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THE STRUCTURE OF GWL
This talk summarizes our previous works aimed to thepolarization and dispersion analysis of signals in the waveletdomain and offers the Geophysical Wavelet Library (GWL)� a new free software package based on CWT.
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THE CONTINUOUS WAVELET TRANSFORM
Time-frequency analysis / synthesis (CWT/ICWT):

WgS(t ;a) = hTtDag;Si =
+1Z
�1

1ag�
�� � ta

�S(�)d�
S(t) =MhWgS(t ;a) = 1Cg;h

+1Z
�1

+1Z
�1 h� t � �a

� WgS(�;a) d� daa2
g;h: optics$ �lterscaling Da : g(�) 7! g(�=a)=atranslating Tt : g(�) 7! g(� � t)a: scale$ frequency f = 1=at : position$ timeCg;h is the normalization coef�cient
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BUILDING BLOCKS: WAVELETS
Wavelet is a compromise between time and frequencylocalization

Complex Morlet wavelet
g(t) = e2�ite�t2=(2�2); ĝ(!) = �e��2(!�2�)2=2

Complex Cauchy wavelet of power p
g(t) = �1� 2�itp�1��p ; ĝ(!) = (p�1)pp2�(p�1)! � !2� �p�1 e�!(p�1)=(2�)
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TWO-COMPONENTS ELLIPTICAL SIGNAL
Sz(t) and Sx(t) are the north and east components of a 2-Csignal. We construct a complex signal

Z (t) = Sz(t) + iSx(t):
Progressive and regressive components of CWT
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2-C INSTANTANEOUS POLARIZATIONPARAMETERS
An elliptically polarized rotating signal Z (t) is described by(Diallo & Kulesh at al., GEOPHYSICS, 71(3), 2006):

1 Major half-axis R(t ; f ) = jW+g Z (t ; f )j+ jW�g Z (t ; f )j=22 Minor half-axis r(t ; f ) = jjW+g Z (t ; f )j � jW�g Z (t ; f )jj=23 Tilt angle �(t ; f ) = arg[W+g Z (t ; f )W�g Z (t ; f )]=24 Phase difference
��(t ; f ) = arg�W+g Z (t ;f )+W�g Z (t ;f )�W+g Z (t ;f )�W�g Z (t ;f )�

� mod�
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2-C POLARIZATION FILTER

Filtration can be performed in the wavelet domain followedby an inverse wavelet transform to recover the �ltered signalin the time domain.
Z f (t) =MhE��WgZ (t ; f );
E��(t ; f ) =

� WgZ (t ; f ) for �(t ; f ) 2 P� and �(t ; f ) 2 P�;0 otherwise;
Filter name Filter P� P�Linear and horizontal ELH � =2 [1� �f ; 1] j�j < �fLinear and vertical ELV � =2 [1� �f ; 1] j�j � �fElliptical and horizontal EEH � 2 [�f ; 1� �f ] j�j < �fElliptical and vertical EEV � 2 [�f ; 1� �f ] j�j < �f�f , �f are the parameters of polarizion �lter.
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REAL 2-C DATA FROM FORT WORTH BASINU. S. A.
Separating the Rayleigh waves from the overall linearlypolarized signals
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3-C INSTANTANEOUS POLARIZATIONPARAMETERS
We consider the cross-energy matrix M(t ; f ) with theeigenvalues and eigenvectors �k and vk1 Major half-axis R(t ; f ) =p�1(t ; f )v1(t ; f )=kv1(t ; f )k2 Minor half-axis r(t ; f ) =p�3(t ; f )v3(t ; f )=kv3(t ; f )k3 2nd minor half-axis rs(t ; f ) =p�2(t ; f )v2(t ; f )=kv2(t ; f )k
where (Kulesh & Diallo at al., Geophys. J. Int, 169(4), 2007)Mkm(t ; f ) = jWgSk (t ; f )jjWgSm(t ; f )jfsinc(��km(t ; f )) cos (A�km(t ; f ))+sinc(�+km(t ; f )) cos (A+km(t ; f ))g � �km�mk ;

��km(t ; f ) = �tkm(t;f )2 (
k (t ; f )� 
m(t ; f ));A�km(t ; f ) = argWgSk (t ; f )� argWgSm(t ; f );�tkm(t ; f ) = 4�n
k (t;f )+
m(t;f ) ; n 2 N
�km = <[WgSk (t ; f )]sinc(�tkm(t;f )
k (t;f )2 ); k ;m = x ; y ; z
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REAL 3-C DATA FROM A REGIONALEARTHQUAKE IN THÜRINGEN IN 1989
A �ltration based on the azimuth of polarization ellipsoid:
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ASYMPTOTIC PROPAGATOR IN THEWAVELET SPACE
WgSm(t ; f ) = DWWgSk (t ; f ) = e��(f )De�i 1(f )WgSk (t � k 0(f )D; f ) 1(f ) = 2�(k(f )� fk 0(f ))D + 2�n
Kulesh at al., Pure appl. geophys, 162, 2005
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INTERPRETATION OF ASYMPTOTICPROPAGATOR
WgSm(t ; f ) = e��(f )D � ���WgSk �t � DCg(f ) ; f���� �exp hi argWgSk �t � DCp(f ) � nf ; f�i

Kulesh at al., Pure appl. geophys, (in press), 2007
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MULTIMODE "FREQUENCY-VELOCITY"ANALYSIS
M = tmaxR

tmin
�����Pk;mAk (�; f )A�m �� � Dkmc ; f�

�����d�; Ak (�; f ) = WgSk (�;f )jWgSk (�;f )j
M = tmaxR

tmin
�����Pk;m eiBk (�;f )e�iBm��� Dkmc ;f������d�; Bk (�; f ) = argWgSk (�; f ):
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FLOWCHART OF OPTIMIZATIONSEQUENCE
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OPTIMIZATION IN THE WAVELET DOMAIN

�2(p;q) = Z Z ��jWgS2(t ; f )j � jDW(p;q)WgS1(t ; f )j��2 dt df
�2(p;q) = Z Z ��argWgS2(t ; f )� argDW(p;q)WgS1(t ; f )��2 dt df
Holschneider at al., Geophys. J. Int, 163, 2005
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REAL 1-C DATA FROM A SEISMICEXPERIMENT
A seismogram obtained from a shallow seismic experimentusing a sledgehammer as a source
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REAL 1-C DATA FROM A SEISMICEXPERIMENT
Comparison of the slowness estimates from the CWTmethod (solid curve), Capon's high resolution f-k method(contour lines) and the MUSIC algorithm (background)
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CONCLUSIONS
We propose a software package having the following features:1 object-based implementation of main data types andmathematical objects like Morlet and Cauchy wavelets, somefunction approximations, 2C and 3C polarization parametersand dispersion parameters;2 command line and MATLAB interface for transformations likethe Fourier transform, CWT and ICWT, 2C and 3Cpolarization transforms, linear and nonlinear deformations ofa wavelet spectrum;3 command line interface for the optimization in signal andwavelet domains using the algorithm ofLevenberg-Marquardt optimization;4 data import from tabulated and plain ASCII �les as well asdata export into ASCII �les.5 WWW: http://users.math.uni-potsdam.de/�gwl
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