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Analysis and Design of Non-linear filters Based on Cubic Spline Function
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Abstract;  Signal analysis has important theoretical and practical application. Non-stationary signal analysis and processing is one
of the hot topics in the scientific and engineering research area. Because of the limit of linearity and stationarity assumption, the tradi-
tional methods can not be effectively used in image processing, speech processing and radar signal processing. A model suiting for non-
linear and non-stationary is established. The empirical data decomposition algorithm is discussed. A suitable design criteria is estab-
lished. The use of cubic spline functions to predict the parameters of the predictive filter is discussed. Making a test on spectrum image
data with empirical data decomposition. The system is simulated in Matlab. The probability distribution of the samples in high-frequency
subbands whose values are within the specified range and the corresponding entropy are analyzed through simulation. The results show
that the high-frequency coefficients produed by empirical data decomposition algorithm is more concentrated than those of 5/3 wavelet
and 9/7 wavelet, which are useful to image compression, and also proved empirical data decomposition is an effective analysis method
for non-stationary image data.
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Fig. 1 the structure of analysis filter
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Fig.2  the structure of general filter
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Tab. 1 the coefficients of analysis filter and synthesis filter
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Fig.3  coordinate mapping sketch
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Tab.2 predictive filter coefficients

n -1 0 1 2

b(n) -0. 0406 0.259%4 0. 8531 -0.0719
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Tab.3 the coefficients of analysis high-pass filter and synthesis low-pass filter
n -3 2 -1 0 1 2 3 4 5 6
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Tab.4  the entropy comparison of high-frequency sub-bands

in the specified range

ESEET AR | Db3/3 NEEYE | DBY/T /NS
Testl 0. 0065 0.0159 0.0087
Test2 0.0027 0.0079 0.0032
Test3 0.0085 0.0187 0. 0064
Test4 0.006 0.0142 0.0187
Test5 0.0022 0.0074 0.0045
Test6 0.0014 0.017 0.0024

I /R 4 JiEN
i

4

v

(b) 5/3/NBS iR
(b) 5/3 decomposition

S FREEHERT lena PR AY— U5 R4S

the decomposition result of three algorithm to lena image

0 1 H
-100 -80 -60 -40 20 0 20 40 60 80 100
the error is within the range of [-100 100]

P4 ik R A R Y ] A A AR A
Fig.4 The probability distribution in the specified range

by three decomposition methods

%!;/’_

Y PN YA

(c) 97/ IT I

(c) 9/7 decomposition

Hh 47 LR 0 PR 3 T R 2 6 Al 0 Ak ) s R
BAEF M B 5 P BEEE dbS/3 F db9/7 SR 46 % 4518
SR A AR R R4 A A

it BT AT LUF 4518
(1) 28550040 0 fift e — i A A0 0 Al 2 P a2 M 55
% BB A AR B A AR, 7T DU T PR X
figh  AFCR RSP AR (14 50 A7 S A 280 R — B/ N U5
o, MR BA AP A DB AR ROR , A ] T
JE SRR AL B
(2) HE T 70 Hr (L35 DB B — B Ah F AL AR B
A, IR BT B 1 BOR Oy FIR IR P& Z AN A 2
(23R, P AT AR 36 HEAT 8 e 4 1 v A 2 A [



%56 ) (N 2 T RE AR T R RS 037 5 8 905

A48 FH 755K 5
(3) S = YRR AR AR 7 3k B U I8 e, I X
TG BT o0 M , D U453 W] I LT 19 208 0 4% E
58 I SR WA 55, — G o3 i D v 00 AR B R /N T
JPEG2000 H1 5/3 /N AT 9/7 7N AR N 22 B0 4 o
TEJE B2 AR, FA PR E— 2 B8 X Rl A 70
SRR PR IR P ) B -5 BRAT Y AR die 20 ik 7
LT UBLPEOIF IS SR 3 & B MR IR 4 5 1

S ik

[1] Mallat S G. Multiresolution approximation and wavelet or-
thonormal bases of L*( R) [J]. Trans. on American Math.
Society, 1989, 315(1) :69-87.

[2] Moreau F, Dominique Gibert. Filtering non-stationary geo-
physical data with orthogonal wavelets. Geophysical re-
search letters, 1996, Vol. 23, No. 4 :407-410.

[3] M.]. Brenner. Non-stationary dynamics data analysis with
wavelet-svd filtering. Mechanical Systems and Signal Pro-
cessing,2003, 17 (4), pp. 765-786.

[4] A.Linderhed, “Adaptive Image Compression with Wavelet
Packets and Empirical Mode Decomposition”, PhD the-
sis, Linkoping University, Sweden, 2004.

[5] Anna Linderhed," Compression by image empirical mode
decomposition". In; IEEE. International Conference on
Image Processing (ICIP 2005), vol. 1, pp. 553-556.

[6] A.O.Boudraa, J.C. Cexus, S.Benramdane, and A. Beghadi,
“Noise filtering using empirical mode decomposition,” in In-
ternational Symposium on Signal Processing and its Applica-
tions (ISSPA), Sharjah, United Arab Emirates, 12-15,Feb-
ruary 2007.

(7] ibBEH MR 5 $hFAE. ST IR I8 )

MR LW T3k [T ], 3 HLN T, 2008, 28 (11)
2884-2886.
Rang X. Image denoising method based on bidimensional
empirical mode decompositon and mean filtering [ J ].
Computer Applications, 2008, 28 (11 ) : 2884-2886. ( in
Chinese )

[8] Deng Jiaxian, Wu Xiaoqin. Empirical data decomposition
and its applications in image compression[ J]. Journal of
Systems Engineering and Electronics, 2007, Vol. 18, No.
1.:164-170.

[9] Wu Xiaoqin, Kang Yaohong, Zhang Hongke. A new Near-
Lossless Image Compression Algorithm [ C], 2nd IEEE
Conference on Industrial Electronics and Applications,

2007.5: 2813-2815.

[10]

[11]

[12]

[14]

/N BRERE. BET I A B 22390 H0HE i 8 IR
FBELI ] 55403 ,2009. 4(25) :657-660.

Wu X. Design and implementation of filters in empirical
data decomposition[ J]. Signal Processing,2009.4(25) :
657-660. (in Chinese)

FE T, R d/NEIR M A 52 1R i /0N B R R A
MBI A5 AL, 2003, 3:242-246.

Wang J. Design of Lowest-Delay M-Band Cosine-Modula-
ted Wavelet Filter Banks[ J ], Signal Processing, 2003.3;
242-246. (in Chinese)

AE/INES BXJRDE. FIR ¢4 g 8 I f 4 A 38 XUIE 52/
W[ )] WA=, 1998. 6:26-32.

Xiong X. FIR perfect construction filter banks to construct
biorthogonal wavelet [ J ], Journal on Communications,
1998.6:26-32. (in Chinese)

Vaidyanathan P P, Kirac A. Result on optimal bi-orthogo-
nal filter banks[J]. IEEE Trans. on Circuits and Systems
11,1998 ,45(8) :932-947.

F3e2E KR, BRAE , FHS. JOoE A 2R
THE SN FIR P8 e it [T ] i 715 B2 i,
2005.4(27) :570-573.

Wang M. Design of Two-Channel Signal-Adapted FIR Fil-
terbanks without Perfect Reconstruction Constraints[ J ],
Journal of Electronics & Information Technology,2005. 4
(27) :570-573. (in Chinese)

EE BT

ERH(1957) , 3, Wik i b
( \ SR 15 B TR RS, W
S

fh/NFF (1975-) 2, WAL W 48 N
R A Rl 382 AR MR IO E 5 58 il R 2 1
A BETETT 1] BT AR AR B T RAL
fRERR.

Sl BEFETT 1A - 35 Bl T 265 11 S B 4L
AFIH R St WO 2% G B R AR

IR S (1965-) , 5, W JL FEHE N, B
/A LR/ R R SN ) L Y VAN (337]
Refil s SR B LR Lk 2, i b 5
Uilio BIRFETT 1) 2 3 D8 P A T, X

Wt

M FEG AR IR I B





