig-zag sequence for the above quantized coefficients would be:
−26, −3, 0, −3, −2, −6, 2, −4, 1, −4, 1, 1, 5, 1, 2, −1, 1, −1, 2, 0, 0, 0, 0, 0, −1, −1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0

Where -26  is the DC coefficient and the other numbers are AC coefficients
10- JPEG has a special Huffman code word for ending the sequence prematurely when the remaining coefficients are zero. Using this special code word, EOB, the sequence becomes:
−3, 0, −3, −2, −6, 2, −4, 1, −4, 1, 1, 5, 1, 2, −1, 1, −1, 2, 0, 0, 0, 0, 0, −1, −1, EOB
11- Use RLE to encode the AC  vector as follows:

         ( Number of zeros, Size) value

                        So the AC vector becomes:
                                (0,2)-3  (1,2)-3  (0,2)-2   (0,3)-6    (0,2)2   (0,3)-4     (0,1)1  (0,3)-4      

                                (0,1)1   (0,1)1   (0,3)5     (0,1)1     (0,2)2    (0,1)-1     (0,1)1   (0,1)-1 
                                (0,2)2   (5,1)-1   (0,1)-1   EOB
12- By using Huffman JPEG table  we will get the following data
          0100   11100100   0101      100001  0110  100011  001   100011

          001     001               100101   001       0110   000       001   000       

                            0110   11110100     000       1010
          The result is          

          0100111001000101100001011010001100110001100100110010100     

          101100000010000110111101000001010
13- Encode DC  components, for example If a DC component is 40, and the previous DC component is 48. The difference is -8. Therefore 40 gets coded as: 1010111
                       0111: value representing -8  

                      101: size from the same table reads 4
Dr. Essam Al-Daoud


