
L. Yaroslavsky. Course 5107212. Selected Topics in Image Processing, Graphics and Computer Vision
Lecture 4. Efficient computational algorithms for digital image processing

(2 hours)
Filtering in signal domain.
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Recursive computation of DFT and DCT in a moving window:
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Recursive computation of histograms and order statistics in moving window
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Parallel and cascade digital filters. 2-D cascade digital filters.
Parallel and recursive implementation of digital filters. Sliding window filtering in transform domain
Filtering in transform domain using using FFT-type algorithms.
The principle of Fast Fourier Transform.
2-D DFT and the basic idea of Fast Transforms. Fast Hadamard Transform:
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DFT of a sequence of N N N= 1 2
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Radix-2 FFT. Graph representation of fast algorithms.
Matrix techniques in the theory of fast transforms and algorithms.
Elementary matrices: [ ] [ ];; 1001 and their derivatives.
Matrix building operations: direct matrix sum; “vertical” sum; direct (Kronecker) product
Fast transforms matrices as layered Kronecker ones. Factorization  theorems.
Review of Fast Transforms.
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Synthesis of fast transforms and algorithms: Pruned FFT, Quantized DFT
Fast DCT and DcST algorithms
Combined algorithms of DFTs
Combined DFT of two real-valued sequences:
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Combined DFT of a single sequence with even number of terms:
{ } { } { };iiDFTiaac odd

r
even
rrrrkkk ααβαγ +⇒+=⇒⇒+= +122 ( )( ){ };/N/riexpodd

r
even
rr 2πααα +=

Combined DCT ( ){ } ( ) { };i,/SDFTbiac DCT
Nr

DCT
r

,/
rk

k
kk ++=⇒⇒−+= βαγ 0210211

( ){ } ( ){ }22 021021021 /;/ ,/
rN

,/
rN

DCT
rrN

,/
r

DCT
r +−

∗
− +=−= γγβγγα



Efficient algorithms of filtering in signal domain

To the principle of recursive filtering in sliding window

Parallel implementation of filtering

Cascade implementation of filtering
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Flow diagram of FFT for 4312 ×==N

Flow charts of  FFT “in place” (left) and of FFT without permutations
algorithms; (numbers in nodes are values of index m in exponential factors
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Flow diagrams of Fast Hadamard (left) and Fast Haar (right) Transform
algorithms

Illustrative flow diagram of the DCT (a) and DcST (b) for N=8. Solid lines denote
addition at the graph nodes; dotted lines denote subtraction; circles denote
multiplication by respective coefficients { }msd ,  and { }mse ,  (numerical values are
not shown)
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Illustrative flow diagram of a pruned DFT for N=16.
(Solid lines denote multiplication by 1, or 1− , doted lines denote multiplication by -
1, or -j and solid lines with black bubbles denote multiplication by “twiddle” factors).
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Flow diagram of the combined direct (a) and inverse (b) DFT of two real-valued
signals

Flow diagram of the combined direct DFT of a real-valued  signal with an even
number of samples
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Flow diagram of 2-D combined DFT for even number of rows and columns

Flow diagram of the fast FFT based combined algorithm for computing DCT of
four signals
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