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CUrrectingacUusticmeaSurementsUfScattererdensity
fUrextinctiUn
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(Rcceived8、6archI99();acccptedΓ or publication3】 Mayl9Ⅸ ))

ExtinctiUn is sUmetim“ am的Ur prUblem inacUuSticSurveySUfnshstUcks,as itUftenUccurS

、
vhcnthensharecUncentratedandeasiest tUsurvey :Γ hesamemaybetrueUfcertain

macrU2UUplanktUn,suchaSkrill in s、varms.ThisStudyaillls tUdeSCribehU、 vt° cUrreCtSingle一

pingil9casurcmcntsUftheverticaldistributiUnUfscattererdensityfUrcxtinctiUn ThegeneraI

caseiscUnSideredin、 vhichtheaggregatiUndensityisvariableandtheIIleanbackScatteringand

extiI】 ctiUncrUsSSectiUnSvarywithdepthBydividingthewaterc()lumhintUannite【
〕tln〕 berUΓ

Iayers,WithcUnstan｛ prUperties、vitllineach,acIUscd-Ft9rm mcan︼ fleldsUlutiUn isdcrived

McthUdsUfappIyiΥ lgthis tUsingle-pingcch° rccUrd‵ andthequalityUΓ thesolutionarcb° th

examincd.ExtinctiUniSdiScussedvis磕 -vis muItiplescatte了 ing.AppIicatiUnUfthetechniql1cin

Utherareas,c.g” in renl()teprobingUΓ theatInUsphercbyIidar,is mentiUned

PACSnumbcrS:433UXm,432UFn,436UPt

｜NTnoDvc┬ ｜UN

II〕  thc last severaI fisl〕 ing $easUllS, the alI-iInpUrtant
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cautiUn incatchingUpcratiUnsexplains therUlIU、 vingradiU

converSatiUn, Uverheard between t、 vU nShing vessels in a

nortl〕 ernNUrwegian巧 UrdinDecember1989Fi冉 tnShe一

man: “I$itSafetUnshhere?” SecUnd且 sherman: 
‘‘YeS; We

canSeethebottUm.’
’

That is, thesecUndnShermanhascUncludedfrUn】 the

鸃 ::︴;:嚃::::l:咠︳子:n£隙
e勝

:子;::l堆
j｜
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“
seen,’

’Urdiscerned,thecUIumndensityUfnsh、 vasnUtcUn-

sideredexcessiveFUΥ purseseiniilg Evidel】 tly,it is theFlsher-

man’ ScXperiencethat nshingUnanaggregatiUnUΓ herriIlg

thatbIUcksUrextinguisllesthebUttUmechUsignaIis risky!

ThephenUmenUnUfcxtinctiUnbynshaggregatiUns is
alsoUfpracticaI illlpUrtancetUrescarchers、 vhUmustesti-

matenshabundancebyacUusticmcans〕
「
Γhishasbeenre一

cUgnized in a number UfexperiInental studies,4一
l! whiCh

havesUughttUIIleaSuretheefrectUfextinctiUnUrtheextinc-

tiUncrUss sectiUn IthasalsUbeencUnsideredin severaltheU-

retical studies〕
I】一l￣

ExtinctiUn lllayalSUbeUfinterest inScatteringbyplank-

tUn 
、
Vhilethis isundUubtedlynegligiblefUrphytUpIanktUn,

suchastheunice1lulargreenalgae∫εθηθ〞翻 a∫ anddiatUm

Λ切z∫ε加aε夃∫′θ′↙v9/lˊ 〞↙乃Vtt∫∫↙〞a,15whether由 nglyUr in

cUlUnieS,andsUmezUUplanktUn,itIllaybequiteimpUrtant

fUr macrUzUUplanktUn. Examples include Antarctic krill

持鑑:謠猺窋左t漁璧t蟲 :驟黯 芳́惢£
6UUUUanimals/m3(Rei1‘ ),andthekhllMega/1,,ct′ 力a刀釕

〃U′ vegoε a,、Vhich、vasrecentlyUbServedacUusticallyin layers

Uver5Umthickand、 vitllanaveragedensityUf8UUanimals/

m3(ReE1’ )‘ Evenatthesedensiti。 stheefectmaynotbe

:;:::手::祐吼諾r:#:遝迋摠:垠瑙｛)片〔l驟
bUdiedscatterers,suchasjeⅡ yΠshUrsalps,extinguishs° und

measurably,Ur prUducesigniΠcantechUesfUrtha｛ Υnatter,is

unknownI°

TheeIrectUfextinctiUn l)asbeendescribcdin sevcral

摵 夤 腦 攡

玀 贓 腦

studiesUfstructurein scattereraggregatiUns, such aS nsh

schoUls,it isdesiredtUdescribetheverticaldistributiUnUf

densityassensedbysinglepings.

It is thepresentaiIntUextendthetheUryfUrconstant

densitytUvariabIedensity,andshU、 vhU、vtUcUrreCtSingle-

pingmeaSurementSUΓ theverticaIdistributionUΓ scatterer

densityfUrextinctiUl】

︳.THE。 RY
SeveraI difFerent quantities aresuitableFUrdescribing

acousticrneasureSUfscattererdcnsity InRef 13,echUcner一

gyisused TheareaUrc。 lumnbackscatteringcoefrlcient2。

Ur strength’
Iis thc了

nUSt、videIyusedtUday Sincethepresent

UbJect iscUr㏄ ctiUnUΓ den㎡ ” e銋im放鈴 fUreXtln㏄ lUn ina

variable-densitylayer,thederivativeUftheareabackscatter-

:早苦 緊 電 瀠 默 i£古∥舌:〡:::甘
j::::y穹

電 膫

tereraggregatiUnUfcUnstant nuil1berdensityr,andmean

backscatteringcrUss sectiUnσ b,theVUlumebackscattering
cUemcientin theneglectUfextinctiUn is

∫v=p(σt/4π )                      (l)

That is,thelIleasuredquantity∫ visdirectlyprUpUrtiUnaltU

thescattererdensity ThisequatiUnapplies strictlyUnlyin

therneanUfalargenumberUfindependent° bservatiUnsUn

thesameaggregatiUnUr,tUagUUdapprUximatiUn,tUasingIe

UbservatiUn、ⅣhenthenumberUfUbservedscatterers in the

bcam is sumcientlylar..e.AsSumptiUnsUfstatiUnarityand

sufFlcient numbersUfscattcrerSarethusimplicitin theuseUΓ
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Eq (I)in this studyThetheUrycUnsequentlybelUngstUthe

categUrycalled‘ ‘
rnean-neld.”

FUrascatteringlayerUΓ cUnstantdensitypandcUnstant
σtUverthedepthrangeIz1,z2〕 ,∫ visgeneraⅡ yless thanthat
indicatedinEq (l).ThedegreeUfreductiUn isdeterΠ 〕ined
byintegratingthesteadilydecreaSingmeanechUintensity,

aftertheusuaI“2UlUg′ ＿＿2aㄏ
”typeUfrangecUmpensatiUn

FUra㏄ atterlnε 】ay釘
,3’

23Uv㏄
theinterv㎡ 〔而,孔 〕.Ifthereare

nUSC飩 te代 rSin thein● eⅣalIU,z(l,∫ vfUrtheSc.atteringlayer
is thusn1UdinedbythesingleInuItipIicativeihctUr

f訖
呵

一
初 ㏄ 一

椰 犯 卬 ,

whereσ′stherneanextinctioncrUss sectiUn.Hcreandelse-

、
vherein t1lis study,beam spreadingis ignUred Theincurred

apprUxinlatiUn isexoellentfUrechUsUundersusingUrdinary

narrUwbeams,typicallyUftheUrderUf8degUrlessasmea-
suredbetweenUppUsite ＿＿3＿dBlevels Integrating,then,

凡=p午 一 里
翥 拷 升 鼾

一

些   (2)

This resuIt iscUnsistentwiththevariUusfUrmulasgiven in

thecitedtheUretical studies.ItalsUagreeswiththeanalU＿

:錶 :｝ξ
於

Un站 ed㏑ 曲 赨 Ufback㏄砒 ㎡ng曲 ght”

In8eneral,scattererdensitydUesvary、 vithdepthinan
aggrega∥ UnThemeanquanuIes%and%may缸 sUvary

沒蜜莘工
.Ξ

i::迓瑋i蚩攕者野驟 :訂孟︴f
TheintensityUfapIaneacUusticwaveincidentUnascat-

teringaggregatiUndin9inishes,in themean,withdepthUf

penetratiUn intUtheaggregatiUn.TUnrstUrder,thereIative

changein intensity ΔJ/JUverthedepthrangefrUmztU
z￣+Δ孑is linearIyprUpUitiUnaltUthescattererdensity/,and

meanextinctiUncrUss sectiUnσc characterizingthedepth
interval,andtheintervalthicknessΔ z:

Δ′/f=一 p%Δz.                 (3)
SincethisappliesfUrthearbitraryinterval,atanyz,itcanbe

integratedUverIU,zI:

羽=π嗨《一Iz用%。妁, 的
wllereJ(U)is theefrectiveincident intensityatthereference

depthz==U,andthegenerd:depthdependenceSUΓ thesever-
㏕●ctUrs inEq.(3)areshUwnexplicitly

ThevUIumebackscatteringcUemcientatz,shUwn inEq.
(l),is thusd∴ninishcd,in theImean,bytheSquareUΓ the
expUnentialractUr inEq (4),hence

兄<幻 =以p(2Iz︻ Ω的
引

羽
罕

-〈刃

TherepresentedfunctiUn iscUntinuUus In practice,∫
v is

mmpledatdi㏄ retedepths｛ㄋ｝andeltlleIrepresented小
sucll Ur, mUre Uften, averaged Uver subsets UfthepUints,

spanningsmallUrlargeintervaIs. FUrthis secUndcaseUf

averagingoveranniteintervaI,sayfrUIl1zjt° Z2,6v(Z)inEq
(5)shUuldbereplacedbytheexpressiUn

1544     J AcouSt SocAm,VU〡  88,No 3,September199U

∫v(2I,z2)

×
f:u幻

Ξ午辛上
×expI一 〞×z)σc(z)(z一 z】 )〕 &/(z2一 zj),

((9)

wheretheapplicabIeintervalUΓ integratiUn is indicatedex＿

plicitlyin theargumentsUΓ ∫v.FUrthespecialcaseUfasingIe
scatterin8layer cUnFlned tU thedepth interval Izi,z2〕

, in
whichp,σv,andσθarecUnstant,Eq(6)reducestUEq‘ (2).

TUcUmpareEqs(5)Ur(6)withEq.(34)inRei3,the
UbservatiUnaIquantity∫ vherernaybereplacedbytheprUd＿
uctUfanapparentdensityandσ ./4π,accUrdingtUEq (l),
andσ°(z)andσ r(z)maybereplacedbycUnstants Neither
UftheresultingequatiUns isequivaIent tUtheexpressiUn in

Rei3,althUughpurpUrtingtUdescribethesame,unknUwn
density.

∥.S。LV┬︳UN
TheechUintegratiUnInethUdaiInstUre】ateanacUustic

measurcment,suchasthatUfthevUluInebackscatteringcU＿

efrIcient,tUthecausa“ vescatterer● ensity,oven knUwledge
Ufthescatterertype InthecaseUfnegligibIeextinctiUn,∫

v

andpareprUpUrtiUnaI,andsoIuⅡ UnUfEq (1)fUrp isirnme-
diate.InthepresenceUfextinctiUn,andwithUrdiIIarydis-

cretesampIing,Eq (6)lmustbesUIved SeveraIapprUaches

arepUssible TheUnepresentedhereis themUreheuristic.

ThescattereraggregatiUn isassumed,fUrgeneralityin

analysis,tUbedividedintUΛtIayersbet、veenthedepthszI
andzⅣ +I, whichmayrepresent thesurfaceandbUttUm,
respectively The depth Iim比 s UftheΛh layer are

ㄋandz9十 】=z,+Δ z,,whereΔㄋis thethicknessUfthe〦 h
Iayer Eachlayerthickness ischUsentUbesumcientlysmaIl

sUthatp,σ v,andσ cmaybeassumedtUbecUnstantin the

驟 它 鼰 出 茖 捲 :l絲 潔 裝 色 絲 ;緊昱紀 :者牙 有
thedepthUfsampIing,viz ∫

v。

EquatiUn(6)isevaluatedfUrthe刀 thlayer,withlirllits
z刀 andZη +l Thenrst integraI,afterredennitiUnUfits lilnits
aszIandz” ,canbe、vrittenas

e即 (-2I昱坑%鳹｝,

withtheimplicitvalueUfunityunderstUUdfUr刀 =l By
assumptiUnUfcUnstantvaIuespη ,σδ,〞 ,andσ f.η fUrthe刀 th
Iayer,thesecUndintegral isjust

(l/8π
)(%′ /σ

ζ 刀 )Il一 以 p(一
初 ” %,刀

Δ z刀 )〕

CUrl1binin8theseveralresults,

∫
﹏η =(l/鈞 〃 V刀 )(σ δ〞 /σ c,刀 )Il一 exp(一

勿 %σ 白口&刀 )〕

ThesUIutiUnfUrp”  isimmediate Deflning

\
、

I

,

ˊ

考σp

╭

〡

�
o

一

/
f
＿

\
px=

↘

、

I

,

ˊ

托%角
一
Σ

片
一

ˊ

了

＿

l
\

pX×

\
l
—

/托%乃一Σ
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.
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ˊ

了
I
I
、

ˋ

pX=

(7)

(8a)
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(8b)

、
ViththeaFUrcIIlentiUnedunderstandingthatthecxpUnen-

tialterm inEq (8a)isuI】 ityfUr〃 =l,p” iScvaluatedii】

su㏄esSiveUrderfrUn〕 〃=ltU〃 二Ⅳ

T｝】esUlutiUngivcI】 inEq(8)isgenerallywell-behaved

IntheIin〕 it thatΔa” Urσ c抑  vaniShes,p〞 =4π●﹏η/σ ..〃 ,

、
vhich isbcttcr interpretedastheresultfUranacUuSticalIy

!hin layer,byanalUgywithUpticS.FUranemptylayer,、 vith

∫
l1∥ =U,p” =U LayerswithfewscatterersaresubJecttU

Iarge了 nuCtuations in‘ v,η thanthUsewithmanyscatterers.
buttheinnuenccUfnuctuatiUnsin thenrst刀 一 llayersUi9

p” isdampenedbythemannerUΓ cUnlbinatiUnUΓ the刀 一 I

densitycstimateSinEq (8a)

︳Ⅱ.D︳SCVSS︳°N

A.App︳ y︳ngtheS。︳ution

Measurements ofscattererdcnsitymaybecUrrectedfUr

extinctiUn accUrdingtU Eq (8), This may bedUnefUra
seriesoΓ layers orarbitrarythickness,aSlUngasp,σδ,andσε

remainessentiallycUnstant in each ApracticabIescheme

ΓUrensuringthis inUrdinarysurveywUrkentaiIschUUsing

抎yersUΓ equaIthicknessAz=lm This isalsUaverycUm＿

mUnunitUfresUlutiUn indigitaIrepresentatiUnsUf∫ ”

AppIicati〥 nUfthefUrmuIain了 eal time,basedUn priUr

assumptiUnUfthekindUfscatterer,henceσ .andσ c,isalsU

pUssible Such adaptiveprUcesSingwUuld, hU、 vever, make

eXceSSiVedemands Un even theIatest-generatiUn scientinc

echUsUundingand integratiUn systeIn,25andis mUreUver

unneceSSarybecauseUrtheeaseandspeedUfpUstprUcesSing

bymeanSUΓ
、
vorkstatiUn一 levelcUmputers.’

‘,2’

AparticularadvantageUfthefUrmulais that itcanbe

executed、 vithUutftlrtherUperatUrasSistanceUncetheScat一

terer iscIassined This initiaIUpcratUr-detern】 inedprUcess

cUnsistsUfspecincatiUnUfscattereridentity,namelyspecies

andsizedistributiUn,hencenleanbackscatteringandcxtinc-

tiUncrUss sectiUns,withUr、 vithUut specineddepthdepen-

denceS,in thecaseUfasingle-speciesaggregatiUn Inthecase

UfamixedaggregatiUnUr rnultipIescatteringlayers,thespe-

ciescUntent,several sizedistributiUns,andrespectivedepth

rangeSlIluStaISUbespecined NUtwithstandingtheapparent

magnitudeand djfFlcultyUfthisassignment, it is nUthing

mUrethaniSdUneeverytiIIlethatanechUgram isinterpreted

fUrthepurpUseUfcstinlatingnshdensityalUnganacUustic

surveytrack.TheSinglene、 velementin thefUrn9ulais the

meanextinctiUncrUss sectiUn,butthis is knownfUrsUme

species,’
,8.12andisbeinglIUr、 vilIbespecinedfUrUthers As

nUtedbyMacLennanε taJ.,IIt4Wi1lundUubtedlyvarywith

nshbehaviorandphysiUIUgicalcUnditiUn,butthensUdUes
σt,andtUagreaterdegreetUU,SincetheextentUftheaverag-
ingimplicit inσ θexceedSthat inσ δ.

′◣secUndadvantageUfthefUrmulais that it subsumes

arbitrarydensityvariatiUnsUrfluctuatiUnS AscattehngIay-

erneednUtbcStratinedverticaⅡ y,but rnayvaryinanyUral1

dircctiUns.

几二一希 ㏑〔一等 ｝
B.° Va∥ tyoftheS° ︳ut:on

Tl】 enumericaIerror jncurIcdinevaIuatingEq (8a)iS

rcadilydennedbyasinlpleaIlalysis IΓ thenUrmulai卜 cITt.cted

UnadigitaIcUmputerwitha、 ingle-19rccisiUnnUating︼pUint

、
vUrdsizethataHUts〞 bits tUtheil】 antissa,exclusiveUΓ the

signbit,thenthenumericaIerrUr‘ ﹉/in thedenSjtyeStin)atcp�

willIiein tllerangel-U5,U.51UfthelastUrη ?thbitA

mUrecUmplctcrepreSentatiUnUfasinglecUmpUnen｛ Ul￣ thc

expUI】 enti㏕ 伍ctUr inEq (8a)isexp〔 与
(l+弓

6/’�)〕
()I.

舞垚ll｝紅駂比瑐騩話踟抵深魽
approprlate:

exp(。,)=l+句 +(●;/2)十
.,

hencc,thereIativecllmulativcerrUr in,say,p〃

一
 i duetUthe

expUncntiaI伍 ctUr inEq (8a)is

唧〔Σ!〢一﹃Σ〕彰十士●l好

十ΣΣ彰δ人+U(Gδ尺δt)

,≠ 人

Ifthereare＿ 1/cUntributingtermsin thesunl matiUn,thenthe

wUrst-caSe errUr is Ⅳ︳易max=Ⅳ .2flσ
c。
Δz,max

=Ⅳ (σ
c。
∠托 )max/2〞 AmUrere缸 lsⅡcan㏕ yslsassumes｛ ht.1t

theerrUrsareindependentandunifUrInIydistributedUnthe

lntervaIl一 U.5,U＿Slofthe用 thbit,withvariancel/I2By

thecentral limit theUren〕 ,their suπ〕Uverasu伍 cientIylarge

numberUfsamplesWillbenUΓmaⅡydistributed Thusthe

relative   curnulative   errUr   wilI   be   Iess   than

288(Ⅳ /12)l’
.(σ

ε
。
抨 ,)r邟

p〞 wlth,,,%plUbauh呼
TUjudgethemagnitudeUftheseveralerrUrsdescribed

here,thecasethat� Vi=5UUand仞 =23iScUnsidered This
cUrrespondstU,fUrexample,a5UU-Indepthrangewithdepth

resUlutiUn Δz=l nl in∫v,andprUcesSingby theStJN-4

、
vUrkstatiUnseriesUΓ digitalcUmputers,amUngUthern〕 a＿

chines, vλ th  a 32-bit single-preciSiUn WUrd size  If

挽出泏e眾 :÷︴;:::::岩灩席熙:lI∥:七:是眾

、
theUrderUf3》 (1U￣ 5.

ClearIy,thepurelynumericaIerrUrthatcanariseine仁

fectingthefUrmula、viIlbenegligible,atIeastfUrdigital prU-

cessingwithUrdinary32-bitwUrdsizes ErrUrsduetUuncer-

tainty in σδ,σθ, and their severaldepth dependences are

mUreser1Uus

FIuctuatiUns in the acUustic neId Γr。nl the aSsumed

mean一 neldwilIalsUcUntributetUtheUverallerrUr Extinc-

tiUnbyanensembIeUfscatterers isastUchasticprUceSs,and

thesUlutionderivcdhereis therefUreapplicableinastatisti一

calsense,namelyin themeanUfalargenumberUfobserva-
tiUnsUrapprUxi了 natelyin thepresenceUfalargenumberUf

scatterers LikelynlagnitudesUfcrrUrs resuItingf1.Umfailure

Ufthemean-ΠeldassumptiUncanbeinvestigatedbysimula-

tiUn, although invUlving fUrΠ lidablc numerical computa-

tIUnS

ⅣVhat is theUreticaIlymUsthazafdUus isattemptingtU

cUrrect rneaSuremcntsUfScattererdenSitywhentheeIrectUf

extinctiUn isvery la了 ge Inthiscase, 
、
vhichisfUrtunately

expectedtUbeveryrare,evaluatiUnUftheFUrmulamustbe
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haltedwellbefUrethenUiselevel is reached. AsthenUise

leveI iS apprUached, theu.certaintyin density estiInates,

h爸ncealsUin theextlIlctlUn-adJuSted㏄tim放eS。
v,〞 ,mustbe

verylar呂e.Thedama8ingeIfectUfanerfUr inSv,η  Unp刀  is

apparentfrUmEq.(8b).Thusin thepreSumedcaseUfvery
highextinctIUn,animpassewilIbernet.Advances rnust then

beSUughtinalternateinstrumentatiUn,e.g.,alUwer-frequen-

cytransducer.

C.Mu︳ !︳ p︳ escaiIeΓ︳ng

TheUveral1U切 ectiveincUrrectingscattererdens北 yesti＿

matesfUreXtinctiUn is toderivethebest pUssibIeestiInates.

Thus rnultiplcscatteringalsUdeservestUbecUnsidcred.This

wasdUnebyStantUnfUrsecUnd-Urderscatterin名 byaran-
dUm distribution Uf isUtrUpic scatterers, yiclding upper

bUundsfUrtheefect.18UnecUnclusiUnUfthis studywasthat

extinctiUnwUuldbethedUΠlinante田ectifthedegreeUfex-

tinctiUnweresignincant.AnUthercUnclusiUnwasthatthe
efrectUfsecUnd-UrderscatteringisIeSsfUrnarrUwer trans-

ducerbeams
ⅣVithrespecttUtheenVisagedparticularapplicatiUntU

denseandthickaggrega● iUnsUfherring,thedegreeUfextinc＿

tiUn is particuIarlylarge SUmetiInesthebUttUmechUsignal

dUesdisappearUntheechUgram,i.e,becUmes indistinguish＿

ablefrUIll nUise.CUnsideringthegeUmetricextentUftypical

nshag8regatiUns,transducerbeamwidthsUfsurveyuseare
veryUrextremelynarrU、 vbyStantUn’ scriteriUn.SincenUn】 i-

nalacUusticwavelengths, l＿ 4cll1, arealsUmuch smaller

thantyPical nshlengths,3U-35cIn,andsmallerthancUrre-

spUnding s、vinlbladderlengtlls, apprUxiImately 1U﹂ 上2 cIn,

thescatteringisdirectiUnaI,UranisUtrUpic,andsecUnd-Ur-

derscatteringefectsareindeedexpectedtUbequitesmal1.

Interestingly, applicatiUn UftheextinctiUn-cUrrectiUn

algUrithmtUmacrUzUUplanktUnmayrequirecarefulatten＿

tiUntUsecUnd-Urevenhigher-Urderscattering ThereasUn is

thattheanilnalsaresmallerandtheirdensitieshigher,and

theyareUftensurveyedatshUrterranges,hencewithefrec-

竹velywider＿ bean〕 scatteringgeUmetries,accUrdingtUStan-

tUn.I8TheliteraturereViewperfUrmedbythisauthUr, in
1982,2BSuppUrtsStantUn’ sInUredetailedcUnclusiUnshere.

D.°therappI︳ cat︳ons

、
Vhilethepresent、 vUrk iSaiInedatacUuSticscatteringin

theocean,italsohasapplicabilitytUUtherrangingsystems

andInedia.′ ‵particularexampIeUfthis is prUvidedbyInUn-

Ustaticlidar,2’ Ur lightdetectiUnandranging,、 vhichisbeing

used,interalia,tUcharacteriZetheatmUsphericsurfacelayer

Uverthesea3°,3IInStudiesUΓclUudrenectance,fUrexampIe,

theUpticalanalUgtUEq. (2)hasbeenrecUgnized.24
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suredcUemcientbycUmpensatingfUrtheunknU、 vnefrectUf
cxtinctiUn, 

、
vhich isbeil】gdeternlined.Evenifthiscanbe

dUneiterativcly,as sta!edbytheauthU心 UfRe:1l,thealgU-
rithn〕 theygiveiscrrUneUus

Inthis paper,aSinlplerandmoregeneraItheUryis pre一

sented‘ ThisenablestheextinctiUncrUss sectiUnUΓ scattererS

il9anaggregatiUn tobedeterlninedfrUnl tlleirechUtUgether

withtl】 eechon.UIl,aI.e● erencetargetundertheaggregatiUn.

This is applied tU a series UΓ measurementS Un large and

dcnscagg】 .egationsUΓ herringhibernatingina句 UrdwithΠ at

bo｛ tUn9areas

︳.丁 H巨UHY

｛Vicasurcn〕 en｛ UΓ nshandnatbUttUIil isassun┐ cd tUbc
made by a do、 vl〕

、
vard一 k)Uking, narrU、 v＿bean9 transduccr

t、ransillissiUn and reccptiUn is cUntrUIled by a calibi.atcd

cchU$ounder RangecUmpensatiUn iseΠ tctedaccUrdingtU
the ordinary ΓunctiUn uscd in echU il】 tegration, naI9.eIy

2UIUg′ 十 2a′,1,,hcrc′ is thcrangeandais theabsUrptiUn

cUefFIcient.ln tcrmsUftlleelapsedtirncˊ  frUl1,signaItrans＿

llIission,′ ==ε /́2,Wl】 ereε is thespeedUf$Uund.

Thcrangc-cUIn,pensatedsignaIis iI〕 tegratedjn piece、 vise

伍shiUnUveraSuccesSiUnUfrangcintervaIs｛ (h,′
I┤ l)｝ The

range isassumed tU becquiva︳ ent tUthedepthz.二 =尸。 by
assumptiUn UΓ  a narrU、 v, dU、vn、vard-IUUking transducer

beam.TheresultUΓ il】tegratiUn isaseriesUfareaUrcUlumn

backScatteringcUe爾 cients‘ 4｝
(zΥ ,zi︳  I) I’ Thesemaybeal-

ternativeIycxpressedthroughthen9eanvUIumebackscatter-

ing cUemcient 

、

｝(zi,2′ ｛ l) in each interval, which is the
meancunlulativebackscatteringcrUss sectiUnUΓ scattererS

perunit sanlpledvUIumeper ping.18FUrsamplingbyanar-

rUw-beam transduceI、 ∫｛一
二∫σ(乙 .z￣ ,一﹁ )/(乙 +l一 z,)

AIayerUfaggregatingnshis imaginedtUbecUnnncdtU

山edφth㏑ teⅣ㏕P├与〕,fUIlly㏄ cu1.“ ngapUⅢ Ull㎡

this.NUUther signiFlcant scatterersarepreSentbetweenthe

transducer and flsh layer Ur between the nsh Iayer and

seabed,UrbUttUm ThebUttUlll i$aSsun〕 ed,n〕 UreUver,tUbe

natandacUusticaIlyunifUrm in theregiUnbeneaththensh
layer.IftheverticaIextentUΓ thenshlayerwithinIzl,z,〕 iS

Δ2andthenShdensityp iscUnstant,then

l一 以p(一 初衈 Δz)

1上 上︶ V。 lt∼ aiCΛ Lcilt● ZVl tl1t91ibii14ycIlsu,,cq lrI」
一

q.(1,.

ThiscUuIdbereplacedbyalargerquantityifembracingΔ z
EquatiUn(I)lvUuldstillapply,but∫ P、v。uIdbereducedin
inverseprUpUrtiUntUtheaSSumedverticalextent Theden-

sitywUuldbesiImilarlyreduced,whiIethcprUduc｛
/lΔzre-

maInsunchanged
Theresul!Ufintegrating∫ vUverthcassun〕 eddel)tl〕 in-

terval,Ur indeedUveranarbjtraryintcrvalifincludingthe

nsll layerandexcludin8thebUttUn1,is independel〕 t()｛
、
the

assumedvenicalextent.This result is just theareaback＿

ScatteringcUemcientassUciated、 ”ththenshIayer,

∫
a、r=(σ”/8πσ()l)一 cxp(一 2/,σ‘Δz)〕      (2)

IntegratiUn UΓ thcbUttom echUUvcr its IulI cxtent in

timeyieldsacorrespUndingarcabackscattcri ngcUe伍 cien〔

∫〞〞 IfFlsl〕 tlrcpresentin thedescribedlayer,thcntheaver一

agcin｛ cn$ity()Γ thcpres‵ urcwaVciSdiIllinishcdbytl】 eEactUr

exp(一 pσ‘〞Δz)cUmparcdto that inciden｛ on thcbottUm
in thcabsenceUΓ thelayer Hcre,‘ 瓦〞 indicatesthcdUrsal-
aspectpartUΓ σ(.ThebottUIllcchUit∫ clΓ isdi了 niniSlledin its

up、VardpasSagethrUughthcflsh IayerbyasinlilarfactUr,

exp(一 pσ (.∥ Δz),whcreσ qvdenUtestheventra】 aspectpart

o「 σ〞.EΓ huS,ii〕 term$oΓ thcareabackScatteringcUemcientUΓ

thebUttUm in theabsenceUfFlsh,∫
a,B° ,

抎β=鞃巧)以p(一 初%Δz),         (3)

、
vhereσ c is theafUrementiUnedarithmeticmeanUfdorsal-
andventral-aspectaverageextinctiUncrUss sectiUns

SilllultaneUussUlutiUnUΓ Eqs (2) and (3) yieIdsthe

resuIt

∫a,” =∫a〞(II一 (8πσtˊσ乃)∫ a.′ I            (4)
ThisfUrn】 emphasizesthedependenceUf∫ a.β UneXtinctiUn

duetUthenshlayer.
EquatiUn (4) aIsUsuggestshU、 vtheprUblemofdeter-

miningσU canbeaddreSSed SpecincaⅡ y,∫a,r and ∵p,〞 can
usuallybenleasuredpairwiseUverarangeUfvaluesUΓ ,a,F,if

UnlybecauseUΓ variatiUns inUpticalthicknes$pσ ‘Δ2、vith

UbservatiUnpUin｛  LinearregressiUnUf∫ a,〞 Un∫ a′ eStimates

theregressiUncUemcientsaandβ in

拓〞=a十 β拓戶、

The extinctiUn crUss sectiUn is cUnveniently exPressed

thrUughits ratlUW:ththebackscatterlngcrUss sectlUn,

σ“/σ乃=一〞/(8πa),                (6)

Whe犯 aand〞 a㏄ theestimated㏄ gressiUncUemcients

In practice, alIIlUstanyflshlayerwiIIspanarangeUΓ

Upticalthicknesses,hence,ValuesUf∫
a,Γ BychUUsingsum＿

cientlyshUrt intervalsUfsaileddistanceUrsufrlcientIysmall

nulllberSUfsuccessivepingstUbecUmbinedincUlnputing

∫σ,ㄏ and∫U,β ,atleastapartialrangeUfvaIuesUf∫ a,Γ nlaybe
measured.IntheveryspecialcaseUfanessentialIyuni6Urm
nshaggregatiUnUfcUnstantUpticalthickness,therangein
vaIues Uf∫

4,Γ willbe negIigibIe Ur quite small, rendering
regressiUn anaIysisfutile Indeed, it is iInpUrtant that the

UbservatiUns spanarangeUΓ Upticalthicknesses,sincethe

qualityUftheresuIt isgenerallydirectlyrelatedtUtherange

UfvaIues spannedbytheindependentvariable,∫ θ,Fhere;be-
ingbetterfUr、 viderrangeS.

‘Γ
r,

打=p百°
初 σtΔz

(l)

Whereσt)is theaveragebackscatteringcrUss sectiUn,andσ ‘
is theaverageextinctiUncrUss sectiUn ThisexpressiUn isalsU

、
velIknU、vnfrUm lidarapplicatiUnsin theatInUsphereI°

TheextinctiUncrUss sectiUnσ cinEq(1)is thearithme-
tic mean Ufthe average extinctiUn crUss sectiUnS in bUth

dU、vn、vardandup、 varddirectiUns FUr nshthatareUrientcd

、
vithrespecttUthehUrizUntal plane,thesetwUdirectiUns
cUrrespUnd,respectiveIy,tUthedUrsalandventralaspects

TheextinctiUncrUss sectiUndennedhereis theapprUpriate

quantityfUrapplicatiUn inechUinte..ratiUnsurveys,asin the

extinctiUn cUrrectiUn algUrithm presented in Ren l5, al＿

thUughnUtelabUratedthere.FUrapplicatiUns inwhichthe

transmitted、 vavefUrlll is mUnitUred,aSin nshpens,°  aUne-

、
VayaverageextinctiUncrUsSsectiUniSrequired

1984    JAc。 uStSocAm,Vo｜ 91,No4,Pt1,Aph｛ 1992
「
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｜NTRUDUCTIUN

Interest inextinctiUnUfunder、 vatersUundbybiUIUgical

scattererShashadseveralsUurces.UnehasrecUgnizedthe

出生翠獄眷裝憂點ξ先‵:我:織盤獄:

孅言:j::單:║Ξ甘iIi舞;贓i蜢
aiInedtUcUrrectmeaSurementSUfnshdensityindenseUr
extendedaggregatiUnsUfflsh3In nlUstcaSeS,SWiInbladder-

beann早

:l甘:玗Ξ嶊 生i:l::f:f;ξ羉投:varletyUf

meaSufements,、 〃hiChhaveyieldedUr rnightyieldvaIuesfUr

theextinctiUncrUss sectiUnUfnsh DavieshasIlieasuredat-

tenuatiUnUfsUundduetUthenUrthernanthUvyσ 刀g′a〞 ‘́

〞Urdax)cUnnnedinaPlexiglas sphereUverthefrequency

ran早旻:i#:::｝:;Japaneseresearchershas rneasuredtheex-

tinctiUnUfsUundduetUflshaggregatiUnsbyIlleansUfhydrU-

2UUkHz°

駕 縈 捧 惢

。

菬 加 磊紛

一

片

t士

發 群 蛋

kHz.ㄗ Anunder、vateracUusticsreSearchgrUup inNUrway

hasmadesimultaneUusUbServatiUnSUftheechUintenSity

生 :t表甘:∴:忌 S古v:｜

;::｜:::i︴:︴

i子t滁 .三紐 :::::｜

:::::

樾旨嘸職舞舞钁批
kHz,!〈

)andUnencagedaggregatiUnsUfcUd(Ua〞 v∫ ,,1Ur乃 va)

at38and12UkHzandUnadenseaggregatiUnUfhibernating
herring′ 99“ r〞 at38kHz.Ij

ThevariUusIneasurementShavebeenaidedbytheUreti-

calanalyseS、VestUnderivedanexpressiUnfUrtheextinctiUn

鸞親::且 ::子Ξ::::::芒i手:鉡::器濫ff:一f:片↙
whichextendedAndreeva’ sbasicsphericalair-bubblernUd-

el12AnaIysisUfR血 tingen’spurelybackscattereddatahas

allU、ved detefIIlinatiUn Uf the extinctiUn crUss sectlUn

thrUughaparameter-nttingexercise.13〝 在eaSurementSUfthe

herringaggregatiUnandunderlyingnatbUttUmdeScribedin
Ref 8lnighthaveyieldedavaluefUrtheextinctiUncrUss
sectiUn,buttheauthUrS,ErtugrulandSlnith,、 vereIllUreln-

terestedinexanliningthephenUmenUnUfrnuItiplescatter-
ing. HUwever, fUr mcasurements Ufnsh at ultrasUnic fre-

quencies, multiple scattering efects are entirely negligi一

ble竹 .】 5 TUresen has prUved Severe shadUvˊ ing efrects in

denSeherringschUUls, 
、
vhileusingthesequantitatively tU

deriveanelllpiricalfactUrfUrcUrrectingtheapparent mea-

surementsUfnShdensity’ TheextinctiUncrUssSectiUn、 vaS

nUtSeparatedfrUInthisfactUr.BUthRe化 . 8and9shUwa

recUgnitiUnUftheusefulnessUfsiInultaneUusUbservatiUnsUf

nshaggregatiUnandbUttUmechUeS. AsimiIarrecUgnitiUn
hasbeen lnadebyIIayfUrIneaSuringtheattenuatingcfrect

UfsuspendedmatterneartheseabedI6
TheusefulnessUfcUmbinedechUrlleaSurementSUfnsh

犨 琶 生 諒 :駕 投
︴↑ 嗢 黖 蜜 鈺 rξ:阻 士

targetsSuSpendedbeneaththenshaggregatiUnSinadditiUn

tUthebUttUlllechUinUrdertUdetefIllinetheextinctiUncrUss

sect1Un TheWUrkdUessu日 ㏄,llUwever,fI.UmtwUllIllita-

tiUns Uneisabias incurred、 vheneverthedataincludecases

UfSubStantialeXtinctiUn,、 vhenthereferencetargetechUis

relatively、 veak.BccauscUftheuseUfthelUgarithlniclllea-

surcUfreference-targetechUenergyin theanalysis, 、
veak

refefence-targetechUesaredisprUpUrtiUnately、 vcighted.In

thelhmitUftUtalextinctiUn,the、 veightis negativeinnnity

ThesecUndprUblem isevidentfrUnl thewayin、 vhichthe

extinctiUncrUssSectiUn isdetermined,byregressingthe1Ug＿

arithmUfreference＿ targetechUenergyUntheprUductUf

numberdensityandmeanback/scatteringcross sectiUnUfthe

Scatterer IntheabsenceUfextinctiUn,this prUduct isJust the

areabackscatteringcUemcieIlt.InthepresenceUfextinctiUn,

:983     U Ac。 uSt S° c Am 91(4),Pt 1.Apr｜ 1992   UUU1-4966/92/U41983-U7$UU8U
。
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紫:兜隘裝:::::::臗乳號::際丘舞針r
guishingefrectUfscattererSin thelayer.

∥.M巨ASVR巨M巨 N了S

喊拙蓮撼攡擘在購韓

Inparticulaf,ithasbeeIl rneasuredin thehibernatingstateln

the、λntefSUf1’ 88, 199U,and 1991 ItUftenfUrmsaquite

denseanddistinctIayer in lllid︻ Ⅳater,sUmetimeSalSUex-

tendingUvernat-bUttUmedareasUfthe句 Urd,indicatedby

thethick lines inFig.1.In1988,theherring、〃as rneaSured

UvertheshUrter,inner-巧 Urdtrack,v丙 thbUttUrndepth° f35U

色:工

一

器£瑞f℉甘:I::::舌
i琶溫裝詳茖掰l:

BasedUntheappearanceUftheechUgramS,thecUnditiUnS
fUrapplyingthemeasurement methUddescribcdinSec. I
werefuln1led.

ThepreciseunitUfmeasurementiStheareabackscatter一

ingcUe伍 cient∫4,asdennedbyKnudsen.2° This refers the

meancumulativebackscatteringcrUss sectlUn ln squafeIne-

ters tU Une square nautical mile (iNM), hence, 
∫4

=4π 1852’∫a.

AneXemplaryechUgram isShUwn inΓ ig 2 Thedata

、
verecU1lectedUn14January199Uunder night一 tir1.ecUndi-

tiUnsalUngtheUuter一 句Ufdtrack indicatedinFig l The

displayeddepthrangeis 1UU一 6UUm.EchUintegratiUnwaS

perfUrmedunderverysiInilarcUnditiUnsUvera5-N、6inter-

va1Ufsaileddistance,、 Vhichincludedthecurrent,rUughly2-

NMintervalshUwn inΓ ig. 2. AveragevaluesUfthearea

backscatteringcUemcientfUrtheherringlayerandbUttUn1,

applicableUvertheentire5-N〝 江 interva1,are,reSpectively,

1U6UUUm2/NⅣI2 and 961UUU m2/NM2. Theareaback-

scatteringcUemcientduetUUther nshandplanktUn is less

than1UUm2/NM2.
TwUdifrefent acUustIc SystemS Uperating at 38 kHz

、
vereuScdin thecUurseUfth● measurements.In 1988,the

SIⅣIRADEK4UUechUsUundcr2lwasuSedUnbUardR/V
ELDJARNtUgetherwiththeInsjtute’ Sdig狂 alechUintegfa吘

tUrbaSedUntheNUrskDataND-1UcUmputer.Thereceiv-
ingsenSitivityUftheechUsUunderwasreduced,relΞ tivetU

nUrmalUperatiUn,bymeansUfanattenuatUr in UrdertU
avUidsaturatiUnduetUechUeSfrUIlleithertheherringlayer

UrbUttUm.In 199Uand θ91,theSIMRADEK5UUechU
sUundingsystem22waSuSedUnbUardR/VMICHAELSARS
BecauSeUfthelargedynalllicrangeUfthis secUndSysterl1,

nUnlinaIlyl6UdB,there、 〃asnUdangerUfreceiversatura-

tiUn, andtheinStrument UperatiUn、 vasnUrmal in all re一

spects.

BUthsystemswereUperated、 vithhuIl-lIlUuntedtrans-

ducers resUnantat38kHz.ThenUlllinalbeaΠ lwidthbetween

UppUsite ——3-dBlevels is8.Ude8fUrtheEK4UUtransducer

usedin1988and7UdegfUrtheEK5UUtransducerusedin
199Uand1991 TheacUusticsyStems、 VerecalibratedaccUrd-

ingtUthestandard-target rnethUdrecUΠ 1rllendedbytheIn一

ternatiUnalCUuncilfUrtheExp1UrauUnUfthesea‘
23 The

particularcalibratiUntarget、 vasa6U-mm-dialIlsU】 idcUpper

spllere,withnUlllinaltarget strengthUf ——336 dBat38

kHz
VeSsel speedsUΓ 3,6,and 1Ukn、 vereusedduril1gthe

measurements in1988,withUutappafentdifrerenceinechU

data ThenUlninalvesselspeedduringthellleasurementSln
199Uandl991、 vas1Ukn SincetheintegratiUn interval、vaS

typicallyUnecablelength,UrU1公 子ⅣLeStil1,atcsUftheInean

area backscattering cUemcient were based Un at leaSt 36

pin8s These、 verederivedin pairwisefas1liUnflUIllechUes
FIG l Sitesofdatac° Ilecti。 n

1985    」Ac° uStS° CAm,V。 〡91,N。 4,Pt1,Aph〡 1992 「
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frUnlbUththefls1llayerandbUttUIllfUreachping.

MeasuiementsweremadeinearlyJanuaryineachUf

摵賱捕攡真雜萊蠱舞路i
血

考 i;:r辯 t立ehavebeeng狂 ieredby仔 alt’lln押山

thestandardpelagic‘
‘
Harstad” trawl,whichisUtherwise

knUwnasacapel1n trawl,w丘 h16× 16fathUlnsUpening.The

摧眷苦簍Ξ盤鎛鹹井蹤群㎡扭
in thiStableis therllean nshIength.

︳∥.DATAANALΥ S︳S

SetsUfdatafUreachyearwereseparatedintUdaytime
andni8ht-tiInesubsets AtUtalUfsixsubsetsUfdata、vere

thusavailablefUr statisticalanalysis T、 vUUfthese、verere-

驟段篇翠躌=滊
︳古王咒且珴全

肚區:歪 :::γ:土::fr:合f攛∵≡吼蟄:lt::識r:報

:生

i:::I;:r器

::｛:ξ:犤 t::::古踙蛋裝接巍:::驟
;:竑豔::::1︴≡j工:::「

n＿squaresregressiUncurveandits

ThelinearregressiUnanalysis indicatedinEq. (5) is

perfUrmedin termsUf∫ 4 insteadUf∫ a;ie.,

勘,β =a7+β吨 ,F.

Thus

σθ/σδ=一 1抬2竹
了
/(2a了 )

(7a)

(7b)

U    5    1U    ↑5U    5    ↑U    ls

sA「 〔1U5m2′ NH2｝

FIG 3 Scatterdiagfams ofthedatapair (∫ ′F,∫ 4口 ),f°r nshandbottom
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切

盡 熊 扯 :瞧 孟撫 搬 盡
j鐱

撫

lieexactlyUn五 stfaight line ThecUnndenceintefvalfUrthe

vaIueUf(∫ 4,Γ )maxrnaybcderivedbyinversepredictiUnusing

蟟蜘 鱗輔
earregressiUnanalysis.

︳v.nESULTsANDD︳ SCUSS︳
。

N

SUmedetailsUfthelinearregressiUnanalyseSarepre-

sentedinTableΠ.ThesearetheestinlatedcUemdentsaand

6::::出 :茖烤:丮鴇:::t:盅:f:房:::︴ξ;:揣::子玉
h㏕

:士

σc/垂
?菗ε基七H究

!裂

:tcjre㏕sUsllUw㎞ T.abIeII.

:∴:r礡洋竄氍蓬晶:全:生年::｛古ξ:工謈穩:fE::9外

TS=2U1Ug′ -71.9=lUlUg(σδ/4π ),        (8)

、
vherc↙ is theΥnean nshIengthinunitsUfcentiIlleters,given

琵膫點s嘿魚接忍:詳盅獄潩鐶譨 ::;:絆

心◤σ
〞
fUrAtlan:紅sca::｝

f︴;。t:琵:l舌,UI)and1991l(afc

奲壟撒鞡韃多鏹擳驟l
intermediate,but itscUIlndenceinterval Uverlaps thUseUf

theUtllerestimates This isunderstandable,fUrthenumber

Ufdatapairs in the1988I)set isUnly45.

TABLEI PercentagecompoSi｛ ion oΓ theherring1983.yearclass,mean

lengthi,a〝 °clatedStandarderrorSE,andmeanmass加 ,b砵ed° n〞、Sam-

ples,atrangedbyyearofUbSeΥ vation

Percentage     ↙         SE        ′’’

Year  composltl°n  (cm)    (cm)     〈g)      〃
,

1988      968
199U      913
1991       829

3U9       Ul2       2UU
329       U1U       3U’

lUU

123

343       Ul3       32‘        3UU

1987    JAC。 VStS。CAm,V。 ︳91,N° 4,Pt1,ApⅡ ︳1992 FoUteθ rθ力:EXtinct。 ncrosSSection offiSh     1987
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tAI〕 I′EII Rcsu∥ so｝ 〔l】 cliIlearregressjonanalysis or∫ ′β°n∫/′ accordingtoEq (7a),il〕 cludingestimatedvaIuelUrtheratioσ (/σ乃9、vith953%conndence

lin〕 i｛ $,as$un】 cdva︴ uc“ 9! σ”,t)ndcomputedvaluc伯 r(乃  Theunits ofσ 乃andσcaresquarecentimete】 s

Yca! D/N β SE σθ/σㄌ (σ‘/σ方)    (σ‘/σ”)︴

1988

I99U

199I

I99I

lUS9

lI62

1916

I978

一 lU︳ 2

一 1548
一 13(｝ 4

:t32(〕

1 64

228
li7
224

U99
21U
lUl,

21U

224
246
I 26

237

127
2(｝ U

lI:::

214

D
D
D
N

45

324

12U

14U

77
88
95
95

t‵hereasUnS●Ur tlIeclU$eagreementUfthe l99UDand

1991N valucSand Fc9rtheii.signincantdiΠ brencc 
、
vitl9 the

199lI)valueareunknU、 vn,asis thereasUnft,r tl〕 cp之lrtiCuIar

magnitudes Itis nUt,hU、 vever,difnctlI｛ tUunder$talIdWl〕 y

thevalues】9lightbediπ brcnt ApriII9arycauSclmaybcthatUΓ

bchaviUr StudiesUntherelatiUnship oΓ meanbackscatterin8

crUssSectiUn σ巧 tUtheflShUrientatiUi〕  distributiUn shU、 vs

thatσndUesvarySystematicallywithchange‵ inUricntatiUn

distributiUn.2.,2’ :ΓheextinctiUncrUSSSectiUnσ ‘ iscxpected
tUbe Iess sensitive, fr9r it cUnsists principaⅡ y Ufthe tUta︳

ScattcringcrUss sectiUn,withgrcatcrdegrecUfin｝ plici｛ aver-

aging than that in σ”. Ul】 fUrtunately, ｛UU little is ki〕 Uwn
abUuttheUrientatiUndiStributiUnUΓ FIsh′′?∫′́〃lUspcculate

furtherUnthepresentdata,aIthUughi｛ iScUnceiVabIethata

theUretical studyn】 ightpernlit inΓ erenceUΓ theorientatiol〕

distributiUn,as inReE28.

ThereareUthersUurcesUfvariabilityin thedatathat

shUuldbeacknUwledged, althUughtheauthUrsdUnUtbe-
lieˇethattheseareresponsiblefUrthebasicdifrerences in

esⅡmatesUfσ‘/σ〞 (I)ThefUurdatasetsWerecUlIected
Uver a three-year periUd, during 

、
vhich the predUlminant

1983-yearclass nlatured.InadditiUntUincreasingin length,

as dUcumented in Table I, Uther acUustically signincant

prUpertiesUΓ t1.eaniInal rnayhavechanged (2)VariatiUns

in thebUttUIll,bUthin lUcalnatness,IUcal slUpe,andacUustic

prUperties,rnayexplain sUmeUΓ thedispersiUnUfthedatain

Fig 3, withUut, hU、vever, SignincantIyaIrectingthel1lean

regressiUnestinlate ThebUttUmappearedtUbequiteuni-
fUrmaccUrdingtt9theechU肝 am,butthem勾 Urreg1UnUf

bUttUmensUnincatiUniSquitelarge FUran8-degbeamat

35Un1,fUr instance,thisareaisabUut 18UUm2,、 vhichsug-

gests thecUarsenesS UftheechUgram (3) Thedensity Uf

herringin theaggregatiUndidvarywithdepth,butin the

、
vUrStUbservedi】 lstance,UnIybyafactUrUfabUut28be-

t、Veen lllinirllumandpeakdensityvaIues inan 8U-m-thick

layerdividedintUeightsublayers°  TherllinilIluI,9、vasUb-

Scrvedatanedge,andtheUtherlIleasureddenSityvalues

、
verelllUreunifUrnl,Ⅵ λthapprUxin〕 aterangeUfvariatiUnUf

+lUη乙 CUrrectiUnUfthesefUrextinctiUnwUuldincrease
therangeUfvariatiUn signincantly,perhaps tU +153易 ,but,

it isbeIieved,、vithUut signincantviUlatiUnUfthehypUthesis

UfaunifUrm layer.Inanycase,theextinctiUncrUss sectiUnUf

nshinanaggregatiUnmaysirllpIybedeflnedaccUrdingtU
Eq (1), 

、
八thUutregardtUthecUnstancyUfUrdegreeUf

vahatiUn indensltywithdepth

VeSsel-Specinc difrerences lllight be discUunted f1.Um

cUnsideratlUn,fUrthevalueσ U/σvf1.UmR/VELDJARN,a

1988     J Ac。 uSt S° c Am,V。〡 91,N°  4,Pt 1,Ap內｛1992

nshingvesselcUnvertedtUrescarchu$e,iSil】 ｛ern〕 ediatetU

thevaluesfI.UmR/VX● lcHΛ El′ SΛ RS,whichwasbt】 il｛ spe-

cincaHyfUracUustic$alI,p｜ ing.Vc$sel specdmayal$Ubedis-

cUuntedasan innuencingf左 CtUr,becauscUΓ thenegativere-

suItsUbtainedduringtheexpcrirnents perfUrmed Un R/V
E1′DJARNat3,aand lUkn in l988 T(leherringindeed
appeartUbelnaqu】 eScentStateat thiSt1了 neUfyear, and

insensitivetUveSSelpassage

It is interestingtUcomparethcpresent resultswithUth-

erIneasurements Un herringat 38 kHz ArmstrUngaa′
measured caged herring UΓ 26-cm length, With result ΓUr

σc/σ〞Uf33土 I.3.I.MacLennanθ ta↙ repUrtavaluefUrI9,

∫↙r羽 herringUf33一 cIll lengthUf 1.4土 U3,II althUugh the

qualityUfthis result isunknUwn,fUrreaSUnSgiven in the

IntrUductiUn.The↙乃∫↙r〞 measurementsweremadcfrUm
R/VMICHAELSARSatn㎏ ht inDecemberI989,ina巧 Urd

nUrthUfUfUtFJUrd,butcUntainingthesamcI983-yearclass

thatwasUbservedagain,underdayIightcUnditiUns,inJan-

uaryl99U.FrUmTableII,thel99UDmeasurementsareseen
tUbesignincantlyhigher,namcly2.3土 U泛 .Thefactthatthe

day一nightdifrerenceisexactlyreversedin l99l highIights

thestateUfignUranceabUutσ p/σ b

ThenewserieSUfIileasureInents repUrtedherewillbe

cUntinuedin thefuture, but、Vith cUlIectiUn UfadditiUnal

data ThesernayinvUlveping-by-pingrecUrdingUfthedepth

dependenceUfthemeanvUlumebackscatteringcUemcient,
useUfafUcusingsphere29suspendedbeneaththenshlayertU
serveaSamUreStablereferencetarget,andclUserattentiUn

tUlightlevels ThefatcUntentUΓ thenshmayalsUbemea-
sured,inUrdertUassess thestatcUΓ theswimbladder.3()Giv一

enbetteruIlderstandingUfthenatureUfσ c,acUusticesti〢

mateS Uf density may be cUrrected accUrding tU the
aIgUfithmdescribedinRef I5

V.SVMMAnΥ

′﹂silnpleandrUbuSttheUryfUrdeterllliningtheextinc-

tiUncrUss sectiUn UfaggregatingnshhasbeendevelUped一

TheprincipalrequirementfUrapplyingthis is thatthenshbe

cUnflnedtUalayerthat isclearUfamUreUrleSSflatand
acUuSticallyunifUrn】 seabed,UrbUttUm GiventhiscUndi-
tiUn,theprUcedurefUrdeterⅡ liningtheextinctiUncrUss sec-

tiUncUnsistsUfthefUllU、 vingsteps:(1)measurementUfthe
areabackscatteringcUemcientsUfnshlayerandbUttUln in

pairwisefashiUnand、 vithSumcient resUlutiUnalUngthesur-

veytracktUdifrerentiateregiUnsUfvaryingdegreeSUfex-

tinctiUn; (2) linearregressiUnUfthebUttUIllcUeflcientUn

「
ooteθ rθ力:巨 xtinctoncr° SSSection offish     1988
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tiUn,Ubsefvingthatσθ/σδ is invefselypfUpUrtiUnaItUthe

extrapUlatedvaluefUrthenshlayercUemcient、 vhenthebUt-

tUnlcUemcientvanishes

ThesametheUryappliestUUtherScatterefsandtUUther

referencetargets,discreteaswelIaSextended.Thus,antici-

常 ℉ ::l滿菁 鯊 r眼智 t驟 :至
i盓

r::;Γ 為

meansUfaStandafdtargetSuSpendedbehindtheschUUl,alsU
fallswithin thescUpeUfthepresent tlleUry.

ThetheUryhasbeenappliedtUacUustic工 neasurements

UndenseaggrcgatiUnsUfhibernatingherringinaNUrWegian
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Ambient nUisemeasurementsfrUm
inanAlaskan句Urd

︳NTRUDUCT︳
。

N

Ambient nUisehas receivedmuchattentiUnrecentIy,

報 ::::玀 :王燚 蕙 :i:::;:ii::::

haSbeenextenSivelystudiedandhasusuallybeenparame-
trizedasafunctiUn Ufwind specd,2 althUughtheair一sea

clUsetUtheair一 seainterface,suchas、 vave-breakingeventS

andassUciatedbubblefUrmatiUn、 〃hichhavebeenIinkedtU

姅 嵬 盟 岊 紫 字 報 :甜 蕊 嘿 嫦 咒 城 古

enceSusingaccurateenvirUnmentalparametrizatiUnsareUΓ
-

tenthebest tUUlsfUrident㎡9ingandquanI心八llgsUurce

mechaniSmS Tllese inferenceS canbe strengthened、 vhen

cUmbined、viththeuseUfavarietyUfnUisellleaSurement

tech苦

::單tasurements repUrtedhereinemplUyedavariety

Ufmeasurement techniqu㏄ andalsUe的 UyedawmerangeUf

envirUnmentalcUnditiUns,includingperiUdsUfsnU、 vand

芔 胛 懶 :擺 絳 苦 換 摧 攡 笠

StevenU.McC。 nne∥
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鼆儺撥玀攡棩撒照檭㎞
〕elUwestfrequencieS DataweregathcredUver

a、viderangeUfwindspcedS(UtUlSm/s)andduringpcriUdsUfrainandsnU、
v.Severalunique

andnUteWorthyresuItSWereUbtaii】 ed.FUremUstwastheUbServatiUnthatthewind-generated

nUiseleveIrneasuredduringthewinterwasapprUxinlately5dBlUwerthanduringthesuInn9er
fUrthesameWindspeedsandair-ScatemperaturedifFcrences(air temperatureabUutthesame
asUrcUlderthantheseaSurface) ThesummerdataagreeweIlwiththemUst recent published

meaSurementsandareapprUxinlately2dBhigherthanthestandardKnudsen/、
Venzreference

spectfaItappea代dth㎡ belUw-freehngaite砡 peratu㏄sandSnUWwererespUnSlblefUrthe5

dBUfFsetbetWeenthesummerandwinterdataMUst repUftedWindnUisemeasurementsare

restrictedtUfrequenciesleSsthan2UkHz.ThUSethatgUbeyUndthiSfrequencydisplaya
nUticeablehumpabUvetheuSua】  一 17dB/decadepUwer-laWs1Upe,andtheBehmCanal

measurements shUwthatthishumpcUntlnuestU8UkHzWherethespearumr句
Uins the

extensiUnUfthecanUnicalpU、 ver＿ lawslUpe

PACSnumbers:433UNb,433UPc

1UUHztU8UkHz

tiUnalhydrUphUnctUcUVerthefI.equencyrangeIUUHz-8U

kHz,avefticalarrayUffUurhydrUphUneSandaverticaIline

array、VcreemplUyed TheseadditiUnal instruments pfUvide

infUrmatiUnUntheSUurceradiatiUn pattern Perhaps the
mUst interestingnnding、vas the eIfectUfsnUw Urbe1U、V

freezing air temperaturesUrbUthUnthewind-generated

nUiselevels. UnderthesecUnditiUns thenUiseleveIs、 vere

suppressedby5dBUr nlUrecUmparedwithUther rneasure-

ments ThiSefecthasnUtbeenrepUrtedelseWhere.

｜.EXPEn︳ MEN了ALDESCR︳ PT︳

。

N

The measuremcnts 
、
vere madein the 

、
vestern arm Uf

BehmCanal,Alaska,atalUcatiUnnearKetchikanasshU、 vn

inFig.1.This siterepreSentSa免 irlywideanddeep句 Urd

、
λthawaterdepthUfabUut4UUm inthegeneralvicinityUf

thellieasurementIUcatiUn CUresamplesUftheupperfe、 V

feetUftlleseabedhaveshU、 vnthesedi了 nent tUbeaveryflne

UrganicclayUrclay/siItwithatypicaIrnediangrain sizeUf

U.Ulrnm.’ This ilIlpliesthat tllebUttUm isquitesUft8andhas

ahighassUciatedbUttUnlbUuncelUsS(eg” lUsscsaregreater

than2UdBatanglesabUvelU° andfrequenciesabUveiUkHz

basedUngrainSizealUne).’ Thesedilment layeringtUbase-

ment rUck is nⅡ rlythick,、 viththicknessvaIuesrangingbe-

tween 15 and6Unl surrUundingthemeasuremcnt sitel°
Tllis sitewasnearlyidealfUr lneasuringnUisegeneratedat

theseasurfacebyWindUr precipitatiUn,evendU、 vntU1UU

Hz,sinceman-nladeandbiU1UgicalnUisesUurceswereab-

199U     U AcUuSt SUc Am 91(4),Pt 1,Apri〡 1992   U。 U1.4966/92/U4199U-14$UU8U    ◎ 1992Ac。 uStCa｜ S° cietyof/\mer〡 ca     199U
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j一片:堆奪潑r驟ㄋ

mUnUdispersedscatterersandthesizcdistributiUnandcUn-

centratiUnUfpUlydisper:edscattcrers, e.g”
Ufhuman red

blUUdce1lslandUther small particles,2￣
5suchasc° ntam1-

nants Ufindustria1 且uids In UceanUgraphic applicatiUns

theseincludeanalUgUusdeterπ
】inatiUnsUfscatterercUnccn-
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cUuntingmethUdmaybeused AccUrdingto this,thescat＿

生rerdensitypis measuredbytheaveragenumberUfechUes

公丙Ubta㏑edfrUmthesampledvUlume妳 persUunding,

p=Ⅳ /K.

Theecho integratiUnmethUdrnaybeappliedin thegen＿

eraIcaseofscattererSofarbitfarycUncentratiUn.2° AccUrd-
ingIy,thecUIumnscatteringcUemcient∫ a isUbtainedbyin-
tegratingthcvUIumebackscattcringcUemcient∫ v Uveran
acceSsibIerangeinterval ThefundamentaIquantity ∫v re-
IatestherneancumuIativebackscattehngcrUss sectiUnδ per

sUundingtUthesamp)edvUIume匕 ,i2

∫v=易/(4π 吒 ),

assuming,fUrthesakeUfsimplicityonIy,negligibleextinc-

tiUn Usually∫visexpressedasaFtlnctiUnUΓ range,Urdepth,

by Iimiting 9午  byasuccessiUn UfgeneraⅡ y narΓow rahge
inteⅣalsThesetwomethodsarewelIknUwn inunderwater
acouSticS,butpUssesseXactanaIUgsfUrthesamp】 ingofother
media,whetherbyacUusticalUrUpticalmeans

InthefUⅡ Uwing,thetheUryUfthesamplingvUlumeis
nrstdevelopcdWithUutreferencetUanyparticu】 ar rnethUd

UrapplicatiUn.ItthusencUmpasSesthebistaticcaseUfsepa-

rate transmitting and receiving transducers Thede㎡ ved
expressiUnfUrthesamplingvUlumeis then specializedtUthe

mUnUstaticcaseUfaSingletransducerUrcUl1Ucatedtrans-
n】ittingandreceivingtransducers.

A.B︳ Sta“ccase

In the general bistatic casc, separate tranSducers are

usedfUrtfanSmiSsiUnandreceptiUn Therespectivedirec-
tiUnalcharacteristicsarecontainedin theUne＿ waybeanl pat-

terns t, andtR.AreceivedechUis registeredifits strength

exceedsaminimumSignaIIevelUrthreshUIdr.Thereceived

echo strengthisexpressedastheproductUfagain orgeUmet-

㎡c伍ctorg,productUftransInitandreceivebeampatterns

t2,andbistatic,UrdiIrerential,crUssSectiUnσ

FUranUndirectiUnalscattererwithcUnstantσ ,thesam﹏
plingvUlume匕 isafi.actiUnUfthetUtalavailabIeUraccessi-

blevolume吒 :

匕=北｝仰ㄅ一切Z   m
The integrand is acUunting functiUn: theHeaviside step

functiUn,〃(x)=U,各,l鋁 X<U,X=U,x>U,respectively.
Thus,fUrcchUstrengthsgt2σ exceedingr,thecontributiUn is

fuIlyregistered

FUrdirectiUnalscatterers,σ varieswithUHcntatiUn.TU

accUuntfUrthis in9:,theintegratiUn inEq.(l)isalsUper＿

fUrmedUvertherangeUfU㎡ entatiUnsdeterminingthesam-
pIed valucsUfσ accUrdingtUthecumulativcdist㎡ butiUn

functiUn」EThus

吆=ff〃竹tㄅ rVφ〞◤      (2)
This is tantamUunttUEq.(9)inReE3U,althUughwithdif-

ferencesin nUmencIature FUrthecaseUfcUnstantUt the

integrat1UnoverdΓ yieIdsunityandEq.(1)results.

B.Monostat︳ ccase

Theexpres由onfUr吆 inEq(2)iscUmpleteandunam＿
biguUus HUwever,its incUrpUration inechocountingand

integratiUnschemes,’ ,28in theirusuaImUnUstaticfUrms,re＿

quiresadaptingtheequivaIentbe釦 nangleψ (),whichisde-
nnedentireIyin terms ofthetransducerbeampattern,〕 l

咖=f『雄     U
Since this applies at a cUnstant, far＿ neld range, and

〞◤=↗ 〞′〞Ω,thesUIid-anBleanalUgtUEq(2)is

ffJJ竹
tㄅ一4)〞〞【】

,

whereσ is thcbackscatteringcrUssSectiUn CUnnparingthis

withEq (3),it isclearthattheefrcctiveequivalentbeam

angleis

仁 If翻 山 叨 F血    肉

This quantitycan,inUnesense,beregardedasageneraliza-

tiUnUftheequivalentbean】 angledennedinEq.(3).HUw-
eVer, itS Urigin is in thecUncept UΓ sampling voIume, de＿

schbedinEq.(2),and,whenψ is multipIiedby↗ Δr,the

prUduct isequaltUthesamplingvUIumewithinaspherical

sheIIofinnnitesimaIthicknessΔ r.

ThegainfactUrgin theseveraIequatiUns isexemplined

byt、voextreme,butnUtuncoπ 1mon,nlUnostaticsituatiUns

UfdetectiUnin theusualfarfleldUfthetransducer:(l)fUra

singlescatterer,g==lU一 a〃 5′ 4̄,whereais thecUemcientUΓ

absUrptiUngiven indecibels per rneterand′ is therangein

meters tUthescatterer;and(2) fU了 alayerUfidenticalscat.

terers,g=lU￣ ā〃 s′ 2̄

ThedetectiUnthreshUId↙ hasthesameunitsastheprUd一

uctgt2σ Attheverythreshold,detection occurSeSSentially

on theacousticaxis,wheret=1 Thescatterer,irdirectiUn＿

al,is rnUreUver in its rnUstfavUrableaspect,whereσ =σmax

Here,atthemaxlmumdetectlUnrange,g兌 aminimum
Thus′ ==gn〕 inσmax IntheIin9it that′ vanishes,UrtheSNR
becUmesveryIarge,K→ 吒 andψ→ψ°

Ⅱ.︳ N了EGnA┬︳oN︳sSVES

InbUththegeneraleXpressionfUf◤  inEq (2)andthe
assUciateddifrerentialmeasurefUrthemUnUstaticcase,ψ in

Eq (4),thespatiaIintegralsareshUwnwithUutexplicitIim＿

its,andtheHeavisidestepfunctiUn力 rappcars in theinte-

grand.TheintegratiUnwithrespecttUthevUIumeelement

〞◤inEq (2)isunderstUUdtUbeperfUrmedUvertheentire

vUlumethat isaccessiblebetweentherangeintervalsUfinter-

est.Similarly,theintegraIUn、 vithrespecttUthesUIid＿ ang】 e

eIementˊΩinEq (4)isassumedtUbeperfUrmedoverthat
accessibleattheparticuIarrangeUfinterest.Thephysica1ly

availablespace,eithervUlumeUrsUlidangle,cUnstitutesan

upperbUundtUtherespectiveintegrals.

TheHeavisidestepfunctiUn,UrcUuntingfunctiUn,de＿

scribesthcdetailsUfthesamplingprUcess.IfandUnIyifthe

receivedec1lUstrengthgb2σ exceedsthedetectiUnthresho1dr

istheechUfullyregistered.Inthecasethatgt2σ =右 theechU
is registeredwithUne-halfweightUrcUunt,cUrreSpUndingtU

JAcouStSocAm,Vo︳ 9U,No2,Pt1,AugvSt1991 KennethG Foote:Samp｜ in9vo｜ ume
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thestatisticalregistrationUfsuchmafginalechUes5U3右
Uf
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眾蓮玀寧l:氃遐   轟:

equatiUn

2ˊ I(uasinθ )/走 asinθ ==1U一

a(F’’國〤
一 ′)/2。

(r/rmax)口

θ=亂
u狂㏑n(4)‘ cv㏕uated㏑山e㏑11Uw㏑gdiscretever-

slUn:

ψ́=2ΔθΔψΣt2(θ ,)㎡ nθ
.

×
。Σi｛ l店 l〃

(ˊ哦)f告告士上一手螢:)尸 (θ●
I

×(店
1尸
侈●┐,    °

where

Δθ=θr/乃 i, 色 =(′ 一 l/2)Δθ, Δψ=π/与 ,

妨=σ 一l/2)Δψ, Δθ
’=竹θ./刀 尺9

θ,=歹 一妳θ′+(北 一l/2)Δθ′,
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SI●I6Lε

∟AYER

FIGl EfFectivcequivaIentbmmangleψ norm㏕ i2edto thenominaItrans

ducervalue泓 ｝asaFunc● on oΓ range′ rela6veto themaximtjmdetectabIc
rangeㄏ m‘文 =申UU了nFUrbUthasing︳epointScattereranda｜ ayeroΓ idcnticaI

pUint soattercrs Utherparameter$arespeciFledinSec lII

θ,integrationUverψ yields2π GivenamaximumrangeUΓ
detectability,ψ is reducedto thefUlIUwing:

忙2π
ft次
辦(『一古)㎡

nθ雄
This,Urrather itsdiscreteversiUn,analUgUustUEq. (5),is

evaIuatedfUr′ m巨X =4UUm TheresuIts,afternUrmalizatiUn
tUtheldeaIlimitV/rU,areprescntedinFigl

Whatis tUbcremarkedUnhere,withfUrcerUrtheUther

cUmputatiUnstUU,iSthatanabsolutecUmparisonUfthescat＿

teringstrengthsofthepUint scattererandIayerUfpUint scat一

tererSiSnUtundertaken Rather, eachoftwUprUblems is

examined,whereeachscattercrtypehas itsdetectiUnthresh＿

Uldat4UUm UnderUrdinarycUnditiUns,withUutthiscUn＿

straint,iΓ thepUint scatterersin theIayer、 vereidenticalwith

thesinglepUint scatterer,thedetectiUnthreshUlds、 〃UuldUf
cUursebedifFerent

TheefrectofdirectIUnalityin scatteHngbynsh° nψ is

illustratedinFigs.2＿ 4fUrthesingle-scattercrcase,hence

withg二 =lU一
a//5′ 4̄ Figure2appIiestUthetiItangledistri＿

butiUn  Λr(U,5);  Fig.  3  applies  tU  the distributiUn

.ˊ %a*

ΓIG2EfFectiveequivalentbeamangIeψ ,afternormalization,versusrange
rrelativetU′ max=40UmFUrgadoidtarget strength伍ncuonsat38kHz,邠

describedin subsets l-3inTableI,withrespectivenominalmean】 engths

lU,2U,and4Ucm,assuming｛ hetiltangledistribution� V(U,5)deg

FIG3Ert,ctiˇ ecquivaIen〔 beamang｜ cψ ,aFtcr normali2Ⅲ ion,versusrange

′9cla｛ ivc〔 o′“《ik =﹉ 4(冶 n〕 ,as inΓ ig 2,bu｛ wi〔 ll〔 he｛ i︳ ｛aI)g｜ edis〔 ril9ution

〃(-44,｜ 62〉 d㎎

Ⅳ(-44,162).TheefFectUfbehaviorUnψ is sh° wndirect】y

FUrgadoidsUΓ nUminallength6Ucm inFig 4

V︳ .D︳ SCVSS︳ °N

Anumbe了 UfSystematicdependencesexpectedfromEq.
(4)arecUnnrmedbythecUmputatiUns.TUelucidatethese

mUrestrUngly,thedependenceUnthebackscatteringcrUss

sectiUnσ isessentiaⅡ yeliminatedin thecomputatiUnsfUr
Fig l by cUnsideratiUn ofidentical pUint scattererS. For

these,thevalueUftheprUductgt2,whencUmparedwiththe

threshUld vaIue ,́ is decisivefUrdeterInining 
、
vhether an

echUstrengthliesabUveorbeIUwt,henceisUris nUtdetect-

ed Sincetheso＿ calledgainUrgeUmetricfactorgdecreaSes

with increasing range, the maximum angle UfdetectiUn,

θ=θ◤in thebeampattern仇 alsUdecreaseswithincreasing

′‘This isevident inΓ ig.l‘

Thectlrves inFigs l＿ 4,whichareUgiveSinFigs.2＿ 4,

shUwtheexpectedmUnUtUnicdecreasein./.withincreasing

′InadditiUn,ψ is seentUvan芯 h飩 themaximumrange′
n〕猻

andtoapprUachthenUmlnal transducervaIueψ
。
asymptUti-

calIyas′ decreases

AnUthersystematicdependenceseen inFig Iis thee仁

fectUfscatterertype,singleor layer,Unψ Themechanism

N(° 5｝

N｛-“ 6′ 162｝

●́ .i.aX

萬 垚展 緇 生 想 拷 xt瑞 窩 ｜::::::︴ :i:︴:結
t::::::::1黖

i:︴ ;::︴::1ξ

describedin subset4ofTabIeI,witl,nominaIlIleanIeng〔 h6Ucm,ascom＿
putedfUreachoΓ two tiltangIedistributions

。
令

ˋ
‧

。
.
\
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。
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ˋ
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J
\
‧

°
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仇=1一 ｛l十 (@Δ )勺
一i,

仇∞=〃¢’U一 ψi.

(6c)

(6b)

gleSc脫tererWUuldbe.Howevef,比 wasnUtfe比 necesSafytU

i1lustfatethisfacthefe.
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︳rnportance。 fthesw:rnb︳ adder:nac。 uSⅡcscatter:ngby

fiSh:Ac。 mpar:son。fgad。:dandmackere︳ target

6f昱各〔倦jt占攛垚搊琴翟轟:己笐:窩竹茁:罕劣尾r尼琴
几肋′ωa少

Previous determinations oΓ the swirnbladder c。nt㎡bution to the rlsh backscattering cr。 ss secti° n have

been hindered by ignorance oΓ the acoustic boundary c° nditionS at the swimbladder wall The preSent

study circumvents this problem by direct c° mparis° n oΓ  target StrengthS oΓ three gad。 id Species and

mackerel —— anatomically comparable fusifUrm flsh which feSpectively possesS and 
】ack a sⅥimbladder

Therelativeswinlbladder oontribution tob° t(lmaXinIunland averaged d° rsalaspectbackscatteHng croSs

$ecti°nSis shown tobeapproximately9U3右  t° 953%,whichishigherthan moSt° thereStimateS Thenew

reSultSwereeStabliShed fUr rlsh° r29＿ t。 42＿ cI,lIengthand acouSticΓ requenciesof38 and l2UkHz

PACSnumbers:438UJz,433UDr,433UGv

strengthS

︳NTRUDVC下 ︳

。

N

Th台 importance。 ftheSWimbladder inacousticScat-

teringbyphySUcliStUuSandphysUstUIllat。 uS fishh色 Sl。ng

beenrecognized.i￣
i7 ThereiscUnflictingeVidence,

ho、vever, fUrthemagnitudeUfitScUntributiUnt。 the

fiShbackScatteringcrUSSSection. ThiSm扎 ybeduein

詈:生t王懟 誌 裝 i:::常 子︴::監 營:眾鱉 墥 五是是是I1::

varietyUfmeth。 dS、VhichhaVebeenappliedin itSdeter一

mination.

EXperimentalStudieshavebeonessenti色 1lycompara-

tiVe. BackScatter㏑ gcr。 SSSectiUnSUrtarget strengths

技是t盟:忠l:tξ黓r生茗古玉言穿:::裟:罕呈14

f1Uoded,5° rmUde1-SubStituted2’
4SWimbladders. C° m-

:℉翠蟲
1嚚

s絮私紫t品器封;肖忌t點
t:蟲

≡多趶推器受掰挺推it=批
SeveralUfthesemUdelsareexaminedfurther, in the
ligl1tUfmeaSuremen“ ,inRefS.15,18,and19.ESti-
mateS° ftheSWimbladdercUntributiUnderivedfrUm
sUmeUfthecitedStudieSarepresentedinTableI.

w且::是一且營Γt器見眼柱:裝器土營
、

:。i見f躄
i:瑟

V㎡

新戴鱗色盟騰#:攡鞔垚
鼓蟒攕虛鯕燚釘籤蟴轟::｜:ii:＿

icUbSerVati。 ns oftheS、 vimbladderUfSeVeralfishsub一

TABLEI. EShmates°ftheswimbladderc° ntributioil tofiShbackscatt° rinbJcrossSec伍 on,sderiVed

fromearlier studies.
— —

＿

FrequencieS   SWimbladdercontributioll

Method    UbjectS° facoushc° °mpariSon llfz) (percentage)     nef.

Experiment  Guttedc° d。f6U-75cmlenb.th
andm。 delS〝imb1色dderSwith

′
      equiValehtSwimbladder v.l1lllne

Experiment  Perch° f2UcmlelIgthW此 h

ftl1laIlddeflatedswimbladders

Experiment   l crappie (32 cm), 1largemouth
bass像 Ucm),and2yell° wnn
tulla(C9and73cm)Witl1血 Ⅱ

anddeflatedSwimbladders
ExperimeIlt  Rubbercyli㏕ ers° fleⅡ乒hsfrom

14to3UacouSticWaVele┘吧thS

w比handWith° utair＿ flned

cylindricalca9ities

Theory       SamerubbercylindersaSab。 ve

Experlment  1c° d〈62cn,)Wi伍 色nd血thout

i偽 S炳imbladder

EXperiment 14U“ hlla” Ufle.gthSfi.omabUtlt

1tU2U acouSticWaVeleη選〦hsat
eachfrequeIlcy、vlthandWith° u七

th台irSWimbladders

1U, 14, 3U             35-7U              l

3U

2U, 4U,
5U, 28U

148U

148U
278

5U, 2UU

5U                2

2U＿8U              5

3U-9U          8

96               8
2U              1U

68              14

2U84     J Ac。 ust S° c Am 67｛ 6)′ June198U UUU↑ -4966/8U/U62U84-U6$UU8U ◎ 198UAc° usticalS° cietyofAmerica 2U84
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jectedt。 上色rgeeXterllat pressurechangeS.21

ThepresentStudyattempts tU prccludeal1cUnsidera-
ti° IlS。 fbUundarycUnditiUnSbydirectcUmpariS。 nof

me色 SuredbackscatteringcrUSSsectiUnSUfgad。 idSand

m孔Ckerel, whichreSpectivelyp°SSeSSandlackaS、 Vixn一

bladder, butare° therwiSeSimilar inSizje, Sh孔pe, and,

toaneXtent, 色n&t°my.

︳. DA丁ABASEANDANALYS｜ S

Thed色 tabaSeofthiS StudycUnSiStS inNΞ kken孔 nd

UlSen’ Sme先 SurementSofthedUrSalaSpecttarget

strengthfunctionS° fthreegadUidSpecieSandmackerel
at38 and⊥ 2UkH2.22’ 狩 Unlyth° Seme氏Surementsc。 r-

respondingtUfishWithlengthSfrom29tU42cm拉 re

uSed. ThiS lengthr色 (ige represents theextent ofthe

m色 Ckere又 me色 SurementS, whichiSmorelimitedth色 l】

that。 f色nyoftheg〦 doidspecieS. ThenumberS。 faVail-

ablet色 rgetStrengthfuncti。 nSaredeβ cribedbySpecieS

色ndfrequency inTableII.

TheSed鈺tahaVebeen preparedforfurtheraI1色 lySiSby

extracti。nofmaximumv孔 lueS孔ndbyaver孔gingofeach

dorSalaSpectfunction. Theaveragingproceedsaccord-
㏑gtUthemodeldeScrlbedindetail inRef.24色 nduSed

elsewhere.25￣
B°  F。 r preSent purpoSeSit is sufficient tU

conSiderensonification offiShbyadirecti°nalech°

sUunder. ThepoSiti。nand°rientation offiShin theechU

sounderbeamaredescribedbyprobabilitydiStributiUn
functionsWhichare, respectlvely, uniformandessen-
tiallynorm色 l in tilt 色ngle. Independenceofthe小 Ⅳ

。
diS-

tr山utionS, WhichiStantamount to neglectingaVoidance
reacti° n,3°

︳3i iS孔 lS。 reaSUnablefor theintendedc° mpu一

tationshere.

Thetilt 色nglediStribution iSdefined preciSelyaSa
nUrmaldistributionwhichiStruncatedatanglesdep色 rt-

ingfrUmthemeanbythreestandarddeviatiUns. Enlpir-
icaljustificatiUnforuseofthiSdiStributi° niS proSented

inRefS. 32 and33. ThemeanΞ ndstand色rddeViatiUnof

thenUntruncateddistributionarechosen tobeU色 nd 1U

deg, Whicharecharacter文 Stic。farather1ooSe孔 ggre一

gation.28 For thesepir我 meterValueSthen° teddefi-

ciencieS。 fS。me。fthem色CkereldatainRef.23areen-
tirelynegligible.

TheechoSounder is representedbybeampatterns
equiV色lent t。 thatofanide色lCirCular pistonWithhalf-

beamwidth, Ur&ngulardist色 nCefr。 m&couSticaxiStU
-3dBleVel, °f2.5deg.

PUSSibleSyStemΞtlcSpecieSdifferenceSin thegadoid

t色 rgetStrengthdataareignored. Themergeddataare
diStinguiShedUnlybytargetStrengthtypeandfrequency.
ThesearecUmp色 redWithc。 rreSpondingtarget strengthS

for mackere1. T。 facilitatethiScomp鈺riSUn, thetarget

StrengthSUfe色 ChSetare regressedlinearly° nfiSh

lengthaccordingtUtheprescription

TS=物 lUgt+ㄋ ,                 (1)

whereTSis thetarget strengthpredictedforfiShUf
lengthJ, expressedincentimeters, andη zandㄋ arethe

eStimatedregresSi° ncUefficients. Evidencefor the

Validityoflinear regressionan孔 lySiSofSim il孔rtarget

strengthdataiScitedinRef.26.

In order todeterminethec° ntributiUnUftheswi⊥ n-

bladder to thebackscatteringcrosSSectiUn, thet色 rget

StrengthofEq.(1)isexpressedasacrossSectiUnσ
accordingtUthedefiniti。 n

TS=lU1。 g(σ/4π ).                     (2)

Theunits。 fTSaredecibelSandσ , Squaremeters,
Suchthattheide孔 liZedperfectly reflectingsphereof

2mradlushaSatarget strengthUfUdB.

Sw:mb︳ addercontr:but:on

ThecontributiUnoftheSwinlbladder to thebackscat-
teringcrUss section isdefinedherebytherelative
quantity

1-σ2/σ 1,

〝/hereσ i andσ 2aretherespectivebackscatteringcrUSS
secti。nS。 fg&dUidSandm色 Ckere1oftheSamelength.

Sinceσi 色ndσ2arederivedfr° mdata、Vhichareintrins-

icallyStochaSticon theSc色 leSiZeUfmeasurement, the
s、Vimbladdercontributi。hiSSpecified、 vithin limitSthat

obtainwithagiven probability, say l一 a) Ifthecum-
ulativedistributionfunctionUfthegadoidtarget strength

Vari色 ble夕 i isdenotedF︴ u!)andtheprobabi1ltydens lty
function ofthemackereltargetStrengthvari色 ble,2iS

denUted/2(92), then

1-1UlI/i° ≦1＿ σ2/σ i≦ 1-1U1:/I°          (3)

withprobability1一 a, Whereσ l and〞 2色redeterm ined

bynumericalsUlutiUnUftheequation

4
〞
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=
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＿
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Fi● 十〞兄儗(.r)力 =

TABLE Ⅱ. Ntunbers ofaV缸 lableandaIlalyzedtarget streIlgth血 llctioIlS° fgad° idSandmackerel

wi伍 le㎎山 sfrom29tU42cmaSdiStinguiShedbySpecieSaIldf1.equenΨ .

h￣umbers oftargetStremgthfunctioIlS

Specles Γrequency=38kH2 Frequency=12UkH2

Cod
(Ca〞zs%吃 UγZ羽σ)

17                          12Saithe
(PUttaθ 乃tzsvtγθπs)

11                           11Po1lack
lPUtZac〞●2SpUttaU九 仍 S)

35                           24
I●Iackere1

俗UU〞 tθγsσ U勿 t〞溺S〉

2U85   JA°°ustS。cAm.V° ｜67′ N。 6.June198U KennethG F。 °te: Ac° usticScatteringbyf｜ sh 2。85
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ThiSlaStequatiUnSimplyeXpreSSesthe prUbabilitythat
thedifferenceofthe小 〃o independent rand。 mvariables

9i andV2d。 eSnotexceedthevalueS〞 l 
。
rθ2.34 Accord-

ingtUtheplauSiblehyp。 theSeSUn、Vhichthelinearre-
gressiUnanalysesarebased, eachdistribution iSnor-

m㏕ .F。 rnShUflengthZin the119tein/alu9,4刻 cm tlle

definingpλ rameters ofthediStributiUnoft色 rgetStrength

variable1l arethemean

歹=,,1lUgZ十 t

andStandarddeviatiUl9

wheres少 .Xis theStandarderrUr。 ftheregreSSi° n, Xt iS

thelogarithmoflengthforaSingledatum, and牙 is the

meanUfthelogarithmica1lytranSformedlengthSofal1
死 dataunderlyingtheregreSSiUn.

H. RΞ SVL丁S

TargetStrengthsc。 rreSpondingto thedataenumerated

inTableIIarepresentedUnScatterdi乳 gramSinFigs.
1-4. ThemaxhnumdUrsalaspecttargetStrengthSUf
Figs. land3werederiVedby.impleextractiUnfrUm
thedatapresentedinRef.23. Thetarget strengthsUf
Figs.2and4、Verederivedfro1,9thedataUftheSame
referencebytheaveragingmethUdUutlinedabUVeand
describedfullyinRef.24.

ReSultSUfregreSSingboththemergedgad。 idtarget

Strengthsandmackereltarget strengthS。 nfiShlength

for thevari。 usdatasetsaredeScribedinTableIII.
TheretheeStim孔tedStandarderrorS 

。
feStimatedre-

gressioncUefficientsaredenUtedS,,.andS° . TheStan-
darderrorUftheregreSSion iSden。 tedSE。  ThecUrre-

latiUncUefficient pUfdataisattachedfUrreference.
ThedescribedlinearregressiUnsareshU╮ 〃nUnthefig-

ureS.

TheprincipalreSultSUftheStudyareshoWn inFig.5.
ThiSiS cUmpUsedoff。urSetSUffigureS, cUrreSpUnding

to FigS.1-4,、 VhicheXpreSStherelativeSWimbladder
contributiUnasapercentage. Thec° ntributiUniSde-

seribedM/lthin llnlits thatUbtainwithprUbabilityU:95;

+

Lε 6ε N。

口 CtlEl

● SnI干 Hε

Φ PULL∩ CK
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FIG.1. Sc日∥泡rdiagraImswtthregreSsions ofmaximumdor-
salaspecttargetgtrengthSon len醉 hf° rmergedgadoidsand
for i,lackerelat38kHZ.

︳〣.D︳ SCVSS︳ UN

Thetarget strengthdataUfeachUfFigS. 1-4aredi一
ViSibleint° ㏑/UgroupswithonlyaSma11“ gray2on伶”

 Uf

possible色 mbiguityor overlap. Thegadoiddata&reap-
parentlyhom。 geneUus, M/hichjuStifieStheir merging.

GeneralSystemΞ tic母 peCiesdifferencesamUnggadoid
target strengthdata26￣28areprUbablyabseht in thepre-

SentcaSebecauseUfthe particular, narrUIv, leng七h

rangeUfthedata. ThemackereldataaresimilarlyhU-
mogene°us, althUughmorediSperSed. BUththegadUid
andmackereltarget strengthdataareassumedt。 be

amen孔 bletUlinearregreSSiUnanalysis, 
、
/hichiSSup-

pUrtedbytheanalysisUfTabl兮 IⅡ andUthercomputa-
tiUnSˊ6      ̄  ￣

巧暽

TABLEIⅡ . Regressionamalyses° fm鈕dmumandaVerabcedtarget strengtlls onflshlengthfUrga一

doidandmackereldataat38 and12UkHz. ,,, al1dtaretheestimatedregressioncoe士 hcients, cf

Eq. 〈1〉 ; sπ andsv, tllecorreSpondiI9gstandarderrors; SE, theSt.andarderror oftheregreSSioll;

andp, thec°rrelationcoeⅢ oient.

TS-”pε

rYoquency
Fish         (kHz)       ,,1      ε〞       ㄋ       sv SE

ⅣI鈔<imllln   Gadoids
ⅣIaxlmt1lh    ⅣIackere1

Average    GadUidS
Average     Mackere1
ⅣIaXilnllln   Gad° idS

lIIaximtlm    Ⅳ工ackere1
AVerage    GadoidS
AverabJe     Mackere1

38       27.1

38       39.6

38       23.8

38       39.8

12U       27.2
12U       54.7
12U       22 9
12U       53.7

5.6     ＿71.7

13.9    ＿1UU.7

55     ＿71.3

14.9  ＿1U63
7.1    ＿7U4

17.8    ＿125.U
6.2     -71.2

19.5    -13U.2

8.6    1.8    U.572
21.5    2.8    U.445

8.4    17    U.532
23.U    3.U    U.423

1U.9    1.8    U.553
27.6    3.3    U.547
9.5    1.6    U.541

3U.2    3.6    U.5U6

2U86 」 AcouStS° cAm.Vo｜  67,N° 6′ June198U KennethG F° ote: AcouSt｜ cScatteringbvfiSh
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ThebackScatteringcroSSSecti° nsand色 SS°CiatedSta-

tiSticSderivedfr° Π】theregressiUnan孔 lyseSwereuSed,

aSmEqS.(3)and(4),t。 determinetheSW文 mbladder

contribution tUthebackscatteringcroSSSectiUn. ItiS
re色 S。nedthatthiscontr山 utionc色nbeeStimatedasthe
differenceincroSSSecti。 nSUIanatomicallycUmpΞ rable

fish, °ftheS色melength°rmass, whichreSpectiVely

溫岊鱉者i::::f::︳:::::.bξ:)惢:r持｛::㎡
a

cumulativesc色tteringpUwerUffishfleSh, b。 ne, and

other org色nS. Whiletheb先 CkSC&tteringcroSSSecti。 nof

an㏑ d又Vidu色lfiShiSaSensitiVefuncti° nofitSpreciSe

;驟:電::L｛lL九逞。::::ξi盟〝尤葚誌〝F生

￣
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f::i::::古

::;fl按 :士t::::::::茁&ng

:::;:l毀蕊裝〝::::懟k片盟:::∴ V::::::::::

ment35Supp。rtSthecUmp孔 riS。nofthe伍 rgetStrengths,

色S preSentedinFigS° l-4, bothf。 rfiSh。 ftheSame

massandEorfiSh。 fthesamelength.

From theSeveralp&rts ofFig.5, theswimbladder
contributi。 n to theb色CkSC色tteringcroSSSecti。 nS。fga-

doidS iS° bSerVedt。 beabout9U駭 9tU95%. This ishigh-
erthanth色 t。fm先nye色rlier studieS, cf.TableI, f° r

example, but isentirelycUnsiStentwithYudan。 V’ Sa

全::您氨羿:::︳:踓窋#柱選者:逍乇°:::窩:羜

㏑ gcr° SSSecti。 n.36
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〔shat38and12UkHz, with95%c° nfidenceasdefinedby伍 e

dataofFigs.1-4.

Differences in reSultSbe台 WeenthiSStudyandthecited
earlier studiesareattributedbUthtUdifferences in the
p色rtiCularSpecieSandacUusticfrequencieS° finvesti-

gationandtUthemeth° dS°fanalysis. The色 dVant色 ge。 f

thepreSent methodiSthat itavoids alteri ng● hebasic

bUundaryconditiUnSatthesw又 mbladderwal1一 theinter-

facebetweentheacUustica1lylUssyandelasticfiSh
fleShandStrUnglyreflectinggaSSacUftheswimblad-
der.

InreViSinguFWards preViUuSeStiInateSoftheScatter＿
ingc。ntributi。nUftheSWimbladder,atleastf° rgadoidS

＿ attypicalultr色 S° hiCsurVeyfrequencies→  土hepresent

Studymayprovideanew im petuSt° acousticmUdelling

ofsWmnb1日 dder-bearingfiSh. ThiS iSanticipatedtobe

equa1lyapplicabletUphysUcliStSandphysUstomeS.
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TABLEI Biologicaldataaccompanyingi91,jr1.扭 rgetStrengthmeasurementSmadedu㎡ ngtwo1984cruiSeS

ASSumedlengthdisthbution
in simulations

No specimens FiShIength(cm) Ⅳ(mean,sd)
Υruncation

hm∥ s

Data    Survey

se㎡ es   date    Fish Caught  Sized 如6axMin
、
6ean Min

、

4a只

N。帥 aypUut
Saithe

Sajthe

Rednsh
Saithe

52     59.7

73     572

21

69

91

43

65

98

5U

IU∫ +〕

34

34

I9

223      223      1’ 6       】 ‘

52

1863

92

I5

I3

4.9

6U

IU

48

45

9

46

6U

25

5U

24

25

12

176
592
572
197
572
81 6

372
816
285
285
148

2U8
692
692
371
692
IU44
46U
lU44
325
325
17U

92     I99      89
15     563      5 1
13     817      1U67    I5/3   CUd

8    ︳5/3   Gs smelt
ll     18/3   CUd
l∫    25/7   HerHng
2j    29/7   HcrHng

18I3     1813     372       44

【UIIspec  ,兒   816  114
I65      I6S     288       2U
22      22     28U      27

26      3U/7     N° .ⅣayPout          225U      lU7      14.8       1 】

WeresampledbytrawIsimmediatelypriUrtU,duHng,Ur in1-

mediatelyafterthetarget strengthcUllectiUnruns Thetype

oftrawltUbeused,eitherbUttUmUrpelagic,waschosen
frUmthever七iCaldisthbutionUfthenshshUwnUntheechU
sounderpapefrecUrd.

ThebUttUm trawlwasash㎡ mptrawIwith8U-rnm mesh

s矻e,cicumferenceUfl8UUmeshes infrUnt,and2U-mm
meshsiZein thecUdend.WhentUwedataspeedUf3kn,its
hUHzontaIandverticalUpeningsare,respectively,18and4

mThepelaoc● rawIwasaher㎡ ngtrawlwitharectangular

UpeningUf21× iUmesheSUf64UU-mmmeshsizein thefront

and22-mmmeshsizein thecodend.When towedat3-4kn,
itshUHzontalandver“ cal openingsareapprUximateIy3S

and2Um,respectively

AlUngtheLUfUtenIdandS,spawningcUd(σ “幼∫〞U/-

乃ua)UfIengthsgenefaIlyexceeding9UcmwereUbservedin
purecUncentratiUnsbetweenlUU-and2UU-mdepth.Unthe
outerbankS,immaturesaithe(′ bJJ.ε 乃′“∫viΓe〞∫)Uf5U-tU
65-cmIengthwerefUundin schUUlsandscatte㎡ nglayers

belUwlUU-mdepth InsUmecases,therecUrdingsUfsaithc

UverIappedscatteredcUncentratiUns ofl吋
o一 Ⅳ aypout (TrJ一

JUP比 〃́∫a9”a汝r)andsmaIIrednsh(Sθ 切∫及恣泓a〃刀〃∫)

clUsertUtllebUttUmInthedeeperpartsUfVes四 Urd,the

bUdyUfwaterbetweentheLUfUtenIslandsandthemain＿
land,atbUttUΠ1depthsof25Umandmore,scattehnglayers

Ufgreatefsilversmelt(4珽羿刀r′刀a∫〃〃∫)wereUbserved.All

speciesshUwedtheusualdiurnaIbehaviUr,fUrmingsmall

schUolsusuallyclUsetUthebUttUmduHngtheday,butas-
cendingsUmewhatanddispersingat night,thusgivingsuit-

abIeconditionsfUr single-nshtarget strength了 neaSurements

AbUuttheShetlandIslands,suitableUbservingcUndi-

tiUnswereUnlyUbtainedat nightandgenerallyUnlyfUrthe

darkesthUurs.FUrthepfcsentUbscrvations,whichwereUb-

tainedinanareaUftheSoutheasterncoast° ΓShetland,a

nlixtureofplanktUnandU-groupgadUidscUnsistingofNUr-
waypUut,haddUck(屁 彪ㄉ 刀皓 超 沕 沕 外 aegI妒 K〞∫),andwhit-

ing(Me′′a乃 g′ u∫ 〞θ′′a刀gu6)dUnlinatedtheechorecUrdings

in theupper5Um,whileadultNoΓ waypoutwerecaughtin

quantitiesclUsetUthebUttUm.AdditiUnally,in partsUfthe

area,dispersedherhng ((V〃 pθθ乃a〞刀gu∫ ) WererecUrded

andcaughtin layers ofdepthl5-45n】 and65一 95m.

TheacousticdataarcvaIuablcUnlywhenaccompanied
bygUUdbiUlogicaldataUnratherpurenshaggregations.Thc

speciesandlengthcUmpositiUns ineachtrawIhauIandthe
correspUndingechUsounderpaperrecUrd、 veretherefUrc

careruHyexamined. UnIycatchesshoMλ ngaclearlydU.li-

nant singlespeciesUrt、 vUspeciesUfdistinctlengthgroups

whichalsUcUuldberecUgnizedon thepaperrecUrdwere
acceptedfUrfurthcruse

Thus,ofthe ll dataseriesfrUmtheMarchLUfUten
cruise,Unlynve,numberedl,2,3,7,and8inTableI,quaI㎡ V
uncUnditiUnallyherefUrfurtheranalysis BiUlUgicaldatafUr

series11weretakenfromcommercialDanishseinecatcheS
UvertheperiUd8一 14Marchin thesameareasㄊ stheacouStic

dataweresampled.Asthis is themainareaUfcUmmercial
flshingfUr spawninBcUd,trawlingwasimpUssibIe.Theauth-

UrsarenonethelesscUnndent thatthc speciesand Iength

cUmpUsitiUndeterminedbyDanishseiningarerepresenta一
tivefUrtherecUrdednsh ThesimilarityUfthesedatawith

thUsedeterminedbytrawlingbyR/VG.U SARSinanarea
slightlyfurthereaston l5MarchisalsUnoted.

Ufthel4dataseriescollectedduringtheJulyShetland

Islandscruise,UnIythreearesumcientlycleanFUranalysis

here.Dataseriesl5、 vascUllectedUnher㎡ ngdispersedin the

65-tU95-mlayer,〕 Ⅳhileseries25wascUIlectedUnherhng
from thesamelayerimmediatelyafter risingto the15-tU45-

n1layer.TheherhngcatchwaSrathersmall,butthelength
disthbutiUns ofthenshfrUmtherespective】 aycrS、 verees-

sentiaIlyidenticalandalSUequivaIent tUthUsefrUn】 daytime

catchesin thesamearea.ThemeanUfthecUmbinedlength
datais28.5cm;thestandarddeviatiUn is2Ucm Thecatch
frUmtheupperlayeralsUcUntainedsUmcU-grUupgadUidSUf

meanlength6.8cmandstandarddeviatbn1.6cmpata
series26representSadult l吋 Urwaypoutdispersedinalayer
frUmthebUttUm toaheight上 5rnUverthebUttom ThetrawI
haulshUwedbynumbers9° η石NUrwaypoutand4%whiting
ofrneanlength31.1cmandstandarddeviation4.9cm.

All nleasurementSUfnShlengthreportedherereaertU

thesU-calledtUtallength.‘ ,’ FUrwUrk perfUrmedattheInsti-

tuteUfh6arincResearch,this isessentiaIlythedistancefrom
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tUanarrUwrangeUrby】 ilnitingthenshechUes toanarrUwer

depthrangethanwasactuaIlyemplUyedduringtheUbserva＿

tlons.

∥.METH。 DS

TwUbasicprUblemsInustbeaddressedinanalyzingthe

datapresentedinFig 2.

A.Separat:on ofcompositetarget strengthh︳ st° gΓams

InthecaseUfthUsedatacUnSistingUfnlixedspecies,

nameIythUseUfseriesland3,thetarget strengthdatainFig.

2(a)and(c)mustbeassignedtUtheindividual nshes The
sUIutiUntUthis prUblem is referredtUasthe“ methUdUf

separatiUn.”

It isapparentfrUmTableIthatthesaithelengthdistri-

butionsUfseriesland3resemblethUseUfseries2.Infact,

thegeographicalareasUfthethreeseHesareessentiaIlythe

same,beingthenshingbankswestUfLUfUten.Thustherela-

tive cUntributiUn Uf the saithe tU the cUmpUsite target

strengthhistUgramsUFIIg.2(a)and(c)is knUwn.Because

thesecondspecicsUΓ thetwUdataseries,NU一 ⅣaypUutand

rednsh,respectively,is smallerthanthesaithe,thegreateSt

targct strengthsUfthelargestNUrWaypUutandrednshwill

undoubtedIybesubstantiaIIyIess thanthegreatest target

stre︳

ξ古:瓏 :ε:6:甹:s::生駁 斑aspecttarget血 ㏄n螂 ㎡

theseveralnShescanbeestimatedbyreferencetUNakken
andUlsen’ starget strengthdata.:3’

i4TheapprUpriateequa-

tiUns sharethccUmmUnfUrm

TSmax=沕 lUgˊ +t, (l)

whereTSmaxis themaxiInunldUrsalaspecttafget strengthin

decibels,′ is thenshIengthincentimeters,andthecUem-

CientS 羽 and t are determined by a least-mean-squares

regressiUnanalysis‘ FUfsaithetheresult is

FIG2Target strengthhistogramS° ΓtendatasetSderivedwiththespIit＿

beamech。 S°under SeeTabIeSIandIIfUrfurtherdetails

andthetargetrange.HUwever,sincetargetsareacceptedby

theES38UsystemUnlyifIyingwithin4.94degUftheacUustic

axis,thedepthestimateisUnlyve● yslightIybiased.

GeneralIy,fewerdatawereanalyzedthanwereavail-
ablc UncreaSUnfUrthiswasthedesireto了 naintainahUmU-

8eneUusdataset,asfUrexamplebylimitingthevesSel‵
speed

TABLEII.CUnditions oΓ acousti。 datacoIlection

Data

(c) Set  3 (d)Ser. 9
一φ
↑一
 工
├
Φ
z
口

“
├
∞
 ├
田o

a
<
├

 」o
 
>
├

一∞
z
田
o
 
>
一

一」
一∞<

m
。

“
」

(h)ser  l5

(i)Ser  25

-3@      一p@ -SU      一6Z

TARGE了  STRε NC了H ｛DB｝

TSmax=23.41Ug′ 一 65.l,

Ur,requiringthat羽 =2U,

TSmax=2U1Ug′ 一 6U.2.

(2a)

(2b)

IfanUnlinalIengthof7Ucm isusedfUfthelargest saithein

eachUfdataseries上 and3,thenthemaximumdUrsaIaspect

target strengthisexpectedtobeabUut -23。 r 一﹋22dB.

Measu㎡ngti!ne                                     N。  sing】 e璱sh          Depthrange            B° at speed

StartingpoSition            data                 (m)                  (kn)

Duration

Date     H° ur    (min)   Lat (° N)  L°ng (° )   T°tal   An㏕yzed   Mln     Max     Mean     sd

〔j)Ser.

1la

llb

I5

25

lU5

lU5

16S

7U

265

86

85

65

I5

85

24U
13U

22∫

165

36U
16U

16U
95

4ε

115

39
29
44
27
24
l13
33
71
5S
42

26
U2
3U
U2
UI
U4
U3
29
38
37

I           l2/3      21U3 81

2           I3/3      UU31        23
3           】3/3       1837        78

7           15/3      1912        48
8           lS/3      22I7        47

18/3      I736 87

18/3      2155        ‘5

26/7      UU21       1U4
29/7       2353        ’’

26           3U/9       2948       1U4

6873   1286E   lU¢UU    9179
6854   】243E    3《U    3UUU
6743     1U3UE      8CUU      7S84
681l    1458E    90U    440U
6797    146UE    78UD    26〔汩

681U    l452E     96UU     96UU
681U    l446E     9U〕 3     900U
5996      1 14Ⅳ V     lU6UU      ‘545

6U24      U7U9V      58UU      2‘ 87

ω 61      U63W    24UUU      42Ul
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theanteriormUsteXtremity,e.g.,tipUfthesnUutifprUtrud-

ingbeyUndtheendUfthelUwerjaW,tUtheendUfthet砡 lnn.

InthecaseUfnsh、vithafUrkedtail,thetwUlUbesarernUved

intUthepUsitiUn、vhichgivesthenlaximumlength了 neaSure-

ment

B.Ac° USt︳Cdata

′.sPrrf＿●θθ1,,θCnθ σUul,de′

TheacUusticdataweregatheredwiththeSIMRAD
ES38UspIit-beamechUsUunder,withhull-mUuntcdtrans-

ducerresUnantat38kHz8Inthisdevice,essentialIya2》 (2

element phasedarray,cachquadrantSignal isSeparatelyam-

plifledaccUrdingto thesametime-varied-gainΓ unction.The

Ft9urquadrantbeams arecUmbinedin pairwiscfashiUn by

simplesummingtU伈 rmatotaIUΓ fUurhalΓbeamsThezero
croSSingsofcUrresp°ndinghalf-beam signaIsaredetected

and used to determine the aIUn8ships and athwartships

phase dm陌 rences, thcnce ang】 es  Together, these two

numbers spedㄅ theangularlUca“ Unofthedetected㏄ at-

terer,ifpresent Thesamenumbers serveasanaddressFUr

acccSSing a prUgrammable-read-UnIy memUry (PRUM)
containingthemeasuredbeampatternvalues.

SilnultaneUuswitl9tlleUperatiUnsUnthehaI仁 beanl sig-

nals,thepUrtandstarboardhalf-bcanl signalsaresummed

tUprUduceatUtaI-signalUutpl1t FUllU、 vingenveIUpedetec-

tionandanalUg⋯ to-digitalcUnverSi。 n,anUtherPRUMisac-
ceSSedt° detern】 inethelUgarithmUΓ thesignalamplitude

ThisandthebeampatterncUmpensationvaluefUrmasetof
addresses fUr a third PRUM, 

、
vhich prUvides the target

strengthvalue,incUdedfUrⅡ 】,fUrtheparticular timesample

AsequenceUftarget strengthvalues spanningthcinterval

frUmthestartUfechU-signalreceptiUntUits terminatiUnby

arrival UfthebUttom echo is derived fUreach individual

tranSmiSSiUn Γor thenxed samplingfrequencyUf73625
kHzanddesign soundSpeedoΓ 1472.Sm/s, thenUillinal

dcpthresUIution is lUcm

ThesequenceUΓ target strength values is reducedby

sUftwarebefUrethenext transnlisSiUn,、vhichisgUvemedby

the pulse repetition frequency, nUminally 5U/min fUr the

depthsencUuntefedduringthemeasurementS.ThepurpUse

UfthisdataprUcessingis theextractiUnUfalIsingle-nshech＿

Ueslyingwithin theUperator-specineddepthinterval

TodescribethecriteHafUrextractingsingle-nshechUes,

it isusefultUintroducetwoquantities Therninimumdetect-

ablesignal(MDS)is thatcorrespUndingtUtheleast target

strengthUfreprcsentatiUn, ——5UdB,whendetectedatthe
maximum allUwable angle, 4.94 deg, where the twU-way

beampattern loss is ——12dB.FUranglesgreaterthan4.94

deg,azerUcUdeisgenerated.ThedurationUfasingle-nsh

echUis me於 uredattheMDSleveIandiscUmpafedwiththe
duratiUnUFthetransmit signaIasmeasuredattheone-halΓ

pUwer points ofthedetectedenvelope.

FUrthepresentappIcatiUn,asingle一 nshechUwasde-

nned as that set Uf cUntiguUus nUnzerU-cUded target

strengths,whUseduratiUnlaywithin75η 石andl75%Ufthe

tranSmit pulseduiatiUnand、 Vhich、vasbUrderedbyatleaSt

fUu〔 zerU-cUded target strengths Un either side. FUr the

transmit pulseduratiUnUfl ms,theminimumdistanceUf

separatiUnbetweenScattcrersWasthus8reaterthanlm°

Eachsingle-nshechUischaracteri2edbythreedata:the

pingnumber,echUrangctUthenearestdeciineter,andtarget

strength,expre$sedasUneof8UtargetStrengthclas$eseven-

】yspreadUvertherangefrUm -5UtU ——2UdB,hencewith

U395一 dBresUlutiUn Thetarget strengthis,in ract,anap-

prUximatiUn,beingthelargest ofthearithmeticalIneans of

target strengtllscUmputedfUreachpairUfadJacentSampIes

Giventhedescribedres° lutiUnin target strength,thisaver一

agingisexpectcdtUincurUnlyaslightnegativebias,estilIlat-

edtUbeIess thanUldBin magnitude,andneglcctedelse-

wherein this paper.

zcarJ● rarr.刀

Thesp:it-beamechUS。 under、vaScalibrated、 vitha6U-

mmcopperSphere°
k)UnaXiSin thecxact nlannerUfReE 1l

atleastUnceduringeachcrui$e.E)irect rneasurement° Γthe

tW。-Way beampatternduringacruiseinNUvember l985

revcaled irregularities in beam shape cUnSiStent with the

manufacturing speciFlcation$ but requiring an UveralI ad-

ju$tment oΓ measu玲 dlarget strengthsby一 U4dBThis is
moderatedbythebiasUΓ 一 UldBintroducedbyahardware

UperatiUn in the echU sUunder MeaSurements Uf targe｛

strengththushadtUbereducedbyU.3dB,、 vhichhasbeen

dUneinallcUmputatiUns repUrtedhere Inreferring,in text

and ngures, tU the measurements as made, hU、 vever, tlIe

originaltarget strengthscaIeandclassdiviSiUnareretail〕 ed

DetailedanalysisUΓ theerrUrSduetUmeasurement of
theUn一 axiSvalueandoveralIbeam-patterncorrectiUnFactUr

disclosedacalibrationerrUrdueto procedureoΓ  土 U‘ dB

、
vith95η右cUnfldence.This rnaybecUmpared、viththengure

dehvedbySiInmUndSθ ra↙ FUracalibratiUnperfUrInedun-

dermUrecUntrUlledcUnditiUns, namely +U〞 dB,which
wasalsUesti了 natedtUapplywith953bcUnFldencel2

Thebasicquantization levelUr stepUftheechUsUunder

isU.375dB,implyinganadditiUnaIerrUrUf土 U〞 dB.The
cUmbinederrorduetUcaIibration prUcedureandquantiza-
tion is thusestabliShedtUbe 十 U巧 dBwith95η右cUnndence.

a胎 力伯ηθ′Strengrn

AcousticdatacUfrespUndingtUthecatchdatainTableI

are Summarized thrUugh hiStUgrams of ′〞 ∫′r“  target

StrengthinΓ ig.2 AdditiUnaldatain thefUrmUfpingnum-

beranddepth,which、 〃ereattachedtoeachreSpectivetarget

strengthdatum,arencglectedhere.Thus,accUrdingtUReE

8,sUmeUftheIneasurements includedin thehistUgramsde-

Hvefrom thesamenshUbservedrepeatedlyduHngpassage
UfthevesselandechUsUunderbeam.SuchmultipIeUbserva-

tiUns,Which【 nayinvUlvefrUmaboutl5η 右tUmUrethan5Uθ右

ofthetUtalnumberofsingIe-nShdata,arenUtexpectedto

biaStheresults,aIthoughreferenceto theofiginaldataand

recomputatiUncoulddecidethematter irnecesSaη .

SUmecircumstancesUΓ theacUusticdatacUllectiUnare

夢ven inTableΠ .BUththedepthrangeandship speedrefer

tUtheanaIyzeddata.ThedepthisactuallythesumUfthe
depthUfthehull-mountedtfansducer,whichisabUut5nl,

U AcouSt Soc Am,Vo｜  8U,N° 2,AuguSt1986
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Thisagreeswe】 IwiththeUbservatiUnsinFig.2(a)and(c),iΓ

requiringsUmesquintingtocUnnrm.
Maximum dorsal aspect tar8et strengthS UfNUrway

pUutandrednsharenot reportedin theliterature No一 Ⅳay

pUut isagadUid,hencefUr present purpUseSmightberepre-

sentedaShavingatarget strength rUughlycomparable tU

thatUfothe了 gadUidsoΓ similarlength FUrwantUΓ acloser

kinship,themax∥ nunItarget strengthrelationfUrNonvay

pout isbasedonthecUmbinedcod,saitlle,andpUllack(′ bˊ -

妨ε方↙u∫ pU〃aε方′〞∫)dataUΓ NakkenandUlsen.It is

Tsm出 =245Iogˊ 一 69.l,

Ur,rcquiringthat′η =二 2U,

TSmax=2UlUgˊ 一 6U5

(3a)

(3b)

Thus,fUrthelargest obsen.edNUr、 vaypUut,with′ ==2Icll1,

themax行numtarget strengthisexpectedtUbeabout -35

Ur-34dB
Redflshis notagadUjd.IfgadUiddataareappropriate,

hUwever, a maxiInum targct strength oΓ abUut ——28 Ur

-27dBcUuIdbeexpectedfrUnl thelargestcaught speci＿
menUΓ 43cm.HU、 vever,cUmpariSUnUrthetargetStrength

histUgramsofFig 2(b)and(c)suggestSapUssiblegreatest

rednshtarget strengthof ﹏︷3U5dB.
SeparatiUnUfthesaithecontributiUnfrUmthecUmpUs-

itehistogramSinFig 2(a〉 and (c)isaccUmplishedbyat-

tΓ
jbutin8aⅡ dataabovethelikelygreatest targctStrcngthof

thesecUnd,Iesserflshesto saithe.ThenumberUFrepresented

saithedataabovethiscutUIrrepresents thesamefractionUf

theentiresaithediStributiUnasdUesthecUmparablepartUf

tllepure-saithetarget strengthhistUgram inFig 2(b).The

pure-saithehistUgramcanthusbescaledabsoluteIy,andthe

partbe】owthecutUIrs inFig 2(a)and(c)canbesubtracted

directIyfrUmthecompositehistUgram ThereSultUfapply-

ingthis prUcedureto thecUmpoSitedatainFig 2(a)and(c)

is shUwn inFig.3(a)and(b),respectiveIy

B.了hreSho︳ dandsatUrat:oncompensat:on

′.εθ●kgrUJησ

TheproblemUfextractingthemeantargetStrengthis
cUmmontUal(datasets.ThiS、 vUuldbetrivial,indeed,ir the

intendedapplicatiUn invUlvedthesamethreshoIdandsatu-

ratiUne田 ects HUwever,sinceecho integratUrsgeneraIlyreg-

isterbUthweakerandstronger signals thanthesplit-beam

echUsUunderdUeS,theInattercannUtbeignUred

CUnsideratiUnUftherangein nshsizesandlikelycUrre＿

sponding target strengthsi3.14 suggeSts that the target

strengthsUfthelargestcUdhavenUtbeencorrectlyrepre-

SentedbecauseofsaturatiUnat -2UdB SimilarIy,thetar-
get stfengthsofnshshUrterthan3Ucmoften liewellbelow

thelUwerthreshUldUf -5UdB.Thusthereis particular
justincati° nfUr investigatingtheefrects° fthresholdingand

saturatiUnUntheunderlyingtarget strength dataUfthis

study

WeiflerandEhfenberghaveapprUachedtheproblemUf
thfesholdingbymeans oΓ paramet㎡ cstatistics.’ Undefthe
assumptionsUfanUrInaldistHbution in target strengthand

equaltylikelyprobabilityofUccurrenccin theecho sounder

-4@     ︷3@      一p臼  -S@      -● @      -3@

丁S (。 B｝                         ΥS ‘°8)

FIG 3 Target strengthhistogramsderivcdFromFig 2(a)and(c)byre-
movaloΓ thcsaithecont㎡butions

beam,theyderivedanexactexpressiUnfUrthethreshUld
eIrect.TheefrectUfsaturatiUncUuldbeincUrpUratedin this,

althoughless siInpIythanbyamerechangein the upper

】imitUfintegratiUn.InadditiUn,theassumednUrmaldisth-

butiUncouldberepIaccd by thcactualUbserved distribu-

tion,I5althUughgenerallyincompIetebecauseoΓ theseveral

deIimitingoperations.

ThecmpiricaIdataUfthisStudy,shown inFigs.2and3,

appcarfUr themUst Part tUbenon-nomaIly disthbuted
This shUuIdnotbesurpriSing,perhaps,fUrCIayandHeist

havefUundthecchUamplitudetobedistHbutedaccordingtU

Ricean statistics,1‘ andUtherrecent rnUdeIing、vorkbaSedUn

representinganshbyits swimbIadderandassuniingtheusu-

alnomaItⅡt-angledistHbutionhascUnnrlnedthenUn-nUr-

maInatureUftarget strength.I’ ExtrapUlatiUnofthetarget

strengthdistHbutiUnsbyapplicationUfthemethod§ inRefs

16andl9、〃as notattemptedfUrwantUfSumcientbehaviUral

andmorphometricdata Thusadiferentapproachhasbeen
pursuedhere

ZPrar,

TheeΠ bctUΓ threshUIdingandsaturatiUnbythespIit→

beamechUsounderat ——5Uand ——2UdBisestimatcdby
comparin8thepure＿ speciestarget strengthhistUgrams of

Figs 2(b),(d)-句 ),and3wlthtarget strengthhistograms
simuIatedFUrcUmparablespeciesfromNakkenandUlsen’ s

data.13CUmputatiUnUfthcsiInulatedtarget strenε thhistU-

grams,UrtheUreticaldistHbutiUns,is reviewedin thenext

sectiUn

Inessence,anUbservedtarget strengtllhistUgran】 , Ur

empiricaldisthbution,is nrst triInmedatUneUrbUthendstU

avUidthebiasinginnuenceUΓ target strengthsUver -5UdB

Urunder ＿＿2UdB,aIrected,respectively,bythresholdingor

saturatiUn.ThetriinmedempiricaIdisthbution is thenex-

tendedbyappendingthctailsUfthetheUreticaldistHbutiUns.

PrUperallUwancernustbemadefUrthefelaIveprUpUr㎡ Uns

UftruncatedandaddedendpiecesUfthedistHbutiUns.This is

discussedinSec.IIB4

AdditiUnalcompenSatiUnUfthennal,averagedtarget

strengthsfUrthethreshUldandsatura“ UnleveIsUfthein＿

tendeddevicesUfapplication,rnUdernechU-integratingsys-

temS,iSunnecessary.ThereasUn,simply,is thattheselevels

lie far beyUnd the Urdina‘ y rangc Uf single-nsh target

strengths.

a臥m〝a::nofarJe′ sfFe.gfnㄌ治t。gΓams

Thetarget stren8thSimuIatiUndataweredeHvcddirect-

lyfromNakkenandUlsen’ sdata.13TUfUrmaunifUrmbasis

一〡
〡
＿
└
┌
〡
〡
〡
「
＿
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〢

」
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〈a〉  Ser. l reΠ ainder (b) Ser  3 remainder

只edf6Sh
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havingthesamelengthdistHbutiUnasthatUbserved,Unly
thUsetargetStrengthfunctiUns、 vereuSed、 VhUsecUrrespUnd-

ingnshIengthslaywithin thetruncatiUn limits shUwn in

TableI.Themeasuredtarget strengthfunctionswerethen

scaledinbUthangleandrnagnitudetUsimulatethefunctions

UfaseriesUfnshspanningthelengthran8c.SiinulatiUnUf

thetarget strengthfunctiUnTS’ (θ
′
)Uftiltan8Ieθ

′fUransh

Uflength′
.frUmthemeasuredfuncIUnTS(θ )fUranshUf

length↙ wasaccompliShedbythetransfUmatiUn:

′→′
t,

θ一θm日X一>(〃 /′ )(θ
’
一θmax),

TS＿→TS’ -2UlUg(〃 /ˊ ).

TheangleUfrnaximumtarget strength,denUtedbyθ max,is

assumedtUbeunchangedunderthetransfUrmatiUn.Target
strengthvalueslUst incasesUfcUntractiUnUΓ theUHginal

functiUnwerereplacedbyvaluesderivedfrUmtheveryap-

≡:::::a::::驟 iI:Γ :、子l:♀iξ:丘蟲批#等械等
spec驟

窮::︴甘:iξ::::l:色dfunct㏑ns,atarg說就reIlgth

楚F翠Ⅶ::f驟::;:::綠:::〧::::一選 :遵棩
翠翎 ::::::｛甘者出:驟鑭 甘

iUn

was:是三T:=Ξ話Γc::一生玉::垚驟且舞淵裂︴二

器選t子︴::l早f::::全l::為弓It:::甘Ξ:i早::苦

〕
區l:

fUr智
澀:∵凞 :〧 ;j:忌::岌ngthhistUgranlfrUm

simuIateddata,aspecincbellaviUrmodehastUbeassumed
Becauseoft1lepresentuseUfaver“ calechU一 sUundingsys-

tem,this isdescribedadequatelybythedistributiUnUftilt

岔 電 落:溉 于告:智:持且 督 i::發表 兒 選 古t瑑:tI一

measuHngtagbyR.B.MitsonattheΓ isheHesLabUratUryin

LUwestUft,EngIand,tiltanglediStHbutiUnshavebeendeter-

minedatseafUfUnlythreespecies.2”
22Giventhescnsitivity

UfthetiltangIedistributiUntUbehaviUr,fUrexampIe,direct-

edhUHzUntalsvˊ immingε U刀 t乃afeedingε U91t′ adiVing,this is

clearlyunknUwnfUrtheobservedfish
ThestateofnearlytUtalignoranceUfnshbehaviorwas

remcdiedby assun】ing arangeofbehavioral modes, per-

fUrmingthedesc㎡ bedcUmputatiUnsfUreach,andaveraging

theresuItsUvertheentireset.AsingIeassumptiUnWas rnade

abUutthebehavior:that itwasnUteXtfcme ThishypUthesis

was theUretically sustained, in f.act, fUr simulated target

strengthdistributiUns、 ︻thmean tiltan8IesgreaterthanlU

degfrom thehUhzUntalgeneraⅡ yIackUrunder-represent

技毛著:磑:概紫t驟片噬系r舞i群
applicability23canbebelieved,then strUngavUidancereac-

tiUnswithdiving24,25areSimplyincUmpatibIewiththeUbser-

vatiUns.ThenonextremebehaviUrmUdeswerecharacter-
ized by nUmal distributiUns in tiIt angIe with means Uf
＿ 1U, ——5,U,5,andlUdcgands●andarddeviatiUnsUf5,1U,

and15deg.
In simulatingthetarget strengthhistUgramswithre-

spectt° norInaldistHbutionsUftiltangle,theefFect。 fper-
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spectivei’ was incUrporatedbyincreasingthenrst twUstan-

darddeviatiUns tU5.Sand1U.2deg,、 vhileIeavingthethird

unchanged.ThesevaluesweredeterminedfUranidealcifcu-
】arbeampatternwithsharpedge5degfrUmtheacoustic
axis, asSuminganequaIIylikeIyprobabi】 ityUfoccurrence

anywherein thehUrizUntal plane.

在ⅢeaJ9faηθfεfraη仂S

All avefaging was accUmplished in the intensity dU-

main,henccwithrespccttUthebackscatteringcrUss sectiUn

σ TherelatiUnbetweentarget strengthTSandσ assumed

thrUughUutthis paper is thatgivenbythetraditiUna】 and

usualdennitiUn,

TS=1UIUg(σ/4π),

as inUrick,2‘ butwithSIunits.Themeantarget strength TS

fUraparticularbchaviUrmUdeis denned in temsUΓ the

averagebackscatteringcfUssSectionabyanaIUgy,

TS=lU1og(歹/4π ).                   (4)

FUrthespecialcaseUfaunifUrm target strengthdistri-

butiUnovertheintervaIfrUmTS】  tUTS2,themeanback-
scatteringcrUss sectiUnσ is

＿   4防  1UTs2ˊ
I°

—— lUTS:/l°
σ =— — —

         .
ln lU  TS2一 TSI

This is,infact,theprescriptionusedinassigningmeanback-

scattering crUss sectiUns tU the vahUuS target Strength

claSsesUftheseveraldistributiUns.Thebasictarget strength

interval,TS2— —TSI,usedin thecUmputa“ Unswas1.5dB.

CUmpensatiUnfUrthreshUldingand saturatiUn is ap-

pIied in the detern】 ination of歹, which begins with the

straightfUrwardaveragingUftheobservedtarget strength

h沁tUgram,UrempihcaldistHbutlon,w比 hresultδc.ThetwU
compensationsarenowdescHbed

a.tUvε r′a′tThiScUmpensatiUn invUlvesextrapUlating

theUbservedtarget strengthdistHbutiUnbelUwthenUnlinal

threshUldUf-5UdB.AstheeIrectUfthethfeshUIdis sharp

UnlyfUrscattercrswithtarget stfengthsgrcateIIthanabUut

-49dB,andsincescattererSwithtarget strenε thsbetween

-5Uand ——
47 dBareunequalIy rcgisteredby thecchU

sounder,thcefrectivethreshUldmayexceed ——5UdB.This

quantity,referfedtUaSthe!。 wercutU我 waschosentUopti-

mizetheagreementUfeInpiricalandtheUreticaldiSthbu-

tIonsattheijunctiUn.SixdiscreteleveIswereexamined,

frUm -5UtU -42° dBin stepsUflbdB.In practice,the

cutUπ wasdeterminedfrUmamUngthethree1Uwest levels,
thehigherUnesalwaysgivingamucll pUUreragreement

ThecontributionsUrthelUwcrtailsUftheempiricaland

theUretical distributiUns tU their respectiveaverages were

computedfUrtarget strengthsnUteXceedingthechUsencut-

U艮 ThesearedenUtedΔ σθ′ andΔσ了,a’ respecⅡvely.The

propUrtiUnsUfthehistUgrams,UrdistHbutions,repreSented

bythesevera玉 cUntributiUns,pε
,θ
andP.,a,werealsocUmput-

ed.

CUmpensatiUnfUrthethrcSholdisefFectedbylUpingo好

the1owertail oftheempiHcaldistributioiiandappendingthe

Iowertai1ofthetheUreticaIdist㎡ bution.Whenal1Uwanceis

madefUrthechangein thenumberofbasisdata,

「
°
。
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一
拷 ‥ φ臨

descfibes the efect on the uncUmpenSated mean back-
ScatteHngcross sectionσ

一t.呦 e′ 翅π InCUmpensatingfUrsaturatiUn,theem-

piricaldistributiUn is terminatedat ——21.SdB,、〃hichre-

duces歹θbytheamUuntAσ θ,δ  ThecUrrespUndingprUpUr-
tionUfthehistUgram ispβ ,t.This is toberepIacedbythe
uppertai】 UfthetheUfeticaldistributiUn,lyingabUve ——21.5

dB,WithcUntributiUn Δσt,v tU thetheUreticalmean. The
efFectivecUntributiUn isdeterminedbyscaIingAσ ‘.t in prU-
pUrtiUntUpβ,t since,in saturatiUn,nUdataarelUst,butUnly
wrUngIyclassinedin thel9ighest target strengthcIass Ifthe

prUpUrtiUnUfthetheUreticaIdistributiUnabUve ——21.5dBis

denoted′”,° ,then

δθ→ δθ一Δ%,° +(Pε,v/pt..)Δσt.

deschbesthetransfUrmatbnUf乳 duesUlelytUsaturatlUn.

a仍 〃t加θσ舜 c6TheresuItUΓ app好ingthetwUtrans一

fUrmatiUns is thefullycUmpenSatedvalue

ed, dataseries ThecUmbined errUrdue tU thenrst twU

sUufceSwaseStablishedabUvetUbe 
十

一
U石 dBwith 95%

cUnndcnce. TheerrorduetU thethird sUurcewas deter-

minedas tlleaHthmeticmeanUΓ (TS年 一 TS*)and
(TS十 一 TSt).ThenumbershUwn in thetabIeasanuncer-
taintyin meantarget strengthisderivedbycUmbiningthe

standarddeviatiUnsUfeachUfthethreesUurcesthrUughthe

rUUt-mean-squareUperatiUn.

ForcUmparisUnpurpUses,thequantity

t先 =TS十 ＿ 2UIUg′ ,           (8)

、
vhere↗ is thcrnean nshlength,is includedinTabIeIII.Its

errUr iscUmpUsedUftheuncertainties inbUthtarget strength

eSti了nateTS十 andmeanlengthˊ .AstIlis lasterrUrdependsUn

the representability of biU1Ugical sampling by tΥ awling,

whichremainsunknown,nUcUnndcncelimitsaregiVen.

ThemeantargetStrengtl1deHvedbyequalweightinε Uf

thethreecUddatais ——3UKdB.Ifthis isusedtUget1lerwith

thetabuIateddatafUrtheUtllergadUids,thentheresultUf

regressing the mean target strength Un theIUgarithm UΓ

mean nshlengthis

TSgadd“ 千 2U.21ogˊ 一 69.8, (9a)

whichobtainswithastandarderrorUf1.9dB.Ifthelength
dependencciscUnstrainedtUbe2UlUg↙ ,then

TSgaddds=2UlUg′ 一ε7.5, (9b)

withthesamestandarderfor IfeachUfthesixtabulated
gadUiddatais、 veightedequalIy,thentheresultingequatiUns

are TS=18.91Ugˊ 一 6δ.2 and TS=2UIUgˊ 一 68.U,

whichUbtainwithrespectivestandarderrUrsUf1.4andlb
dB.

IfthematterUfthedepthdependenceUΓ theherringdata
is ignUred,andtlletwotarget strengthsareaccUrdedequal

、
veight,thentheaveragetarget strengthUfa28.5＿ cn】 herHng
is＿ 43.UdB.Ifthis singledatum isallowedtodeterminethe

cUemcient t in theequaIUnTS=2UIUg° +ㄋ,then

TSher.㎎ =2UlUgˊ 一 92.l (IU)

︳V.D︳ SCUSS︳°N

A.B:o︳ og:ca︳ samp∥ ng

TheusefuInessUf↙刀∫′r〞 target strengthnleasufements

dependsIargeIyUnthereliabiIityoftheaccUmpanyingbiUlU-

gicaIdata. IngeneraI, trawlsarehighlyselectivegearsbe-

This quantitywascUmputedfUreachUfthel5investi＿

gated,nUnextremebehaviUrmUdes.Theensembleaverage
σ*WaSthencUmputedasasimpleaHthmeticmean,andthe

sampIevariatiUnduetUignUranceUfthebehaviUr rnUde、 vas

estin,atedbycUmputingthestandarddcviatiUnΔ σ*inσ *.

CUrfespUndingtafget strengthsweredeterIninedanalUgUus-

lytoEq (4),hence

TS*=lUlUg(σ十/4π )

and

TS二 =lU1° gI(σ *± Δσ中
)/4π I

︳∥.nEsVL了 S

ThrcshUld︸ and saturatiUn-cUmpensated mcan ′〞 ∫′tu
target strengths derived with the new split-beam echU

s° un。erareshUwn inTabIeIII Theuncertaintyin target

strengthincludesthreeefrects: (1)errUr incalibratiUn prU＿

cedure,(2)quantizatiUnerrUr,and(3)uncertaintyUverthe

exactbehavUrialIilUdeUr tiItangledisthbutiUnassumedin

thecUurseUΓ cUmplementingtheUriginaI,generallytruncat-

矺=÷≡

一

竟:卜騙﹎%

Fish         Length(om)    Depth(m)

%
 “

Δ+

、

—

—

/%
Δ勸

一勸
+

(7a)

(9b)

TABLEIIIThreshold-compcnsatedmeanj9169● jZtarget strengthsdehvedwiththeSIMRADES38Usplit＿ beamecho sounder

Boatspeed
(kn) No data

Target strength

(dB)

t先        Data
(dB〉         serics

CUd
Cod          816+l14

81‘ ± 114        7U一 i“

85一 1石U
85-IεU

572土  ‘U        lU5一 13U

27+U2          44UU
il3十 U4         9ωU
33十 U3
29+U2
39+26
42十 37
44+3U
24十 Ui

N。仰 aypout       好 6±  I6

-3U‘ ± U3       ——‘89           7
-31U+U3        一 692

9ⅨD      ＿3U3+U3 一 685           1lb
3UUU        ＿ 3U6± U3        -‘ 58            2

-422± U’       一 ‘? l             l

一 683           26
一 67 1             3

一 68U        8

Cod
Saithe

No〝vη pou｛

Rednsli

HerHng
Herhng

816-├ l14

lU5一 24U
85一 l15

9179

42Ul

9584
G s smelt         372十  44       2“ -36U

I48十  1l
1’ 7土  87       165-225

285十  2U        6995
285十  2U        b-45

2●UU       ＿366+U4

一解 9十 U9
一們 6+U5

71+29          6y5 -434土 US       ——725 lS
55+38 2687     ＿426± U5     -717       25

618      J ΛcouSt S° c Am,Vo〡  8。 ,No 2,Au9uStΠ 986
「
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cause Ufmesh selectiUn and because UfbUth species and

length dependentherdingbyal)cUmpUnentsUfthetrawl
System, includingvessel, warps, UtterbUards, bridles, and

net2’ Hence,bUthspeciesand】 engthcUmpositiUns in trawI

haulsfrUmareaswherevariUus specieSandsizegroupsare

mixed tUgether are biased. AccUrdingly, alsU, the mean

IengthscaIculatedfUrsuchdistributiUnsarebiased

Hylenε raˊ.2shavcshUwnthatthebUttUm trawlusedin

the present expehrnents largely undersamples small cUd.

Their studiesalsUindicatethatthenumberUfcapturednsh

UfIU-tUl5-cmlengthmustbernultipliedbyafactUrUΓ 8-1U

inUrdertUbecUmparablewiththecatchUΓ 4U-tU5U-cm nsh
Asimilar trendhasbeenUbservedfUrhaddock Withregard

tUthepelagictrawl,HyIen〞 aˊ.28haveshUwnthattheIar-
gestcUdarcundersampIedbecausethesebeastsaΓ eabletU
avoidthegearbydivingbeneathitduΓ ingtUwing

WhilethescUbseⅣ atiUns rnaygiVeSUmegeneralguide-

linesUnthebiases intrUducedbythesamplinggear,thein-

fUⅢ atiUn is nUtsumcientfUrestimatingthebiases incurred

fUrvaHousSpeciesandIengthcUmpUsitions,hencecorrec-

tionfUrsuchbiases TheΓ efUre,tUenSurethequalityUΓ the

biUIUgicaldata,UnlydatafrUmquitepurcnShaggregations

havebeenused AdditiUnalIy,it、 vasrequiredthatthecUem-

cientUfvaHatiUnofnshIengthsin therespectivecatcheSbc

asIUwas possible ThiswasthecasefUraIlUftherepUrtcd
speciesexcept thatUΓ rednsh,whichhasbeen includedbe-

causeUftherarity,ifnotuniqueness,UfunambiguUusacous-
ticobservatiUns on it

B.AcouSucdataana｜ys︳s

CUmpensatiUnFUrthethreshUIdandsaturationefects

hasbeenachievedthrUugrlacUmbinedcUmparisUnandex-
trapUlatiUn prUcedure based Un simulated target strength

diStributiUns.Thesedependon thevalidityUfthebasis target

strengthdata,presumedestabIiShed,23andknUwledgeUfthe

nshbehaviUrasexpressedthroughthetiltanglediSt㎡ butiUn

GivennearlycUmpleteignUranceUftheparticularbehaviUr
patterns,arangeUrnUnextremebehaviUr甲 Udeshasbeen
assumed.AveragingUftherespectivemcantarget strengths

hasrevcaledaratherlUvˊ vahance,withmaxinlum standard

deviatiUndueUnlytUuncertaintyinbchaviUrmUdeoΓ U9
dB GiventhestandarddeviatiUnduetUUthercausesUfU3
dB,thestandarddeviatiUn inestimatedineanduetUallerrUr

sUurces is therefUreless than1.UdBinalIcaseS,asshUWn in

TabIeIII.This isfUrtunatefUrindicatingabasicinsensitivity

Uf threshUld- and saturatiUn-cUmpensated ′〞 ∫′rv target

strengthstUtheparticularbehavior rnUde,whichisbUthun-

knownanddi伍 cult tUknUw.

Thereis, hUwever,clearsuppUrtfUrtheexcIusiUnUf

extremebehaviUrpattemsfrUn】 theanalysisUfeachdata

seHes here: It is the presence of relatively large target

strengthsin thedistΠ buuUns.Ifthernean tiItanglewefe,fUr

instancc,tUdeViatcfrom thehUHzUntalbymUrethanabUut

1Udeg,then itWUuldbedimcult,ifnUtiinpUssible,tUexplain

thelargetarget strengthSthatwereUbServed.InawUrd,the

prcsent analysis indicates that nsh detected within the

acUusticbeamwerenUtsefiouslya五 bctedbythepassageUf

thcvesse1.Itis nUteWorthyin thesamecUntextthat rnUstUf

thedatawefecoIlectcdat moderatespeeds.InthecaseUf

TABLEIVAdJuStments to thcuncomPenSatedmeantarget strengthsa←
cordingto twomethUdS:thcprcSent nonParametHcmethodand、 〃eimer

and Ehrenberg’ s )I9ethod5 based on aSsumption oΓ nonnaIity in target

strengthdata NCdenotcs notcomPuted

AdJus6ment to larget strength

Fish

Nonparametrlc   PaΓ amethc
Length〈 cm)    methUd     method

CUd
Cod
CUd
Saithe

N°种●yPout
N。ㄇ眨ypUut
Rednsh
Gs smelt
HerΓ lng

He叮 lflg

8I‘ 土

8I6+
8I6十
572±
I7‘ 土

148士
197土
372士
285士
28S土

U2
U2
Ul
UU

一 15

一 17
一 lU
-U6
一 12

一 12

l
｝

l
a
I
l
&
在

Z
Z

㎎

M
㎎

一

l
一

I
〢

╢

一

l
一

l
一

l

cUd,hUwever,datawerecUIlectcdateachofseveraldistinct

speeds,vaη ingfrUmless than3knUts tU了 n°rethan li knots,

yet neither systematic nUr signincant di田 erences in target

StrengthwerefUund.

JustifIcatiUnfUrthethreShUldandsaturatiUncUmpensa-

tiUn is prUvidedbyacUmparisUnUfthecUmpensatedmean
target strengths with the cUrresponding mean target

strengths as computed directly frUm the uncompellSated

split-beamdata.Theresult is shown inTableIVunderthe
heading‘

‘nUnparametricmethod” Unlyin thecaseUfsaithc

aretheesti了 nateSidentical,、 vhichindicatesthattheprincipal

partUfthetarget strengthdistributionfUrsaitheisexpected

tUliewithin tlleacceptancerangeUftheechUsounder FUr

theUther nshes,theenbctUΓ compensatiUn,asbasedsoIeIy

Unthemeanvalues,variesffUm 一 19tUU2dB
InciudedinTableIVarecompensation伍 ctUrsderived

frUm ⅣVcimer and Ehrenberg’ s parametric apprUach‘  In

perfUr工rlingthecUmputatiUns,thetruenleanvalueswereaS⋯

sumedtUbethUsegiven inTabIeIII,andthestandarddevia∼

tiUnswereaSsumedequa｝ tUthUsecharacterizingthedistri一

butIUns inFigs2(b),(d)一 (j),and3ThevalueusedfUrthe

伍ctUr‘ inEq. (3U) ofRei 5isU.895,asgiven inReξ 29,

sincethepresent3-dBbeamwidthis】 ess thanthespecined2U

deg.ExceptfUrthecaseUfcUd,whichwasnUtcUmputed,
andthatofsaithe,whichwaS,theagreement ofcorrespond-
ingnUnparametricandparametricresults is quitegood

ⅣVhilepreparingthespIit-beamdat乙 fUraVeraging,twU

instancesUΓ mixed-speciesdatawereencUuntered.IneachUr

these,thedistributiUnfUrmUΓ thecUmpUnentwiththeIar8er

target strengths,nameIySaithe,waswell known ThisaI-

lUwedsubtractiUnUΓ theentirelarge-flshcUntributiUn,leav-

ingthesmaIl-nshdistHbutiUnastheremainderfUrfurther

aΠ alysis.

AdegreeUfjustincatiUnfUrthis procedureliesin the

nnal results;The tafget strengths ofthe Nonvay poutUf

17.6-cmmeanlengthandtherednshareir1linewithother
physUcIist′ 乃∫′rutarget stfengthS,bUthasdeterYninedin this

studyandasdeternlinedelsewhere Exemplary, indepen-

dentlyderivedtarget strengthdataareprovidedbyaseriesUf

meaSurenients Uf Walkye pUIlUck (Γ ke.噁 玿  ε乃σ5U一

..〞用佛a)Withthedual-beamechUsounder.2,ls,2931

J Ac° VSt S° cAm,V°︳ 8U,N° 2,August1986
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C.Compar︳ sonS

ThesimiIarityUftarget strengthsUfcUdandsaithe,、 〃ith

reSpectiveΥ neanIengthsUf82andS7cm,deserveSparticular

cUmment,fUraccUrdingtUEqs (9a)and(9b)thedifference

in lengthsuggestsadifferencein target strengthUrmUfethan

2dB,yetnUneisfUund
TwUgeneraIcauseSUfthisdiscrepancyarediscussed.

(l) BehaviUr.AvUidancereactiUn isbelievedunlikelybe-

causeUfthedepth Ufsaithe, inexceSSUflUUm, andthe
demonstrablyship-speed-independent meantarget strength

UftheshaIlUwercUd. E)ifefences inIess-extremebehaviUr

mUdes,asreIated,forexample,tUambient light intensity,

feedingcUnditiUns, UrInigratUryphase,工 nayexplainUnly

羢 i生生:找 提::::玉 驟 ::t:t主 治
≒弓::窩 音才

der state.Adifrer.ncein relatⅣ edegre●βUfswimbladder

inIlatiUn,duesUIelytUdepth,isaIsobelievedunlikeIybe-

causeUfthesimilarphysUclistUusnaturcUfthetwUgadUids,

whichareexpectedtUInaintain in且 atedsㄐ ímbladders tUre-

main neutral9buU胖 ntHUwe9,er,dfrerencesin thebiUlU醉

cal statesofthetwUnshes,asdue,fUrexample,to thepres-

enceUfspawningpfUductS,extentUfStUmachnIling,UrIevel

Uflipids,mayexplaincUnsidcrab】 evaHations inbothfUm

andsizeoftheswimbladder.°
2,33ThesesynUpticvariatiUns

mayaccountfUrthediscrepancy,althUughdetaiIedscatter-

ingcUmputatiUns in themannerUfReE l9havcnUtbeen
perfUl liledfUrWantUfsuitabledata.

SystematiccUmpaHSUnUfthepresent resultsWithUther

′刀“′udataisfUregonefUrthesakeUfbrevity.Instead,sever-

alratherrecent rneasurement resultsarequoted.

′.臼日aV㏑時 θ′Srrer,J曲

Therelation de㎡ ved Un thesUlebasis of 13 poIlack

swimbladdersand2saitheSwimbladders,andassumpti。 nof

cUdbehaviUrasdescHbedbyUlsen,2° isI’

Ts伊ddds=2UlUg′ 一 669, (ll)

whichis tUbecUmparedw丘hEq.(9b)

Z用印叻η rarge′ streng仍

ThereIation recUmmendedbythe1983PlanningGrUup
onI(〕ES-cUUrdinatedHerHngandSpratAcUusticSurveys,

aIbeitanUnymUusly,is34

TSherhng=2UlUgˊ -71.2,

wh沁h心 tUbecUmparedwithEq‘ (lU) DegnbUI,Lassen,

andSt芻 hrhaVe, throughan indirect′刀∫′rf● measurement

methUd, determined the constant in this equation tU be

一 926 dB fUrhcrhng in the Kattegat一Skagerrak3s and

一 ’U.8dBfUrherHngin theBalticSea.3‘ FUrherringin the

NUrth Sea, FUrbes has recently cUmpleted a preIiminary

studywiththedual-beamsystemwhichindicatesavalueof
＿73.6dB.β

’FUrbesregardsthis resultasbeingquitetenta-

tlvebecause° ΓthcprUblemUfspeciesidentincatiUn in the

survcyed,mixed一 speciescnvironment.

ThevaHancein theseveralnumbers reportedheremay

bedueto meaSurementerrUr,ofcUurse,butmayalso reflect,

in tlle、 〃ordS。fTraynUr,3IthcdynaⅡ licnatureofnshtargct

strength.

62U      U Ac。 uSt S。 cAm,Vo｜ 8U,N° 2,Au9VSt1986

D.FutuΓ eW°Γkandafterword

h6uchmUreremains tUbedUneⅢ λththedataanaIyzed

here.ThreeexampIesoffuturestudiesarethefUllUwing:(1)

dete二 11。inatiUnUfthedepthdependenceUftheherHngtarget

strength,(2)cUmpensatiUnfUrthreshUldingandsaturatiUn

UnthcbasisUfdatasimulatedfrom swimbladder rnUfphUme-

tries,and(3)inves“ gatiUnUfavUidancereactiUnsthrUugha

statisticalanalysisUfechUtraceIcngths.1,38AnUther study

which cUuIdbeprUntably undertaken, werebetterbeha-

viUraldatafUrthcUΠ】ing,iSarennementUfthepresent target

strengthvaluesbasedUnmUrecertain specincatiUnUfthe

appIicabletiltangledistributions.

It is interestin8retrUspectiveUftheintrUductiUnUfthe

嘂 髦∵二居首:璋:三tI∴黯::能王:蝥驟 :野i玲盟
exceedinglyimpUftant tUcall theattentiUnoΓ currentand

futureusersUftheequipmcnt to thehazardsofignUring
threshUldingandsaturati。 n,theScyllaUf-5UdB,theCha-

,bd怎 UΓ -2UdB.
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cial sinlultaneUusacUusticandbehaviUralUbservatiUns.

V.Ⅲ ETH。
。

Sevendifrerent serieSUfmeasurementsUnencagedag-

gregatiUns UΓ herring Ur pUllack were perFUrmed Uvera

three-InonthperiUd Inthenrst twUSe二 ies,nshescapedat

unknUwn tinles,invalidatingtheseandnccesSitatingrepair

andreinfUfcementUfthenetcage InthefUurthandseventh
series,theUnlytwUsefics、 vithpUIlack,depthadaptatiUnwas

apparentlyasevereprUblem,fUrthenshadUptedextreme
UrientationsapprUaclIingthefrUntalandthecauda1. The

cUrrcSpUnding target strength measurements Un anestlle-

tizedspeciinenswerelinlitedtUtiltangleswithinabUut5U

degUfthehUrizontal,hencecUuldnUtbeappliedinatest of

thelinearityhypothesis Thesixthseries、 vasperfUrmedat

TABLEICharactehsticsofthefUurSimradecho soundersusedin theexpeHment

Pulsedur江 i。n(ms)

PeakelectricaI

transducer

power｛ W｝Nominal
、
6easured

Echo
sounder

Centerfiequency｛ kHz｝

、

4easurcd           N。minaI

TR〡 6  ́PR一

ㄈUN了 RUL

了RANSU∪ㄈERS

EK38
EK-SU     .    495

U6
U6

685              U6
12U9           U‘

U6U                868

U6U                89
U68                89

38U 38U
496

U64 35

EY.M 7UU

EK-12U       I2UU
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Total Length
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γVcight
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Conditi°n

Factor

TyPe°fmeasurement

Singlenshtarget

strengthfuncti°ns

Enca8cdaggregat︴°n

15July     2S

16July     4。

274土  I 5

27 1士 15

!32‘ 土24U

131.2± 巧‘4

U‘ UU667

UUU669

工
一

數鍱無 #黤繗啦f撠攡 賤

I:多:瑟:::::F:::窗 :一｛甘:驟盅獧:首隙 ::一

men:在ei:主

:f甘惡苺料:v㎡ ㏑血twU虹 n“ ㎡

攀攡矙 鍵輯j琵鞡
cel1tI罫

我您i:瞧::::::古::::le舛而rm鬨㏕吼d”

with anecho integratUrthatwascalibratedseveral times

批禨I釜:茁玎
t試

甘蕬盟盟薄:轟踓
knU馬

紅?｛年 ξt廷 ed＿田 n化 nc滋ms㎡ 伍efdⅢ ㏄hU

nsh.BehaviUralUbservatiUns rnadewiththeunderwatertel-

evisionwereStUredUnvideUtapeFUrlateranalysis FUrthe

:::生:I:::::言 :::達$磋
音;::｜︴｜i:::::::I::::i:::

ments.

V︳.DATAAⅡ ALVS︳SANDn巨 SUL了S

ThefundamentalingredientsfUrestablishingthelincar-

::f:i三甘
jf:絆

窩 盟 牡 黑 彎親 ∴::帤 器 全

tiUnsUfthesearenUwdescribed.

A.Ⅲeanech。 energyAvε

Thedigitalcch° integratUrwas prUgramm● dtUcUm-

putetheenergyin thetUtalcchUfrUmtheencagednshaggre＿

gatiUn.ThiswaSgeneraIlydUneinunitsUf5UUpings,fUr

whichthevariancewasalsUcUmputed.Themeanandstan-
darddeviatiUnWerep㎡ ntedUutUnatypeWHter/terrninalat

theendUfeachsequenceUf5UUpings.IntheanalysisUfthe
su切 ectencagedaggregatiUnSeries,themeasuredaverage
echUcnergyduetUtheempty netcageand reverberatiUn
werc subtracted frUm the cUmputed means FUr conve-
nience, thenUise-cUfrectedtUtalechUenergyisexpfessed

be1UwinunitsUfsquarecentiIneters,tUrepresent,inafaπ
】il-

iar rnanner,thetUtalefectivescatteHngstrengthUftheag-

gregatlUn

B.Numberdensky刀 o

This quantityisdennedasthenumberUfnshin thenet

tage TocUnvert this tUtheabsUlutedensityUrnumberUf

坩 錓 ξ嘿 器 I℉佑 翠

㏄bed∥idedby山 evUlumeUfthe

C.Ga:nfa● t。rU

IntheabsenceUft虹 ne-vaHedgain,this is thepufely

gcUmethc缸 factUrexp(-2a〢/尸,wherea6theabsUrptbn

cUemcientatthecenterfrequencyandris theinStantaneUus

rangeUfthesingleflshfrUmthetransducer FUrthepafticu-

larhydrUgraphiccUnditi° ns presentduringtheJulymea-

surements,awascUmputedaccUrdingtUΓ 6herandSim-

mUns.2’  In Urder Uf increasinε frequency, a==U.UU67,

U.U1U5,U.Ul8,andU.U35dB/m.FUrcUnvenience,CwasnUr-
malizedcUnsiStentlywithε , SUthatthcensembleavefage

〈Ct2σ〉UfEq｛ 6｝ c。uldbeexpreSSedinun比sUfsquarccenu-

meterS.

D.BeampaIterns● 2

TheprUductUftranslnitandfeceivebeampatternsWas

assumedtUbegivenbyanidealcircular transducerwith
tUtalbeaillwidthUf2Udegatthe ——3-dBleve1.Thishasbeen

fUundfrUmmuchearlier、 vUrkandfrUmtheUretical sinlula-

tiUntUbeanexcellentapprUxilnatiUn.

E.Backscatter︳ ngcrosSsect:onσ

ThedependenceUfthebackscatteringcrUSSscctiUnUf

anesthetizednsh。nthetiltangle、 vas rneasuredUverar6nge

frUmapprUxinlately ——51degt°  1-5ldeg.UseUfthelUga-

rithmictarget strengthTS,dennedaslUlUgJ〡 4π,faciIitat-

1936     U AC° uSt S。 c Am,V° 〡 73,N°  6,June1983 KennethG 
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-45

edcxpressiU,ofthemeasurementsUVertheirUftenlarge
rangeUfvariatiUn,sUmetimesexceeding3UdBUrafactUrUf
1UUU.TheserneasurementSareiIlustratedinFig.3fUra29.U-

cmherringmeasuredUn王 5July

F.F:S為 d:Str:but:。 nfunct:onㄏ

ThreedependencesUfthisfunctiUnneceSsaryfUrusein

Eq 怕｝wereUbtained;namely,thUseUfIength,pUsitiUn,and

UrientatiUn.ThelengthdistributiUnUftheencagednshag-

gregatiUlihasalreadybeendescribedinTableII.ThespatiaI

distributiUnUfnshin thenetcagewasUbservedtUbemUreUr

lessunifUrm TheUrientatiUndistributiUIlwascharacterized

byatruncatedGaussiandistributiUnin thetiltangleθ .VaI-

uesUfθ wereUbtainedfrUrll repreSentativeStilIphUtUgraphs

extractedfrUnl thevideUtape.ThethreepafametersUfthe

distributiUn:t1lemeanangleθ ,standarddeviatiUn∫ θ,and
excurSiUnfactUr〞 ∫U,weredetefminedbynttingasymmetri-
cal(〕 aussianftlnctiUntUtheUbservatidns.This is illustrated

inΓig.4TheresultsfUrthesu切 et.tencagedaggregat㏑ n

seriesaresummarizedinTableIII.Thatthesearerepresent-

ativefUr tllebulk oftheacUusticmeasurements,which、〃ere

made、vithUutphUtUgraphicobservatiUntUavUidpUssible

-—〔 -2●   ●  2●   4〔

┬｜上
°

AN● └三︳〕Et.｜

ΓIG6 Hisbgran〕 Ufobs.:vedt︳ ︴an╛‘伈rheⅣ ingoΓ numberdei〝 it｝

wit1.nt｛ eㄈ ｛ΓuicatedGaussiannJncti。 n

FIG 3 TargetStrength ftlnctiUns ofa 27-cm

her㎡nginventraIaspect P° Sitiveanglesdenote

thetfuehead-up orientation

biasingbythecameraechU,◥ⅣascUnnrmedbydetailedex-
anlinatiUnoftheacUusticrecofdsUft、 vUechUsUundersfUr

whichtheechUwasveryweak;hameIy,theEK-5UandEK-
12USyStemS.FUrthese,therewasesSentiaIIynUdi伍 erencein

themeasurements、vithUr9vithUutthecamera,Whichis sig-

nincant sincethecamera、 〃asfavUrabIyplacedwitl1respect

tUthecUrreSpUndingtransducerbeams.

G.巨nSemb︳ eaverage<Ut2σ >

AveragingUt一thequantityGt2σ wasperfUrmedaccUrd-

ingtUEq｛ 6｝ in themannerUfRf28Theensembleavcrage
WascUmputedfUreachaIlestlletizednshξ Ur、vhichrneasure-

mentsUfσ Wereavailable ThesecUmputatiUnswererepeat-

edfUreachUfthetiltangledistributiUns inTabIe王 王I.Difrer-

encesin thelengthdistiibutiUnsUftheencagedaggregatiUn

andcUrres°UndinganesthetizednsllwereresUIvedbycor一

rectingthegrandaverageSaccUrdingtUaquadraticlength
dependenceUfσ .

片.ReSu︳ :s

T(leexperiIncntaIandtheUreticaIresuItsarecUIllpared

inFig.5.ThecUnndenceintervalsUftheexperilllenta五 pUints

aredennedatthetwU＿ standarddeviatiUnievel,wheretlle

standarddeviatiUn isdennedasthatUΓ theseriesUfrneans

detern】inedover5UU-pingsequences.Thevaria“ Unsin indi-

TABLE工 IIParameters oΓ thetiItangledis〔 hbutions oΓ nshin theencaged

aggregation measuremcnts°Γ16July

Number
ofdata

θ

｛deg｝

-45 一3U 一65 一15

-2U

一3U -3U

-4U

-5U

-6U 一6U

3U    65
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Number
dcnsity ｛deg﹉

IU

2U

3U

4U

l13

228

IU3

296

U8
33
2t
3U

16U
14U
l=T
141

p
｜/

◢
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indiC在 tedbythesolidlime

v沁ual pingsWeremuch● rger,UfcUurse,butasa由 ngle

datum isseldUmSlgnincant inacUuSIcS,themerglngUfdata

inSUU-pingSequenceswascUn血 deredjustlned.

AccofdingtUEq.｛ 5｝,tllenumberUfacUusjcallysensed
且shcanbeestimatedbydividingtheaverageecll。 energy

Avε bythetheUre● c斑lyde㎡vedcnsembleaverage〈 G乙
2σ
〉.

This isdoneinFig.6

V︳ :.D︳SCV$Si。瞄

A.﹂︳near:ty° 裡何Sher:esacous奸CS

ThelineaItyUf丘sheHesacUuSticSisevidentfrUnl the

agree” ent sh°wn inFig.5.This iscUnnrmedbygUUdness-

Uf＿nt testing,With nUcalculatedstatisticbeingsignincant

evenattheU.25Ieve1.SimilarresultsUbtain ifthetheUretical

computatiUnsarerepeatedfUracUmm。 n,density-indepen-

dentbehaviUr,、 VhichrnaybedescIbedbytreatingthedata

underlyingTabIeII王 asthUughbeIUngingtUtheSameset.

In lts 血mplestfUfm,thelineaHtypΛ ndpIeasserts the

prUpUrtiUnalityUftUtalechUenergyandden.ityUfnshinan

aggiegatlUn.1ThiSassu血 eS,Uξ cUurse,th茁tasumciehtnum＿ —

berUfUbservatiUnsaremadeunderlUw-nUiSecUnditions
AccUrdingtUthepresenttheUry,thisalsUassumesacUnstan-

cyUfnshbehaviUfandthenegligibilityofacUusticextinc-

t1Un.

Ingeneral,flshbehaviUrwil1varywiththedensityUf

ag..regatiUn,fUr,attheleast,theincreasingprUximityUfnsl1

muStchangetheacUusticallysignincantUrientationdistH-

butiUn,2g,2’ if￣ Unlybydeliinitingit.ThetheUryremains lin-

car,hU磁 ovef,butin thelargersenseofLq.｛ 5｝ Inthcabsence
UfextinctiUn:then,thetUtaIechUenergyiSthesun1Ufinde-
pendcntcU狂 tributiUr,SfUrthocUnstituent nshUftheaggrega-

tiUn,、 vherethec° 狂tr︴hutiUnsdependUnflshbehaviUrand

〕U

EK-12U

9U  ←U

孟岊:檅 s:驟逯:盟盅磁群:::甘士巍走比描:::;

bythesolidIine.

UthercircumstancesUftheir observatiUnaccordingtUEq.

颳蟲構鱗毒︳攔 蠱發弦螢f
tiUnsUfensUnincatiUnbyadirectiUnaIechUsUunder:

TLeUren又 I:王htheabsenceUfextinctiUn,thetUtaIechU

energyFrUmanaggregatiUnofⅣ nshis,in themeanUfalarge

numberUfUbservatiUns,

ε
t。t=Σ弘

whereε i is tliemeanechUenergyfrUl11the′ th且sh

王fthedensity,verticalextent,andrneanextinctiUncrUss

sectiUnUfthc且sharelargeenUughSUthatextinctiUn is sig-

nlntant,thenthenrst theUremmaybegeneralizedbyana＿

logywithUpticsUrquantumscattehngtheUry.The免 ∥Uw-

ingtheUremrepfesentsaquitereaSUnableappfUxilnatiU我 fUr

mUstapplicatiUns:

TheUremI王:FUr′VnshunifUrlnlydistributedwithina

layerUΓ thickness⊿ 2,t1.letUtalechoenergyis,atleas造 tUthe

nrstUrderin theextinctiUnparameterandin themeanUΓ a

largenumberUfUbservatiUn● ,

牯=  彗j4

wherevis thenshdensity丟 σθis themearlextinctIoncfUss

sectiUnofthensh,andε .is themean「 chUenergyfrUn〕 the

′thnsh,、veretherenUextiIlctiU五

ThereareatleaSttwUpracticalapplicatiUnsfUrthesec-

UndtheUrerri,whichsubsumesthenrst;namely,in theinter一

pretatiUnUfcertain netcagemeaSurements,cξ  Refs 7and

3U,andfUrcUrrecti無 gunderestiInatesUfdensityin largepe-

lagicschU° Is〕
〕 TheimpUrtanceUfth官 slas二 ｛ne扭tiUnedin-

stance idrecUgnized iInmediateIyby seagUing researc九 ers

whUhav琶 prUbablyv八 tnesscd、 Veakerling∫ if丘 Ut pre交上ature

tr愛gge改ng,UfthcbUtton任 SignalbydenseschUols

EK-12U

U

U

193ε    JA。
。
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CUincidenceechUstatistics
KennethG 

「
UUte

/.‵ r● ,It1.6γ Va′ 9” aRt∫ 6a.l-〃 ,JU2彳 B〞習θη,ⅣUⅢη╮

︳N丁nUDVC了｜UN

Many l19ethods used t。  lueasu1.e n$h targe｛  strengtl〕  i9J

∫′rlr dependon resolution ofsinglc-ta1.getechUcs ThcScin-

:降 市 i:#子 Ip︴ ;║:::f〝£::H:,一a坩║ 片 缹 茁

k)l example、 thUseUfduaI bcalllsandsplitbeaIl9s, in、 Vhich

tl9ebcampatternc仃 ecti‵ rcm(γ cdhymeansUfphascme&
suren〕ent、λth muItipIe bcan�

、

t

It isgenerallyapprc● ia︴ cdtha｛ single一 targetselcctioncri一

teria muSt be uBed withcarc, irI〕 Utgreatcare, tU avUidef-

fectsduetUthepresenceUi:【9nuItipIetargetSatSin〕 ilarrangeS

Apractical i∥ ustlation Ufthe c6Υect UfselectiUn criteria Un

thercSultant ta1.get strengthdi$tributiUn isUbtainedbychang-

ingtheacceptanceIilllitsfUrechUIength Increasingtheup-

per lirnit often incrcaSes the rcgistratiUn Uf large targctS,

林/hile decreasjng the same may radica1ly decrease bUth the

numbcrandmagnitude UfacceptedechUes This illustratiUn

becUmeSvivid〝 h́enflsharelUUSelycUncentrated,asduring

theproceSSUfnighttillledispersiUn Dua1-beamUr split-beam

echUsUundingsystems,、 Vithso一 caⅡ edtargetStrengd〕 analyz-

ers, generally cUntjnue tUdeIivcrtarget strengthdata、 vhat一

everthestateUfcUnceniatiUn

The interesting queStiUn thus arises as tU the effect Uf

multiple targets with cUincident Ul near-cUincident echUeS,

referredtUfUrthwithsimpIyasc° incidcntechUeS,Untheap一

parent single一target target strength diStnbutiUn  It iS re-

markedattheUutsetthatthis prUbIemhaS impUrtantantec∼

dentSbUthin radarandin s〝 áthbathymetry For radarsused

話 習選 至 括 t║浮 私嗺 T縣 友 導 蝶 :T為 召比

target nlaycUnsist,fUrexample,UftwUUrmUrefacetsUnthe

same target, di天色ring in angle Urrange 〝λth respecttUthe

translIlittingUrreceiVingantenna,orUfdifferent targets,such

aSt、VUunreSUlvedaircraftnyinginfUrmatiUn ItiSappreci-

atedthattheapparentangularlUcatiUnUrrangeUfthetarget

maybeUutSidethephysicalregionUfthetarget.

抵忠Ξ裝︴牲苦垚描裝持搖按胖?為駕拮
驟t眾:摭估最瑟j罕謠。

iAi斐t我批縣
tUtheangleeπ UrUr“ glint’

’
in thementiUnedradarapplica-

::r:£器:e品

g::::子

生無撈。:片 次
e盤

:s£

e盤
珽

(R㏄ civcdllMayI995:犯 Ceptedl一 Urput,licajUn8SeptembeI1995)

t〝 () scattererS a〔 SimiIar range giVe an echU 林河〕ich may appear to bC duc tU a single sca〔 teIef

Methodsfbrdetcrn〕 iningtarget strcngththtl〔 depend ()n resUlvingsiI〕 gIescatteIcrs mayfai︳  in this

inStancc St放 i駁iCSaSsociatedwiththedescribedspecialcaseofcUincidencearedchve° and

iIlus∥ atedbytheUretlcω cUmputatlUnfUrtheSI∼ IRADEK5UUechUsUundeIsystemwiththcES38B

spli!-beam lI.ansducerreSonantat38kHZ CUnnectiUns t°  anglemeaSurementin mdarandswath

19athyn〕 etry andtUbUttUm-scattering-strengthmeasuren〕 cntarenUted ◎  ′少96Aε Uv∫ rjε aˊ ∫Uε′θ●

。
√A,,lr,,′●6〞

Pk(｝ Sl〕umbers: 433USf,433UGv.432UFn

an〕 bigui︴ ic$ duc ｛U n〕 uItiplc target、  at the saln〕 e range bu｛

diΓ k封
.Cnt angle$()I 

、
an〕 cangIebutdii了 erent ranges、  s tlgge‵ 〔︷

ingthcfundanncntal natureUf 〔heprob｜ eIn9

In〔 hepresen︴ prUbIcm,theUl9lectUflIlte比 StiSllleap＿

Parent targctStrength,deteIIl9incd in par︴
 hytheangIcerrUr

〕
1hiS cUntIaS｛

swith theprUblcmofangleerlUrin radarand

swathbathymct以 applicaIUns,wheretlleUl,lcctUfinle佗 $tiS

║鐵玵甘鯕鰜茻f臘
(巀

雖
::i手::ej眾出翠::y〔訌1裘a::e瓛琶逍

°
r鼠群。冤

kHz’

︳.THEUnΥ

A.Beampattern ofatransduceraperture

The tranSducer iS denned as a shaded planar array Uf

identIcal Squareclements AsubsetUfthe elementS denneS

anapeliureFUr tllepa人 iCular班呼
rtureA,t)lebeampattern

amplitudefactUrjn thedirectiUn又  iS

l1/, (I｝

whe㏄ kiStllewaveVectUl,牙 =V疋 ,w,is theamphtude
林/eightUfthe9thtransducerelement,andr is thepUsitionUf

技£
f千

::ξi::〡

一

鎧踩片鴽:i:::t盱驟 ;cr噬
center rl UftheothtransducereIcment, and integratil〕 gover

thearea,

D㎡玲)=Dl(泛 )瀖I旳
exⅨ 放.V

where D1=sinc(又 aSinθ cUsψ)sinc(π asinθ sinψ) is the

beampattemamplitudefactUrUfaSingle, squarearlayele-

mentUfsidelengtha,Sinc(x)=sin(x)/x

B.巨 ch° amp∥ tudedueto mu︳ t:p︳ etargetsats︳ m:︳ ar

range

The echU pressure resulting frUm enSUniΠ catiUn Uf an

enSelilbleUftargetscanbeexpressedbythcequatiUn

Σ

u

/
/
/

A〞kp
「

九wΣ
小

=AD

。

6w

A

Σ

忙

/
/

p=Σ 乃∫9(卜 2r╯ /‘ ),
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length,λ/2,thentUave,gUUdapprUximatiUnandtUv八 thin

acUnstantUfprUpUrtiUnality,

乃=勾〢
趁,                 “)

:蠽犥鱴i攡 ;

andignUringcUmmUnfactUrs,

p=Σ t�〢
挖eXp(j吻),           (5)

where吻 “thephase小SUCiatedw比 htlle。 thtarget,namely

::｜:::::睡,電:T呂尹:i#卷 :t民呂:早t:一 ::〝〝古i辨
stant phaSefactUr,

p=tlσ｜β+t2σy2exp(′x),                (‘ )

v/herexis therclatlvephase.

工tis nUtedherethatfUrthecaSeUf91=2 targetS,arange

攩 還甘思:j:｝:店:蓄片f雜早#:芽︴:茗多三
sufncicnt,aSis ilI9IIlediatelyevidentbycUnstructiUnUfpha一

sUrdiagrams

C.Sp∥ t-beamecho process︳ ng

㏕f驟才翠揣若宙瑞熙∵:盟Γ驟落

贓麛轟鱗 單言鱗
點 :甘:臨機光孖鶴揣鏍

tΞ

::審豔議
reSultinginanesumatefUrσ j Am飩hematic㏕ d㏄“lp由Un

fUl1U、vs

FUrtheaSsumedcUmplexechUpresSurep,

p=㏑ exp｛ .tan一
lIIm(p)/Re(p)〕 ｝          (7)

技:s勝 a江:::::署〔t爭:扭
jiy::︴

in犤
d::既牙s;::

bUaldqu狂 〔er(l),tUfUrwaIdpUⅡ φ),tUaftpUlt° ),tUan

St缸bUard“)TheresultUfcUmbiningtlleechUpleSsu㏄
㏄&
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營擲:難:蟲按旗帶:強:磥。
a=S一 l｛

lan一
lIIm(九

12)/Re(乃 12)〕

一 mn lIIm(乃 鉾)/R叭 乃銘)I｝ ,           (8)

M/here S iS the sU-called angle sensitivity factUr, 、
/hich is

攤H榭攡胕底任荂攤礹
t.a您 et㏑ tllep㏄ t一 aIld＿ smfbU狂 dplaIleiSde把 rminedflUmthe

directlUncUSine

β=S一
l｛

tan一
l〔

Im(乃 14)/Re(乃 14)〕

一mn一
ilIm(乃”)/Re(乃竻)〕｝           (9)

工扭拂!躐櫼Ⅶ燕錚
ward,andzaxiSdUwnward,

a=安 j=sinθ sinψ ,

β=｛ f=sinθ cUsψ ;

hence

θ=sin l(a2+β
2)l/2,

ψ=mn一 l(a/β
).

(lUa)

(1Ub)

(1la)

(1lb)

琛:孟技發言鸞
i堆轟撬片║

iI:走瑰崶:錶ξ絮
fe㏄nces,witll immediatecUmputationUfaandβ

髐 鋰 撬 算 麟 難 囅 資

wil1,undertheStatedcUnditiUnUfSirnilarrange,bepcrceived

asasinglescatterer,andcUmpensatiUnfUrtheapparentbeam

攡鱦║曇懺栦犧
、
vhich areSpuriUuS

Ⅱ.C°MPVTAT︳ °NALM巨 ┬HUD

In UrdertUinvestigatethe effectUfmultiple targets Un

機f轟基菁∵諱塞E歖鏍裝撒i轟:s╧ :∫扭L
to thefU11Uv河ngmUdel

A.Sp∥

一

beam transducer

FUr denniteness, thiS is aSsumed tU be the SIⅣ IRAD

ES38B transducer This iS atruncatedSquarearray ofiden一

熙
。

q:§

:右 I識 戈 ˊ tiT弦 蝨 器 智 眾 點 私
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lUU

lUU

1UU

lUU

lUU
+

lUU   7U

lUU   7U   7U

lUU  lUU   7U   7U

lUU  lUU  lUU  lUU

1UU  〕UU  lUU  lUU

whereδ is theDiracdeltaΓ unctiUn‘ andΔ TSi‵ thec。 lnStan｛

di天色renCe119TS
(2)N°ll1,allydistlibutedtarge〔 ∩tlengthS: B()thtargc︴

strengths independel〕 tlyl¢ ,∥ °
、
vthc‵alIncnorIη aldi$tribution.

F【i l Λn〕
P｜

itu(I(:wφ ig｜ u卜 t,｛ clcll╮ cnt‵ i｛ l tlK｛ (” wald、 t︷ rh(Ⅱ Id(︴⋯小山a〕 〝U｛

〔hc∫ IMRΛ 【)I‵ 3× B∥ an‵ ducc!

技i茁 :咒∵手〕∴:I:::｛:駕

=片
〔跘a℉予e驟:r常罐

l

B.Transducerang︳ esens︳ t︳Vity｜actor

Thc n()n)in之 l｜  ︳igtl re givcn hy ｛hc n╮ 之lnufac｛ tIrc9 i卜  2｜ t9卜

I↑ (〉 I thc ‵°tlIld 
、
pccd a$、 un〕 cdhcre, l】 .ll】╮Cly l47U6 1〕╮/‵‵ de-

=##iH片
∵E:惢║║::｛ :F:╮點║︴:︴∴:.片︴:(︴胖

F()l-anasSun╮ cdvaIuc()ISandgivcn〔 tlrge｛ PositiUn‵ Ⅱ╮c｛ ()u!

ha∥ -bC之 ln〕 S tlre c° nlptltcd ｛k)l︳ ()wed hy cUInptlta｛ i〈 〉n (〉｛ ∥〕c

di1.cc｛ i(” lc° sinc‵ i〕 lEq‵ (× ｝tuld(° )C()n〕 putatiol〕
。
｛θandψ

=岊
:〡║i︳」戈ihr::F=::;::︴ ::︳:∥︴#:H::I

#溿:H琺獄熙黯找ⅦfⅦ
=:=∵

念
cach〔argetPo、 iti° noveI aglido︴ p° int‵ uniiorln╮ lycUverin＿g

thcti.an$ducerbctl nncros‵ ScctiUnallUvˊ sthemeanbean〕 pa〔 -

i二 ;:::︳早∵ ║ :｜e試 :(:b︳ ↘ ::f」r║ :j選汁
半

廷

valuc〔 htlt pI.° duccsnUlη eanbeampatterl〕 cUmpenSatIUner-

ror i、 S=232 (」 sc(㎡
)thiSvaIueensuresthatthecUmpensa-

〔iUn lη cih°ddUcs n° t intlUduceabias intUthellneanback⋯

‵catteril1gcrU‵ ‵ ‵ec〔 i° i〕 °fa‵ ingIe target

C.Spat︳ a︳ distr:but︳on
′
Γhctarge｛ rangeisas‵ ulnnedtobec° nStan｛ andequaliUr

the 〔
、
vU targetS to within Une-quartcrofthc acUu‵ tic 

、
vave-

贓 且琶鴇甘｝彈啦∵捉帑構蹕
帶出鎧:玉蓆:F器珴ij昱

i驟
Fs默瑋為我

m/s,thiszUneisdcnnedbyalj“litingpUlaranglethat is toa

fairapprUxillnatiUn46° dcg

D.Targe足 Strengthd:Str︳ but:° n§

Each Uf tvˊU distributiUns is c。 nsidered thrUugh the

p1UbabilitydensityfunctiUnoftarget strengthTS

(〕 )CUnstant target st,.engthS: Tlle respective target

StrengthdistributiUnsare

尹l(TS)二 八TS)

and

r2(Ts)=只 TS+ΔTS),
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narneIy.

/(TS｝ =(?π
、
i) lpcxp〡 一(TS一 Ts)° /(2、

、
vhcrc t、 S and 

、
 del〕 o｛ c the IC‵ pcc｛ ivc n〕 eal〕

(lCVi之 l〔 iU∥

巨.巨ch。 amp︳ 社ude

The tⅥ /U-targe︴  R】
本lln iS cUmPuted accUrding 〔U rtq ｛°｝

whereσ =4π l()(Γ
R/〡 lll,flndλ isunifUIIIlIydistributed.vcrπ

rad ThⅢ i、
,

/.(X)=π
｜

w︳

、
erc()‵ X-π

∴ S:mu︳at:on° fsp∥t-beam prUcess︳ ng

Inadditi()n toc°lllputingthcsuImbcan╮ ibrusewi〔 l╮ E(I

(6)、 〔he quadImn├ bean〕 1.c卜 I)()nse‵  arc alS°  conlI)〔 Ilcd Ha∥ -

l)e出 ln‵ aI‵cc()ilnpu〔 ed,as‵ tlmiIlgS=232、 al〕dtheal()ngshi｝ )‵

andath、 vartshiP‵ anglcscUn� putcdaccordingtUEq (IU) U‵ e

oft(Ie㏄ Sulungvalues inEq.(ll)determinestheapparel∥

沒著
I瓦

r器琺
)Γ║眾i:留儒橇紫憨掙Γj:ξ:窩 :

i2atiUnofthede∫ cribedstUchaSticmUdel, then, the apParen｛

hackscatterlngcrUB$scct:° nlS

汙=｜ 乃lσ｜
挖+〞 2σ:/2exP(.X)?/”

’、

and the cUrreSPUndil〕＿g apparen〔  t〔lIget $trcngth, foI

unltS.lS

㏕u:::翠撮:菥多出去趶s稔毲璟驟貨Vti:r主t=

butiUn/(TS)isgenera比 dWhen simul缸ed。nadigitalc。 m-

putel, the values arc sUrted inc。 ntjguUusTS bins Uf、vjdth

U5dB

H.Numer:ca︳ parameters

BySilη ulation、 〔
、
vUtargetsare㏕ lUv/edtUoccupyarange

土r:謈左i::s︴i:圠::生為:I各l;气i驟良::∵:?:
dUnebysystematicandunifUrmvariatIUnUfthepUlarangIcs

驧 馬#燕攡║擁笛攡
16inC玲men站 ㎡ SiZeΔ 血 =πⅡ6ThcleⅣ esellt鬨 inL一 remen一

taIareatllus increaseS器 Sin乳 sin 色 ΔθlΔ 防 Δψ1Δ ψ2The
ph錙eXiSV.19edunifUΠ auyUⅦ rtheIan胖 FU,引 泛din19

increments Uf size ΔX=π/19 In the nrst case of cUnStant

翠 緊 濫 菁 紫 :i城 ::Υ早葀 隙 鋕 守 遨 謄

ei::c::::::罩

°
﹍〡、

an(〕  ‵｛al╮ (lt∥
′d

δ
一舫

gO=心

｛〕2)

〞 iI╮ SI

(13｝
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野驟蓋:縥tfF最｝?戕i:符Γ徒
‵
驟鼓蟲

山 d訌
theca㏄ UftheIlUm斑 妙 di就hb㎡edta吧et strengths,

thereSuItaIItdistributiUnsUfapparcnt target strengthinFig 3

舞取者#宥為生主£:甘:者魂#t甘早i:lⅣ
butiUn inΓig.3(alclUsdyIesembles山 .nt inFig 2(a),as

indeeditShUuldsinccthecaseUfcUnStantandequaltarget
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distl lbu● UnUfapparent ta㎎ et strengtlIinF㎏ 3(e),duetUtlle

盅漿智緊技
=:于

:j:t1:l::£ :i土蠽i峊扶::::U蒍眷
the UthcrS ⅣVith increasin8 dispersiUn, the chance Uf tM/U

valueS bcing dra、 vn frUΠ〕 the same diStHbuti。n being very

similariSSmall, 
、
vhilethatUfbeingquitedifFerent iSlarge,

deviatiUn  The cUIespUnding values of the underlying

::;手︴i一帶
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:註驟

〕

f毛

一

掛 山

一

:古li1恁e盟 」緣

withincreaSin8、 vidth

The SeveraI diStributiUnS and cUmputatiUnS Uf average

measures include UnIy thUse echUeS that survive the

detected-angleseIectiUncritehUn,naI9lely,that θnUtexceed
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‵C瓜tererSat similarr之 l｝1gc,henccr〢 cctcd
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CUmparingtwU38一 kHzscientincechUsUunderS

j.ⅣIichaeIjcch,KcnncthG.FUUte,DczhangChu,
andLawrenceC.Hun〕 agleJr.

Jcch、 」 M、 ⋯.°〔c、 K (j Chu,D,andHu｛ ╮〕a」 c、 L C、 ︳r 2()()∫  (:()n)Paring｛ wo〕×-k∥ z

‵cicntiiicccho‵oundcI、  一 l(:ESJUurnal ()｛  Mtll incScicncc‵ 62: l!° ×-—
l｜ 7tl

Thcl:Kj()()hasbccn｛ hc‵｛ti〔 C-U仁 ｛l〕 c-ar｛ ‵cicn〔 ificcchU〝 )undcr〡 br‵ ur\tγ ingll)aril)cli‵ l｝

Pub｜ i‵hc(jbㄚ Ijlsevic「 l一 tdonbehalfofInteImati° 八alC° unci lklr theLxploration()｛ tl〕cSca

Key、vords: ca〡 ibratiUl〕 ,echUsUunder,nShericsacoustics

Rcceivcd l4Sep〔 ennbcr2° ()4: acccpted7February2UU5

/ 人t./tr乃  ⅣU〃方εa〢 ㄏ●9乃 r,9′ ′ε9∫εitηεε Cε刀rε′〝U4Xrxr,1rFSl,466〃a紹r∫ r′θθ′, lTr,U以 ∫

腳發f::i︴｝

一

發轆雖r, 批

︳16× 一 l｛ 79(2(X)。 ｝

IntrUductiUn

Tl〕 eSIΥⅥRADEK∫ UUscicn竹 ncechUsUunder(BUdhUl〔 c,raˊ .

1989)hasdenncdtl〕 cstate一 Uf一 the-art sinccits intIUductlUn It

hasbeen in、 vUrld、videuscin thescP﹏iceUfnshcriesresearchfUr

UVer a decadc (Any use Uf trade names dUes nUt iI1lpIy

endU咚CmelltbyNUAA)HUwever,changesin themanu免aure

Uf sUlid-state eIcctrUnics, specincally in the availabili● ﹏ Uf

cUmpUnentS, rendered a number Uf eSse了 ltial cUmpUnentS

UbsU｜ eteby2UUUAttheSaIlletirne,advancesindatatechnUlUgy

M/ereSumcicnt tUcUmpelaftlndan〕 entalredesign,resultingin

thcSucceSsUrechUsUunder,theEK6U(Ander㏄n,2UUl)

CUnsistcncy in perfUmance Uf the twU systemS lS
nattlrallyamalUrcUnceln tUuse捲 ,Whether 伯rwater

Aˇ ailab〡 eon︳ ineatwxvwSC〡 en(edirect(Um

sclENcㄈ °.,lnEc了 *

cUIul91n Ur scaI9UUr l〕〕caSurcn┐ cntS, aS 〝/c∥  as tU nshcry

managcr∫ usingdata derivcd f「 Un〕 cchU︸ integratUr∫ urvcys

Ul一  nsl�  and zUUplanktUn  stUckS (MacLcnnan〝   I99U;

GundersUn, I993; FUUtc and StantUn、  2UUU) It is the gUaI

UΓ tl〕 eprescnt studytU investigate the pcrf.rn〕 ance Ufthe

twUechUsUundeIsandtUv“ i∼ Urquanti∼ di什brences

The bttsis Uf the cUmparisUn is the standard-target

methUd UfcalibratiUn (FUUte, 1983; FUUte εr a/, 1987)

using Uptimal and Uther Standard sUlid, elastic Sphere

targets (FUUte, 1982; FUUte and ⅣIacLennan, 1984) This

methUd is vYrell suited tU measuring the Uverall system

respUnsc bUth Un a1.d UΠ: the transducer axis  Specinc

:::子:::把瑋hr啟 ::::片
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sensitivity, prUduct Uf the transrllit一  and receive-beam
pattellls, and the twU一 way directivity index, alsU called

theequivalelltbeamwidth(UHck,1983),equivaleⅢ beam
ang胎 (MacLennan, 199U),andin把 gratedbeampa仗 em
(MedwinandClay,1998).

T、vUtechnicalchallengeshavebeenmetin thecUurseUf

perfUlIIling the cUmpariSUn Firstly, a ne、 v capability fUr

deteLmining the target pUsitiUn reIative tU the tranSducer

axis has been explUited This i∫  available at a special

免cility, allUwing a greater degree Uf cUntrUI than 
、
vas

previUuslypUssible PreviUusmethUds dependedUnusing

a nxed sphere＿ suspensiUn system attached nearthe trans一

ducerand cUnngured byall undenvaterdiver, v河 thangles

cUⅡrUlledbytrimm㏑ gtllevesSel(UnaandVestlleS,1986),

makinguse Ufthe split一 bean1血 nctiUnalityin mUvingthe

talget tllrUughthebeam(KieserandUna,1988),andusing

eXtendedUuthggers(ReynissUn,199U,1998).Theo刀 ∫9rV

advantages Uf these methUds are fUrfeited in retum fUr

much greater angular accuracy and precisiUn SecUndly,

cUnditiUnsfUrmakingthecUmparativemeasurementshave

beenrenderedveEγ siInilarbylnakingthellleaSurements in

tandemviathealternatetriggeringUfthet、 vUechUsUunders
frUm pingtUping DetailsaregivenbelU、v.

CUmpahsUnsbaSedUnthereSpectivemeaSurementSare
presentedanddiscussed WhiletheresultsapplystfictlytU

twUpa﹏ icular38一kHzunltsUftheEK5UUandEK6U,they
arebelievedtUbeindicativcUfthesemUdels

l/IaterialandlllethUds

AcUuStic-backscatterdatawere cUllected、 vith a SIMRAD
EK5UUscientincechUsUunderandaSIA.IRADEK6UMarkI
scientinc echUsUullder, each Uperating at 38kHz, during

6-7 Janua呼  2UU3 The experiInents were cUnducted in
ascawellUnIselinI)UckattheⅥ 怕UdsHUleUceanUgraphic
InstltutlUn(DUhelyε ra↙ ,2UU2) TheechbsUunders shared
thesalIle 38-kHz split-beam Iransducer, SIMRAD mUdel

numberES38-12,bymeansUfamuIhplexingjunctiUnbUx
(Figu㏄ l)ThebeamwidthUfthis tranSducerwasl2° as

meaSured by the manu伍 cturer between the halipUwer

pUInts

Thetransducer、 vasIIlUunted伍cingsideways Un a6-lll

velticalshansuspendedata、 vaterdepthUfapprUxilllateIy

3In The tranSduCer＿ alUngship axis waS Uricntated in the

veltical plane Ⅵ河th pUsitivc angles up and xvith the

ath、vaItship angles Uriented in the hUrizUntal plane with

pUsitive an斟 es tUthe right The shaftwas secured within

a SectiUn Ufantenna tUwer and attached tU a cUlnputer一

cUntrUlled rUtatUr The accuracy Ufthe rUtatUr Ⅵ/as better

than ± UI°  A persUnal cUmputer (PC) cUntrUlled the

rUtatiUnalparametersSuchasthebeginningandenddegree

UfrUtatiUn, rUtatiUn increnlent, speed UfrUtatiUn, andthe

number UfpingS-perrUtatiUn increment (DUhelty θ′ a′
,

2UU2) FUreachrUmtiUn inc㏄ mellt,山eEK5UUandEK6U
werealtematelytr㎏ geredin tandcIl9ataratcUftwUpings

CUηφ 勿 切 g加 招 J&民 H=∫ tε府 石 ‘ εε力U∫U翔 σθ熠 l169

persecUnd,ie UnepingpersecUnd℅ reachechUsUunder
ThetriggergeneratUrM√ as cUnnectedtUeachechUsUunder
andtUasetUfIllechanicalrelaysin thetransducerjunctiUn

bUx TherelaysⅥ√ere cUUrdinated tU synchrUnizetranSlI,it

and receive signals tU and frUm the transducer fUr each

echUsUunder The EK6UU and EK6U transΠ 〕lt data VIa

EthemctcUnnectiUns tUanUtherPCfUranalySis

UperatiUnUfbUthechUsUunderswassUn、 vare一 cUntrUlled

thrUugh selectiUn Ufparameter values UperatiUnal para-

meterSwere: l-mSpulseduratiUn,、 videreceiverbandwidth,

nUminally lU3治 Ufthe centre iequency, tillle-varied gain

(TVG)Uf4UlUglU(r)+2ar,wherer is therange,and
a= lUdB㎞ 一l,theattenuatiUncUemcient TheseUpera-

tiUnalparameters、 VerechUsenastheyareusedfUrsu︹ éys

cUnductedattheNUltheastFishehesScienceCentle(Jech

εta′ ,2UUU)
T、vUgeneral setSUfmeasurementsM/ereperfUrmed: Un＿

axis sensitivity, nUlllinally 
、
vithin 1——2° Ufthe transducer

axis, and transducer beam directiUnality  ∠牡 6U一Π1In＿

diametercUppercalibratiUn sphere(FUUte, 1982)suspended

〝λthamUnUnlament linewaSusedasthestandardtarget
ΓUrUn＿axisIlleasurements,theSpherewaspUsitiUnedUnthe

geUmetricaxisUfthetransducerbymeasufingthedepthUt一

thetransducerandaligningthespherebymeanSUfalaser

mUuntedUntherUtatUrpelpendiculartUthetransducerface

Thesphere、vas placedatarangeUfapprUxil19ately l1.5m

frUnn thetransducer,well in thefarneldUt一 thetransducer,

whichis nUminallyU5m(Gaunaurd,1985) Atthis mnge,
anUl lllal distance Uf2Ucm subtendsanarc UfabUut l°

Un-axis mcasurements  cUnSisted  Uf lUUU pings per

echUsUunder tU evaluate the SenSitivity and stability Uf

echU amplitudes and angular lUcatiUnS derived by each

lnstrument.

Thetransducerdirectivity、 vasmeasuredbyrUtatingthe
tranSducer abUut its veltical axis spanning a set Uf

athⅥ√altship angles, and raising and lUwering the sphere

UverasetUfalUngshipangles 於㎡h、vartshipangles spanned

3U° ,iUm一 15UtU+15° inU5Uincremellts(a“ sweep’
’
)

AlUngshipanJes spanned l8° , fI.UIll -9°  tU +9°  in I°

increments Une ping per echUsUunder 
、
vas cUllected at

eachangle ′╰tUtal Uf2l sweepsvxias cUmpleted Thenrst

sweepwasperfUn〕 ledatU°  alUngships Ninesweepswere
then perR】 tned at succeSSiVeIy greater pUsitive alUngship

angles The sweep at U°  
、
vas repeated, ㏑llUwed by nine

S、veeps at successively greater negative aIUngship anglcs

The nnal sweep、 vasagain perfUmedatU°  ThethreeU°

alUngship sweepsweredUnctUveriㄅ thealignmcntUfthe
sphererelativetUthetransducer

TheEK5UU(BUdhUltθraˊ ,1989;Demerθ′a↙ ,1999)
and EK6U (Andelsen, 2UUl; SIMRAD, 2UUl) have
coηΠn1Un,individuaItarget-detection parameterSanddetect

individualtargetsbasedUntheamplitudeand、 〃idthUfthe

echU InUneexperilllent invUIving lUUUensUnincatiUnsUΓ

the same target near Ur Un the transducer axis by each

echUsUunder, the number Ufsingle一 target detcctiUns 
、
vas

932 wit(l the EK5UU and 22U with the EK6U 小́Iark I

72



︳17()

Sca、Ve∥

.ˊ  ll r ,/(,(∴
ll ct aI

I)latl(.rr〕〕(〕 radua｛ cdrulcΥ

臨瑰牲1眉工
｜

Antennat° xxler

Centlalshaft

6sta㏕
aldm噁Ⅸ

一.廷。℉
｛t。 n】 weigh｛

Transduo訂

o tral1sduccr

iunai° nbUx

C()lln｛ crwcigh｛
一

Fturc I  schen� aticd心 gral｝｝s()t｛ l╮ cexpcrilπ╮cntalSet-up in theseawellandtheEK5UUandEK6UcUnnguratiUn ThetransducershaFl、
va、

approxiIllatc｜ y r,n� lUngand thc l〕 ()rizonta｜ lㄚ -Urientatedtransducer、 Ⅳas placcd approxillnately3inbelo、vthe 
、
vatcrSurlace Thebo｛｛o6η

〝/cigh〔  〝′a‵ ︳Uca〔 cd al╮ pr.xiIn╮ atc｜ y 2Um belU、 vthe 
、
vaterSurface

進 :鼠::╮ ::::Γ th:╮韋1片ca∵

I::::::::f:a片
茁 �灊 f莒

vˊ itl〕  thUsc dctel′ l╮〕il〕 ed by tl╮ c cxpcrin〕 ental geUnnctPˊ , aS

〝/e∥ asbct、Ⅳecn cchUSUundcrs

Both thc EK∫UU and l:chUview ∫U什warcs a“ ume

午卍
〕
t楮1詩:〝︴ξ:;a裝:i° 萬Il:℉ 岊Ξ叩諱

lUgar∴ hlllicdUlllainas

B〈咷山㏎ =lmO3〡 (告等考)2+(告繁吊)E

一al名 (緋)2(畿 )︳
: ‥)

whereaiSthealUngshipangle,β is thcathwalishipanglc、

機:::u工 ,告馯咒︴
a舞

:a:r::t:tq段Ll羳 ):ξ程:

挹c絆∵單ξa就尤
t驟

s器翠獄t騩
「

1息

1見

fUl lllUfthepUlynUl91ial is:

叮I:::焦 ::::::::甘 e:詈驟 d咢::f昱︳fi∥升I:::

:::;:莣i:i:;︳t紅 :ㄎ㎡;:;省Uf♀群戈b趶裝吼n℉

您::::╮㎡:g獄↓i∴ilh:城 i怒r黑在f:::::惠
∞
荋出玨:瑟』t:驟:a“sw犯 ╢拙山

f山
-

:H弋眾常誌1片弘i甲｝嘰詳還Γ:眾
㏑
:l

re托 rencc、 tl〕cEK5UUhas64phascStcpsandtl╮ eEKl,Ul〕 as

惢t::｜::↘F踫l:ct惢 sc:::一::tr茁特
、

i眾

〕
早〡〕:甲茫

bcalη transducer accUrding tU elcctrical-phasc di天 �rcnccs

betweenhaI仁beam signals Hal仁 bcaI9l signalsareR)l19〕 cd

tUaSthe(‘ uncUillpellsatedtargetStrength” ,v/hilethctarget

strength is analUgUusly called the 
“cUmpensated echU

StrCngth”

Transducerbean〕 patten〕 S、VercdeterllninedbyII9easure-

mcnt in cach Uft、vU、vays: nrst the useUfthe Split-beam一

deteΓmined anglcs, and sccUnd, aS detcrmined by thc

extemal, Sea-〝/ell inSt日工mentatiUn. C°ⅡespUnding beam

m
 
m

路
 “

k
c

hematic

73



B(a:β)=G+cUa+cI↙ +c2β +c3「 (2)

、
vhere 〔｝ is the UveraⅡ  echU＿ strength cUrl1penSatiUn value,

and cU, cb c2, and C3 are the empirically dete」
「
丘ned

cUe£丘cients.

Givcn thepUtential fUrdiscrepancieSbehveen the split-

beam-deteE仔uned angles and the angles bascd Un the

experililel9tal geUmet︹ 己 the Split＿ beam＿deternlined angles

cUuldbeadluStedapU∫ rεroUr′ 伯ran㎡七etThe㎡兔etwas
cUmputed using the slUpes and interceptS flUm Iinear

regressiUns Ul一  the Split-bealIl＿ detemined and geUmet呼 -

basedangleSinbUththealUngshipandathwaltshipdirectiUns

An empihcaIly deHved transducer diectivity (B) was

cUmputed小 ㏑gtheanJcsa由啪tedfUr tlleUn、 臥 alldtllen

cUmpared with the small-angle＿ apprUxirnatiUn cUmpensa-

tlUn

TU measure cUnSiStency betWeen the experilnental-

geUmet呼⋯based and spIit-beam-deterIllined directivity, an

index、vasdenned This,x.asthemean,absUlutedifrerence

pereachl° Ufraxis inte︹ /al ′╰sirnilar index、 vascUmputed
tU deterlIline the cUnsiStency between tlle experirnental-

geUmet〃七錙edanda由 u虫edtransducerdirectivΠ ieS.The

absUlute valueS Uf the difrerences 
、
vere cUlnputed tU

deteIlllinethemagnitudesUfthediscrepancies

TheequⅣalentbeamangleψ Ur its lUg缸 ithmicfUΠn
Ψ=lUlUg｜θ(ψ )canbecalculatedf1.Um tllemeasured免 r＿

field transΠ lit︷  and receive-beanl patterns, bT and bR,

rcspectively(Uhck,1983),byintegratingtheir prUductUver

thehalfspaceinfrUntUfthetransducer:

Thebeal,lpatternsareevaluatedherein thenelddirectiUn

(Θ , Φ), which can be expressed in terllls UfreCtangular

cUUrdinafes FUrthefieldpUint r=(x,y,z),whelethe

magnitudeUfr is therange,theunitvectUr父 iscUincident

wlththeaIUngshipaxis9withtheathwa此 Shipaxis,and之
〝八th the transducer axis. In these cUUrdinates, the pUlar

angleΘ =alccUs(z/r)and釳 imuthΦ =arctan(y/x)When
nleaSured bythe split-beam n〦 nctiUn Ufthe echUsUunder,

hUwever, thebeam pattems are eXpreSSed in teΠ mS Ufthe

alUngshipanglea=arctan(x尨)andtheathwaItshipangle
β=a㏄ tan(y仡 )  The  trans拍 mahUn  between  the
sphehcal angles (Θ , Φ) and split-beam angleS (a, β) is
(FUUte, 1986):

Φ=忸�(援告吾):
θ=tan｛ ︶

/tan?a十
tan2β                 (4)

v/hichenablesthesplit＿beamanglestUbecUnveltedtUthe
sphericalanglesusedinEquatiUn3

lU4U一 12I6  Beampattern  FIood(+4tU十 6)

I22U一 124U  Un一 axis      Ebb(+U)
164U一 I6UU  Unmxis      Ebb(+2)
164U一 165U  Un﹏ axis      Ebb(+3)

ΦddΘ
nΦΘbΦΘb

「

＿

＿

J
=

ψ

a’’叮’ω′加g1●lo3&時H二 ∫tθ刀r石εεε乃U∫Uvπde不 l171

ResultsanddiscussiUn

Tidal stageSiUrthemeasurementSaregiven inTablel The

cUpper-sphere, beam-pattern measurementS were dUne

durlngIl9Id-nUUdtlde,andtheUn＿ axls llleasurementS、〃ere

dUnenear slack tide TheUn＿ axis sensitivitymeasurenlents

using the tungsten＿ carbide and alunlinium-allUy spheres

vˊere cUnducted apprUxiln9ateIy lllid＿ ebb tide A veΠ ical

CUnduaivity一 Tempemtule一Depth (CTD) prUnIe cUn＿
ducted priUr tU each trial indicated that the seaM/atcr at

theseawellwaswell mixedThcCTDwasthen placedat
the depth Uf the transducer tU cUllect tiIlle-serieS Uf

temperature and salinity Uver the duratiUn Ufeach trial

The average temperature, salinity, and sUund spced were

288± UU2° C, 31.6U± U25 PSU, and l45761±
U.37ms一

｜
,respectively

Un-axisangularmeasurelllentS

Based Un the b.eUmetry Ufthe transducer mUunting, the

6U-llllll-diametercUppercalibratiUn spherewasalignedUn

thegeUmetfic aXis Ul一 the transducer Ubse︵ /atiUnS Ufthe

alUngship (vertical) and athwaltship (hUhzUntal) split-

bearll-dcterIllinedanguIarlUcatiUnsUfthis targetshU、vthat

it、vasclUselyalignedv河 ththealUngshipaxisbutnUt、 vith

the athwaΠ ship axis (Figure 2) Mean alUngship angles

were -UU8°  fUrthe EK5UU and -Ul4° 伈r the EK6U
(Table2),withatUtalvariatiUnUfabUut ± U5° fUrbUth

echUsUunderS ThemeanathWalishipangleswere-U62°

㏑rtheEK∫UUand-U.71° 免r theEK6U,withatUtal
variatiUnUfabUut ± 15° fUrbUth echUsUunderS FUrthe

EK＿h￣ UU, the mean alUngship angle was Ⅵ/ell 
、
vithin the

angularresUlutiUnUfU225° , xlrhereasthemean alUngship
angle fUrthe EK6U 

、
vas slightIy greater than the angular

resUlutiUnUfUl125U (SIMRAI),2UU1) ThediferenceUl一

abUutU7° bet、veenthen〕 eanEK5UUandEK6Uathwaltship
angleSandtheaxis isgreaterthantheangularresUlutiUnsUf

bUth echUsUunders, and is lndicatlve Ufan Un比 et ln the

Table l  Sphere type, tinne, experi】 n,ental trial, and tidal stage

These measurementS 
、
vere cUndtlcted Un 7 January 2UU3 Sphere

typeS a比 : ‘Umm一dlameter cUpper (CU6U), 6Ummdiameter
aluminiun〕 alloy(AL6U),aI〕 d38I-rnII(一 diaInetertungstencaΓ bide

with 6% cUbaltbinder(WC38 1) Values in parentheses indicate

the number UfhUurs aier the stalt ol一 ΠUod Ur ebb tide that the

measurelnentS were taken The tides at Iselin DUck are sen〕 i-

diumal, butrectiΠ ed atthesea、Ⅳell, withsigni五 cantcuΠ ent only

duringtheΠ ood

Sphe佗   Time(EST) Thal 丁idestage

CU6U
CU6U
WC38I
AL6U
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betweentheEK5UUandEK6U(FigureS｝ Agcncra〡 pattcr!�

Uf cUhercnce dUes nUt appear tU exist in target-strcngtl╮

measurementsbet、veenthet、vUechUsUundcrsUverthc lUU

pings ThcEK5UUtarget strengthsarernUreUrlcsScUnStant,

withajitterUfabUutU3dBTheEK6Utarget∫ t㏄n封hsshUw

abasicdccrease,withmuchIarger jitterUΓ ak)u｛ ldB

Ubsc︹ átiUnSUfsp｜ it-beamtarget strcngtl� Uverthe IUUU-

pingtrial(Figurc6)什 UmbUthcchUsUundcrSShUwedbUth

∫hUli-tel lln variabi｜ ity and lUnger-tcrn〕  trendS Υhe ShUrt-

tel9Invah豻 iUnS,Ur jitteI,spannedabUutU5dBfUrthe

EK5UU and l dB fUrthe EK6U, nUt incUnsistent with the

UbservatiUnsUverthcIUU-pinginteⅣ al ThctUtalvariatiUns

in target strengthUverthe measurements、 vereabUut l dB

fUrtheEK5UUand l 5dBfUrtheEK6U
MeanSUfsplit-beamtargetStrengthSwere-336dB伈 r

bUth EK5UU andEK6U, which were ncarly equivalent ㏑r

meanS de∴ ved iUm a Gaussian nt tU the nlcasurcn〕 cntS

(hght pancls, Figurc 6) Gaussian nts tU thc EK∫ UU and

E｝(6U targct一 strcngth di stributiUl〕  rcSultcd il〕  a standard

dcviatiUnUΓ U2dB偽 r tl╮cEK5UUandU3dBfUrthcEK6U
data(TabIc2) BUthsplit一 beamtarget-strengthdistributiUns

wcrc unimUdal HUwevcr, EK5UU di stributiUn wasnar

rU、vcr, 
、
Vith abUut l 5dB UftUtal variability and greater

than7U(%Ufthetarget strcngthswithin ±U2dBUfthe
!llean,whereaStl〕 cEK6Udistl ibutionwas skewedtUwards

targct strcngthS grcaterthanthe mean, had apprUxilllatcly

3-dB tUtal variability, and Unly 55UU Ufthc valucs v/ere

within士 U2dBUftllemcan
As 

、
vith the cUppcr spherc, EK5UU split一 bcam targct

strengthS、 verelessvariablethantheEK6USplit-beam-derived

targets仔 engtlls 免r thealuminium毛 llUySph㏄e(Flgu犯 3)and

tungsten-carbide sphere (Γ igure 4), andthetarget-strength

distributiUnshadsirnilarSke、 vness Split-beamtarget strenghs

fIUln theEK5UUvariedabUut ldBfUrthcalulninium-alIUy

sphercand1一 15dBfUrthetungsten-carbidesphere Target

strcngthsfrUlIltheEK石UvariedbyapprUxirnatelyl5dBfUr
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the aluminium＿ allUy sphere and mUre than 2dB fUr the   perilllentally knU、 vn angles fUr each Ufthe echUsUunderS

tungSten£ arbidesphere                       (Γ igure7).SlUpesUfthelinearregresSiUnswerenearlfUr

thealUngShipangles(lU6免 rtheEK5UUand1.U8fUrthe
BeaⅡ1-pattemmeasurelllentS EK6U)andathwartshipan區 es(lU2拍 rtheEK5UUand1U2
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Un-axis measureI99entsUΓ a6U＿mm一dial9netercoppcr$phcrefrom

瑑1在叩古:吾 F咭鬈呈
「
驟£:#蒐f智生:葀 眾#昱 ︳甘:

pehUdisabUutlUUs This time-seheswasextracted什 Umthc几 ll

tim← seriesgiven inFigure6(pings6UU一 6UU)

measurements,alUngship interceptswerewithinUrncarthc

angular resUlutiUn  Uf each cchUsUunder  Ath〝 /altship

intercepts fUr athwaltship angleS were -U81,°  伯r 山e

EK5UUand一 U87°  fUrtheEK6U CUnsistentwithUn-axis
meaSurements,themagnitudeUftheintercepts indicatesan

athwaltship-angleUⅡ 並t

Beam＿ pattern measuremeIlts 
、
vere cUnducted tU assess

the transducer directivity relative tU that based Un thc

experilllentalgeUmet〞 andtheSIMRAD＿denneddirectiv＿

ity  Transducer directivity was calculated using the

SIMRADbeamp放 temdennedlllEquaⅡ Un(l)andtlle
alUngshipandathwa土 ｛ShipanglesbasedUnthegeUmetrical

./c,c方  ctal

T紅blC3 Bean〕 wid｛ hs(degree‵ )oΓ ｛hc

be鈕mpa〔 terns G(dccibe｜ s)isdehved

EK5UUandEK向 Uobserv

什UmEquation(2)
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G(dB)
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I全

一
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rclatiUnshipUΓ thctransduccrandr,1l一 Π〕lIn-diamctcr,coppc

ca｜ ibratiUn sphcre, Sin〕 ilarly、  thc transdtlcer dircctivitic

bascdUncchUstrenε tl〕sandspli｛ -bcaIjI-dctcr:lnincdangula

lUcations Ul￣ targct detectiUns 
、
vere ca︳ cu〡atcd Di天trence

bet、vcenthedircctivities、 verecU:9lputed bysubtractingth〡

Sp︳ it-bcam一dcten〕 〕ined target Strengths flUl9l thc targe

StrengthsbasedUn cxperiIllentaI gcUmct呼 ateach angula

lUcatiUn:Δ TS=TS一 TSsB

rngeneral,pUSitivcdiIrerences betweengeUmctry-base(

and split＿ beall1 detellnined target strengths UccuIΥ cd a
negative ath、vartship angIes, while negative di式 trence〔

UccuπedatpUsitivcathwa丘 Shipanglcs(Figure8)

Beam-patterⅥ cUmpahSUns

ThepUlynUIjlialcUn放 ant(G)inEquatiUn(2)is theUn＿ axis:

echU-strength cUmpcnsatiUln value assullling U°  alUngship

andU°  ath、vartshipanglcs Gscts theUvcrallcUmpensatiUn

leveI 杺rechU-strengthlⅥeasurementS f)ifrerencesbetv/een

G and the calibrated Un-axis sensitivity may a何 ect the

accuracy  Uf split-beam-cUmpensated  target  strengths

ThevalueUfG免 rtheEK5UUwaswithinUU5dBUfthe
tlleU㏄ hc早 l t釘getSt㏄ nghUfthe6U＿mm＿ diametercUpper
calibratiUn sphere(-33.6dB｝  HUwevc∴ GfUrtheEK6U

、
vas UI dBgreaterthanthethcUrctica︳  value.

Thesplit＿ beam︸detcrmincdangleswerea由 ustedwithtl,e

SlUpeandinterceptsderivedfrUmthc︳ inearregressiUnsUfthe

experimcntal＿ geUmct” -baScd and split＿ bean〕 -determined

alUngship and athwartship ang︳ es (Table 3) The mean
Uf the absUlute dinbrences bct、veell the geUmet印 -based,

spI丘七cal19-daelnlined,anda由 ustedbeamp.attemswas
cUnlputed.Figure9displaysthemeanUfthemagnitudesUf
thedifrerencesbetweenthegeUmetIγ -basedandsplit＿ beam＿

deteIIllincdbeampatternsandbet、 veenthegeUnlet印-based

anda由 ustedbeampattems㏑ r tlleEK5UUandEK6U,
rcSpectively ThelIleandifrerence、 vascUmputedfUreachI°

inte︹ ál

Thcl,leanUftheabsUlutedf跆 rcncesbetweengeUme行 y＿

based and split＿ beam-determined, v八 th Ur withUut Un比 et

adJustmellt, increased with angl1l針  山就anCe Ufraxls
(Figure 9) The mean Uf the absUlute d【 托rences was
greater fUr the gcUn〕 et,-baSed vs split＿ beam-detel lllined

beampattel)9s tllan 免rthegeUmet,＿basedvs a由 tlsted

beal9l patterns The intercept Uf the gcUmet呼-based vs

split＿ beam detelllninedbeam patternS is a cUnsequence Uf

the athM/altshipangularUΠ比et The diΠ brencebe仇 Veenthe
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