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Outline

• Introduction to JPEG

• Digital Camera Example Development
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• JPEG coding standard (1988): DCT (discrete cosine
transform) based transform coding to compress bit-
map images.

• JPEG compression technique

– “Lossy” compression: Perfect data recovery not possible

JPEG
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Three Steps

• Transformation

– 8× 8 DCT

• Quantization

– uniform quantization

– DC/AC coefficients

• Coding

– Zigzag scan

– Run length/Huffman coding
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Digital Cam

• Digital Cam model

image file

1010110101

1010101001

0101101...

CCD.C

CNTRL.C

UART.C

output file

1010101010

1010101010

10101010...

CODEC.CCCDPP.C

ENCODING.C
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File BMP

• BMP format

– File headers (offset 0 - 14)

– Bmp headers (offset 14 - 54)

– Body of text (offset 54 - eof)

Body of text
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Module CCD: CcdBmpInfo()

• File BMP 8x8 pixels, grey scale

bmp file 8x8  

grey level
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Module CCD: CcdBmpInfo()

• Read File Headers
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• Read File Headers



Embedded Systems Design: A Unified 

Hardware/Software Introduction, (c) 2000 Vahid/Givargis
10

DCT step

• Transforms original 8 x 8 block into a cosine-frequency 
domain
– Upper-left corner values represent more of the essence of the image

– Lower-right corner values represent finer details

• Can reduce precision of these values and retain reasonable image quality

• FDCT (Forward DCT) formula
– C(h) = if (h == 0) then 1/sqrt(2) else 1.0

• Auxiliary function used in main function F(u,v)

– F(u,v) = ¼ x C(u) x C(v) Σx=0..7 Σy=0..7 Dxy x cos(π(2u + 1)u/16) x cos(π(2y + 1)v/16)

• Gives encoded pixel at row u, column v

• Dxy is original pixel value at row x, column y

• IDCT (Inverse DCT)
– Reverses process to obtain original block (not needed for this design)
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DCT step

• Call the function CntrlCompressImage() 
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Quantization step

• Achieve high compression ratio by reducing image 
quality

– Reduce bit precision of encoded data

• Fewer bits needed for encoding

• One way is to divide all values by a factor of 2

– Simple right shifts can do this

– Dequantization would reverse process for decompression

1150 39 -43 -10 26 -83 11 41

-81 -3 115 -73 -6 -2 22 -5

14 -11 1 -42 26 -3 17 -38

2 -61 -13 -12 36 -23 -18 5

44 13 37 -4 10 -21 7 -8

36 -11 -9 -4 20 -28 -21 14

-19 -7 21 -6 3 3 12 -21

-5 -13 -11 -17 -4 -1 7 -4

144 5 -5 -1 3 -10 1 5

-10 0 14 -9 -1 0 3 -1

2 -1 0 -5 3 0 2 -5

0 -8 -2 -2 5 -3 -2 1

6 2 5 -1 1 -3 1 -1

5 -1 -1 -1 3 -4 -3 2

-2 -1 3 -1 0 0 2 -3

-1 -2 -1 -2 -1 0 1 -1

After being decoded using DCT After quantization

Divide each cell’s 

value  by 8
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Quantization step

• How to choose the quantization matrix?

– Luminance quantization matrix

– Chrominance quantization matrix

– Compression level

Reference:

http://www.impulseadventure.com/photo/jpeg-quantization.html
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Quantization step

• Gimp luminance quantization matrix
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Coding

• There are two steps:

– ZigZag scan and reorder

– Huffman coding

• run length encoding technique

• Luminace and Chrominance Huffman tables
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ZigZag step
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ZigZag step
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Huffman encoding example

• Pixel frequencies on left

– Pixel value –1 occurs 15 times

– Pixel value 14 occurs 1 time

• Build Huffman tree from bottom up

– Create one leaf node for each pixel 
value and assign frequency as node’s 
value

– Create an internal node by joining any 
two nodes whose sum is a minimal 
value

• This sum is internal nodes value

– Repeat until complete binary tree

• Traverse tree from root to leaf to 
obtain binary code for leaf’s pixel 
value

– Append 0 for left traversal, 1 for right 
traversal

• Huffman encoding is reversible

– No code is a prefix of another code

144

5 3 2

1 0 -2

-1

-10 -5 -3

-4 -8 -9614

1 1

2

1 1

2

1

2
2

4

3

5

4

6
5

9

5

1

0

5

1

15

1

4

6

1

7

8

1

81

5

29

3

5

6

4

1

-1 15x 

0 8x

-2 6x

1 5x

2 5x

3 5x

5 5x

-3 4x

-5 3x

-10 2x

144 1x

-9 1x

-8 1x

-4 1x

6 1x

14 1x

-1 00

0 100

-2 110

1 010

2 1110

3 1010

5 0110

-3 11110

-5 10110

-10 01110

144 111111

-9 111110

-8 101111

-4 101110

6 011111

14 011110

Pixel 

frequencies
Huffman tree

Huffman 

codes
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Huffman Table

• … but actually
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Huffman Table

• And…
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Huffman Table

• To encode what we need is:

– DC

• Difference between DC blocki and DC block i-1 

– AC

• Run Length technique

• Example
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Huffman Table Example

• Consider two subsequent 8x8 blocks:

29,-2,1,1,1,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0…..

22,-2,1,1,1,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0…..

DC elements (22-29=-7)-> C1(-7)=000

[3,-7]
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Run Length  

• 1° step: count of zeros before the number

29,-2,1,1,1,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0…..

(0,-2);(0,1); (0,1); (0,1); (3,1);…….

([0,2],-2);([0,1],1)….. ([3,1],1);…….
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Apply Huffman tables

• …now

[3,000];([0,2],01);([0,1],1)….. ([3,1],1);…….

[011,000] DC
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Apply Huffman tables

• …now

([0,2],01);([0,1],1)….. ([3,1],1);…….

[01,01]

[111010,1]
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Apply Huffman tables

• Result

0110000101…1110101……
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Come back to application
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End coding
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Jpeg File
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Thanks for the attention


