
IMAGE COMPRESSION STANDARD 

JPEG



Reduces amount of data required to represent a 
digital image

Image Compression

How to reduce?

By Removing the redundant data



REDUNDANCIES
• Coding Redundancy

- Gray levels of the image uses more code symbols 
than really needed

- Similar to Data Compression 

• Interpixel Redundancy
- Results from structural or geometric relationships 

between objects in image

• Psychovisual Redundancy
- Our eyes does not respond to all visual information



• Two types of compression
– Lossless – Entropy coding
– Lossy – Eliminates Psychovisual redundancies

• Three types of Lossy compression
– Transform coding
– Vector Quantization
– Fractal coding



JPEG

• Joint Photographic Experts Group

• Performs Transform coding
– Transforms to frequency domain

Transform Quantize Entropy coding
Input image Compressed

image



JPEG Encoder

Source Image

8*8 blocks

FDCT Quantizer

Compressed
image

Entropy
Encoder

FDCT-Forward Discrete Cosine Transform



JPEG Decoder

Entropy
decoder

Compressed
image Dequantizer IDCT

Reconstructed Image

IDCT-Inverse Discrete Cosine Transform



JPEG - DCT – Based Image Compression

• An image is broken into 8*8 blocks

• DCT Transform is computed on each block 

• DCT coefficients are quantized

• Entropy coded (Lossless coding) 

• Pixels are level shifted by 2n-1 ,     
where 2n is max gray level



Discrete Cosine Transform
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Forward Discrete Transform

f(x,y) represents
pixel value



DCT basis patterns
•Any 8x8 block of 
pixels can be 
represented as a sum of 
64 basis patterns 

u
v

•Output of the DCT is the 
set of weights for these 
basis patterns (the 
DCTcoefficients)

•Multiply each basis pattern 
by its weight and add them 
together

•Result is the original image block



9478766568697987

8365615559647185

7558687770606579

706888126104686167

6970106154122715863

7366104114113685962

72698510990665963

7364617066615552

Sample 8*8 block 

-34-50-52-63-60-59-49-41

-45-63-67-73-69-64-57-43

-53-70-65-51-58-68-63-49

-58-60-40-2-24-60-67-61

-59-58-2226-6-57-70-65

-55-62-2416-15-60-69-66

-56-59-43-19-38-62-69-65

-55-64-67-58-62-67-73-76

Level Shifted by -128



-10-1-1-2-1-1-1

-21-32-12-1-4

-120-1-331-10

1-41-1-2-13-811

306-9-153513-50

-5710-30-25778-46

6-6-7119-62-217

3-1-205525-62-29-415

DCT Co-efficients (After transform)

9910310011298959272

10112012110387786449

921131048164553524

771031096856372218

6280875129221714

5669574024161314

5560582619141212

6151402416101116

Quantization table

Divided by

DC co-efficient



00000000

00000000

00000000

00000001

0000-121-4

000-1-151-3

00000-4-21

00022-6-3-26

Zig Zag Scan o/p

Quantized co-efficients

-26 3 1 3 -2 -6 2 -4 1 -4 1 1 5 0 2 0 0 -1 2 0 0 0  0 0 1 1 EOB

Zig zag scan



• Zig Zag scan is done so that the coefficients 
are in order of increasing frequency.

• The higher frequency coefficients are more 
likely to be 0 after quantization.

• This improves the compression of run-
length encoding.



Entropy coding

• DC co-efficients are difference coded
– Difference between current DC co-efficient and 

previously coded subimage DC co-efficient is 
found out

– And then huffman coded by refering DC code 
table

• Non Zero AC co-efficients are coded using
variable length coding
– Run length coded
– And then huffman coded



Entropy coding

N/AF-32767,…-
16384,

16384,…32
767

….…..….

….….…..

33-7,…-
4,4,…7

22-3,-2,2,3

11-1,1

N/A00

AC 
category

DC 
Difference 
category

Range

20111111110B

…….….

………

51002

40111

30100

LengthBase codeCategory

Jpeg co-efficients coding categories
JPEG default DC code



DC co-efficient coding 
• To code DC difference 

code -9

• Base code is 101

71014

20111111110B

…….….

5003

51002

40111

30100

LengthBase codeCategory• Remaining length 4 
bits is generated from 
LSB if positive or 
LSBs of negative 
difference minus 1
– (0111-1=0110)
Total code 1010110

• Category is 4

N/AF-32767,…-
16384,

16384,…32
767

….…..….

44-15,…-
6,6,…15

33-7,…-
4,4,…7

22-3,-2,2,3
11-1,1

N/A00

AC 
category

DC 
Difference 
category

Range

Jpeg co-efficients coding categories

JPEG default DC code



AC Co-efficient coding

• AC Huffman code depends on the number 
of Zero valued co-efficients preceding non 
zero co-efficient to be coded and magnitude 
category of non–zero co-efficient

• Eg (0 0 0 3 0 -9) is categorized as 
(run,category)  (3/2,1/4)

• This is coded using Jpeg AC code table as 
coded in previous case(DC)



Decoding Stage



The coded data is entropy decoded in the decoder 

9910310011298959272

10112012110387786449

921131048164553524

771031096856372218

6280875129221714

5669574024161314

5560582619141212

6151402416101116

Quantization table

Multiplied 
by

00000000
00000000
00000000
00000001
0000-121-4
000-1-151-3
00000-4-21

00022-6-3-26



Denormalized co-efficients

00000000

00000000

00000000

000000018

0000-294417-56

000-40-248013-42

00000-56-2412

0004832-60-33-416



After Inverse DCT

-44-44-48-60-66-61-47-35

-50-61-67-67-68-70-59-45

-54-71-71-54-54-72-71-52

-56-63-44-13-23-64-75-54

-60-51-13220-57-77-59

-64-48-1213-9-58-78-68

-59-54-40-30-39-61-73-72

-50-58-66-69-64-61-64-70



After level shifting 
(reconstructed subimage)

8484806962678193

7867616160596983

7457577574565776

726584115105645374

6877115149128715169

6480116141119705060

6974889889675556

7870686259676458



Difference between original and 
reconstructed subimage

10-6-4-462-2-6

5-20-6-1522

11112-4483

-23411-148-7

1-7-9-5-407-6

9-14-12-3-6-292

3-5-3111-147

-5-6-1112-6-9-6



Original Lena image Reconstructed image

Compression rate : .5 bpp
PSNR : 30.91 db



Original Image

Compression ratio-4.2:1 Compression ratio-7.3:1



Original Mandrill image Reconstructed image

Compression rate : .22 bpp  
Compression ratio : 36:1
PSNR : 19.9 db



THANK YOU


