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EE5355 DISCRETE TRANSFORMS AND THEIR APPLICATIONS   Dr. K. R. Rao 
 
 

Comparison of various discrete transforms 
 
 
This will not include the fast algorithms, separability, recursivity, orthogonality and fast 
algorithms (complexity of implementation). These topics are described elsewhere in detail. 
The focus is on their various properties. We will consider the random vector x  is 
generated by I-order Markov process. Correlation matrix xxR  is where 

( )0 1 1, , , T
Nx x x x −= , ( 0 1 1, , , Nx x x −  are the N random variables) generated by the I-order 

Markov process, 
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The covariance matrix [ ]Σ  in the data domain is mapped into the transform domain as 

. DOT stands for discrete orthogonal transform. ⎡ ⎤Σ⎣ ⎦
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Superscript T and * denote transpose and complex conjugate respectively. 
 
When DOT is KLT,  is a diagonal matrix as all the transform coefficients in the KLT 
domain are uncorrelated. For all the other DOT, residual correlation (correlation left 
undone in the DOT domain) is defined as [5,6] 
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where 2Σ  is the Hilbert-Schmidt norm defined as 
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For a 2D-random signal such as an image assuming row and column statistics are 
independent of each other the variances of the (N×N) samples can be easily obtained. This 
concept is extended for computing the variances of the (N×N) transform coefficients. 
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1)  Transform coding gain,   TCG
is defined as 
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where 2
iiσ  is the variance of the ith coefficient in the transform domain. As the sum of the 

variances in any orthogonal transform domain is invariant (total energy is preserved),  
can be maximized by minimizing the geometric mean [1]. 

TCG

 
 
 
2)  Variance distribution in the transform domain 
 
It is desirable to have few transform coefficients with large variances (this implies the 
remaining coefficients will have small variances, as the sum of the variances is invariant). 
This variance distribution can be described graphically or in a tabular form for 

 and 8,16,32,N = 0.9,0.95,ρ =  etc. 
 
The compaction of the energy in few transform coefficients can be represented by the 
normalized basis restriction error [2] defined as 
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where 2
kkσ  are arranged in decreasing order. 

 
 
 
3)  Rate versus distortion (Rate-distortion) [2] 
 

DR  is the minimum average rate (bits/sample) for coding a signal at a specified distortion 
D (mean square error) defined as 
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where ˆkx  is the reconstructed sample. 
 
For a fixed average distortion D, the rate distortion function DR  is  
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where θ  is determined by solving  
 
 

    
1

2

0

1 min ,
N

kk
k

D
N

θ σ
−

=

⎡ ⎤= ⎣ ⎦∑  
 
 

Plot DR  vs D, for  and 8,16,32,N = 0.9,0.95,ρ =  
 
 
 
4)  Residual correlation 
 
While the KLT completely decorrelates a random vector, other discrete transforms fall 
short of this. An indication of the extent of decorrelation can be gauged by the correlation 
left undone by the discrete transform. This can be measured by the absolute sum of the 
cross covariance in the transform domain i.e., 
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for  as a function of 8,16,32,N = ρ . 
 
 
 
5)  Scalar  Wiener filtering [4] 
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Filter matrix G is optimized for a specific transform, such that the noise can be filtered. 
Evaluate ( 2ˆ )MSE E x x= −  for the discrete transforms for 4,8,16,32,N =  and 0.9ρ =  

and  0.95
 
 
 
6)  Geometrical Zonal Sampling (GZS) 
 
 
 

 
 
 
Geometrical zonal filter can be 2:1, 4:1, 8:1, or 16:1 (sample reduction) see Figure below 
for 2:1 and 4:1 sample reduction in the 2D-DCT domain 
 
 

 
 
 
Note that for 2D-DFT, the low frequency zones need to be appropriately identified. 
 
The reconstructed images for various sample reductions can be obtained and a plot of the 
normalized MSE vs various sample reduction ratios for all the DOT can be implemented. 
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7)  Maximum Variance Zonal Sampling (MVZS) 
 
In MVZS, transform coefficients with large variances can be selected for quantization and 
coding with the remainder (transform coefficients with small variances) set to zero. At the 
receiver side inverse operations are carried out resulting in the reconstructed signal or 
image. 
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