


11/10/2022 1

Block Transform Coding
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Block Transform Coding
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Consider a subimage of size  whose forward, discrete
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Block Transform Coding
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Given ( , ),  ( , ) similarly can be obtained using the 

generalized inverse discrete transform
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Image transform

• Two main types:

-orthogonal transform: 

e.g. Walsh-Hdamard transform, DCT

-subband transform: 

e.g. Wavelet transform
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Orthogonal transform

• Orthogonal matrix W

➔ C=W．D

➢Reducing redundancy

➢Isolating frequencies
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Block Transform Coding
Walsh-Hadamard transform (WHT)
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Block Transform Coding
Discrete Cosine Transform (DCT)
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Example
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In each case, 50% of the resulting coefficients were truncated and taking the inverse transform of the truncated 
coefficients arrays. 

RMSE = 2.32 RMSE = 1.78 RMSE = 1.13
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Subimage Size Selection
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Subimage Size Selection
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Bit Allocation

The overall process of truncating, quantizing, and coding 
the coefficients of a transformed subimage is commonly 

called bit allocation

Zonal coding
The retained coefficients are selected on the basis of
maximum variance

Threshold coding
The retained coefficients are selected on the basis of

maximum magnitude
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RMSE = 6.5

RMSE = 4.5
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Threshold Coding
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Threshold Coding
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Threshold Coding
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Fact about JPEG Compression

► JPEG stands for Joint Photographic Experts Group

► Used on 24-bit color files.

► Works well on photographic images.

► Although it is a lossy compression technique, it yields an 
excellent quality image with high compression rates.
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Fact about JPEG Compression

► It defines three different coding systems:

1. a lossy baseline coding system, adequate for most 
compression applications

2. an extended coding system for greater compression, 
higher precision, or progressive reconstruction applications

3. A lossless independent coding system for reversible 
compression
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Steps in JPEG Compression

1.  (Optionally) If the color is represented in RGB mode, translate it 
to YUV.  

2.  Divide the file into 8 X 8 blocks.

3.  Transform the pixel information from the spatial domain to the 
frequency domain with the Discrete Cosine Transform.   

4.  Quantize the resulting values by dividing each coefficient by an 
integer value and rounding off to the nearest integer. 

5.  Look at the resulting coefficients in a zigzag order.  Do a run-
length encoding of the coefficients ordered in this manner.  
Follow by Huffman coding.  
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Step 1a:  Converting RGB to YUV

► YUV color mode stores color in terms of its luminance 
(brightness) and chrominance (hue).  

► The human eye is less sensitive to chrominance than 
luminance.

► YUV is not required for JPEG compression, but it gives a 
better compression rate.
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RGB vs. YUV

► It’s simple arithmetic to convert RGB to YUV.  The formula 
is based on the relative contributions that red, green, and 
blue make to the luminance and chrominance factors.

► There are several different formulas in use depending on 
the target monitor. 

For example:

Y = 0.299 * R + 0.587 * G +0.114 * B

U = -0.1687 * R – 0.3313* G + 0.5 * B +128

V = 0.5 * R – 0.4187 * G – 0.813 * B + 128
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Step 1b:  Downsampling

► The chrominance information can (optionally) be 
downsampled.

► The notation 4:1:1 means that for each block of four 
pixels, you have 4 samples of luminance information (Y), 
and 1 each of the two chrominance components (U and V).                           

Y Y

Y Y

U, V
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Step 2: Divide into 8 X 8 blocks

► Note that with YUV color, you have 16 pixels of information 
in each block for the Y component (though only 8 in each 
direction for the U and V components).

► If the file doesn’t divide evenly into 8 X 8 blocks, extra 
pixels are added to the end and discarded after the 
compression.

► The values are shifted “left” by subtracting 128.
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Discrete Cosine Transform

► The DCT transforms the data from the spatial domain 
to the frequency domain.

► The spatial domain shows the amplitude of the color as 
you move through space

► The frequency domain shows how quickly the 
amplitude of the color is changing from one pixel to the 
next in an image file.
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Step 3:  DCT

► The frequency domain is a better representation for the 
data because it makes it possible for you to separate out –
and throw away – information that isn’t very important to 
human perception.

► The human eye is not very sensitive to high frequency 
changes – especially in photographic images, so the high 
frequency data can, to some extent, be discarded.
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Step 3:  DCT

► The color amplitude information can be thought of as a 
wave (in two dimensions).

► You’re decomposing the wave into its component 
frequencies.

► For the 8 X 8 matrix of color data, you’re getting an 8 X 8 
matrix of coefficients for the frequency components.
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Step 4:  Quantize the Coefficients
Computed by the DCT

► The DCT is lossless in that the reverse DCT will give you 
back exactly your initial information (ignoring the rounding 
error that results from using floating point numbers.)

► The values from the DCT are initially floating-point.

► They are changed to integers by quantization.
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Step 4:  Quantization

► Quantization involves dividing each coefficient by an 
integer between 1 and 255 and rounding off.

► The quantization table is chosen to reduce the precision of 
each coefficient to no more than necessary.

► The quantization table is carried along with the 
compressed file.



11/10/2022 13

Step 5:  Arrange in “zigzag” order

► This 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.

► Do run-length encoding and Huffman coding.
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JPEG at 0.125 bpp (enlarged)

C. Christopoulos, A. Skodras, T. Ebrahimi, JPEG2000 (online tutorial)
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JPEG2000 at 0.125 bpp

C. Christopoulos, A. Skodras, T. Ebrahimi, JPEG2000 (online tutorial)




