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M-band Symmetric Orthogonal Wavelets Design via
Grobner Basis and Syzygy Module

ZHANG Zeng-hui CHENG Li-zhi
College of Science National Univ. of Defense Technology Changsha 410073 China
Abstract We present a method to design symmetric orthogonal M-band wavelets with arbitrary regularity by using Grobner
basis and syzygy module algorithm in computing algebra to orthogonalize the polyphase matrix. By using the existing methods the
computational process is complicated and the linear-phase can not be achieved. These drawbacks can be overcome by using the new
one.

Key words M-band orthogonal wavelets regularity symmetric Grobner basis syzygy module

20 80 Daubechies Mallat ! ?
Fourier
Haar
1993 Steffen 3 M -
M >3 M - M -
M - 4 Lattice structure
4 2
36
M -1
1
M- M-
18 H, z k L= mM+ 3 +1

* 2003 - 06 - 16
10171109
1980—



Grobner M - 47
+ 2Ky 5 z7! [l =0 B
Eyiz = n -1 -1
£ 2% K yapo 2 Il =0+1 M -1
23 Li=nM+B+1 M-
M B M2 M2
M B M/2 + 1 M2 -1
M M+1 /2 M-1 /2
1’ i €A mxs F= fi syzygy hify +
hofo + +hf =0 hy h, € A° A Noetherian %k x; x, X,
F Syz fi f Syz F
fi= fu VT fo= fi S’ Syz fi f m Ju S
S Ss Syz fi fi < fi
fi>c A" Grobner g, g, g1 g Syz g, g =<5 s, >
Buchberger F = f, fi G = g g, t
X S S sxt T F =GS G = FT I, - TS r r,
Syz fi [, =< Ts, Ts, r r, >
2 M -
1 fi x S x Hxfia v +fuxfa! =1 i
l<si<sm fi x Grobner 1
fix S x g x g x |af
d=1r<rll_ai><mdegfix fi x gx |fix gx =1
f1 x f:n\x Grobner 1
1 F x = fi « S x kxm F x F' x!' =1,
il<i<m fi x m x k T x F xT«x =1,
I, -T x F x r r, Syz fi x Jfn x =<1 r, >
fix S x F x F' x7' =1, 1
Grobner e ey, I, = ¢ ey, G =1, Syz G =
0 m x k T x F x T x =1, S=F fi x
S %
Syz fi « Ju x =< I >
r r, 1, -T x F «x
M -
M - E : k
OHoo z Hy, z Hyyo1 2 g
BHIOZ Hyy z Hy oy 2 B
EHI:—IO Z Hi 11z Hi vy oz E
E+1 H,o z H,, z H, y_y z
[H , z Hoyy z [ Hy o 27! Hoy,z'"1"=0i=01 k-1 1
2% zoH, , 27V 1 =0 M -1 z fi z =
[Hy; = H,,; z H_;,z]"i=01 M -1 1



48 2004 1

o[ Hy o 27! Hyyor 27 1€ Syz fy 2 Sfuor z 2
E :z
[fo 2= fiz fuor 2 100 =0 A 2! IR R A
F: =[fz Suor 2] 1 Syz fo z Juor 2z =<1z Ty 2 >
ry z ry_1 z I, -T z F z M T z F zT:z =1,
ry z Fy_ z Grobner ty z t, z < ryz Fy_1 2 >
=< ty z t, z > 2
o[ Hy o 27! Hyoyoy 2V €<ty 2 L,z > 3
t; z =24t 270 i=01 q di €N t,z i=01 q
3 [Hio = Hoyoo 2 1€ < ¢y z qu > Ek+1 E, z
b 0
Ekzzaozioz+ +aqziqz 4
Q z2 = Cjo+ i1z + + ¢z 1 =01 q
tiz =ltigz i)z tiya z] i=01 q 4
E,, z =a02201z +a1z211z+ +aqziqlz =Zq:aizii1z=qw ‘cijz’;izz
=0 i=0 j=0
E, z 1 j
L%[;]%;cijz’i‘lz =iz"1§j=;cijz’;iﬂ1z [ =0 B
¢ r ¢ r 5
ZZCHZ’E” z =+ 747! cl-jz’;i Mip-1 Z Il =0+1 M -1
=0 j=0 =0 j=0
c; 1=0 qgj=0 r
5 E Ey z E._| z
k+1 E, z
E, z E}] z7' =1 E+1
N M -
N M- 9
E z
k=12 M -1
E z k F kE+1
. Euclidean T FT = I, I, - TF k
ry z Fy_i z
. 7 ry z Fy_1 2 Grobner ty z t, z
. E, z =aozioz+ +a,1ziqz i[z =zt 27V =01 q a, z =
Cio + €1z + +¢2 1 =01 q 5 E, z =FE, z s s, s,
. E, z E} z7!' =1 s1 S Sp M -
E+1
E+1 =M
3 - 2 M—
9 3 - 2

1 4 8, 203 35, 205 8 s 47 13
Hy z =—g) —g12+ g% +g17 +g1% tg1% *g1% ~g1% g7



Grobner M - 49
2
o , __ 1 20 8, 435 45,0, 8 2 1,
[z o=-grgrrgs S g1 t817 g1f f2 7 =g tgigl”
Syz fo z f10 z fzo z =<t z t° z >
t’ z = -248-521+20z"
t° z = —92457398+40z "
El z7' = a+bzt z + c+dz t° z E, z a b cd
a =-8u + 5v b =5u-8v c=u d =
E()Z
0 100u — 1200 22+ 1000 — 1150 z + 50 [T
E, z :E—25u+4011 2+ 80u —350v z + 4011—25u§
U 5u22 4+ 1000 — 1152 z + 100w — 120w U
E, z E] z =
1
E, :[@5+8z_40z2 %10+7z+10z @_40+sz+522]
01,20 8,0 0 4 35_42D n8 20 L O
£ 0~ 81 7 81° T 81 D 0 81 T 81° " 81° 81 7 81° 7 81 O
© T Hu g/ _EL 52 © T Ha H
2 2 2
Dl605+8z_40z 10 + 7z + 10z DI6O_40+8Z+SZ 0
Syz fo' =z fll : iz =<ty oz > t z = -8-
2 4-42214+82" t' z7' Tt)! z = const E, z = -822-1422-427+8
3_
-1+ 20z + 82° -4 +35z — 42 8 +20z - 2> [
% 2743 2743 273 g
05+8z-40z> 1 /2 > —40 + 8z +57*0
E : = g=>"°22="%2 = |2 1047z 4102 ——FCET=2
: S 276 27N 3 27./6 g
H 1 + 827 22 ) 1+8:2 H
0 - 9 -1+ z N
9.2 9,2
3
Grobner M -
M -
Fuclidean Grobner

55



Hough SAR 55

2 ROI
3 Hough Hough
4 CFAR

CFAR

AW N o~

Frost V'S et al. A Model for Radar Images and Its Application to Adaptive Digital Filtering of Multiplicative Noise J . IEEE Transactions on
Pattern Analysis and Machine Intelligence 1982 PAMI -4 2 157 — 165.

Mlingworth J Jain A K. A Survey of the Hough Transform J . Comput. Vision Graphics Image Processing 1988 44 87 — 116.

Giardina C R Dougherty E R. Morphological Methods in Image and Signal Processing R . Prentice-Hall Englewood Cliffs New Jersey
1988.

Hough P V C. Method and Means for Recognizing Complex Patterns P . U. S. Patent 3069654 1962.

Wang Y Chellappa R Zheng Q. CFAR Detection of Targets in Full Polarimetric SAR Images R . CAR-TR-696 CS-TR-3177 University of
Maryland and College Park November 1993.

Rosenfeld A Kak A C. Digital Picture Processing M . Academic Press New York 1982.

49

Daubechies I. Orthonormal Bases of Compactly Supported Wavelets J . Comm. Pure Appl. Math. 1988 41 990 - 996.

Mallat S G. A Theory of Multiresolution Signal Decomposition the Wavelet Representation J . IEEE Trans. on PAMI 1989 11 674 - 693.

Steffen P Heller P N et al. Theory of Regular M-band Wavelet Bases J . IEEE Trans. Signal Processing 1993 41 3497 - 3510.

Oraintara S Tran T D et al. Lattice Structure for Regular Paraunitary Linear-phase Filterbanks and M-band Orthogonal Symmetric Wavelets
J .IEEE Trans. Signal Processing 2001 49 2659 - 2672.

Soman A K Vaidyanathan P P Nguyen T Q.Linear Phase Paraunitary Filter Banks Theory Factorizations and Designs J . IEEE Trans.

Signal Processing 1993 41 3480 - 3495.

Lawton W Lee S L Shen Z. An Algorithm for Matrix Extension and Wavelet Construction J .Math. Computation 1996 65 723 - 737.

Adams W W Loustaunau P. Introduction to Grobner Bases. Graduate Studies in Mathematics M .American Mathematical Society

Providence R.I. 1994.

Basu S Choi HM. Hermite Reduction Methods for Generation of a Complete Class of Linear-phase Perfect Reconstruction Filter Banks-part I

Theory J .IEEE Trans. Circuits and System- [| Analog and Digtal Signal Processing 1999 46 434 — 447.

Belogay E Wang Y. Compactly Supported Orthogonal Symmetric Scaling Functions J . Appl. Compput. Harmon. Anal. 1999 7 137 -

150.





http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200401011.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e5%a2%9e%e8%be%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%88%90%e7%a4%bc%e6%99%ba%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e5%9b%bd%e9%98%b2%e7%a7%91%e6%8a%80%e5%a4%a7%e5%ad%a6%e7%90%86%e5%ad%a6%e9%99%a2%2c%e6%b9%96%e5%8d%97%2c%e9%95%bf%e6%b2%99%2c410073%22+DBID%3aWF_QK
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Daubechies+I%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_10.1002-cpa.3160410705.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Mallat+S+G%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200401011%5e2.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Steffen+P%3bHeller+P+N%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0212808307.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Oraintara+S%3bTran+T+D%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QK.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QK.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Soman+A+K%3bVaidyanathan+P+P%3bNguyen+T+Q%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QK.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QK.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Lawton+W%3bLee+S+L%3bShen+Z%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QK.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Adams+W+W%3bLoustaunau+P%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200401011%5e7.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Basu+S%3bChoi+H+M%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0212909721.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0212909721.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Belogay+E%3bWang+Y%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200401011%5e9.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%b4%e6%96%87%e6%b8%8a%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9b%be%e6%8c%af%e6%9f%84%22+DBID%3aWF_HY
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Conference_6196047&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Conference_6196047.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%86%e4%bd%a9%e5%bf%a0%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_xtkxysx-zw200104008&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_xtkxysx-zw200104008.aspx
http://c.g.wanfangdata.com.cn/periodical-xtkxysx-zw.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%91%a8%e6%b0%b8%e6%9d%83%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%bd%95%e7%99%bb%e6%97%ad%22+DBID%3aWF_HY
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Conference_3206540&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Conference_3206540.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%b0%8f%e9%9b%84%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%bc%8d%e6%b8%85%e6%b2%b3%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+Xiao-xiong%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WU+Qing-he%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_jsjyyyj200905032&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_jsjyyyj200905032.aspx
http://c.g.wanfangdata.com.cn/periodical-jsjyyyj.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%91%a8%e6%b0%b8%e6%9d%83%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_gxkx200102004&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_gxkx200102004.aspx
http://c.g.wanfangdata.com.cn/periodical-gxkx.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e6%9c%a8%e5%85%b0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Liu+Mulan%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_kx200204004&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_kx200204004.aspx
http://c.g.wanfangdata.com.cn/periodical-kx.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e8%95%be%22+DBID%3aWF_XW
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Thesis_Y1032573&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Thesis_Y1032573.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%9f%a9%e5%be%b7%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_bjsfdxxb200201004&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_bjsfdxxb200201004.aspx
http://c.g.wanfangdata.com.cn/periodical-bjsfdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%be%90%e5%b8%b8%e4%bc%9f%22+DBID%3aWF_XW
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Thesis_Y9014086&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Thesis_Y9014086.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b5%b5%e9%9b%aa%e8%8a%9d%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e5%b0%8f%e6%9d%be%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_gzdxxb200204004&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_gzdxxb200204004.aspx
http://c.g.wanfangdata.com.cn/periodical-gzdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e6%98%a5%e5%85%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%ab%98%e5%b9%bf%e7%8f%a0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%bd%99%e7%90%86%e5%af%8c%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%bd%95%e6%99%ba%e5%8b%87%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200601019.aspx
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200401011.aspx

