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Problem Formulation . %, /s

This work seeks the decomposition of a circulant matrix with circulant
blocks using pMATLAB for filtering operations on hyperspectral images.

e Previous Work

v' Singular value decomposition transform with and FFT-based algorithm on the
Connection Machine CM5 [1].

v" Kronecker products and SVD approximations in image restoration [2].
v’ Effective algorithms with circulant-block matrices [3].

e Solution Approach

Given a circulant block matrix A, it is desirable to solve for the following proposition [1]:

- T - -1 T
A=UyDVy A=(Fy @ Iy) " UpDyVp (Fy ® 1)
The SVD of an N2-by-N? circulant block matrix A is formulated according to [1]:

D, = (Fy ® Fy)A(Fy ® Fy)! Uy = (Fy @ Iy)"'Up Vi =Vp (Fyy ® Ip)
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Implementation Results %), ,, 2

 Mathematical Model Approach
A Kronecker product commutation property from [4] was used to arrive at the model:

pN,R(AS @ BR)pN,S p—s BR ® As
The following transformation was obtained:

A =Pz n(Iy @ Fy) *PyayUpDVp Pz y(Fog @ Ip) Py y
The modeling formulation for SVD computation is presented as follows :
A =Py n(Iy @ Fy ) 'UpDaVp (Iy ® Fy)Py:y

 Computational Parallel Pseudo-Algorithm

SV € RFW* 1 — gypdParallel(h e CV*V) 1 SV e RPW*T — gpdParallel(h e TV cont.
NxN, ~ P(NZ)xNZ Fz Fz
L h,eC™; ADgeC 4. D .loc = (Fy ® Fy).loc * A.loc » ( v ﬁ_ ‘“‘*).za.-:

2. h, =round(10 * rndn(N,N)); 5. Ds. = agg(put 10cal(Dp, Dpopiocas) ;

00 Antilexical Vectorization % ) )
0 ° % Matrix Fusion %

3. A.loc = CBMat( h,.loc); 6. SV.loc = dE‘SCSGTT(lﬂﬁPD;

% Circular Block Matrix Generation % ‘ ‘
% Sort in Descending Order %
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Performance Results %, 0 zse

PMATLAB Contributions: :

v Parallelized calculation of the circulant 0 L.
matrix with circulant blocks. &
v' Parallelized matrix multiplications and
the use of Kronecker products.
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