
JPEG Image Compression 
 JPEG is the standard lossy image compression 
 Based on Discrete Cosine Transform (DCT) 
 Comes from the Joint Photographic Experts Group 
 Formed in1986 and issued format in 1992 
 Consider an image of 73,242 pixels with 24 bit color 
 Requires 219,726 bytes 
 

Image  Quality Size Rati
o 

 

Highest 
Q=100 

81,447 2.7:
1 

Extremely minor 
artifacts 

High 
Quality 
Q=50 

14,679 15:1 Initial signs of 
subimage 
artifacts 



Medium 
Q 

9,407 23:1 Stronger 
artifacts; loss of 
high frequency 
information 

Low 4,787 46:1 Severe high 
frequency loss 
leads to obvious 
artifacts on 
subimage 
boundaries 
("macroblocking
") 

Lowest 1,523 144:
1 

Extreme loss of 
color and detail; 
the leaves are 
nearly 
unrecognizable 

     
 
 
 
 

 
 

  



JPEG How it works 
 Begin with a color translation 
 RGB goes to Y′CBCR 
 Luma and two Chroma colors  
 Y is brightness 
 CB is B-Y 
 CR is R-Y 
 Downsample or Chroma Subsampling 
 Chroma data resolutions reduced by 2 or 3  
 Eye is less sensitive to fine color details than to brightness 
 

 

 



Block splitting 
 Each channel broken into 8x8 blocks no subsampling 
 Or 16x8 most common at medium compression 
 Or 16x16  
 Must fill in remaining areas of incomplete blocks 
 This gives the values 
 

 
 

  



DCT - centering 
 Center the data about 0 
 Range is now -128 to 127 
 Middle is zero 
 
 

 

  



Discrete cosine transform formula 
 Apply as 2D DCT using the formula 
 Creates a new matrix 
 Top left (largest) is the DC coefficient constant component  
 Gives basic hue for the block 
 Remaining 63 are AC coefficients  
 

 

  



Discrete cosine transform 
 The DCT transforms an 8×8 block of input values  
 to a linear combination of these 64 patterns.  
 The patterns are referred to as the 2D DCT basis functions,  
 the output values are referred to as transform coefficients.  
 The horizontal index is u {\displaystyle u} u and  
 the vertical index is v {\displaystyle v} v. 
 

 
 

  



DCT example 
 How DCT is expressed 
 

 
 

  



Quantization  
 human eye is good at seeing small differences in brightness over a 
relatively large area 
 not so good at distinguishing the exact strength of a high frequency 
brightness variation 
 allows one to greatly reduce the amount of information in the high 
frequency components 
 This rounding operation is the only lossy operation in the whole 
process (other than chroma subsampling) 
 Results in many higher frequency components are rounded to zero 
 Quantization matrix controls the compression ratio 
 Large values high compression,  
 
 

 

  



Quantization compression 
 Quantization example 
 

 

  



Reorder and variable length encoding 
 At high compression more coef reduced to zero 
 Data is reordered to reflect this  
 After reordering, very likely, that some values at the beginning 
  and then a lot of 0’s.  
 Instead of storing “0 0 0 0 0 0 0 0 0 0”, we can easily store “10x 0”. 
 

 

 


