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JPEG

Joint Photographic Expert Group 

JPEG

• Resolution independence (handles arbitrary 
resolutions, images are padded to make their 
dimensions multiples of 8)

• Precision (8 or 12 bit DCT)
• No absolute bitrate targets
• Luminance-chrominance separability 
• Extensible (no bounds on progressive stages)
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Discrete Cosine Transform
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Example
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JPEG BLOCK DIAGRAM

DCT Q VLE

VLE-1Q-1DCT-1

image
Encoded 
image

Decoded image

JPEG Modes

• Baseline
• Progressive
• Lossless
• Hierarchical
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JPEG Baseline  Coding

• Divide  image into blocks of size 8X8.
• Level shift all 64 pixels values in each 

block by subtracting 2n-1, (where 2n is the 
maximum number of gray levels).

• Compute 2D DCT of  a block.
• Quantize DCT coefficients using 

quantization table.

JPEG Baseline Coding

• Zig-zag scan the quantized DCT 
coefficients to form 1-D sequence.

• Code 1-D sequence  (AC and DC)  using 
JPEG Huffman variable length codes.
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JPEG  Baseline Decoding
• Decode 1-D sequence (AC and DC) using 

JPEG Huffman variable length codes.
• Convert 1-D sequence of coefficients  into 2-

D array using Zig-zag scan.  
• Dequantize DCT coefficients using 

quantization table.
• Compute  inverse  DCT of  a block.
• Level shift all 64 inverse transformed pixels 

values in each block by adding 2n-1, .

JPEG Quantization Tables

• The DCT basis functions were viewed with  
– Luma resolution of 720X576 and
– chroma  resolution of 360X288
– Viewing distance of six times the screen width
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JPEG Quantization Table (Luma)
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JPEG Quantization Table 
(Chroma)
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JPEG ZIG-ZAG SCAN
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JPEG Coefficient Coding 
Categories

Range DC AC
0 0 N/A
-1,1 1 1
-3,-2,2,3 2 2
-7,..,-4,4,..,7 3 3
-15,..,-8,8,..,15 4 4
…. .. ..
-32767,..,32767 F N/A
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JPEG DC Code

Cat Base Code           Length 
0 010 3
1 011 4
2 100 5
3 00 5
4 101 7
5 110 8
6 1110 10
7 11110 12
8 111110 14
9 1111110 16
A 11111110 18
B 111111110 20

JPEG AC Code
Run/Cat Base Code Length
(0,0) 1010(EOB) 4
(0,1) 00 3
(0,2) 01 3
(0,3) 100 6
(0,4) 1011 8
(0,5) 11010 10
(0,6) 111000 12
(0,7) 1111000 14
(0,8) 1111110110 18
(0,9) 1111111110000010 25
… … ...
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Construction of JPEG Code

• Compute difference between the current DC 
coefficient and that of previously encoded 
block.

• Determine DC category of difference, and 
use the base code.

• Generate remain bits of code from the LSB 
(Least Significant Bits) of the difference.

Example (Encoding) 
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Example (Encoding)

1-D coefficeints
[ -26   -3  1  -3  -2  -6  2  -4  1  -4  1  1  5 
0  -1  2  0  0  0  0  0  -1  -1  EOB]

Coded array
1010110  0100  001  0100  0101  100001
0110  100011  001  100011  001  001
100101  11100110  110110  0110  11110100
000  1010            92 bits, 512/92 =5.6:1

Determining Code (DC)

• The DC DCT is “-26”.
• The DC DCT of previous block was “-17”.
• The difference is: -26-(-17)=-9
• DC category for “-9” is  “4”, with base code 

“101”, and code length “7 bits”.
• The difference (-9)=(0110)2.
• The code for (-26) is 1010110.
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Determining Code (AC)

• “-3” is AC category 2, preceded by “0” 
zeros

• Base code for 0/2 is “01”, length is “4” 
bits

• Two LSB of (-3)=(100)2 are “00”
• The code of “-3” is “0100”

Example  (Decoding)
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Comparison

































=′′′

8484806962678193

7867616160596983

7457577574565776

726584115105645374

6877115149128715169

6480116141119705060

6974889889675556

7870625964676458

P

































=

9478766568697987
8365615559647185
7558687770606579

706888126104686167
6970106154122715863
7366104144113685962

72698510990665963
7364617066615552

I

Original Image Decoded Image

Difference

































−−−−−
−−−

−
−−

−−−−−
−−−−−
−−−

−−−−−−

=

106446226
52061522
111124483
234111487
17954076
9141236292
353111147
561112696

Diff



14

JPEG

Original 64K 13K 5K

Difference

Progressive

• Coding of DCT coefficients in multiple 
passes.
– Spectral selection

• send lower frequency DCTs first, followed 
by higher frequency coefficients

• E.G., First send DC, then first AC, Second 
AC,…

• Reasonable quality after 5 AC
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Progressive

– Successive approximation
• send DC coefficient first
• start with  MSB of AC coefficients, followed 

by LSB
• gives better quality images at low bitrate

First Update (.14%)
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Third Update (4.12%)

Sixth Update (8.24%)



17

Lossless
• Uses predictive coding
• Integer prediction errors are VLC coded
• 8 different predictions can be used

0 Differential
1 A
2 B
3 C
4 A+B+C
5 A-(B-C)/2
6 B-(A-C)/2
7 (A+B)/2

C   B
A   X

Hierarchical

• Increasing special resolutions between 
progressive stages.
– First the lowest resolution of pyramid is coded
– Output of each stage is upsampled and taken as 

a prediction for the next stage.
– In the next stage the difference between the 

actual second level and the predicted second 
level is encoded and transmitted.

– The procedure continues until highest resolution
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Pyramid


