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LONG-TERM GOALS

To develop a practicalset of rough surfacescatteringstrengthequationsfor usein real-world Navy
applications.

OBJECTIVES

To examineanddevelop theoreticalsurfacescatteringmodelsthataccuratelypredictacousticwavescat-
teringat theair-seainterfaceandat theocean-bottominterface.

APPROACH

We have focusedourattentionon thedevelopmentandexamination of two theoreticalmodelsfor rough
surfacescattering,the small slopeapproximation (SSA) and the non-localsmall slopeapproximation
(NLSSA).TheSSAhasbeendevelopedfor scatteringfrom theoceanbottom, andtheNLSSA hasbeen
developedfor scatteringat theair-seainterface.

WORK COMPLETED

The SSA hasbeendevelopedfor Biot theory. Scatteringequationshave beenderived, andnumerical
resultshavebeenobtainedfor thebackscatteringandscatteringstrengths. A heuristicapproachhasbeen
usedto approximate theNLSSA scatteringcrosssection,andnumericalresultshave beenobtainedfor
thescatteringstrength.

RESULTS

TheSSAequationsfor roughsurfacescatteringusingBiot theorywerederived.Numericalresultsfor the
lowest-orderSSAwereobtainedfor bothbackscatteringandbistaticscatteringusinga modifiedpower
law spectrum,and theseresultswere comparedwith thoseof lowest-orderperturbationtheory (PT).
Frequenciesrangingfrom 100 Hz to 3 kHz wereusedfor surfaceswith rms heights

�
of 0.1 m and1

m anda correlationlength � of 10 m. Theangleof incidencefor thebistatic resultswaslimitedto 45� .
It wasfound that for thesmallersurfaceheightroughness(

�������
	
m), theSSA andPT give thesame

resultsfor frequenciesup to almost1 kHz for bothbackscatteringandbistaticscattering.For
����	

m,
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Figure1: Backscatteringstrengthsfor lowest-orderPT andSSA.The surfaceparameters
����	

m and
� ��	��

m, andthefrequency is � ���
kHz (or � ����	������ �

, ��� ��	�� ���"! !
, where � is thewavenumber).

theSSAandPT backscatterresultsarein goodagreementat all frequenciesfor incidentgrazingangles
upto approximately45� . For thebistaticresults,theSSAandPTresultsagreeonly at low grazingangles
of scatter. Figure1 shows numericalresultsfor the backscatteringstrengthwhen

�#�$	
m and � �$	��

m at a frequency of 3 kHz. Theseresultswerepresentedin Newport Beach,California,at themeeting
of theAcousticalSocietyof Americain December2000,anda paperhasbeensubmittedto theIEEE J.
Oceanic Engineering.

Voronovich introducedtheNLSSA asa generalizationof theSSAto explicitly includenon-localinter-
actions[1]. He showedthat theNLSSA generallyaccountsfor doublescatteringin thehigh frequency
limit . BroschatandThorsospresentednumericalresultsfor thelowest-orderNLSSA scatteringstrength
for two-dimensional,pressure-releasessurfaces[2]. Their resultsagreedwell with MonteCarlointegral
equationresultsand,in particular, werebetterthanthehigher-orderSSAresultsat low forwardgrazing
angles.However, thecomputationalcostwasextremelyhigh,andresultswereunobtainableat low graz-
ing angles.We havemadeanad hoc approximationto thelowest-orderNLSSA scatteringcrosssection
that reducesthecomputational complexity of the integration substantially. In addition,thefirst termof
this approximateform is identicalto thatof the lowest-orderSSA.Numericalresultsfor thescattering
strengthwereobtainedfor 2-D, pressure-releasesurfaces,andfor thecasesexamined, theNLSSA and
its approximateform give virtually the sameresults. Resultsat low grazinganglesareobtainable and
accuratewith theapproximateform. Theseresultswerepresentedin Newport Beach, California,at the
meetingof theAcousticalSocietyof Americain December2000.Figure2 shows numericalresultsfor
thebistatic scatteringstrengthfor � �%�&	

and �'� �&	 �)(
where � is thewavenumber,

�
is therms surface

height,and � is thesurfacecorrelationlength. Thespectrumis Gaussian,andthe incidentangleis 45� .
Resultsarepresentedfor theintegral equationmethod(courtesyof Eric Thorsos),theSSA(bothlowest
orderandhigherorder),theNLSSA,andtheapproximate form of theNLSSA(ANLSSA). It is believed
thatthesurfaceparametersof thisexamplegive riseto doublescattering.
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Figure2: Scatteringstrengthsfor the integral equation,SSA,NLSSA, andapproximate NLSSA. The
normalizedsurfaceparametersare � ���1	

and ��� �1	 �)(
, where � is thewavenumber,

�
is thermssurface

height,and � is thecorrelationlength.

IMPACT/APPLICATIONS

Thedevelopmentof approximatemodelsthataccuratelypredictwave scatteringfrom roughsurfacesis
importantin anumberof Navy applications.For example,roughsurfacescatteringmodelsareneededin
thesimulationsusedby torpedoguidanceandcontrolpersonnelto testtorpedoes.Anotherapplication
for whichroughsurfacescatteringis critical is thedetectionof underwatermines,especiallythoseburied
in soft sediments. Otherapplicationsincludeshipwake detection,communications,andanti-submarine
warfare.Of particularimportanceis thatthemodelsbeassimpleaspossiblewhile retainingthephysical
informationnecessaryfor theapplication.

TRANSITIONS

Muchof theknowledgewehavegainedhasbeendisseminatedvia publicationsandconferencepresenta-
tions.A searchof theScienceCitationIndex onlineshowsthatpreviousONR-sponsoredwork published
in theJournal of the Acoustical Society of America hasbeencitedabout60 times;it is believedthatthe
currentwork will alsobeof useto others.

RELATED PROJECTS

This work is relatedto researchin shallow wateracoustics,high-frequency acoustics,andlong-range
propagation. TheSSABiot work is especiallyrelevantto high-frequency, shallow wateracousticswhere
thequestionof acousticpenetrationinto sedimentis of muchinterest.TheNLSSA work is relevant to
long-rangepropagationsinceit attemptsto modelaccuratelyscatteringin theforwarddirection. Addi-
tionally, this work is relatedto thatof severalotherONR-sponsoredresearchers includingEric Thorsos
andJohnSchneider.

3



REFERENCES

1. Voronovich, A.G., “Non-local small-slope approximation for wave scatteringfrom rough sur-
faces,” Waves in Random Media, vol. 6, pp.151-167,1996.

2. Broschat,S.L., and E.I. Thorsos,“A preliminary numericalstudy of the non-localsmall slope
approximation,” J. Acoust. Soc. Am., vol. 100,p. 2702,1996.

PUBLICATIONS

1. Fetche,C., T.Q. Yang,andS.L. Broschat,“The smallslopeapproximation for acousticscattering
from a roughinterfacebetweena fluid anda fluid-saturatedporoussolid,” 140thMeetingof the
AcousticalSocietyof America,Newport Beach,California,Dec.2000;J. Acoust. Soc. Am., vol.
108,no.4, pt. 2, Nov. 2000.

2. Broschat,S.L., “Numericalresultsfor anapproximateform of thenon-localsmallslopeapproxi-
mationscatteringstrength,” 140thMeetingof theAcousticalSocietyof America,NewportBeach,
California,Dec.2000;J. Acoust. Soc. Am., vol. 108,no.4, pt. 2, Nov. 2000.

3. Hastings,F.D., J.B.Schneider, S.L.Broschat,andE.I. Thorsos,“An FDTD methodfor analysisof
scatteringfrom roughfluid-fluid interfaces,” IEEE Journal of Oceanic Engineering, vol. 26,no.1,
pp.94-101,Jan.2001.

4. Yang,T.Q.,S.L.Broschat,andC. Galea,“A comparisonof perturbationtheoryandthesmallslope
approximation for acousticscatteringfrom a rough interfacefor a Biot medium,” submitted to
IEEE Journal of Oceanic Engineering, Jul.2001.

4


