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Abstract;

technique in the seismic signal processing. This method first

Cadzow filtering is a well-known denoising

transforms the data measured in seismic remote sensing into a
complex Block Hankel Hankel Block (BHHB) matrix, then it
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reduces the noise via singular value decomposition (SVD).
Usually, the structure of BHHB matrix is ignored in the SVD
computation, so that the computational time and memory
storage are high especially when the size of matrix is large.
This paper presents a fast and stable SVD algorithm for
complex BHHB matrices. The fast SVD algorithm consists of
two stages: Lanczos bidiagonalization (or tridiagonalization
for symmetric BHHB matrix) and diagonalization using
twisted factorization. By exploiting the structure of BHHB
matrix, the SVD can be accelerated by a fast matrix-vector
multiplication based on the 1-D Fast Fourier Transform
(FFT ). FFT
implementation, the proposed method requires much less

Compared to the multi-dimensional

memory with the similar computational cost. Numerical
experiments support this claim. Finally, the fast SVD method
is applied to some seismic examples with the Cadzow filtering
technique to reduce noises. It turns out that the proposed
method is better than the prediction filtering and it is cost-
efficient in the speed and memory usage in seismic data

processing, especially for large problems.

Key words: rank-reduction estimation; Block Hankel Hankel
Block (BHHB) matrix; fast singular value decomposition
(SVD)
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Tab.1 Comparison of computational times and accuracies of fast BHHB matrix-vector multiplication

with MATLAB on square BHHB matrices

HHEE/ s

HERER/ HR Natlah EEL FERNEE sk He

3 000X3 000 50X50 0, 046 80 0.012 48 2.021 18 X100 3.750 0
6 750 X6 750 75X75 0. 234 00 0.020 28 9. 805 5610710 11.538 5
12 0002X12 000 100X100 0.744 12 0.043 68 3,226 10X107° 17.035 7
18 750X 18 750 125X125 1. 945 33 0. 059 28 7.831 13X107* 32,815 8

=2 ekt BHHB S o 25 sk 5 i85 0h
Tab.2 Performance of the fast BHHB multiplication with various block sizes
TR/ .

HERER/ HR Natlah EEL FERNEE sk He

3 000X3 000 10X10 0, 046 80 0.010 92 2.031 01 X107 10 4. 286
3 000X3 000 20X 20 0. 045 24 0. 006 24 2.027 14X1071° 7. 250
3 000X3 000 30X 30 0. 048 36 0.003 12 2,043 27 X10710 15. 500
3 000X3 000 50X50 0,051 48 0. 004 68 2.019 03 X101 11. 000
3 000X3 000 60X 60 0,049 92 0. 001 56 2.028 31 X100 32. 000

%3 SBHIB fHEF{RZE SVD B3 EMIEE
Tab.3 Comparison of computational times and accuracies of MATLAB built-in SVD with the proposed

fast SVD algorithm on square BHHB matrices with square blocks

Matlab &

@ SVD

o PR ifFL/s BIEL/S EXWE SVD fi I i
900900 30X 30 25,022 6 17,986 9 2.19X10™ 1 5,27X10712 1.3912
2 500X2 500 5050 523.430 2 220.148 6 3.68X10715 1.53X107 18 2.3776
4 900 X4 900 70X70 4 224.507 1 1 401.091 8 2.27X1071 1.02X10718 3.015 2
6 400X 6 400 80.X80 25 667,234 5 2 888.920 1 4, 96X 10715 1, 77X10713 8.884 7
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Tab.4 Comparison of computational times and accuracies of MATLAB built-in SVD with the proposed
fast SVD algorithm on GBHIHB matrices with rectangular blocks

Matlab & HE SVD .
A R B/ WS GTARE  ATARE  SOmE o
286.X162 13X9 0,546 0 0.327 6 1.28X10713 9.98X10~ ™ 7.62X10713 1. 666 7
1296X1 012 27X23 45,552 3 13.618 9 8.28X10715 1.51X107 2.58X10718 3.344 8
5 500X4 896 55X51 4 .739.903 2 900. 391 0 2,09X1071% 3.49X10715 8.42X10714 5.264 3
8 6947 930 69X 65 23 516, 854 3 3 640, 376 9 3, 12X10718 5.09X10715 1. 0610713 6. 460 0
JEIR1E S 5 5 F M R/N Ty 299 X 99, X RLAE B 2R SVD 2@ LR RE R 2 50,15 2 £ 185

BHHB 45 /N R 7 500X 7 500, S INBEHL M
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Fig.1 Artificial 2-D signal based on damped cosine wavelet.
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Fig.2 Inline section through a noisy artificial 3-D volume.
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Fig.3 A real 2-D seismic signal

SVD S kit T KM, I BRI RO R 4T »
LWEI foy BINUEHE A LS.

5 #Fit

A ICHT Cadzow JEIE A EN BHHB k%
PR 5, 32 0 T PGEAS E X BHHB 48 R 3E 7 7
SVD s3I Tk fRPe T BEE HH BE R RO AR
PraAEE B SRR, 275 W B B . X A4k
Fxsfa 4k, 55— Br Be 4T Lanczos 43+ #%, ¥ BHHB
R 4k, 75 2%tk BHHB 8/, W34 7 =%t
FAAAORIEXT BR 1 5 SR S5 I A Twisted 437 77 15 %
S o) £ R RO =0 8 6 ) 3R 4T SVD 43,
IEHGE SVD Bk R % 7E T+, 8 1 T #71% BHHB
MEESmEMRERR, M1 % FFT REBEL 4%
FET, it B i Rt s T A2 i 5 58 — BBt

Twisted MR R SVD A& SVD, it
W T HE AL
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