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Abstract 

Dab -is and 3-D numerical ofthe acouStic 

p" m the ASIAEX s a  eqmiment are pmentedinthis 

ocean research vessel, ON, paicdidy deployed and towed the 

~BPB. Dmng the expafinen< personnel aboanl the Taiwawe 

515-3 amustic sou~ce to shdy the sound Propagation in the 

ocean One of the emitted wavefnms was continuous wave 

(CW), which had 5 SimUlIaneous 140,260,340,452 and 560Hz 

T m "  losses ofCWtones are obtained As for "id 
Simulations, the wide-angle vesion of F O N D  is I& to 

calcukte " i s i o n  lcssg with backgod and measLned 

d SpeedpOSle containing intemal tides. The model scenario 

inchdes also the sediment and 3-D baihytmry Red@, ofdata 

aFalyasandnumRicalsimulationsshowhtTL~inthe 

data are &e to the variations m the sedimentandwata mhmns. 

~ ~ ~ b y N ~ d  ScieneCoundofTaiwan] 

B. J-l5,OR.Z TdrmdBa&wn&y 

NRLpemnnel aboard& W O N  paicdicaliydeployed 

and towed a J-15-3 broadband acouStic "x. The two main 

wavefonnsusedwae : C W t C m e s a n d L F M ~ .  

The LFM sweeps a l s o c c m p i d t h e ~ d i h  mbetwcen 

the "I mum t d ,  going form 50600 Hz Ihe CW 
tmnsnkionswen of5 SimuIIanems tones : 140 260 340 

452 and 560Hzwhich\uae chaw to hold the band Of interest 

d also not overlap the bands of the mooTed sourxs. Fig.1 

rhows the geqgaphc locaton "g bathymy contour of 

the asaimaa, ulc deploymanofmooredmdc instnrments 

and the &.z anay (VIA-HL4). It also the hacks of 

J-15-3 inchding six sepamte tow nms along L shaped hack 

ploaueled to the paths between moored sourxs and receiva 

-F. 

We pment the CW tmes transmitted mning axgment of 

J-15-3 RUN2 (which W at 05/05 23:31, and gds m 05/06 

00:23)whenintanalwavep&e&wae abartto pass through the 
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VLA. Fig.2 shows the detail --of the nm of mteml 

The black astRisks q m t  the hack of the nm along the shelf 

break The hack of interest is neariy dong the 203-m isobaths. 
' h e  blue lines q " t  evqpropagaton path 6um sowe to 
IEcCiw. 

hning the paid of -t, the dominant cceanic 

fea" are plesent such as n&ea "al wave pack&, 

intemaltidesorboreswaeobsavedatt-~on-' 

C Warprcalumn i"aSon/ienpmlsound.yeedpmlVp 

Fig3 is the standard pmmsing RADARSAT S A R  image 

mU~closetotheASlAMamat2214,May5,2001,whi~ 

has some mtmal wave p a c h  sl"g as white curve lines 

Due to the bathymm, the propagation direction and the phase 

velodyofthe intemalwavebave~ci!anged 

In this paid the intemal wave's direction changes h 
180"toS80"~toL~I].Inaddition,thephasevelocityhas 

decelerated fium 1.8nvs to 0.55d s on May 5. Howeva, the 

mtemal wave field m ASJAEX am somerimes is mnlplicated 

&le to the wavswave mtRaction gengdted by Dongsha Isknd, 

wiichoazmedon May 5 and 18[1]. Besides theregularintemal 

wave packet pmpagahg in the wemuard direction, there is a 

second k v e  packet systan refracting by bngsha Island 

pmpa@bgtowmdthe&inASJAEXam Anintemdveiy 

hvistej wave 6unt maefne is renrlted iium wavewave 

m e o n  'lb wavBwave mtaaction wwld cause BIDIS of the 
intwalWesphasespeediIltZ=%L 

Refa to the S A R  image, we clearly see the apparent 

intRnal wave packets coming 6tnn the east and pmp+@ing in 

the mhwest direchon, Moreover, is about to pass though the 

VLA. 

Fig.4 shows Imp" pmfile m mv-120 and em-200 

mooring which is m the vicinity of VLA Correspondm ' g t o t h e  

duration of RUN2 of what we are interest in, between 05/05 

a 3 1  to 0 5 M  00:23, shows the canplicated cceanic fea" is 
acmuyocamingandispclcsetotheVLA 

U Thesignalpmessing fortfieCW towed source 

The Fast F&er Transform with the sliding tapered 
window is adopted for the liwpacy analym of the signal In 
orda to increase the i i quexy  resohdon, the l a g 6  of the 

tapad window must be long enough H o w ,  the longer 

tapad window pmvides the l a m  time mhdm llaefore, 

this apposifionhas to be b a L n c e d  Bgides, the LhpplaefTectof 

the towed sou~ce also needs to be Mlected F m  navigaiion 

records of the Om, which is a Taiwanese research vehicle and 

tawed the 5-15-3 sou~ce in the ASJAEX-SCS, the Doppla sh8 

muld be eshated F i p  5 shows mat the c" of the 

Dopplaelkt is prem/ Bccumte. Fmmthis plot, it is obvious to 

see that the source l i q m c y  is sh&d kcaw of the Doppla 
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Effect and the estimate ofthe Dopplashifl is veiy &with the 

data 

Fig4 shows &e wafa mlunm intadEtion by Tpods on OR1 "ing 
en"-120 anden".ZCn~ 

APrer " z i n g  Dqplex E f f q  the loss 

muIdbprecklye3imte i  Figure 6 shom the result for 14OHz 

The SM ratio for this bquency was gccd, and its average is 

-IW. It is worth to wtice that the s ign&"  d o n  of the 

modalil&kuux pattw k apparent beoveen 1 O . k  and 

11" 

llI.TLsimulalioninthebackgmundMcdel 
As desmbing as pmiously, we cleady 6nd that such a 

si" scenario is acbdiycmnplicated to be Qne. In gened, 

three points m t o  be helpful m attempling to sketch out these 

awtralouse&c!sonacousticppagationpath. 

The i%st we would like to consider ifthis anomalous 

acoustic response is caused by t h "emiona I  Mymeby 

effect Even more rmpoaimt is to considering such Oceanic 

pa" includmg internal wave packets and sediment 

plupties. 

ln a&mg the effects of intemal waves on acoustic 

PraPagatioR sedi" pmperty is also vay necessary to be 

m"i & c d y  &hng the e f f a  of shallow water 

intemal w v e  on acoustic have been published [Z]. They not only 

mcem the soliton ' m w W  effect on mode coupling [q 
but also complement to the interaction of sediment pmpiy of the 

ccean boaom [7]. Just intemal waves and bottom attermation 

w m  both &&red then cause the anomalcus loss or 

sigruficantiy signal loss. At the resonam'e !iquency, intRnal 

waves tnings about the modal coupling and a redistribution of 

enagyamongthepropagatingmcc&s.H~,ifeachmode 

has idmtical a t t m d q  the total amustic field mte to the 
dkhiitd modes will not appear imomalous signal loss and is 

almost the same as it was tefore the d k h i ~ o n  In ped, If 

theboaomattenuationisnotsigllifican~highaforthearnvRted 

coupled moder, then only a de6cient si@ loss will OCCUT. For 

this- w e n d  to put to use the ~ c m o d e l m o r e  

acmate Fuller discusdon about.the geoamustic pametem will 

be-t in next d o n  

A . S " t p m # m r d G ~ d c m d W  

Fmm the chirpsonar images, not only the bathynetry and 

the subhaom strucbne are squutd, but also the phmumy 

eshate of the attermation d c i e n t  of m d  Using Hamilton's 

equatm[3], olfm geoacoustic parametas and h i r  pmfles are 

alsoobind 

"ikechup sonarsnveyto wxktandthe sub- 

wasconductedbySc~4]inSouthChinaSea a m -  

this expaimenwion (ASIAEX). The k k s  of this 4-day snvey 

5 
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. .  

are along and aaass the shelfin thistertarea Afler som an@ss. 

i.e. imageprocgsing and the gthnation ofthe atten” in the 

salimmc we can get the ddailed Mymhies, the simple 

s J b t ” ~ a n d p r e l m o n a r Y ~ c m 0 f  

tk sediments. It is osy to obsavc that mae is one 4llin I a F  

covaing thekwment in the area, born on the shelfand the +. 
Atter mlyses of the atmudion dc imt+ Steve casidas the 

layer covaing the area ofthe shelfto be dty-sand, and the c~1: 

covering the slope to be silt 

lle chup sonar smvey pmvides the PneLminarygfinnde of 

the M m  pmpatks of the xdittmt In schock’s dt, 
there ate 26 “edpinfs, 18 points forthe h-&kanoss ard 8 

along tk she l f tqxdhely  From thge dts ,  the ane” 

ate about0.4 dB mvwfi on the she& 0.15 dB -on the 

slope and0.35 dB h k H z  in thebasin 

Afla&tainingthebathymetlyandmeboaom~on, 

the bottom “d speed and Wty en- model has 

bendone by w5] wilh Hamilton’s fontuh. 

m e  R d I  @V?S 1646m/S fMSlhY-SIl4 1615dS fOI d t  and 
1749 d s  for h e  sand Fmm the dA”slmcbnt  obtained 

Appiymg to OUT M o n  scenario, w e p t  his modal in 

use. Futhemo~, we make the asnrmption that the sedhnent 

p r c p a t i e s i n ~ t d e p t h 0 f c M y p o p a g a b ; c n ~  bahnort 

thc same as the a p m d  pa” h the unique chups” 
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m e y  

~ * ~ ~ ~ W P ?  
For &cal simulation$ the wide-angle version of 

FOWD is used to assimilate hamnkion loss anves with 
backgmundand"dwmdspeedpfilecontahingintemal 

waves. The modal &o also includes the sediment pmpaiy 

and 3D M h ~ .  Sac- d speed p 6 l e  is taken 

h m  calm sea in an-203 at the duration May 06,00:30 to 

MayoS,M:aO~vminFi~S. 
L r l W I I  

Fig8 t h e t - a k p d  sandspeed 

Cmebadrglvwuimd&gm& 

Since the b a c k p d  d qxed p 6 l e  has been 

desxited as prwiousb, the b m m k i i o n  loss was obtainedby the 

wide-angle vmion of FOND to signify the idenfical snmsiic 

vohnnemt€aac+im 

Nx2D R d i  -The relative p" losss VRSUS 

sourcebeannginCH3, IO,ll,l2ofVLAhavebeen~~in 

Fig.9. The Rsult of bacLgrornd model is in p e d  a t d m z y  

towardtothedata 

3 0  Rauh . - -FU&"R,  Fig10 show &E 3D simuhted 

d t  "ping with be Nx2D d t  The backgramd models 

are aauaUy no appawt diffaRlces betweAl3D si" 

d o  ami the one ofNx2D. 

In this went, w ehinate the &cm of3D hafhpsdryon 

This resvlt also pvides the computation of 

used in he I i n k  complicated mxkl Nx2D- to 

scaaMbmtioralardrmreetli~t 

mmemmd&gm& 
The finthamcdal d o  desnites the measured sound 

speed profile amprehending tbe mtanal wave packet and the 

in-sih~ Oceanic more completely as showing in Fig.11. 

The upper penal shows the top view ofthe track ofwbaf we are 

inraestm 

The thick blue line indicates the l e  intend wave of 

the packet which is pmpagafing in the we.st-ncnih direction and 

the wave fmnt direction maintain 550. The mciiel scenario of the 

d i f€ fmt~p th rep le sRl t ing&EevRyth in IKipa fhof  

t h e u p p e r p l h ~ W a t R ~ ~ d ~ i n & E  

lower perrtl. The s o d  speed p 6 l e  is taken h m  the 
temp" p 6 l e  in env-120 shown in Fig.4. That is because 

the total IW's packet has been on the s k K  

As expmhg in the two panels, the m d o n  of intemal 

wave packet length by the h t  pmpagarionpafh is pdmliy 

&g since the p w o n  path is -eiy paraUel to the 

wave h t  S i y ,  the !cation of the wave packet is also 
keeping changing with h e .  Hence, the more and more shntRl 

wave packet length and the location a p p " g  to the VLA 

have been expressed in the d&mt pmpgalionpath as shown in 

Figll. 
Rerult -Now that the !idler model "io also including 

the vohnne inraaction has been h e ,  the sirrollatedtransmiss ion 

loss vasus m m  beanng then k obtain in these fourcbnnels. 

V q  inkmikg to wmplemntary to the result of the backgmund 

modelmg. just source bearmg at cettdin SourCB range, the 

imnnalolLs disneprmcywiU omut ?he total l " i s i o n  losses 

~ R S U S  the whole wata column anmg the d&mt modelmg 

6mawk include intend wave packet and taclcgrmnd 
model d t s  km been shown m Fig.12. The two panels show the 

psRdmolor plot of the total hansmission loss v m  s ~ m z  

beanng and wafer cohrmn This Clearly shows the apparent 
d & m t d l " y ~ a s b M a s & .  
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Fig.9 shows the relative propagation losses versus source bearing in CH3, IO, 11 ,  12 of VLA. The result of backgmund model is in 
general a tendency toward to the data. 

' I M B - ( n l  . 30' 

?.* -d. 0.95 
a-. 0- Im, . to '  

Fig.10 shows the 3 0  simulated result comparing with the Nx2D result in CH3, 10, I I ,  12. This result eliminates the effects of 3D 
bathymetry on acoustic interaction. 
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Fig. I 1  expresses the model scenario including also bathymetry and measured sound speed profile. The upper penal shows the top view of 
the track. The thick blue line indicates the leading internal wave of the packet which is propagating in the west-north direction and the 
wave front direction maintain 55' . The lower panel shows the water column and bathymetry corresponding to the red thin line in the 
upper penal. 

Fig.12 The pseudocolor plots of the total transmission loss versus source bearing and water column. The lwo panels show the 
Iw's modeling result comparing to the background modeling result. 
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V. Discussion and Condusion 

In order to match the modeling result to the data, it is 

necessaty to shift the m g e s  for the data h m  the analysis of 

Becke~fl], Hawker, Schmidt and Kuperman[9]. That tells the 

source/receiver motion will impm a shift in the acoustic 

characteristic, such as Tz, horizontal wave numbers of the 

specbum and so on In addition, we perbaps consider another 

aspect for the “parkon with data That is because the 

transmission loss m e  is too sensitive to identify the moving 

m m  acoustic volume interaction. From the result we cl& 

find that m such real bathymehy is modest 3D effect “ i n g  

here. Furthermore, the nonlinear internal wave has evidently 

caused the acoustic volume interaction in specific source range: 

The baclrground modeling has been in general a good tendency 

towardtothedata 
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