Entropy Coding

Huffman Coding of the DC Coefficients

Let 
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 denote the DC coefficients of blocks 
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Due to the high correlation of DC values among adjacent blocks, JPEG uses differential coding for the DC coefficients.
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; This range is divided into 12 size categories.

Each DC differential can be described by the pair

(size, amplitude).

From this pair of values, only the first (the size) is Huffman coded.

Example

The DC differential has an amplitude of 195.

Size=8.

Thus, 195 is described by the pair (8,11000011).

If the Huffman codeword for size=8 is 111110, then 195 is coded as 11111011000011.

Similarly, -195 would he coded as 11111000111100. 

Huffman decoding is obvious. 


Figure 5.3: Huffman coding in baseline JPEG.

Huffman Coding of the AC Coefficients

Let 
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After quantization, most of the AC coefficients will be zero; thus, only the nonzero AC coefficients need to be coded.

AC
[image: image10.wmf]]

1023

,

1023

[

-

Î

; This range is divided into 10 size categories.

Each AC differential can be described by the pair

(run/size, amplitude).

From this pair of values, only the first (the run/size) is Huffman coded.

Example

Assume an AC coefficient is preceded by six zeros and has a value of -18.

-18 falls into category 5.

The one's complement of -18 is 01101.

Hence, this coefficient is represented by (6/5, 01101).

The pair (6/5) is Huffman coded, and the 5-bit value of-18 is appended to that code.

If the Huffman codeword for (6/5) is 1101, then the codeword for –18 is 110101101.

Special cases

(1) the run-length value cannot be larger than 15.

In that case, JPEG uses the symbol (15/0) to denote a run-length of 15 zeros followed by a zero.

Such symbols can be cascaded as needed: however, the codeword for the last AC coefficient must have a non zero amplitude. 

(2)
If after a nonzero AC value all the remaining coefficients are zero, then the special symbol (0/0) denotes an end of block (EOB).


    (a) Conventionl order                        (b) Zig-zag order

Figure: Conventional and zig-zag ordering

A Coding Example: Assume that the values of a quantized DCT matrix are given by
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If the DC value of the previous block is 40, then 
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This can be expressed as the (size, amplitude) pair (2, 2).

If the Huffman codeword for size 2 is 011, then the codeword for the DC value is 01110.
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	Value
	Run/Size
	Huffman Code
	Amplitude
	Total Bits

	16
	0/5
	11010
	10000
	10

	-21
	0/5
	11010
	01010
	10

	10
	0/4
	1011
	1010
	8

	-15
	0/4
	1011
	0000
	8

	3
	3/2
	111110111
	11
	11

	-2
	0/2
	01
	01
	4

	2
	½
	11011
	10
	7

	-3
	0/2
	01
	00
	4

	2
	5/2
	11111110111
	10
	13

	-1
	0/1
	00
	0
	3

	EOB
	0/0
	1010
	
	4


Table: Example for the Huffman coding of AC coefficients
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82 bits to encode the AC coefficients
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	Value
	Run/Size
	Huffman Code
	Amplitude
	Total Bits

	16
	0/5
	11010
	10000
	10

	-21
	0/5
	11010
	01010
	10

	10
	0/4
	1011
	1010
	8

	-15
	0/4
	1011
	0000
	8

	3
	3/2
	111110111
	11
	11

	-2
	0/2
	01
	01
	4

	2
	½
	11011
	10
	7

	-3
	0/2
	01
	00
	4

	2
	5/2
	11111110111
	10
	13

	-1
	0/1
	00
	0
	3

	EOB
	0/0
	1010
	
	4


Table: Example for the Huffman coding of AC coefficients

Compression Efficiency of Entropy Coding in JPEG

1.
The DC and AC coefficients are treated separately. This is motivated by the fact that the statistics for the DC and AC coefficients are quite dissimilar.

2. For typical values of the quality factor 
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, many of the AC coefficients within an 
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 block will be zero-valued.

Zig-zag scanning of the AC coefficients leads to an efficient (run-length, value) representation for the nonzero AC coefficients.

3. Values for the DC differentials range between -2047 and 2047, and for the AC coefficients range between -1023 and 1023.

Direct Huffman coding of these values would require code tables with 4,095 and 2,047 entries!

By Huffman coding only the size or the (run/size) information, the size of these tables is reduced to 12 and 162 entries, respectively!
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