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ABSTRACT

In this papera local Radonrepresentationis proposedand ap-
plied to 3-D seismicdataanalysis. The derivation of the local
Radonpowerspectrumis basedonanextensionof therelationbe-
tweentheglobalRadontransformandmulti-dimensionalFourier
transformto the non-stationarycase. This Wigner-Radonpower
spectrumis closelyrelatedto theCohen’sclassof quadratictime-
frequency representations.The local Radonpower spectrumis
verywell suitedto characterizethegeometryof seismicreflection
surfaces.Thenormalizedfirst momentof theWigner-Radonrep-
resentationcanbeusedasa measurefor thedip angleof the3-D
signal.Analysisof this geometricalinformationgreatlyfacilitates
thegeologicalinterpretationof thedata.

1. INTRODUCTION

Three-dimensionalseismicimagingplaysa crucialrole in theex-
plorationfor oil andgasreservoirs. Thegrowing demandfor more
detailed,but lesstime-consuming,interpretationof large3-D seis-
mic datavolumeshasinitiatedanincreasedeffort to developmore
effective methodsfor seismicdataanalysis.In threedimensions,
seismicreflectionsare surfacesthat delineatea transitionin the
physicalpropertiesof theearth.Geologicalinterpretationof seis-
mic datais basedonanassessmentof thegeometricalpropertiesof
thesereflectivesurfaces.In thispaperwewill describeatechnique
for extractinggeometricalinformationfrom 3-D seismicdata.

TheRadontransform,or slantstack,is awidely useddatarep-
resentationin explorationseismology. TheRadontransformation
playsaprominentrole in theanalysisof acousticwave-fields,be-
causeit essentiallyperformsa decompositionof thedatainto its
plane-wavecomponents.However, in certainseismicapplications
the globalRadontransformis not the ideal analysistool. Some-
times it is not sufficient to know which planewave components
or dip anglesarepresentin the data,but alsowherethey occur.
For instance,usinga Radontransformationfor thegeologicalin-
terpretationof a seismicimage,only makessenseif thelocations
of the dipping reflectorsareknown. In this type of applications
a localizedRadontransformationwould be required. Localized
Radontransformationshavebeendefinedandappliedfor different
purposes[2], [3], [4]. Theselocal Radonrepresentationsareall
basedon theapplicationof theclassicalslantstackon windowed
portionsof thedata.In thesamewayasthesliding-window power
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spectrumor spectrogramisamemberof avery largeclassof possi-
ble localpowerspectra,thesliding-window Radontransformation
is just onechoicefrom an infinite numberof possiblelocalized
Radontransformations.This new classof localizedRadonrepre-
sentationshasmany propertiesin commonwith Cohen’s classof
time-frequency representations.

Instantaneoustemporalfrequency andbandwidtharewidely
usedto characterizeseismicsignalsin onedimension.They can
beextractedasthenormalizedfirst andsecondmomentsof atime-
frequency frequency representationof thesignal.In orderto char-
acterizethe geometryof a seismicreflectionsurfacein threedi-
mensionsweproposethenormalizedmomentsof thelocalRadon
representationin cylindrical coordinates.Thevolumedip andaz-
imuthattributeseffectively reveal thediscontinuitiesin thesignal.
Thesesignaldiscontinuitiesin many casesdelineatesignificantge-
ologicalfeatures.

2. THE LOCAL RADON POWER SPECTRUM

TheglobalRadontransformationof the3-D seismicsignal ���������
	
is definedas ����
������	���������� �������������! "�$#%�&	
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where �)�+*%,.-/�0,(1%2 is thespatialcoordinatevector, and � is the
time coordinate.The vector �3�4*�5 - �65 1 2 representsthe angles
with respectto the �7,.-8�0,�1%	 -planein the ,�- and ,�1 directions,and� is theinterceptwith thetimeaxis.TheFouriertransformationof
Eq.(1) with respectto intercepttime � of Eq.(1) is givenby����
�9��:�	&�)������� ����;8<>=��@?�A>B�:C�"#D��	�E��������:�	
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where E�����N��:�	 denotesthetemporalFourier transformof �����N���
	 .
In all practicalcasesweconsidereitherthat ������	 is real-valuedor
itsassociatedcomplex-valuedanalyticsignal.In bothcaseswecan
restricttheanalysisto positive frequency : . Thedomainoccupied
by positive frequenciesis introducedas IOK L ��*>:PGQI
KSR�:"TVUC2 .
The characteristicfunction of this domain W � ��X ��:�	 is given byW � ��X ��:�	Y�[Z\U�� -1 �/]�^ for *>:P_`Ua��:P�`Ua��:HbVU�2 . Equation2 is
a 3-D Fourier transformationof �����9���
	 . Consequently, we can
obtainthetemporalfrequency domainrepresentationof theRadon
transformfrom the 3-D Fourier transform c����d.��:�	 of the signal����������	 . i.e.��e�
�9��:�	�� c����:C���8:�	�� c����df��:�	g�J:PG"I
KML9� (3)



where dh�i*\j�-8�0jC1D2$�i:C� is the spatialfrequency vector. We
shall exploit this relationin orderto definea local Radonpower
spectrum,basedon the multi-dimensionalWigner distribution of
thesignal � .

TheWignerdistribution of the3-D seismicsignalwill bede-
finedastheFouriertransformof a localauto-correlationfunction.
The3-D localautocorrelationfunctionof ���������
	 is definedas

K!���N���0R
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wherekJ�3*\n - �0n 1 2 and � arespaceandtimeshift variables.The
Wignerdistribution of the signalis foundby Fourier transforma-
tion of KS���9����R�k.���a	 with respectthe spaceandtime correlation
variablesk and � , givenbyo ���N���0R�df��:�	��
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where du�v*\j - �0j 1 2 is the spatial frequency vector and : is
the temporalfrequency. Invoking the relationship dw�x:�� , as
in Eq. (3), we canobtaina local angle-frequency representationo ���N����R7�9��:�	 from theWignerdistribution, i.e.o ���9����R7�9��:�	&� o ���9���0R�:C�N��:�	�� o ���N���0R�df��:�	g�e:PG"I
K L9y
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The Wigner-Radonrepresentationis obtainedby inverseFourier
transformationof thelocalpowerspectrum

o ���9���0R
k����a	 with re-
spectto temporalfrequency : , i.e.�z �������0R7�9���a	�� ��{%��� � ;8<>=.�@?�ADB�:��a	 W � ��X ��:�	 o ���9����R7�9��:�	
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The local angle-frequency representation
o ���9���0R7�9��:�	 can be

computedby interpolationof amulti-dimensionalWignerdistribu-
tion

o ���9����R�df��:�	 ontoa regular �
�9��:�	 -grid. Becauseof this re-
lationbetweentheWignerdistribution andtheWigner-Radonrep-
resentation,thekernelmethodcanalsobeappliedto deriveagen-
eral classof Wigner-Radonrepresentations[1],[6]. The sliding-
window Radontransformand Wigner-radontransformboth be-
long to this generalclassof local Radonpower spectra.Similar
as in the time-frequency case,the propertiesof the generalized
Wigner-Radonrepresentationaredeterminedby thechoiceof ker-
nel.

Furtheranalysis(cf. Eqs.(1)) and(2) showsthat
�z ��������R7�9���a	

is theRadontransformationof thelocal auto-correlationfunction
with respectto theshift variablesk and � ,�z ���9����R|�N����	&�)������� ����KS���9����R
k����! $�"#gkr	
'�� y (8)

Seismic attribute extraction

Seismicattribute analysisaimsat theextractionof signalcharac-
teristicsthat bring forward geologicalrelevant information from
thedata.Thevolume-dipis definedastheanglewith respectto the�7,.-8�0,�1%	 -planeandis givenby } � } �h~ 5 1 -  J5 11 . Theanglewithin
thisplaneis theazimuth,whichis definedas � �)�0�\��� - *�5 -/� 5 1 2 .
For geologicalsurfaceanalysis,it oftenmoreconvenientto work
with theseanglesinsteadof the Cartesianvector � . We can
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Figure1: Ring-shapedintensityprofile, (a)-(d)give thepositions
of theWigner-Radonrepresentationsof Fig. 2.

obtain the local dip-azimuthrepresentationinterpolationof the�@5.-/��5�1D	 -grid to cylindrical coordinates� } � } � � 	 , wherewe have* } � }
�/�>�(� � } � }
�
� � � ���
2���*�5 - ��5 1 ����2 . Themeanvolume-dipand
meanazimuthof eachsubsurfacesamplepoint ��������	 is estimated
by computationof the relative first ordermomentwith respectto} � } and � of thelocaldip-azimuthspectrum

�z �������0R } � } � � �����`UC	 .
For instance,themeanvolume-dipis foundas

� } � } � �������
	&�w� 1��� �C� �r� ��� � } � } �z ��������R } � } � � 	
' } � } ' �� 1��� � � ��� ��� � �z ��������R } � } � � 	
' } � } ' � y (9)

3. COMPUTATION AND EXAMPLES

Figure2 shows four local Radon �@5.����	 power spectraof a ring-
shapedintensityprofile (Fig. 1). Thepseudo-Wignerdistribution
wasusedto computetheWigner-Radonrepresentationsateachof
thelocations�7,��
�����7	 .

For the computationof the pseudoWigner-Radon repre-
sentationfirst the two-dimensionalpseudoWigner distributiono �7,r�����
�
R0j���:�	 is computedby Fourier transformationof a win-
dowed local autocorrelation.This local two-dimensionalpower
spectrumis theninterpolatedonto a rectangular�@5.�8:�	 -grid. Af-
ter inverseFourier transformationof

o �7,��0���
�
R�5���:�	 over tem-
poral frequency : , we obtain the Wigner-Radonrepresentation�z �7, � ��� � R�5��8��	 . TheWigner-Radonrepresentationresultsin asharp
localizationof energy in the ������5�	 -plane.Consequently, thisrepre-
sentationwill beverywell suitedto extractdirectionalinformation
from amulti-dimensionalsignal.

Becauseof thenoisycharacterof seismicdata,crosstermsup-
pressionin the Wigner distribution is importantfor robust seis-
mic attributeextraction.Anotherimportantissueis computational
complexity andefficient dataI/O. Sincethesizeof a typical 3-D
seismicdataset is several 100 megabytes,most of the standard
algorithmsfor time-frequency analysiscannotbe simply scaled
up to threedimensions.Several algorithmshave beendesigned
to computesmoothedWigner distributionsof sliding datacubes.
Themostefficient algorithmsfirst computea3-D sliding-window
Fourier transform,eitherwith an FFT of a small datacubeor an
‘updateand subtract’algorithm. Better space-timelocalization
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Figure 2: Wigner-Radon representationsat four locations on
the ring-shapedintensity profile of Fig. 1. The modulus} �z �7,��
���
�
R�5��8��	 } is shown.

is then obtainedby correlationover frequency in the 3-D local
Fouriertransform[5], [6].

In Fig. 3 the meanvolume-dipof a seismicdatasetalonga
slice of constanttime is shown. The local Radonpower spec-
trum wascomputedby interpolationof the3-D smoothedpseudo
Wigner distribution. The resultinglocal �@5 - ��5 1 	 power spectra
wheretheninterpolatedontoa dip-azimuth � } � } � � 	 grid by a bi-
linear interpolation.Themeanvolume-dipof thesignalwasthen
estimatedat eachsamplelocationusingEq.(9).

Thevolume-dipattributebringsforwarddiscontinuitiesin the
reflectionsurfaces. The steeplydipping featuresindicate geo-
logical discontinuities,suchasfaults. The signaldiscontinuities,
whichgenerallydelineateimportantgeologicalfeatures,canbede-
tectedwith moreaccuracy in theattribute imagethanin theorigi-
naldata.

4. CONCLUSIONS

A Wigner-type local Radonpower spectrumhas beenderived.
This Wigner-Radonrepresentationis very well suitedfor the ex-
tractionof geometricalpropertiesof seismicreflectionsurfaces.
ThecloserelationbetweentheWigner-Radonrepresentationand
the multi-dimensionalWigner distribution permitsthe extension
of many of the techniquesthat have beendevelopedfor one-
dimensionaltime-frequency analysisto multi-dimensionallocal
Radonpower spectra. The increasedcomplexity of 3-D analy-
sisandthesizeof seismicdatasetsposeslimits on this extension.
However, efficient algorithmshave beendesignedthathave made
routineapplicationof 3-D local frequency analysisof seismicre-
flectiondatafeasible.
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Figure3: (top)Constanttimesliceat1.3[s] througha3-D seismicdatasetand(below) correspondingvolume-dipattributeslice.A 4x4x4
sliding analysiscubewasusedto computetheWigner-Radonrepresentationfrom which themeanvolume-dipwasestimated.Steepdips
aregivenin black,zerolocaldip is white.


