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ABSTRACT;The Maritime OperationsDivision (MOD) of DSTO is assisting the Royal Australian Navy in its assessment of a sonar
performanceprediction tool for range dependentocean environments: TESS 2, prepared by Thales Underwater Systems (IUS). This
assessment has included comparisons between acoustic transmission loss data measured by MOD at shallow ocean sites with range­
dependenttransmissionpredictionsobtainedbyIUS basedon a geophysical-basedseafloordatabase. This task has includedan assessment
of thepotentialfor an MODin-situ techniqueto infer seafloorreflectivityat shallowgrazinganglesandprovideinputto TESS2 for regions
for whichexistingholdingsof seafloorpropertiesare sparse. Examplesof comparisonsare detailed in this paper. Thispaper also reviews
the need for more detailed descriptionof the seafloorfor steep angles of incidence,and showsprogressofa MOD techniquefor inference
of seafloorpropertiessuitableforshortrangc transmissionpredictions.

1. INTRODUCTION
For maritime operations in continental shelf zones, for which
ocean depths are less than about 200 m, the detection perfor­
mance of Undersea Warfare (USW) and Anti-Surface Warfare
(ASuW) sonar systems may be highly dependent on the specu­
larreflectionofsound from the seafloor. At frequencies used for
passive sonar (up to about 500Hz),seatloorinteraction isusu­
ally significant and the local reflectivity is a critical factor. For
higher frequencies, as used by active sonar systems (2000 Hz to
8000Hzapprox.),seafloorretlectivityissignificantiftheocean
is downwardly refractive. In these circumstances for which
sonar signals impinge upon the seafloor, it is essential that the
properties of the seafloor are known, so that the acoustic trans­
mission may be modelled with accuracy and the performance of
sonar systems maybe anticipated with precision.

The TESS 2 system is in the process of being delivered to
the RAN as its standard tool for the prediction of the perfor­
mance of sonar systems for USW and ASuW applications.
TESS 2 includes databases describing generic sonar systems,
and contains an underwater component (known as "SAGE" [1]
) which includes range-dependent acoustic models, plus data­
basesdescribingtheglobaloceanenvironment,inc1udinggeo­
physical/textural/descriptive seafloor data. Theseenvironmen­
tal databases, whilst inclusive of the best available data, of
necessity contain historical information which may have limi­
tations due to the practicality of extensive surveying. As with
any estimate of sonar system performance, the accuracy of the
prediction from TESS 2 is dependent, to a critical degree, upon
the appropriateness of the input parameters. This present paper
reviews an investigation of the degree to which the predictions
of acoustic transmission within TESS 2 might benefit from
supplementation of the historical seafloordatasets with on-site
measurements. This work is a continuation of the joint
MOD/TUS work reported earlier [2, 3,4].

In support of the RAN's desire to have a state-of-the-art
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sonar performance prediction capability, MOD has on-going
programmes of research on testing acoustic transmission
models and on the acoustic properties of the seafloor in shal­
low ocean regions. Ina focussed activity which draws on this
research, MOD is engaged in the assessment of the TESS 2
system with particular reference to its use within the
Australian region. The longer-term research has provided
MOD with a considerable body of at-sea data to apply to the
assessment of the TESS 2 system, with transmission loss (TL)
for a number of sites. Further, its research of rapid sensing
techniques has enabled MOD to assess the viability of apply­
ing a unique method for in-situ determination of seafloor
specular retlectivity as an adjunct to the TESS 2 system. The
technique for in-situ determination of seafloor reflectivity is a
refined version of that reported by Jones et al [5, 6]. This
paper describes recent progress in the assessment of trans mis­
sion predictions obtained by TESS 2 for ocean sites corre­
sponding to MOD's holdings ofTL data, and presents three­
way comparisons of measured TL, TESS 2-predicted TL and
predictions of TL based on seafloor properties inferred by
MOD's rapid assessment technique. TUS Pty Australia has
been involved in these comparisons, so that it is in a position
to advise the practicality of implementing recommendations
resulting from this work.

2. SEAFLOOR MODELLING
For acoustic transmission modelling, the seafloor is regarded
as either an extension of the transmission medium, with lay­
ers of material described by appropriate acoustic properties
(e.g. Figure 1), or is treated as an impedance discontinuity and
is modelled by bottom loss or sound pressure reflection coef­
ficientand phase angle data for each angle of incidence (e.g.
Figure 2). The particular form of data required is dependent
upon the type of acoustic transmission model, and on the way
the wave equation calculations are implemented therein. In
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fact, bod'!thclw: forms of Kalloor n:prescma tioo mil)' besJJov.'ll
10 be equivalent. .nd some: mood s, e.g. KRAKE~C (7),
include algori llum whk h pennit inpul 10 be provided in either
fOfTll. Whal~!he fOfTll ofinpul data.. pnld iClIlimplcmen ....
lion in an ~tional mockl wdl as TESS 2 requires a da taset

descri ptive of_noon in all rones in wh ich opmI tions an:ret­
evan t. Historical data umphng iJ or~ity limited in CXIeIlI
and dculiI, iIlId so some regions may be de!.cribedwith gt'e.lter
1MX'Ul'aC}'. wh~ otMrs are roorl y known , A min imum level
of descri ption i•••jnglc ~I o f parameters describing the

seafloor u • uniform half -space for which the rcflClCtivity is
frequcocy -indcJ!<'ndClIl. liyi nciuding dctail,suehaslhcnaturc
ofasedimcnl laycruvcrlyinga hascmelll ofaltcmalelype(se<:
Figure l), freqllelll.")' \ ariahons in reflectivity may be modelled
For Ibe example of the data shown in Figure I, the low fre­
quenc y rd lecl;vily llppftlll:imafes that of thcllhsorpt ivc base­
men! (Fi gure 2), whcrr as the hig~r lTcq UC'l"lC)' bt havKlw"
approximatesthe high rd l«tivity of lbe thinner sedimenl.

For operational lISC.a scalloor model need be only as
detai led IS i8 reqcned , For Ilenmt.l USW appliCalion8, for
shallow occans. nmlle vallles of interest are such that shallow
gra zin g anglu « 10" appro ll.) describe elTe<:tively the
compl d e scafloor behavior. As is aPP"ft'nl in Fip re 2. bul noe
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den vcd here for uke of bre vily. an appealinll opl ion is 10 limit
lhe seafloor dncripl ion 10 a linear funclion of boItom lou
with grazin g angle. However, as may also be !bown by
anal ysi s. for sho n range pred iction s (< 500 m. very
approximately). il is nttnsary to descri be either the bollom
loss and phase d.1ta er steeper angle!l of incilknce. or it is
essemial to model the slIb-bonom 115 a variat ion in propeni n
with deplh . TheSAGE data base achievn lhe: laner 10 some
degree. and the:MOD iII·,si' " inven ion technique i. ba"Cdon.
and uses, lite former appros imalion. when:u for sl'>or1-unge
pred iclions. a mulri-Iaym:d deseti plioo , 1'1 tlbtailKd by Hall
[II) for example . is MCftSllf}'.

3. ALTER.'lriAn: _' IODELU :\ G or SIiAllOW
SEAFLO OR RASED 0:\ 1.'V-SITV 11U A

As input 10 TESS 2. !US Ply Austnlia hu developed a &llao
base of_lloot'goophysica~lCltunVdelit:riplhe d»taand ha.;

applied algorithms for the infamce of rd kclive ar.;oustic
properties.The SAGE gloNl ,roacotI5tK: dauN'C has been
tkrivedfromova-eigluyindepmtkntSllUfUSinthcop:alit.
eratun:andilldlldcsscdlmencprovinccdatap;ddc:dlOares-­
OIUlion of 2 milllltCS.As rqJOf1Cd euher (2) MO D and rus
have compared n predictions.btied on the SAGE d.:atabaie•
....ith al· _ tneIloW'mletllsoflOOUSlK b"aMmission carried out
by MOD Salisbury . This .. art ,," 'as limned in ellln1t, but did
show tha I fur a hallow ocean ttgion for which the sealloot'
.. 'as .. ell sunT)'Cd pmlictions of Innmli....ion lou obtaiecd
at low~ic:s ( 125 H.i: and 500 li z) matched we ll the
ITIClISlII"Od n datafOl"boIh nngc: ·indcpcndml (alonj: -oCOl\touf')

and forranJe-dcprntknt(oo.."Il·slopc)Stluabons.lll1s~

paper !JIows how Ihis worlr; has bocn utcnded 10 show the
result of \l5ins: MOO's unique method for In\erliion of
seafloornnectiVlty [S, 6], as an ahcrna tlvt' 10the SAGE data.
to iI1w;tratethe potcntialadvantal/CofuUnl the IC(:hniquefor
rapid assessments in UDMll'Vry cd lha llow OCCll\reg)oos. In
panicular, lIti ~ pmocnl i ludy halO focussed on the abi lrty ofllt e
!-IOD in....crs ion lC(:hniquc to provide a5CI lloo rdescription
....hi.ch is appropt"iate forlheprediction o(urldcr\o.·atef 5ignal$
to long rans e in lhallowocean n s ions.

The sile disc uSKd in this paper (S ile 112 I'd [211 " 'U

within the area co....ercd by the Auslra lianContinen tal Shclf
Sedim enl Scric-s (o f the Ausl~lian Geo log ica l Survey
Or gan isat ion and us pred ece ssor, Uurta u of Mineral
Resources], for wh ich the sca lloo r dlIta ava ilable for
TE SS 2 Clli. ted au samples with 10 nautit al mi le spacing.
Sand. sill, clay and gravel percenta ges. as well u the per ­
centage carbon~ le. for ~urfiei al ecdmtent, then clllSl;ified the
data. The gcow:ou, lic propenie, installed with in the SAGE
database were dt:termin ed using a modificatiun o f the Hiot
tq ualions (91·

For dlIla gatht:red during MO D llCOlIlil ic transm ission tri­
als.lhe stluod ,pcs:dprofil~ for Sile Il2 an ..ooWTI in figure J .

and lhebathymcll'y is iho WTI ilt Figure 4. ue re, Run S COITC­
spond s wnh e directic n OOWTIthc conlinenla l slope. ....n ereas
Run 6 wn along the con.lour of the slupe. al a dept h approlli·
mated for ntotk llinll at 19S m. The 1i01ind ,;p«d data was
inferred from lcmperalure data VeTliUS tk'Jll.h obtained !Tom
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AN ISSQ -36 bathytbermograph buoys. The ocean depth data
was obtained froma30 5a: ond rcsolut iondatabasc [10].

MOD transmission loss data was obtained by deployment
of small explosive signal sourc es (SUS charges ) at interv als of
one mll.ltielll mile , with receipt of signals on ANISSQ- 57
"onobu oys for which the outpul waSli ppropriatcly attenuated.
The received data were r rocc ssed at MOD using the STAS soft­
ware [11]. This Was ach ieved by co herent determination of
rece ived signal intensity as a na rrowband FFTspectrnm, and an
incoherent su lllllultinn of intensity in the FIT bins within eac h

on.....lbird octavcband.lo arriveatone-thirdtXtave TL value s

4. TRASSMIS."iION ~1ODELLING AND DATA
Acoustic transmission was modelled at Site 1/2 using the
KRA KI:NC model [7] (run at MO D) and the TESS 2 versionof
the RAM model (12] (run at ruS) . KRAKE :-lC is a moda l

mode l capable of hand ling a seafloor supporting shear waves in
range-independent and range-dt.'('lelldmt ocean environments,
whereas RAM uses the parabolic equation (PE) method for
describingtrammissionintllnge-dcpendentoceanenvironments
withzerc shear speed in the sediment . RA.\I was run with the
scalloorsimulJlcdllS. ha lf-spaceoverlaid by a dcep scd iment

: · · ~ +-·-·+ - ·@-:~f--

~i:~frp!~l
"

Figure S: TL measured & prclkleoJ.Sile 112 Run 6 - range­
indcpcndent. 12SI Iz

_...,
Figure6; TL mea.'<lIred &. ~iete<1 SIte '2 Run to - range­
independen t, 250Hz

in whkh thl: compres.~ional s~ ioc ra>ed linearly with dep th
according 10 ana.'lSumedgradient. I( RAKfNC was t\ll\ with the
seafloorde>cribedbyatableof ' -all/C$ofllCOUSliepres..'iUJC
",fle<::tinncoeffident,andphas-e,.u .Jc1nminedbyapplicatinn
of the MOD-eB f100rinVCr.<liOl'l te<;hniqlJC: . which has been out­
linedin earl ier"ludie~ {5, 6]. The souoosp.:-ed profile data used
for modelling is as shown in Figur e 3. RAM was run using
range-d~pelllknt data, where this .. as available; KRAK ENC
wa' run a, suming roll1ge· irttklX'ndrnc e fee the along-contour
Run 6 anol range-dependent for down-oJOf";: Run S

The meas ured and model led trans mission data is shown in
Figures S through 7. ln each figure , the measured da ta is aver­

aged ov era one-thirdoctaveband fortherelevantccntre fre­
quency, and is precessed by the STAS softwa re. The TL pre.

diction s ob tained by the KRA KENC mode l have, likewis-e.
beendeterm ined phase coherently at single frequencies. and
areaveragedincohcrentl yovera on e-thi rd octav eband. tbe
same averagin g proce ss as imposed by the STAS software.
For the range-dependent down -slope Run 5, KRAKE NC was
run using the co upled mode appr oxi mation . TheRA.\I TLpre '
dictions are phas e coherent dctcrmi nationsal a single Ire­
quenc y. and hence retain the amp litudc \'ari ab ilily typ ical o f
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Fi~ 7: TL measured & predicted, Sife l/2 Run 5 - rll/1&e·
dependent, 125 Hz

shallow wa ter multi -path scenarios
The data for Site #2 Run 6 show some varia tion over the

frequency r.mge 125 Hz to 250 Hz, but generally, the TESS 2
results, and the pred ictions obtained by KRAKENC with
seafleo r reflectivi ty determinedby the MOD inversion, are all
close to the measured data, even to 26km range . In deta il, at
125 Hz (Figure 5) the TL resultin g from the TESS 2 predict ion
is slightly lo.....er than from the KRA KEf-;C predict ion - J='"
swna bly a result of the elfcetive differenc<:: jn ses flco r reflcc­
tivity , At2S0 Hz, in Figure 6, the TESS 2 data appears to under
pred ict the measure ment sl ightl y. .....here as al 12S li z
(figure 5), the KRAKE?\C data ba sed on the MOD sea flOOl"
inversion over-predicts. CNerall, both the TESS 2 result and the
prediction ofTL based on tbe MO D inversion arc quile close to
measurements for both frequencies and all range values shown
The good result from TESS 2 mig ht be expected. as the
seafloor knowledge for the site is extensive. The good agree ­
ment with the inverted seafloorref lectivity docs sugge-t lhal
the MOD technique is viable for unsurveyed sites

For the range-dependent Site #2 Run 5, the RAM mode l
predictions from TESS 2 are close to lite measured data, as arc
the KRAKENC data which are based on the MOD seafloor
inversion. As for the Site #2 Run 6 predicnons er 125 Hz, Ihe
TESS 2 TL data are slighlly less than the KRAKENC dala , pas.
sibly a result of differences in the effectiveseafloorreflectivi­
ty implicit in the model input data. This issue is under present
investigation.

5. SIMULATEDA.~NEALING INVERSION
To characterise tnIl1smi:lSion in shallow water cnvironmen lS at
short range , descri ptions suitable for small grazing angles,
only. are not sufficient as signi ficant components of the
rcce ivedsignaIarrivevia st«panglcs o f incidence.Itis lhen
neccssary tohavea geoacousl ic model wbichis represe ma rive
of the layered na ture of the local seafloor. The method
developed at MOD by lI all (8) uses received signaI Ver5US
ra nge data across several oclave s to invertgeoacoustic
para meters (compr essional an d shear wave spee ds,
compression al and shear wave allenua tions, density) for
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FigureS: TL measured& predicted, sealloor model inverted
Uling $;nlulaloo ~nnealing, 251 H~

seveml layer $ ofltUlterial, plus layer Ihickncas, and an
underlying basement.

For applicanon 10 a sound rangc site. for which ocean depth
is 47 metres. the signal from a projcc tor at 20 m depth Wll5

rccei veda ltheseafloor, forlOna lfrequencicsofS3,63 ,125an,j
251 Hz.for horizontal ranges out to 400 m. Headwavedata
from earlier airgun tests were firs t used to estimale ba.~emcnl

compressional wave speed (6100 mil) and basemenl depth
The received CW signal data were then inverted to obtain
remaining parame!er5ofa gcoa<;:olLStic rnodcl.The inversion
algorilhm was an implemcota tion of an adapli\'e simulated
anneal ing method [13). Here, the cost function used by Hall is
the rrns of the residuals between measured and computed
values for received signal (in dB) as computed with the OASES
model (14) over the four fiequcol:i es. The pcrformanc e of the
inversion was examioed as the number of uniform layers
overlying the basemen t was set to I , 2 and 3. A booslre5uh wilh
2 seafloor layers was found to be sim ilartoa bc5Iresult with 3
layers, and was selected for subsequent modelling work. An
e~ample of the agreem ent betweenmeasured received signal
data and computed data {at 25 1 li z) iSl bown in Figure 8, wherc
compari son is also made with spherical spreading. The very
high degree of agreement highlights the necess ity of a
description of'seatloor layering for very short range predictions
ofsigna l dala. The level of fidelily ins uch!lCafloor descriptions
is nor normally justified for inclusion in pcrfonnllllce models
such as TESS 2, unless very short range ph el\Om~"llll i$ of
interes t in a perticularlocetion.

6. CONCLUSIONS
Based an the limited comparisons presenledabove,il does
appear that the 11::SS2 system provides predrcrionsof acOU5lic
transmisaioo of good accuncy for shallow ocean regions for
which high resolunon bathymetry data is available and for
which there ia a high confidence in the llCCuracy ofdaca con­
tainedwithinitsscaJ100rdatabasc.Thiabriefstudyhaaconsid­
ered low SOIIlll" frequencies. Further, it does appear from this
worl, that ifdet erminalioosofacafloor refkcri vity ...ith inopc r­
at ions are feasible using the MOD;'l-sifU tochniquc; it will be
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disl inctlyadvan13geous for lhcse data wbeselectcdasinpulW
a lIOIWperformaroce prediction tool . for sha llow watcr app lica­
tions inp<mysurveyedoueas. ~1Iy.ateclutique hasbeen

de monstraled wh i, h may ai d effective sUlWying in snme
regions for whic h shon range predictio ns are particul arly criti­

ca l, lnanyelinll.i f anlllX:ura tepredietiooofao::OlISfielransmis­

siooiswbeltChie>rcd,~ailedsoundspeed dala isrequirt-"<l
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oceounlSaccord ingly. U"-"'lly 1I0000'CVeT tbe
reel for al'!'Carm c<:s are gaveIIlN by lho
practic<:or tllc court ro nccrned and 1 thinl il
WIlLkelytltatmy arnngement r",ad\-ance
paymenl is po.. ible.

NCV'C<Ihel"", I ag reoe with Ken that il would
be o.Ulkntlrlbe AAS canincJeoedPfO"'icle a
Code 10 whieh members ~ao refet as binding
on thnn . ~ membe.. of a professional
socier)l. in assim ntt tile prtlJ'Cfclcci, iOll in
any legal proeeedin gs

e;.,,,,/d Cole~ (MMS, FA/Off)

F.xpert wit ness Reply
1 W<luld like to thank Genl dColCllfor this
reply to my leller{vo12<J(J), 1l 2) and his
support for an AAS rude nf prscl iee for I""
Expcrt WilneSl, Wlli!e lacetpllhal the rina!
fee for Mllk carriw OUI i, nearly alw"}'"
impos,i ble to prcdicl•• rcuunerh.se<Jnn .
minimum estimale<! fee "Ould \'Cry lL'Cful
The fina l payment ro uld be made I lle.the
case ioco mpleted. This wuuldremovc, or.t
lea>t minimiu. ,1I)' inhibllioD.' the expert
may feel tha t .1Ie 0' lie is under from
lUPfC'Sing:lOIaIlyfmlk opinions.

h~ Sra~IJt'IIM,uS
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