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LONG-TERM GOALS

To develop a practicalset of rough surface scatteringstrengthequationsfor usein real-world Navy
applications

OBJECTIVES

To examineanddevelop theoreticakurfacescatteringnodelsthataccuratelypredictacoustiovave scat-
teringattheair-seainterfaceandat the ocean-bottonnterface.

APPROACH

We have focusedour attentionon the developrentandexaminatian of two theoreticaimodelsfor rough
surfacescattering the small slopeapproxinmation (SSA) and the non-localsmall slopeapproximatbn
(NLSSA). The SSAhasbeendevelopedfor scatteringrom the oceanbottom andthe NLSSA hasbeen
developedfor scatteringattheair-seainterface.

WORK COMPLETED

The SSA hasbeendevelopedfor Biot theory Scatteringequationshave beenderived, and numerical
resultshave beenobtainedor the backscatteringndscatteringstrengthsA heuristicapproactasbeen
usedto approximag the NLSSA scatteringcrosssection,andnumericalresultshave beenobtainedfor
thescatteringstrength.

RESULTS

The SSAequationgor roughsurfacescatteringisingBiot theorywerederived. Numericalresultsfor the
lowest-ordelSSA wereobtainedfor both backscatteringndbistaticscatteringusinga modifiedpower
law spectrum,and theseresultswere comparedwith thoseof lowest-orderperturbationtheory (PT).
Frequenciesangingfrom 100 Hz to 3 kHz were usedfor surfaceswith rms heightsh of 0.1 m and1
m anda correlationlength/ of 10 m. The angleof incidencefor the bistatc resultswaslimitedto 45°.
It wasfoundthatfor the smallersurfaceheightroughnesgs = 0.1 m), the SSAandPT give the same
resultsfor frequenciesp to almostl kHz for both backscatteringindbistaticscattering.For h =1 m,
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Figurel: Backscatteringtrengthdor lowestorderPT and SSA. The surfaceparameterg =1 m and
I=10 m, andthefrequeng is f =3 kHz (or kh=12.57, kl =125.66, wherek is thewavenunber).

the SSAandPT backscatteresultsarein goodagreemenét all frequenciedor incidentgrazingangles
upto approximatelyd5°. For thebistaticresultsthe SSAandPT resultsagreeonly atlow grazingangles
of scatter Figure1 shavs numericalresultsfor the backscatteringtrengthwhenh =1 m andi = 10
m at a frequeng of 3 kHz. Theseresultswere presentedn Newport Beach,California, at the meeting
of the AcousticalSocietyof Americain Decembe2000,anda paperhasbeensubmitedto the |[EEE J.
Oceanic Engineering.

Voronovich introducedthe NLSSA asa generalizatiorof the SSAto explicitly includenon-localinter-
actions[1]. He shavedthatthe NLSSA generallyaccountdor doublescatteringn the high frequeng
limit. BroschatandThorsospresentesiumericalresultsfor thelowest-ordeNLSSA scatteringstrength
for two-dimensonal,pressure-releasasirfaceq2]. Theirresultsagreedwvell with Monte Carlointegral
equationresultsand,in particular werebetterthanthe higherorder SSAresultsat low forwardgrazing
angles However, thecomputatimal costwasextremelyhigh, andresultswereunobtainableatlow graz-
ing angles.We have madeanad hoc approxinationto thelowest-ordeMNLSSA scatteringcrosssection
thatreduceghe computatimal complexity of theintegration subsantially. In addition,thefirst term of
this approximateform is identicalto that of the lowest-orderSSA. Numericalresultsfor the scattering
strengthwere obtainedfor 2-D, pressure-releasirfaces,andfor the casesexamined, the NLSSA and
its approxinmate form give virtually the sameresults. Resultsat low grazinganglesare obtainabé and
accuratewith the approxinateform. Theseresultswere presentedn Newport Bead, California,atthe
meetingof the AcousticalSocietyof Americain Decembe000. Figure2 shavs numericalresultsfor
the bistatc scatteringstrengthfor kh =1 andkl = 1.4 wherek is the wavenumier, A is therms surface
height,and! is the surfacecorrelationlength. The spectrums Gaussianandtheincidentangleis 45°.
Resultsarepresentedor theintegral equationmethod(courtesyof Eric Thorsos)the SSA (bothlowest
orderandhigherorder),the NLSSA, andthe approximag form of the NLSSA (ANLSSA). It is believed
thatthe surfaceparametersf this examplegive riseto doublescattering.
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Figure2: Scatteringstrengthdor the integral equation,SSA, NLSSA, andapproxima¢ NLSSA. The
normalizedsurfaceparameterarekh =1 andkl =1.4, wherek is thewavenumberh is thermssurface
height,and! is the correlationlength.

IMPACT/APPLICATIONS

The developmentof approximatanodelsthataccuratelypredictwave scatteringrom roughsurfacesis
importantin anumberof Navy applications For example roughsurfacescatteringnodelsareneededn
the simulations usedby torpedoguidanceandcontrol personneto testtorpedoes. Anotherapplication
for whichroughsurfacescatterings critical is thedetectiorof undervatermines,especiallythoseburied
in soft sedimerg. Otherapplicationgncludeshipwake detectioncommuncations,andanti-submarine
warfare. Of particularimportanceis thatthemodelsbe assimpleaspossble while retainingthe physical
informationnecessaryor theapplication.

TRANSITIONS

Much of theknowledgewe have gainedhasbeendissenmatedvia publicationsandconferenceresenta-
tions. A searclof the ScienceCitationIndex online shavsthatpreviousONR-sponsoredork published
in the Journal of the Acoustical Society of America hasbeencitedabout60 times;it is believedthatthe
currentwork will alsobe of useto others.

RELATED PROJECTS

This work is relatedto researchn shallov wateracousticshigh-frequeng acousticsandlong-range
propagationThe SSABiIot work is especiallyrelevantto high-frequeny, shallov wateracousticavhere
the questionof acousticpenetratiorinto sediments of muchinterest. The NLSSA work is relevantto
long-rangepropagatiorsinceit attemptso modelaccuratelyscatteringn the forward direction. Addi-
tionally, thiswork is relatedto thatof severalotherONR-sponsoredesearcherincluding Eric Thorsos
andJohnSchneider



REFERENCES

1. Voronovich, A.G., “Non-local small-slge approximaibn for wave scatteringfrom rough sur
faces, Wavesin Random Media, vol. 6, pp.151-167,1996.

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

PUBLICATIONS

1. FetcheC., T.Q. Yang,andS.L. Broschat, The small slopeapproximatbn for acousticscattering
from a roughinterfacebetweena fluid anda fluid-saturategporoussolid; 140thMeetingof the
AcousticalSocietyof America,Newport Beach,California, Dec.2000;J. Acoust. Soc. Am., vol.
108,n0.4, pt. 2, Nov. 2000.

2. BroschatS.L., “Numericalresultsfor anapproximatdorm of the non-localsmallslopeapproxi-
mationscatteringstrength, 140thMeetingof the AcousticalSocietyof America,NewportBeach,
California,Dec.2000;J. Acoust. Soc. Am., vol. 108,n0.4, pt. 2, Nov. 2000.

3. HastingsF.D., J.B.SchneiderS.L. BroschatandE.l. Thorsos,’An FDTD methodfor analysisof
scatteringrom roughfluid-fluid interfaces, |EEE Journal of Oceanic Engineering, vol. 26,n0.1,
pp.94-101,Jan.2001.

4. Yang,T.Q.,S.L.BroschatandC. Galea,'A comparisorof perturbatiortheoryandthesmallslope
approximaton for acousticscatteringfrom a roughinterfacefor a Biot medium, submited to
|EEE Journal of Oceanic Engineering, Jul.2001.



