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IntrUductiUn

FUr sUllle yeafS tllere has been discusslUn Un the uSe

Ufcylindrical transducers Un a SUnde fUr the 9刀  ∫↙rir

meaSurement UfZUUplanktUn Ur Uther scatterers �0n

alternativeiSthatUfcircular pistUn tranSducers,aSuSed,

fUf example, in HUlliday’ s renU〝/ned multiiequency

acUust比 prUnlingsystem(MAPS)(HUllidayε rar,1989)

HeretheUrdinaryactiveSUnarequatiUn isexcrciSedin

an ambient-nUise-linlited envirUnnlent tU cUmpare the

perfUrmance Uf cylindrical and circular pistUn trans一

ducers An 丘npUrtant analysis principle is that the

acUusticallyactiveare扶 SUfCUfrespUndingtransducefsat

thesamefrequencybeequal
AnUtheranaiysis principleisuseUfthed丘 nenSiUnSUf

cylindrical transducers as fabricated, fUr which the

manufacturer’ S beam pattern measurements are avail-

able,aswellasuseUfnUΠ InalpUwerlevelsattachedUr

assignedtUthetransducers This remUvessUmeUfthe
abstractness Uf the a f9r′ Uri argument cUnlpared tU

thepartIya＿ rUrtㄌriafgumentadvancedhere ThiSis

lU54-3139/95/UlUU67+U9$U8UU/U

additiUnallyvaluableFUrresUlvingsUmewhatatechnical

mattercUncernedwiththeacUusticbUundarycUnditiUn

Un the cylindrical transducer, 
、
vhich iS generally

unknUwnandd㎡jcult tUknUw,but isclearlydifrerent

frUn〕 thatwhichusuallyapplies Untheplanarcircular
pistUn transducef

TransducergeUmetrieSanddhnensiUns
TheidealizedfUrIllUfthecylindrical transduceriSaright

cifcularcylinderUΓ length′ andUuterdlIllensiUn2a The

acUusticallyactiveareais thus2冗 aJ

The circular pistUn tranSducer is assullled tU be a

穿裝驟:紅

s:孺
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s器造︴::ll
drical transducer,F.s2=29Ta子 Urs=(2a′ ):.

Six cylindrical transducers 
、
vere fabricated by Inter-

natiUnal Tfansducer CUrpUratiUn, Santa Barbara,
CalifUrnia, nU later than l988, with I「 ΓC MUdel nU.

8151,SerialnU UUl BecauseUftheir plannedsequential

alignment,Ur stacking,UnacUllllllUnaxisfUruseUna

。
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Tablel TransducerdilIlensionsandnUnlinaleIectrjcaIpowerlevels
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Γrequencles
(kH2) Length(mm) Diameter(llllTl) AIea(mm2)

Power
(〝●

0
0
o
0
0
0ω

的

加

巧

∫

2

A
B
C
D
E
F

27 38
7U. 88

lU7、 12U＿ 15U

2UU 25U
375

71U

2U45
888
58U
336
253
l15

348
242
132
343
265
I4U

2235〕

676I

24UU

3619
2U28
5U6

843
464
276
339
254
I27

sUnde, the transducers were referred tU as 
“
sectiUnS”

by the manufacturer :Γ hc transducer assUciated 
、
vith

Sec伍 Un 公L 
、
vas intended tU be driven at each Uft、 vU

frequencies,27and38kHz ScctiUnBwas intendedtU
bedrivenat7Uand88kHz,CatlU7,12U,andI5UkHz,
Dat2UUand25UkHz,Eat375kHz,andFat71UkHz

ⅣIax虹numUveralld虹nensiUnsUfthesixtranSducers,
asreadUfITCen酊neehngdrawingnU Ul711U,dated
15AprⅡ 1988,arepresentedinTablel CUmputedradI

Uf cUrrespUnding equal＿area circular pistUns are alsU

shU、vn, aSafenUllllnalelectricalpUwerlevelsaSsigned

tU the cylindrical transducers and assumed fUr the

cUrrespUndingcircular pistUn transducers tUU

BeaΠ1patterns

Thebeanl pattern iSdefinedin termSUfthetransInIltjng

UrreceivingamplitudeUfthetransducer FUraplanar
tranSducer,theamplltudein thefar且eld、vhen transn上 t-

tingis idenjcalwiththatduetUreceiVingfrUnlasUurce
in thefarfleld,namely:

f=A￣ 1fexpak rlds,                (l)
A

、
vhere′Lis theacUusticallyactiveareaUfthetransducef,

k is the、vavevectUr, andriSthepUsitiUnvectUrUΓ the

areaelementdSUnthetransducersurface Theintegra-
tiUn is perfUrllledUVertheentifetransducersurface

ThesameexpressiUncUuldalsUapplyin theidealized
case Ufan acUusticallytranspafent trallsducerUfarbi-

traryshape,UrUneinWhichtheneldatanydi“ erential

surfaceelementdSisessentiallyunan℃ ctedbythepres-
enceUfUtherelelnents ThiscasecannUtberealizedin
genefal, fUr illasllluch astheelement dUes reSpUndtU

sUund,italsUchange∫ thesUundfleld,henceaΠ℃cts the

且eldatUtherelements

Cylindrical tranSducer

In thepresent caSe Ufacylindrical transducef, acUn-

ditiUnUfacUustiCUpacityiscUnsideredrealistic AccUrd-

ingly, sUund iS radiated Uutvˊ ardS Ur feceived flUm

theexteriUr,、vithUut inter且alradiatiUnUr tranSⅡ IssiUn.

This bUundary cUnditiUn is represented by an indi-

vidualelementdirectivityfllnctiUntUbeintrUducedin

EquatiUn(l)

It iscUnvenient tUreferbUthkandr inEquatiUn(1)

tU the same rectangular cU-Urd㏑ate system FUr a
cyhnderUfcUnstant radiusaandle且 gth了 ,thepUsitiUIlUf
a sufface element may be described in cyIindrical
cU-Urdinatesbytheradiusa,az丘 nuthφ relajvetUthe
dircctiUn Uf evaluajUn, and height z relative tU the

hUrizUntal plaIlebisecjIlgthecyhllder,heIlceI=(acUsφ
,

asinφ ,z) ThedifectiUnUfevaluatiUll乃 is repreSented

by the pUlar angle Θ relative tU the transducer axis

andaz丘Ⅱuthφ =U,hence是 =(sinΘ,U,cUsθ),andk.r=
k(asinΘ cUsφ +zcUSΘ) Thesurfaceelelnenthasarea
dS=adφ dz.

In this samecU⋯ Urdinate systenl, the individual ele-

ment directlvity functiUn at r is represented by the

functiUncUsφ,whereφ is in thehUrizUntal plane, fUr

一 冗 /2<φ <冗 /2, and U fUr ｜φ ︳≧ 冗 /2. Thk is intrU-

duced intU EquajUn (1) as a multiplicatlve factUr
attachedtUthesurfaceelementdS EquatiUn(l)is thus
general1zed:

f=A一 !f  Iexpak.rlcUsφ adφ dz,

一 〃?  一 π/2

、
vhereAis nUvv,theefrective,acUuSticallyactiveareaUf

thetransducer,namely:

,t/2

f cUsφ adφ dz=2a/.

一 π/2

InUrdertUperfUrlll theintegrauUn inEquatiUn(2),it

isuseftll tUnUtetherespectivedeflnitiUnsUfAnger’ sand
WebeI〝 fllnaiUns(Ab1.amUwitz,196刃 :

Jv(z)=π
一〕

∫cUs(Uu一 zsinu)du,
U

挖
╭〡
.
挖

=A

。

t

(4a)

(4b)〡血 “u
U

匚U(z)=π
一l 一zsinu)du

84



(﹁r9919/,ar小 U〃 o/J,六 Ú〃 ŕa刀‘$〃V6θ∴∫ 69

TheresuItUfthe il〕 tegratiUn is thus:

π
。iIJl(kasinU)一 iE｛ 俅asinθ

)〕
(S)f=

k/

——CUSU
)

Thiscanbe㏄ duced比 rther、 FUrthemnctiUnJ〡 (6｝ is just

the Urdinary Bcssel I↘ nctiUn Uf Urdcr ︳, Jl(:)∴tnd

巨l(ζ )=2/π 一Hl(ζ ),wl】ercHl(ζ )is｛ heStrt︳ veλlnctiUn

UΓ Urder ︳
EquatiUn (5) is quiteil,terestingil〕 tl1c preSel〕 t cUl〕 ′

text InthelUng-wavelengthliI】 〕it、 “π/2)=l Atsh()rte了

UΓ  Flnite wavelengths, fl冗 /2)<I This can be under＿

stUUdin terljn sUfFrcsnclzUncs(Ncubauer: I963: BUrn

and 
、
VUl∴  I97U): becausc of tI〕 e curvature oΓ  tl〕 c

transduceI surIuce、  thenun〕berUΓ zUnesiIncreases〝 ′ith

decreasil〕 g  
、
vavelengthh  Ur  increasing  fiequency

BecauseUΓ thedcstructiVeclrect UΓ an il〕 cre之 l∫ingnun〕 -

berUfzUneS,thesensitivityofthetr.LnsduCcrdecreases

with increasing fi.equency This lUss UΓ  sensitivity is

measured by “π/2) It is cUnnected With the SU-called

dj仟ractiUn cUnStant (Henriquez. 1964: BUbber, 】969
MilUsi6、 I993)

ln cUnlputil】 g the bearn pattern UΓ  the acUu∫ tically

Upaque cylinder、  therefUre, the lack UΓ nUrnlaliZatiUIl

in Γ is tU be remembered  The beaIl1 pattern iS

cUnSequcntly:

b=
J:俅a由 n的 十巨:俅a血nΘ )

k′

——CUSΘ
2

J:俅斟十E:俅 a)

AnUther candidate bUundary cUnditiUn, nUt cUn-

sideredhere.iSthatUftherigidbut innnitecylinder、 as

describedbyV生Urse(1948) NUtwithstandingdeschptiUn

UfradiatiUn by an arbitrary azin〕 uthal distributiUn Uf

the nU1二 1laI cUmpUnent Uf Surface velUcity, it is nUt

clearhUwthiscanbeapplied tUtheprUblemUftrans-
n〕issiUn and receptiUn by a cylindrical transducer Uf

且nitelength

ThecUmplicatednatufeUfthebUundarycUnditiUniS
ⅡlustlatedbyHU(199Φ 伈rthecaseUfanelastic
cyllndrical shell  The distributiUn Uf tUtal surface

preSsure in azlllluth is clearIy nUn-unifUrlll fUr the

chUscn 
、
vavenumber-radiuS prUduct ka=3U5 Funda-

mentalphysicalreasUnsfUrthecUmplexityUfthis sur-

face distributiUn, hence bUundary cUnditiUn tUU, are

elabUratedbyHU(1993)

Circular pistUn tranSducer

FUrtheplanarcircular pistUn transducerUfradius sin

an innniteperfeabame,the伍 rneldbeampattern isjust:

b= (「π)

andUUtherwise HereΘ is thepUlarangledescribil】 gthe

neld directiUn reIative tU the acUUStic axis, which is

cUincidentwiththephysicalaxis

Beampattern paral9leters

SeveraI quantitics are u‵ eIu︳  it)r describing thc bean〕

ptlttcrns ()｛
、
cylindricaI trtlnsducer$ In t︳〕c lUngitudil╮ al

p｝ 〔lnc、  il】 cludil1g the transducer axis‵  thesc tt rc the (l｝

h之 lIit林′idthΔ ((Uf、 then〕 ail〕 Iobe、 l〕〕caSuredfrUn〕 thctlxis

tU thc 〔lngIe at 
、
vhich lU lUg b二 二- 3dI∴

 (2｝  al〕 gle Ul

be｛〝/eencylinder tlxisand flrst sidelobe、  Ur it∫ cUn〕 pIe＿

n〕 el〕 tπ /2一 l1l;and(3)bean〕 p〔ItterInIeve︳ at tl〕 e之 lng｜ c((⋯

BI=IUlUgb(((I) InthetransverSeplane、 perpendicular

tU tl╮ e transduceΓ  aXiS. a use山〕︳ qual〕 tity is thc tUtal

variatiUn in the beal19 p之 lttCrn Ⅵ八th respect to the

azimuthalan封 e)ΔB=lUlUg ︴Maxbφ (冗 /2)｜ 一 lUlUg

｛Minbφ (冗 /2)｝

FUr the cylindrical tranSducefs fabricated by the

InternatiUnal Transducer CUrpUratiUn. the beam pat-

ternS 〝/ere n】eaSured by the nlanufacturer in AuguSt

1988 Uver 36U degrees in bUth the lUngitudinal and

tranSverseplanes By symmetry, each Ufthenrst three

enuIlneratedquantities isdeterIllinedbyfUurvalueS The

fUurbean】 pattern paran〕 etersarepreSentedinTab｝ e2
Included、viththevaluesderived行 Umthebearll pattern

plUtSarethecUrreSpUndingresultsUftheUreticalcUrll-

putatiUn based Un tlle measured, maxiIllulll UVerall

cylindrical transducerdirnensiUnsgiven inTable l In

fact,eachUftransducersectiUnSA,B,andC,cUvering
the frequency range 27一 15UkHz, is a stacked array

UfidenticaI cylindrical elements. The Spacing between

atllacentelementSiSSmalIandiscUn㏄ quent” neJeaed
InthecUn〕putatiUns,theSUundspeedisassumedtUbe
14818IlllS° ⅥaCken左e11981),astheITCmeaSure︳ nentS

weren〕 adeinafreShwatertankat2U° C,atdepth I ＿h￣ m
By Synlmetry, the theUretical value fUr ΔB in the

tranSverSeplaneiszerU.henceis llUtshUwn

SUnar lnUdel

TwUperfUrn〕ancemeasureSarechUSenfUrcUmparisUll
Uftheequal一 areacylindrical and circular piStUn trans-

ducerS These are the maxirllum detectiUn ranges fUr

singletargetsandmultipletargetSdiStributedthrUugh-

UutthesamplingvUlume ThelllaxhnuΠ 1detectiUnrange

iscUmputedbymeansUftheactivesUnarequatiUnvλ th

ambient-nUise-l虹 nited cUnditiUns, aSSullllng a cUnStant

detectiUnthreshUldUf2UdB Detailsaregivenhere

SUurcelevel

TheusualequatiUn勺 rsUurcelevel(ClayandⅣ Iedwin,

1977)requiresgeneralizajUntUnUn-planar transducers

幋 ｜
.耐祀

n
UO

v
一

)
一

n
。

o

U
一

2
n

′。
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Table 2 Beam pattern parameterS UfSix cylindrical tfansducers at ll iequencies The nlcaSured
halibeamv6idthΔ θandangle冗 /2一 Θl。fnrst side1UberelativetUthebrUadsideplaneareeachaverages

主 器 驨 葚 驧 蜜 瓔 騰 Ⅶ 蠽 i甘 鑼 撫 職 塞 卜

ΔΘ(deg) 冗/2一 Θ1(deg) B!(dB)
ΔB

Frequency
(kHz) Meas  CUmp NIeas CUmp Measuredrange  Comp   (dB)l19eas

7
8
0
8
7
o
0
0
0
5
o

2
3
7
8
∞

挖
5
∞

巧

田

”

66
48
(6;.9

58
46
5U
41
65
54
58
53

68
4.8

6.l

4.8

61
54
4.3

5.5

4.5

3.9

4.5

226
lS8
2U.U

15.8

2UU
178
142
18.2

148
129
149

一132
-131
一129
一128
一 13U
一 13U
-13U
一 142
-122
-136
-141

1(9

2U
65
4.5

77
68
6.3

5.U

7U
73
13U

22

16

22

18

21

16

13

24
23

2U

一152,-1l＿hl

-137.一 lU到
一157,一 I3U〕

-168,一 13到
-197,一 14U〕

-15.5,一 lU到
一18.2,-17U〕

I-82,-54〕
-27U,-15UI
一174,一 14到

ΓUr、vhichthereisgenerallyalUss iIl sensitivityUIl the

acUustlc axiS This affects, nrst, the target echU leVel

thrUughtheincident signallevel,ie traIlsⅡ 止ssiUn prU-

ceSS; and, SecUnd,bUthtargetechUlevelandanlbient-
nUiselevelthrUughthereceptiUn prUcesS,but inequal

妓驟依樧︴≒垚驟 緊v裴
j土

c::=;龍
找

in theexpreSsiUnfUrsUurcelevelSL,hence:

SL=1UlUgP十 DIT一 CL+17U8,            (8)

、
vhcrePis thetrallsⅡIttedacUustlcpUWer inwatts,and

DIΥ is thetranslⅡ ittingdirectivityindex TheacUustic

pUweriSrelatedtUthenUΠ inalelectricalpUwerPelby

thebasicexpressiUn:

P=ηPd,

、
vhere η is the cUnversiUn emciency Uf the trans＿
ducer,assumedtUbeU6fUrthepafticular transducerS
The translllitting directivity index is denned by the

expresslUn:

DIT=1UlUgπ一
〔Γ

wheretheintegfatiUnUf
perfUrmedUveral14冗 Sr.

(1U)

tranSducerSareequal,theacUusticpUweriScUmmUntU
bUth.It isUbservedthatCL=UfUrthecircular pistUn
tranSducer

Tran“niS血UnlUss

FUr Une-way prUpagatiUll Uver the range r, this is

TL=2UlUgr+ar:whereais theabsUrpjUncUe任 tient,

嵹 缸

=  ::::;糨

:虆 彈

absUrptiUn cUemcient, the temperature, Salinity, and

depthtakethe samevalues as incUmputatiUn Ufthe
sUurceleVel,reSpecthely『 C,35,andUln,hencewith
sUundspeed 147U.61ll/s, alldtheplIisassumedtUbe

°

琺言c免 :士:U瞧 古:l:子

r訊
裟拶 嗯

g芒

士

e::v留
:發 出

SUtllCeleVelSLll1declbdsleIuPa狂 1m,fUrcUlre旴 Undlng

cylindricalandequal-areabamedcircular pistUn tranSducers

(9)

CYlinder Piston

Frequency

thetransnlitbeampatternbis  (kHz)      P(、
V) D﹄ CL SLDItSL

NumericalintegratiUnhasbcelj

emplUyedtUcUmputetheinte肝 al inEquatiUn(王 Ul㏑ r

bUthtransducertypeS CUmputedvaluesfUrthebamed
circular pistUn tranSducer Ufradius s agree well with

values cUnnputed accUrding tU the Urdinary narrU淑 -

beamappfUxlmatlUn(Uhck,19路 ),namelyDIT=2UlUg

(ks) NUminalvaluesUfthesevefalquantitIes inEqua-

tlUn(8)arepresentedinTable3 HeretheSeatempera-
tureisassumedtUbe5° C, salinlly35,anddepthUIll,

hencethesUundSpeedis l47U6Ill/s(Ⅳ IaCkenzie, 1981)

Since the areas Uf cylindrical and circulaf pistUn

2
3
7
8
∞

挖
b
m
巧

田

刊

36U

36U
24U

24U

12U

12U

12U

9U

9U

3U

12

88    U9
lU3    〕7

93  27
lU2   4.〕

6):●     〕6)

98    24
1U7    36
96    97
lUj   lU7
1l〕   l12
〕U4  〕13

2U43   19.8   216I
2U5U   22.8   2191
2Ul 2   229   2〕 75
2UU8   248   2194
199U   22U   2136
199U   231   2147
1987   25U   2〕 ‘b

19U2   293   21’ ‘

19U2   312   2215
〕855   322   2178
〕8U7   317   2〕 33
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77 ValuesUΓ aused in tl〕 eperl￣t9rnlancecUmputatlUnS

areshUwn inTabIe4

Echolevel

Thet、vUl19entiUnedcasesarediStinguished FUraSingle

target,、vithtarget strengthTS,theechUlevel is:

EL=SL-2TL+TS (ll)

FUr IllultipIc targets distributed thrUughUut the sam-

pling vUIulIle 
、

/、  
、
vith nlean vUlume backscattering

StrengthSv:

EL=SL-2TL+Sv+lUlUgV (16t)

The san〕 pling vUlun〕 e is aSsunled tU take its nUlllinal

value:

(I3)

、
vherecis thespreadUfsUul9d,tiSthepulseduratiUn,

aSSumed tU be Ul ll1s, and Ψ is the equivalent beam

angle:

v=fb2dΩ
(14)

This has been cUmputed by numerical integratiUn fUr

bUthtransducertypeS ThereSultsfUrthecircular pistUn

器 鏣 :t萬乳 窩

s:乳 、
:︳
｛
::i｜ :!:｜︴:!技 ,驟 :;l戰 求 軍

and a derived expressiUn, kIr=lU lUg Ψ=一 DIT十 7石

ValuesassumedfUr、 r in theperfUrmancecUmputatiUnS

arepresentedinTable4

NUiselcvel

Theambient nUiseisassuIlledtUbeisUtrUpicand、 vitha

levelduetUthreedifrerent sUurces.TheKnudsencurveS
describethenUisespectrallevelSPLduetUwaveactlUn.

It isaΓunctiUnUftransduceFfrequencyfin IHertz〔 ∥╮d

seastatenumbern..,(Bartberger, 1965):

SPLaI〕 〕b=46+3UlUg(nss+l)-171Ug(〃 IUUU)    (l∫ )

ThenUisespectrallevelfUrtherlIlalnUiseisdescribedby

Mellen(1%2):

SPLtl=。 15+2UlUg(〃 lUUU｝ (16)

It is reasUnable tU asSun〕 e a receiVer electrUnjc nUiSe

levelthat isequivalent tUthetherIIlalnUiselevel If∫

denUtes the cUrrespUndil】 g antilUgafithm、  then the

SpectralnUiseleveldUetUalIthreesUurceSiS:

SPLt° t=lUlUg(∫aIlb+2∫ t1〕 )

ThenUisebandlevelNLis just:

NL=SPL十 lUIUgBⅥ /,

(17)

(18)

㏄
一,

一

=V 、
vhere BWis the receiverband、vidth in hertz InalI UΓ

the present cUlllputatlUnS, the receiver bandwidth is

assun〕ed tU be lU l UFthe translllit frequency. hence

BVv7=UlfThenUiseSpectrallevelSandnUisebandIevels
aSSunledin thecUmputatlUnSareStatedinTable4

SUnarequatiUn

The several quantiticS are cUn〕 bined in the Urdinary,

active SUnar equat】 Un, giVen ambient-nUiSe-lilllited

cUnditlUns.ThiSis(Urick,1983):

EL一 (NL一 DIR)=DT, (19)

whereDIRis由 ereceiVingdirectivityindex, andDTis

thedetectiUnthreshUld Here,DIR=DIT :Γ hedetectiUn

threshUldisassumedunfUrtlllytUbe2UdB That is,the

signal-tU-nUiSeratiUischUsentUbe2UdB,inUrdertU
ensure unambiguUus signal detectiUn  The single

unknUwn in theSUnarequatiUnwhereELisgivenby
Equ飩㏑n(ll),a“umingaparamethcva㏑ e抬rTS,is
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-12U

C9hnder
Singletarget
Seastate6

Urder
38
88
27
7U
12U

UΥder
38
88
27
7U
15U
12U
1U7
2UU
25U
375
71U15U

1U7
2UU
25U
375
71U

-12U -1UU -8U -12U

又糯:爸懟辯毛i:乎是盅f已狤扭:i:ㄘ遜琶盓#t飉孔:r:子嘮發攏
unitsUfkilUhertz

Kσ

Cyhnder
Singletarget
SeastateU

Urder
38
27
7U
88
1U7
12U
15U
2UU
25U
375
71U

U

1UUU

the range r ThiS iS the sUught max丘 Ⅱum range fUr

single-targetdetectiUn ThecUfrespUndingunknUwn in
thesUnarequatiUnwhereELisgivenbyEquatlUn(12),
aSsuningaparametricValue fUf Sv, iS themaxllllum
rangefUrmultiple-targetdetectiUn

ResultsanddiscussiUn

ResultsUfthedescribedperfUrmancecUmputatiUnSare
preSentedinbUthnguresandtableS FigurelandTable
5pertain tUsingletafgetsaccUrdingtUEquatiUns(1l)

and(I9),andFigure2andTable6,tUI且 ultipletargets

accUrdingtUEquatlUns(12)and(19)ArangeUfv㏕ ues

Uf target Strength and mean vUlunle backscattering

strengthafeexallllnedinFigures l and2,respectively

ⅣIaxhnunl detectiUn ranges less than UlIIl are nUt

shUwn, but in fact ranges that are less than a certain

distance÷ v/hich is rUughly equal tU the square Ufthe

-1UU       -8U       -6U

Target stren封 h(dB)

tranSducer diInensionS specined in Table 〕
,

1l transducerfrequenciesareindicatedwitll

:舞 ::i::s二

1塊
崶 ,魁 名 苳 乳 a盟 〝 r╧:::(︴l:丮捋 蜜

ambient-noise-lhnited cUnditiUns, and detectiUn threshold Uf
2UdB

SeastatcU Soastate6
Frequenc)
(kHz)

Ft,Utε

1UUU

U

1UUU

1UU

1U

1UU

0

(
目
J
Φ

㏒
目
“
臼

＿12U -1UU -8U -6U

1UU1UU

1U0

(
目

)
Φ

㏒
口
“
叫

CⅡInder    Piston    Cylinder    Piston

,
二

j
,
/
。

:
U
2
j
o
5
,
:
i

245
259
143
125
93
88
97
36
32
〕6)

U9

87〕

lU83
696
7U8
4U3
415
425
486
486
3U7
136

δ2

74
62
66
57
59
6U
32
3U
19
U8

228
333
324
4U1
25S
286
338
439
462
3U3
135

Singletarget
SeastateU

岫
鋁
名
用
,
8
8
別別
田
個
Ⅲ
跖
利

Urder
38
27
88
7U
25U
2UU
15U
12U
1U7
375
71U

PistUn
Singletarget
Seastate6

Urder
88
25U
2UU

UrdeΥ
25U
2UU ﹉

38
7U
15U
12U
27
1U7
375
71U

88
375
15U
38
7U
12U
1U7
27
71U
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Cvlinder
ⅣIultipietarget
SeastateU

εoηㄌθari∵ r999o/p。‘∫‘rU9l rrθη‘,〃v66r‘∫

-12U

-12U      -1UU       -8U        -6U

MeanvUlumebackscatteringstrenghth(dB)

maxiΥnu且1tranSducerdiInensiUndividedbytheacUustic

wavelength,areuncertainfUrlyingwithin thetransducef

nearfield

In every Single instance, the perfUmance Uf the
bamedplanarcircular pistUn tranSducer is superiUrtU

thatUftherespectjveequal-areacylindricaItransducer

This is tUbeexpectedfrUmtwUcUnsidera位 Uns:(l)The

directivity index Uf the equal-area circuIar pistUn

tranSducer is cUnsiderably greater than that Uf the

cUrrespUnding cylindrical transducer  AccUrding tU

Table 3, the dlfrerence iS in the apprUximate range

lU-2UdB,butthedirectivΠ yindexappearSt、 vicein the

ambient＿nUise地主ited SUnar equatiUn: in the term fUr

sUurce level, as DIT, and in the terl19 fUr discr虹 nI
natiUnag缸nst kUtrUpicambient nUlSe,asDIR.(D
BecauSeUfthecurvature Ufthecyl1ndricaltfansducer,

it sufrers an Un《 EdS lUss in sen血 uv丘y tU which the

cifcular pistUn tranSducer isexempt This isdescribed

lUUU

Urd㏄
88
2UU
25U
38
7U
15U
12U
1U7
27
375
71U

()rr(eΓ

38
27
88
7U
15U
12U
2UU
1U7
25U
375
71U

-12U      -1UU       -8U       -6U

ⅣIeanvUlumebackscatteringstren封h(dB)

Table 6 Maxinlum mu︳ tipIe-target detectiUn range in llletreS

ΓUrequal-areacylindricalandcircuIar pis｛ on tranSduccΓ s,、vitl〕

din9ensiUns inTablel,assuΠ∥ngameanvUlumebackscatteiing
StIength UΓ  -8UdB, ambient＿ n° iSe-liII9i｛ ed conditions、  and
detection threshUIdUf2UdB

Sea StateU Seastate6
Frequency
(kHz) Cylinder   PistUn Cylinder    Piston

1UU1UU

1U

(
.
〧

Φ
㏒
.
∞

叫

1UU

o

(
目

)
Φ

㏒
口
∞
㏄

Figure9 Max打nulnl multipIe﹏ targctdetection range versusl9leanvolulmebackscatteringstiengthlUrthetranSducerdinensiUns
specined inTable I,assulllingambien｛ 1〕 oise-liI9nitedconditiUnsanddetection threshold oΓ 2UdB The ll transducerf1.equencies

areindicatcd林 〡ithunit∫ oΓ kilohertz

I449
1266
47U
33.2

216
186
132
35
26
U8
U.2

348〕

3264
1516
13U9
688
6ε l

679
51 6

445
19U
49

lIU
132
1Ul
1U2
86
86
81
27
22
U8
U2

344
5U6
461
55U
321
357
398
436
4IU
〕86
49

Urdm
38
27
7(｝

88
1●7
j:i｝ ()

〕5(｝

2°°
2馬 U

375
i1●

(),.deΥ

29
3S
7U
88
〕●9
12U
15U
2UU
25U
375
71U

Ⅳ土ultipletarget
SeastateU

Cyljnder
ⅣIu】 tipletarget
Seastate6

PistUn
Multipletarget
Seastate6
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Table7.PerfUl nlance雨 gurePΓ
l

circu〕 ar pistUn transducers: and

transducersurface

Kσ

ΓUrequal-areacylindhcaland
acUustic intensity I Un the

SeastateU Sea state6

Cylinder Piston Cylinder PistUn (XX./cm2)

Ft,Urε

光b詈強 ?告 1f:」三穿乓::::di£弓::ξ︴#七 il:::

being driven at a higher electrical pU、 ver level than is

used v汪th the cylindrical transducers abUve l5UkHz

Thus, fUr the circular pistUn transducers at these

higherfrequencies, theperfUrmallce且 gures inTable 7

andthemaxllllumdetectiUnranges inFigufes l and2
andTables5alld6areundereStⅡ nateS

CyIindrical tranSducersundUubtedlyhaveapplicatiUn

inunderwateracUuStics,including且 sherieSacUustics A

currentexampleis in UbservatiUn UffUUdpe1lets ina

nsll＿farmingpenσuell〞 al,1993)FUrmeasuremelltUf

排在群蜷葦購j鱀掰
perfUmance

Therearepra駟 aticcUllSideratiUns tUUfUfchUUsing

between difrerent tfanSducer typeS IIere, the circular

pistUn tranSducer is alsU the better chUice, fUf it is

cheaperandea∫ iertUfabricatethan is thecUrreSpUnding

驟 :免rbξ王:::fi生n:翠發 乳 n撤 髫

c:出
e戈 在

cyllndrical tranSducer耴 deScribingtheaz丘nuthaldepen一

dence,areparticularlyrevealingUfpracticaldIⅡ culties

infabricatlU且,fUrtheran..eUfvariatiUnwithaz丘nuth

exceeds3dBfUrflveUfthesixtransducers,at nineUl一 the

11frequencies In principle,it shUuldbezerU.

v尐 ftlrtheradvantageUi一 thecircular pistUn tranSducer

is standardizatiUn GiventhecUlllpleXityUfthegeneral

prUceSsUfunderwateracUuSticmensuratiUn,avUidance

Ufspecialdevices isageIleralfule,、 vithparticuIarfUrce

fUrInultiple-frequencysUndes

Threematters llUt addressed here but deserving Uf

ftlturetreatmentareidentified:(l)Thepreckerangc,
numbef,andspacingUftfansducerfrequenciesrequire
UpthnizatiUn fUr the scatterer specieS and sizes Uf

interest  This natura1ly depends Un the Scattering

prUpertiesUf㏑rgetUrganiSmsφ)Given speci且catiUn㎡

aparticularsetUftransducerfrequencies,theradⅡ Ufthe

transducers must be chUsen aprUpUS Uftheirarrange-

mentUnaSUndeAm的 Uf血mUftllis mightbetUensufe

thegreatest pUssiblecUincidenceUrUverlapUfsampling

vUlumes (3)PerfUrmanceUftheult丘 natelychUsensetUf

tranSducefs ShUuld be calcuIated Un the basis UΓ  a

generally clUser apprUach tU the cavitatiUn linit than

ha∫ been assumed at aⅡ  frequencieS in the present

analysis (】early, perfUrmance 〝砬1l beeIlhanced under

ambient-nUiSe一 liΠlitedcUnditiUnsbydrivingtranSducefs

裝驟樲葌且瑰:是︴咒至琵:£靈裝片為
atthehigheStf1.equencieS,whereabsUrptiUniSam的 Ur

cauSeUfattenuatIUn

Frequency
(kHz)

27

38

7U

88

1U7

12U

15U

2UU
25U
375

71U

bythetermCLinEquatlUn(8),wihnuIllehc㎡ values

inTable3.
CUmputatiUn UfbUth the directivity index and the

scnsitivitylUssfUrthecylindrical transducer,accUrding

tUtheprese且 ttheUretlcalInethUd,dependsUntheacUus-

ticbUundarycUnditiUn A6Ubservedin thelntrUductiUn,

this is indeed prUblematica1. HUwever, byreferencetU

the beam pattern meaSurementS Un the Six fabricated

cylindrical transducers, cUnndence is gained in the

particular assumed bUundary cUnditiUn, the acUustic

Upacitydescribedin thesectiUnUnbeampatternS The

respectivevalucsUfbeampattern parameterSinTable2
suppUrt thisuse

ThedirectivityindexandsensitivitylUssfactUr rnaybe

cUmbinedin t、 vUuSefulIneasuresUfperfUrmance The

且rst,duetUUrick(1983),〝 useft1lfUrcharac.托 rlZing

tranSducerperfUrmanceagainst singletargetS:

PF1=SL一 (NL一 DIR)                φ U9

ThesecUndmeasure,byShnpleextellSiUn,isusefulfUr
characterizingtransducerperfUrnlanceagainst且 lultiple

targetsdistributedthrUughUutthesamplingvUlume:

PF。 =SL+Ψ 一 (NL一 DIR)             φ I)

Thefifst lIleaSureiscUlllputedfUreachtransducertype

and each Ufthe sea stateS in Table 7 Included in the

table is the acUustic intensity I, derived by dividing

the acUustic pUwer ill Table 3 by the respectiVe tUtal

transducerarea

Re免rencetUthecal,ltatiUnth㏄ ShUld(Urick, 1983)

indicates that this increaseS rapidly M八 th frequency

The acUustic intensity fUr the cyhndrical transducefs

shUws the expected dependence up tU abUut l5UkHz:
althUugh  less  than  cUrfeSpUnding  design  valueS

typically uSed by sUnar Illanufacturers. At higher

I556)

1571
1468
〕445
1393
1384
136〕

1228
12U8
〕l14
976

1787
1837
1767
1777
1666
1674
1683
17〕 9

1728
1648
15I 5

1318
135U
131。

133U
13U5
131l
131 5

12U6
l197
lll l

975

1546
1616
1618
1662
1578
16Ul
1637
1697
171 7

1645
1514

16
16
35
35
5U
5U
5U
25
2.5

15
24
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(F°°te,1993:R@ttingcl〕 c′ a/.1994:FU° teandR@ttil〕 gel〕 、

1995; F° °tc θ′ .J/, 199(n, 1997) Λ col1cUn〕 itant oΓ thc

WiI〕 柁ringUΓ sucha｝ 〔1rgcst。ck ina● ordsystenn isa

generally dense cUnccntratiUn As lneaSured acoustica∥ y＿

theaIeabackscatlehngcUemdent sΛ (Knud㏄η. 199a

FoUteandKnudsen‘ 1994)isUflenUΓ theUrderUΓ lUUUUU

square 1● Ietrcs ofbackscatteringcrUss-SectiUn pe】  square

nauticaImile(nmi),ifnUtmuchmUre
SuchvaluesoΓ sAarecharacteriSticoΓ highnumerical

densities and large vertical extenSiUnS They are alsU

indicativeUt￣ signincantelTectSUl一 acUuSticextinction:by

林/hiCh the energy in the echU sufrers an additional

attenuation bey° nd that 
。
f spherical spreading and

ordinary mediuIl9 absUrptiUn InSofar as the Urdinary

theUryofechoiIjtegrati° n presumeSalinearrelatiUnship

betweentheareabackscatterlngcoemclentandnuI.nerl-

lU54一 3139/9t9/U5U6U6+U7$3UUU/U

︳ⅢE罊Γ

sprIng-spaWnlnghe︳
.r】ng

ca〕 densityUΓ nsh. anundereStiInatein nshdensitycan

rcStllt l一 lUlll neglect U「 exti〕 nctiUn Certainly 之Ⅱ〕 tl｛ tCln╮ P｛

ht)‵  bccn n〕 tldc to cUrrect ac° tlStjC n� eaSulcn〕 cnt$ U「

l╮ crril1g densi〔 y duril〕 g thc annuai wintcr surVeys 
′
Γhis

l〕 a$ been donc tl〕 rough tl n algorithnn (If()° tC, lt99● ),

、
vhich Iequiics kn°wledge oΓ  tl 〔cchniCal l� alan� etcr

c.llle(j thcextil〕 cti()n cr()ss-SeCtj()l〕

Thi‵ paΓaImetcrl╮ a$been(ie$cribedearlicrR)rl〕 cr1.ing

(F。
。
te tˊ  tt/、  1992)、 but un(lcr ccrt〔 lil〕  Ijn〕 itations that

have 〝il〕ce becl〕  UvcrcU】ne  Before prcseinting thc

adaptcd i9nethUd$ al〕d ne林〡lⅥeaSuren〕 el〕 tS, hUvˊ cver＿ the

natureo｛
、
thecxtinctioncΓ oS$-Secti° n.l〕〕ethodStodetci-

l1line this, and the pai ticu〡 ar application to w:ntcring

herringarecUnSidei.edinabfiefrevjev√

BfiefreviewUfn〕ethUdstUdeterIllinethe
extinctiUncrUss-sectiUn

TheextinctiUncrUsS-seCti。 niSameasureUfthee㏄ectUf

an individual nnitescattererUntakingenergyoutUfthe

伈rward prUpagating d行 ectlUn °Γa Wave (BUrn and

C﹉ lt9t99lntcrnationalCouncilΓ °rtheExploration oftheSea
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ΛU9

、

4〃 ｝︳′g〞〃7∫ /91/〃 6￣ Vvn”′力9‘ /π
,′ ′〞9‵

、

Vol︳ ＿ 197()) I〔 i、 ｛l〕 u‵ ｛hc‵ tl n〕 ()︳

tioi〕  crU‵ s-sccti(Ⅵ ╮‵. tll、 o ca∥ cd

(N.l° 〕‵cand Ingtt rd ︴9° *)

、
ctl〔 ｛c「 ingtll〕 d:lb‵ 1,1︳ )-

｛l╮ c ｛()｛ tll Cr()‵ ‵一‵cC〔 i()l〕

Thcrcalcanun╮ l)cΓ ()〡  〝:ay‵ iI)、
、
〡hich｛ 〡〕cc、 〔incti()n

cr()S‵ -、 cc｛ i° n ()I li‵ h c&n l)c (lc〔 cInniIlc(｜  I:()rcxtl1〕 〕ple. ii:

s�llΥ icicl-｛  il〕 ｛k)ll╮╮〔l｛ i()n i卜  :lvailtlblc 〔lbo tl｛ thC ‵Catterjng

propci ticS (Il ｛l 
、
ing｜ c ｛i、 l〕  thcn 〔︳)cc()nll)lll╮ en｛  Cr。 SS-

‵ccti()n$ c° u︳ (l bc (lc｛ c】 n〕 il〕 cd 〔lI〕 (〡  ‵〔In∥〕1cd  ΛItern〔 l-

｛ivcly.︴ l╮ ccx〔 il〕 c〔 i()ncI°
、
‵-‵ CCtiUnc()tll╰ lbcctllculalcdhy

19nC之 ln$ ()〡  ｛hc l、 )I叭itl r(∥

、
cat｛ cril〕 g thcorenn (I〕 °秝innan

a/ 〃/. i● (1● : l〕 oln an(l 
、
Vo〡 l  ｜

。

9(｝ ) Thc rcquirc(︴  in〡 k)l-

n〕 〔lti.l〕  c()uld tttkc ｛hc ｛()ll〕 ) ()i 〔l sct °i cn∥ )i!ictl〡  ()l)、 c!-

vtl｛ iUin‵  oI ‵Ca∥ cling a‵  〔l ︳tIl〕 c｛ i。n °｛ ()licn︴ tlti()n＿

ilcqtIcncy、  (lcl)｛ h  〔lnd 
。

tl〕 cl cri｛ ical P.ll′ ll〕 〕C｛ Cr‵   Ihc

inlt)ii〕�tlti° n cotIl(︴  tll‵ o t〔 tkC tI〕 c ︳Url〕〕 ()｛  tl 
、
c｛ 〈)｛  n╮ oI-

#:片七七r〈 :∴之#:°≒〕〝茁Ia片 :沒什 H｛」
il〕｛()lI�ntlti()l〕   〔l｛)()tl｛   tl)c ()Iicn｛ tl｛ i()n  tl l╮ (｛  (〡 C〡╮｛l〕   (li‵ ｛ri-

btltions o「  tinc obiec〔  ii‵ h. ci｛ hcl kind oΓ  sctl t｛ cril〕 g

in〡 k)rn〕 tlti° n co tlI(l bc u$c(l in thc dc〔crlninatiUn lt is

詳
r::｜

Ⅱ:一點〕〝t:::+H怒:::ξ出忠::::瑋

°n羊
::〕 :i︳;︴∴:〒

l:〡

::::$cc〔 i。ncouldaIs° bcdt,tcm〕 ined

〔hlough back$ctltteriI︵ g lnc之 lStl rcn╮ cntS °Γ cncagc(j rish

〔｛ggrcgatiol〕 s tll〕 d lctl〕 cIcd il〕 dividuaj nsh: Ⅵil〕 cn ︳il】 kcd

為 乩 W眾 ::打眾 片 :(︴V十群矸 :｝:君縣 出 〕︴〕｜;花:

RUttingcl〕  (l。 7° )  Γhc cxaIⅥ ined 
、
pecies was saithe

(P‘ ,〃‘,(/,” ′
、
｝,ll(,η ‵),tlgtld。 idal� dPhysUcljst.withclosed

$、vin〕 bladdcr Thi‵  is in contra$t tU l〕 elTing. acIupeUid

tl l〕 d l)l〕 y°‵〔°1η C. Wi〔 h open $winnbladdc〕   Λ refined

lη cthod UΓ  〔tn.tly‵ iS (Γ UUtc、  1983) 】nntly be uscΓ uI for

dctcrn〕illing thc cxtil╮ ction croSS-‵ cCti()n tlnder Uther

condition、 oΓ elncaged ii‵ h I〕nctl stl relmcnt

、
Vclc i｛  plls$ible tU 。

bserve ｛l�e ｛k)l、var(l-‵ ca｛ tcrcd

、
vavc dilectIy、  〔hc cxtil〕 c｛ iUl〕  cI()$s-SCC｛ i。 l｝  Could bc

deterlη ined 〕、lnjs 
、
↙°uld necesstl∴ Iy invUlvc ｛〝iU tΠ ｛tl〕 S-

duccrs、  onc ｛ul〕 cti()nil〕 g .l‵  a sourcc. thc °〔hcr a‵  a

receiver 〔Jnder rathel coi】 t1.°ⅡCd cUnditi° ns. a‵  wi｛ h

$tationary sotlrcc and reccive〕 h thc nece$Sa干 ynl)C .1Iign-

lnent UΓ  typically dircc｛ ional transducers n〕 ight be

achievcd IΓ ol〕 eolbUthoΓ thetransducer$wercln� Urc()r

Icss oIl9nidirectiUna1. as il〕  the case UΓ ccrtain hydrU-

phUnes、  tlnen theneed Γorali＿gnment cUuld berelaxed

but 岔ttheCUst oΓ having〔°
、
vUrkatrathershort ranges

McasurelmentS dUIne iIn Flsh pens (Ishii θr a/: I983:

Furusa、 á 〞了 a/、 I984, I992), fUrexample. areillustra-

tive in this regard TI〕 ey are quitevariable because ol一

statisticalΠ uctuatiUnsin nun〕 ericaldensityandinterfer-

ence elTects In any casc, appiicatiUn Ufthel〕 netI1Ud to

v,iintcring herring being registered v◤ ith a transducer

motlntedonan〕 ovingSurveyvcsSel isevidentlyfen╮
。
tc

In a variant of the foregUilig method, thc lov↙ er

結:::常【:古涼ξ芎:旺垚茁甘穢:亡蝨g｝ 才

1● 9● ｝  Ihc i()!、 v:ll(〡  ‵ca｛ ｛clc(i 
、、
〔lvc i‵  ‵Cl1‵ c(l l╮ (〡 ircc｛ ｝y

〔hrough b〔 lck、 ctl｛ 〔cl il〕 g /0 ‵ttll〕 d之lId l)〕 c｛ tl︳  ‵PhCrc htl‵

l)ccl〕  tl、 c(〡 il1 ctlgctl-Ii‵ h nnc之 lSurCn〕cnt、  /\、  il〕  〔hcc〔 l、 c()｛

tl╮ c ｛w()-hydlophol〕 e IlneasurclmentS Ul╮   l� cl╮ nc(l ｛i‵ h

(Γ ui:usa、 va a了  t〃 . 1’ 92). the1℃  is a high degrcc 
。
︳

variabilityin theIlleasuren〕 ent$

It is t()bcen� ph〔lsi2cd that thc〔 t｝)plication ofil〕 ｛clc$｛

i$ acl ltl、 ｛iC tlb〔 lndancc s tlrveyil╮ g oΓ N〈 )r、 vcgi〔ln spIil╮ g-

H淋機I℉:I手£片
、
卍〝:〝 ::∥ ::∵ I〡 +:

Ic‵ caichVc%c｜ ‵t﹂ lll� ingtl｛ ｜(｝ kn()｛
、

八卜｛j‵ l〕 bchavi° uri‵

消;║∥汁t=〣 l〝法∵:I=器〔H=I牯汁點
cn\〡 iΓ ()l〕 n╮ Cn ttl｜  ｛hc｛ ()Γ

、
 $uCl) a‵  ｜igh｛ il)g 〔lnd l)° ｛〔()l╮ ╮

dc︳ )｛ h、 al〕  9〃  9′ 〃́｝lnctl、 tl rCn╮ Cl)｛ ︳)cr〡 ()rn� cd ul〕 (jcl ‵tlIVCy＿

in÷

l:∵︴l!↑ :︴｜:廿光I≒i::出 :｜ :∵∴∵::‵ cltc° mpli‵ 〡lcd

I患眾:′ :I:品︴::l才 ;芒#〕 ll古扎｜︴::::::∥ :

I992) Thnt tlne seanoor＿  
。
r b° tto〕m. cal9 Scrvc a$ a

::9昂〡為:｜

l芞

::十吽生:〔︴+;£ :eI〡 f、

I::ξ

:l抎γ::片::::

I=〝
=｛

∵㎡
=十

:出)田

=︴

s;ξ 乩汀::扎捑
｛又)1 thcln9ca‵ tl rcnnein〔  A｛  thctilnnc ()「 〔l〕 c(〉 rigintlI data

co∥ ection‵ . ｛l〕 c l)o$‵ il)ilitics ｛br b(〉∥oIm dep〔 l〕 !η casure-

l〕〕cn｛ \VCrequitclin〕 itcd Γhcscl〕 avesi】╮ccbccl〕 〕-el〕〕cdied

indr&n〕 a｛ icmshi°nbythcc。 mbin.ltion oi tl〕 cSlMRAD
EK∫ UUscicntincechU‵

。
tl l〕 del (B° dh。 I｛ 〞ra/. 1989)and

Bergcnecho intcgr.t｛ ()r(Γ o°｛e‘〃 t〃 、 I9t9I) Dettli｜ ‵Un

the .l(iap〔 cd l】╮ctl╮ °d‵  an(l nc〝
一
 n╮ casulcJn┐ ent$ tl】 c l1。

、
V

presented

TheUryUΓ n〕easure1.lcntal〕 dIl9ethUdUl一

calctllatiUn

NlcastIlcl〕 〕Cn〔 oΓ thccxtinc〔 iUl╮ cΓ o‵ S-‵ CCtiUn i‵ basc(l on

tlconnl)aris。 noΓ echocncrgy(｛ tIc〔 ()tlfiShIayel 〝｝itht｝ 〕tl｛

duetUthcundcrlyingΠ atb° tton〕  TheechUel〕 crgyis the

tin┐ e-il〕 tegral UΓ thc 】eceivcd sigl〕 al i〕 ntel9sityai｛ cr tlpl)li-

ctltiUn oΓ
‵
2U log l‵ +2ar一 ｛ill〕 e-val:ied gain il〕  Urder 〔o

cor】 ect Γ
。
r Urdin〔 lry proptlg之lti° l〕  Iosscs t｛ sSun╮ing ‵cat-

teringbya laye1 Ul planarsurΓace Thede‵cribed echo

cnergy is thus proportjol〕 al to ｛｝ne 之lrCa btlckscattcriIng

c° eΓncicn｛ , the standard Imea$ule UI acousticare.lden-

sity used iln ll1odern ech°  integrat° rS (BUdhUlt ar a/.

1989;Knudsen,199U)
AccUrdingtUFUUteθ 了a/(1992),therespeaivearea

backscattering coemcients are linearly related to each

Uther DenUtingthecUemcientassUciated 、
Ⅳiththe五 sh

layer by sAF and tha｛  ass° ciated with the bUttUnl by

SΛ B:

sAB=aSAr+b
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tlJ

IntheabSenceUfnsh.sA1〕 assumcs its nlaXin〕 alvalue In

the presence oΓ  Πsh. sAB is generaIiy dil〕〕jnisl〕ed by
extinctiUn oi、 sUundenergypasSingth1.Uughtl〕 enShlayer
bUthin transit tUthebUttUn〕 andin transi〔 backtUthe
tral1Sducc】 anerrenectiUn° rscatteringΠ U1Ⅵ ti� ebottUm

AsthebUtto】n isgenerallynUtaunifUrl9ntarget:either

in natness °r in ScatteringprUpertie一  and because its
echo isgenerally very subStal〕 tial, especially cUnlpared

to thatfI.UlIi nsh,it requiresunuSualconditionsfUrlhe

particular l9nethUd tU succeed These UccuI at timeS‵

hUweve1: fUrthe spawI】 il〕 gStock UΓ NUr〝7e」 an spril〕 g-

SpawnjngherIngwhenwintehnginUbt句 Urdel〕 The
UutapaI.tUfUfUtflorden:atabout68° 2〞Nandl6° lU′一

16° 4UjΞ is exceptionallynat. and dense. eXtended cUn-

centratiUl1sUjFherringUccasiUnallyappearUverthisarea

inadistinct nlidwaterScatteringlayer

InhUn〕 ogeneities bUth in the density Ufnsh c。 nccn-

tratiUnsandScatteringpropertiesUΓ natbUttUn〕 requirc

a l〕 unlbel UΓ silllultaneous n〕 easurelllentS UfSA,B and

sAF and use UΓ  Iinear reg1.eSSiUn analysis tU extract

the signincant dependences in EquatiUn (l) IΓ this is

treated aS a re＿greSsiUn equation, then the estln】 ated

rcgressiUncUemcientsaandbdeterllilinetheextinctiUn

crUSS-SectiUn oe, he1.e expressed relative tU the nsh

backscatteringcrUss一SectiUnσ b:

°↙σb=一 1852ㄅ /φS)                        (2)

TU expreSS the conndence lilllits, Equation (l) is

tranSfUrl19ed by SubstitutingyfUrsAB and Xfor sAF

Thus, y=ax+b: or, with respect to the n il〕 dividual

pailedmeasu㏄ ments(xi,yi):

yj=axi+b+ε i,                         (3)

where εi is the error t兮 rljl, Whic1. is lIlinil1lized in a

least-squai.eSSenSebyperFUrlⅥ anceoΓ thelineal regreS-

siUnanalysis Thecon丘dencelin〕 itsUl￣ σc/σ bare:

半陌一〢π又∪﹁,  四
Vˊhere又 iSthel〕 〕eanValueofx, and dl and d2alethe
reS｝ )ective Iessel and greater SolutiUns UFt〕 〕e quadratic

equation(Scbcr: 1977):

d2E〞 一s:F;,n2/Σ (xi一 又)匆 -2d沖

+(r一 s:F:,n＿ 2Il〕 ｝=U                (5)

wherc睹 is thesquaredstaIldaldeI.lUIUΓ regressiUn＿ 9is
themcanvalueUΓ y:.ll╮ dFγ n-2is theF＿ statis心cat
signincancelevela、 vithdegrecsUi、 freedUln i andn——2
The sttltisticis〝 iideIy available jn tabulated f￣Urn〕 ＿ Γor

cXan〕 ple il〕  I｛ ald (1952) and Zelen and Seve1o (196＿ x￣

).

altl〕 otlghi〕 otalwaySidel〕 tinedbythcsan〕 el〕 allle

The extiI9ctiUn crUss一 Sectio,n is expressed il〕  l‵ elatiVe

tern9Sil〕  Equa︴ ion (2) Its absUIuteva】 ueisderived by

it,t,r‘ ,

substitutingΓ U1.thebackscatteril〕 gcross-scctiUnσb For
Nor〝/egianSp” ng-spa、 vnil1gherril〕 g,this isgivel〕 bythe
equatiUn(FUUte.1987｝

Ts=m㏒芽子言=2U㏒ 妙́    向
,.ihere 1() iS the reference dista1〕 ce UΓ  ll〕〕, and t is the
Γ°

。
t-n〕 ean-SquaIt £Sh lcngth in centinletles Thus: in

units oΓ squarccentil1letres,ocisdcrivedbynltlltipJying

thc1.atio σc/σ bil〕  Equa〔 ion(2)bythecUnstantΠ tctoI

4π lU￣
3I’

t?

Expehmental lllethUds

The mcasuren〕entS weI.e made with the SIMRAD
EK5UUechUSUunder(BUdhUltε↙a↗ , 1989)andBergen
echo integratUr (F° Ute ε/ aˊ , 1991) durjng tl〕 e cruise

withRV“JohanHloΠ”6-17Januafyl9夕 4 Thepur-
pUseUΓ thecluise、 vasabundanceasSeSSInentUftl】 atpart

Ufthehe1.hngstUck tl〕atwil】 te為 in theU伯 t句 Urdel〕 -

Ty雨°rdensystem At times,adenSe))lnickcUn㏄ n-

tration ofherri,Ig appeared Illid〝 /ater over the depth

range2UU刁UUm inUuterU㏑ t句

。
rden,wherethebottom

is quiteiΓ nUtexceptiUnallynat Inaddition tUlmeasure-

IIlentS lllade during Urdinary conduct UΓ the survey,

specia〕  measu1.en〕 entS 
、
Vere made tU deternline the

extil〕ction crUsS-Section  The periods Uf thcsc arc

SulllmariZedinTable l

During the described periUd Uf llleasurelllentS, the

all1Uunt oΓ  dayligh｛  increased Steadily, although the

suln dUes no〔  riSe fUl tl〕e nrst tiIlle in the year until

15 January The totaI period Uf nauticaI t↘ viljght is

apprUxinlatelyU9UU一 15UU

McasureInentS v.lcre made simultaneUtlSly at each Uf

fUuI Π.equencies 〕8, 38. 12U, al〕 d 2UUkHz ()l1ly the

l1,eaSureIljentS at 38kHz are reported herc Tlle SIM-

RA工)ES38BspIit-beam transducerwaSuSedStl ictlyaSa

single-bean〕 deviceΓ UIpurpUse$UΓ echo integratiUn The

puIse duration 
、
vas ln〕 s and leceiver band〝 ↗idth＿

38kHz Tl〕 e pulse repetitiUn frequency waS about

〕s一
i ThevesSel speed、 vasabUut7-8knots‵ thesal1le

asdurin＿.execu｛ jUnUj、 theacUusticSurvey

Theecl】osUunderandechUintegratUl welec㏕ ibΓated

bytlncstandard-target lllethUdrecon加 nended by工 CES
(F°

。
te c/ ‘〃、 lp87) The target at 38kHz was the

6U-lmn〕 -dialnete〕 cUpper sphere

DatawelestUredpingbyping DuringpostproceSS-
ing, results UΓ intcgratiol〕  oΓ thens(l-layerand bUttUn〕

ecl〕 Ues、ⅣereStoredWithtl〕 ehighest standardIesUlutiUn,

nal〕〕ely UI-nn〕 i Data Un the depth UΓ  tl】e detected

bottol】〕 M/erC also condenSed Fol eacl〕  U〕 -nn〕 i il〕 te-

gratiUl〕  il〕 terva1. tl〕 e average depth and extrcllla 
、
√ere

StUred＿ threevaIues inal1.allU〝 IingcliteriaondepthaInd

deptln stabilitytUbein〕 I)USedil〕 selectil〕 gstlbsets oi一 data

Γoranalysis Son〕 estatiStics ort1.eb° tton〕 dcpthΓ Urthe

various lneasureIlnel〕 tSelieSaresho、 vrj il〕 Table l
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｛lVcl〔｛gc(〡 cP｛ hˊ
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6U9

()ll)n╮ ii!l｛ c｛ \〡 tl‵ (⋯ CIWl｝ ch〔 ︳k(｜ cl)〔 h

、
｛tl n(laI(｛ devi｛ l｛ i()nΔ ↗dIc｛ l｛

、
()givcn

｜Dcl�｛l〕 ‵(m)

Scrlc‵
Sl� il╮

.、

l()g

in〔crval(nlmi)
Λˊ

〔

一

T(

｛)7〦 ｝、｛

°卜╮〕
()× 2╮
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nU signincant change in the length distributiUn Uver
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Strong variation i,n prUperties: iΓ Unly because of the
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ship between the area backscattering coemcients 
。
f
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ilj bUttUm ecl〕 Ues Recently, during a cruise with RV
“
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’
tUUfUt句 Urden inDecembefl9p8,three

bUttonn sampleSvvieretakenflUmtheareabymeansUfa
grab  WhiIe these await nne名 rained analysis, they
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ǐth dcpth、  afI℃ c〔 ing thc targct Strcngthll For

svλ lInbladdcrcd nsh pos、 cssing ′trε ′9lora/,′ tε . the R、viInbIad-

dervUIumecanberegulated、 prcsumablytUI1.aintainastate

Ufnxed buUyancy indepcndcnt Ufdepth Givcn the siInilar

IllasS densitics()6 nsh ncsh and sea watcrand silⅥ iIarcUIη -

:識:::言汰:羜s技′::求私f:︴先:t∴:f翠
i#片

境:

║i裝描俠供W艤彈持各
gas︴

卡掙 #tsc叭 茁m lt,1ll玳 喚 血 血 跐 a山 m℃as“

I9nasS dcnSity ()I $〝沁n｝ hIaddcr ga‵  
、
vith dcpth °n thc targc〔

法潔 :窩 ::︴:古:照 紫 糕 潔

=℉

::i｜Υ ︴#

elemcnt mcthUd, appIicd in a prcceding study tU thc San〕
c

茁:i道f戈︴::工::蕊#::摧琺:f°Ifl各騭≧i琶:l
boundary.17

∥.B°VNDARㄚ -巨 LEM巨 NTM巨 了H° D(B巨M)

IntheacUusticbUundary-eleIncnt｝ IlcthUd,the巨 cI｜n,hUltz

::r:ξ::一垚字猛li牌:;:i主裝:::::隙tsi品a｝

Au〔 h° r ｛o wh。 In c。Irespondel1ce ShUuId be addressed Elcctronic lIlai︳

kfbotc@wh。 iedu

3136 J Ac° uSt S°CAm 114〈 6),Pt 1,Dec 2UU3  UUU1-4966/2UU3/114(6)/3136/11/$19UU
◎ 2UU3Ac° ust︳ ca︳ S。 c〡 etyof/\mer｜ ca

99



atanypUint isexpreSscdin te伺mSUfthepressureandnUrmal
displaccmcnt(UrvelUci,)neldsUnthesur血 ce∫ Ufthe
scattere一

18￣2UTUsUlvefUrtheunknUvˊ
nnelds: this integral

equatiUn isevaIuatedateachnUdeassUciated、viththesetUf

discreteelements thatcUllectiveIyspan∫ , thus prUducinga

system UfSimultaneUusequatiUnsfUrthepressuresanddis-

placementsatthUsenUdes.ThesUlutiUntUthis systelm may

then be used tU deterllllne the pressure at any Uther pUint

usinganumericalfUΠ nUftheUriginaIinte驆 alequatiUn.

The exteriUr fUm Ufthe standard integral equatiUn is

knU、vn  tU suffer frUm  singularities  at certain critical

frequencies.2lSUlutiUns tUtheintegfalequatiUnmaybenUn-

unique. �0t critical frequencies, the abeπ ant sUIutiUns are

physicallyinadlIIissibIe,22〝 h́ichraisestheprUbIemUfdistin一

guishingthcscin nuIIlericalsUIutiUns.
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伍riUuslIlethUdSexist tUUvercUmcthcprUblenlUΓ criti-

caIfrequencies,fUrexample,thUsedescribcdinRefs.23-28.

ThemethUdavaiIablctUtheauthUrs isbasedUnBurtUnand

Millcr’ sapprUach,24in theparticularfUΠ mdeveIUpedinRef.
29andappliedinRcf 17 This incUrpUratesasecUndintegraI

equatiUn, the nUrmalderivativeΓ UrΠ〦 
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diAtrentiating thestandardfUrm 
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/ithrespecttUthenUrmaI

directiUnatthesurface.Thetv/UintegralequatiUnsarecUm＿

binedbyaddingamuItlplcaUfthcnUrmaIderivativefUrm
tU the standard fUrfI1.ThevaIueUfthiscUupling paΓ ameter

was nUt specined by BurtUn andMiIler; laterauthUrs have

madevariUussuggcstiUns,eg.,Rcfs. 3U-32, thecUnsenSuS

bcingthatashUuldhaveanUn一 ZerUimaginarypartandvary

inverscIyasthe、vavenumber.Terai’ srecUnlnlendatiUn3lthat
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IUn is refeⅡedtUsimp〕 yasthestand缸 dfUΠllulatiUn(S日 .
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h您 her degrees Uf singuIε rity Uf integrands in the pHGE

、
vhichareintegrable. thcreisanUminaI penaitytUbepaid:

lcsser precisiUnrcIativetUthatachicvedM方 ththeSFatnUn一

critical n.equencies.

TUachievethehighes〔 pIeciSiUnandaccuracy,｛ he1.eft9le.

thcpHGFisusedtUidentiㄅ pU$ibIechticaIiiequencicsIn

theirapparentabsence,theSFisusedtUdcscribethenumcri-

caIresuIts ThegencraIpHGFis nUwint1.Uduccd;theSFis
derivedfrUl1l thisbyequating atUzcrU

A.巨Xter:orequatiUns

ThcsystcIη UfCquatiUns,in mat1.ixIbI.lη ,isgivenby

師=Bu%ca午      ‥)

、
vhcrep is thcprcssureIleIdanduis the I〕 Urlllalcon〕 pUncnt

UΓ thc dispIaccIIlent ncId duc to the incjdcnt pressule Iic︳ d

Pinc、 withtin〕 evaria〔 jonexp(iω r)undcrstUUd‵ whercω is tl〕 c

angu︳ arfrcquency Thecoemcients()Γ theIllatriccSAand B
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r｛ wUtcStCaSC‵  Tl｛ Uhlcct inbt,lh

tascsi‵ acUnsmnt-vUlumcgas nllcdsphe㏄ UfdiaInctcr5()

lllIn9 In〔 hcnrstcasc.biStaticscattcrjngjUran incidcntwavc
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weretakentUbe lU25 kg/m3 and 147Um/s,respcctivcIy‵  in

、
vater; I 247 kg/mJ and 3374 m/s, respectivcly、  in air at l

atIn:andε3597kg/Il13and 3374m/s,respcctivc︳ y,ii〕 airat

5I atm ThcIlnassdensityofs、 viI99bladderga、 iSassulnedto

樧守 #省甜V甘工:r早品驟守t:f器1技
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FIG l  Bistatic Sca〔帊h)9g就 reng〔 h in decibe】 s as a ltlncfion ofscallering

angIe lUr a plane 
、
vave or rrequency 5U kHz incident on a sphericaI air

bubble oΓ diamcter 5U IIlrn. at preSsures oΓ l and 5I atm The an㏕ ytical

(serics)s。 Iution iSShownbythecontinuouSandbroken︳ ines.whi㏑ the

BEM predictionsareShownasdiscretepoints Thescatteringan」 eis rcIa-

tiveto thedirection oΓ incidencc、 SUtha〔 U° rePI℃ sents thefb〝 缸̌(i(︳ irec〔 iUn

lUngitudeat2.25° jnterValS.ByinvUkingrUtatiUnalsymme-

try,theprUblemⅥ /asreducedtUUneUΓ SUlvingfUrthesurface

pressuresanddiSplacementsUnUnIyUnesegment,cUnSiSting

Uf8Ue㏑ mentsbctwcena由 acent meΠ dlans TheresuI心
r,hU、 ń inFig. l indicateanexcellentagrecmentbetweenthe

BEMandthean㏕ yticalsUlutiUnResultswiththepHGFand

SF缸eindistinguishable.

In the secUnd teStcase, the target strength Ufa sin〕 ilar

gas＿nIIcdsphereiscUmputedUverthefrequencyrange I Hz

tU5UkIIz,againat pressureSUfland51atIn,withdcnsities

and sUund speeds as given abUve. The target Strength 
、
vas

initiallycaIcuIated uSing the analyticaI sUlutiUn at 】-Hzin-

terVals IntheneighbUrhUUdUfeachUfthenumerUuspeaks
and trUughs identified fI.UΠ1theseinitialresults, furthercaI一

culatiUns、verethenperfUfmedat increasingresUlutiUn,dU、 vn

tUU.UUlHzasfequ行 ed,㏑ Urd㏄ tUmentiㄅ thepeakUr
trUughTSvaluestUwithinU.ldB For theBEM.theIUnger
CUIIlputingtinlesmadeit impracticaltUcUmputcsUIutiUns tU

thesameresUIutiUnUfI HzUverthev/hUIefrcquencyrange.

Instead,thetarget strengtI〕
、
vascalculatedinitiaIlyat1UU-Hz

intervals, and thcnatflnerreSUlutiUnarUund thepeaks and

trUughsasjdentinedin theanaIytica】 sUIutiUn,againwiththe

aiIl1UfdetcrminingtheprcdictedpeakUr trUughTSValuetU

withinUldB
The same mesh as described in the nrst test case 

、
vas

usedin theΓrcquencyrange25-5UkHz.FUrlUwerfrequen＿

cies,wherethecUnditiUnthatthenUdalseparatiUnshUuldbe

Iess than吉 Uftllewavclength㏕ lUwsfUrla噁 erelemc)ltS,

siΠular meshes werc used but at intervalS in latitude and

IUngitudeUf4.5UfUrthcrangc 125-25kHzand9° fUrthe

rangeU一 12bkHz.
ThereSults缸 eplUttedinΠg.2(a)伈 rapreSstlreUf1
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The mass density Uf the suIUunding nsh nesh is as＿

sumedtUbeidenticaltUthatUfthesea、 vateriΠ1lllersiUnme-

dium, nameIy lU25 kg/nl3 FUrtheassumedtemperature Uf

5°CandsalinityUf35ppt‘ thenUΠlinaI sUundspeedin thc
ilnmersiUnmediulll is l47UIlVs.

ThenumbersUfeIementsandnUdesfUfeachswimblad一
deraregiven inTableI.Statistical rneasurcsUfthedistance

betvˊ eennearest-neighbUrnUdesaregiven in thesametablc

As mentiUned, 竹is liInits theupperfrequency UfcUmputa一

tiUntUabUut4UkHz,Unthebasis thatthelen..thUfelemcnt

sides,nUminallydUublethenUdalseparatiUn,shUuldbeless

thanUne一 thirdUfavˊ avelengthinair

Thebackscatte㎡ ngcrUss sectiUngivenbyEq (13)is
averagcd 

、
vith respect tU the UrientatiUn distributiUn, thcn

eXp犯SSedin tlleIUgahthmicdUmainaccUrdingtUEq.(1的

EachUffUurnUrmaIdistribu位 UnsUftiItangle缸eCUnSidered:

N(U,U)、 N(U,5),N(U,1U),andN(-4.4,j6)° .Thelastdis廿 ibu︷

tiUn isdcrivedfrUnl=η -∫●′跖phUtUgraphicUbservatiUnsUncUd

(Ga〞妳 〃
。
69r/9vω .37

BecauseUftheeΠ ℃ctUfperspectivc.38thec〔tectivestan-

darddeviatiUnsfUrthefUurcasesarc2.D￣ ,5.5, 1U.2,and l6° ,

respectivcIy3‘  In teΠ ms Ufthe nUrmal diStributiUn g Uftil〔

angIeawithIneanθ andeΠ℃ctivestandarddeviatiUn∫ θ.thc

aVeragebackscatteringcrUss sectiUnatfiequency vis

Whe犯 tl9e in把gratiUn is perfUrmed ov”  t(le range Iθ

-3∫ “θ+3∫ r91.

BecauseUfthepresenccUfgasin thes、 vimbladdercav-

ity, resUnances Uccur, evcn at high frequencies beyUnd the

lU、v-frequcncy breathing-mUderesUnance.3’ TheSc cUuld be

trUublesU】ne, particuIarly atgreaterdcpths since the greater

bandvˊ idthsUftheresUnanceS.Ubservedin theresultsfUrthe

spherical bubble. make it mUre likeIy that a particular fre一

quencyⅥ íll i∥ l、vithin sucha1.eSUnancc.HU﹋ évcr,thereare

nUinnnitc＿ duratiUn,single＿ frequencysignals in practicc:sU-

narI1leasureInentSarcperΓ UrIl9edwitl〕 rinitc一 duratiUn signals.

henccⅥλth band、/idth ReaIizaL9lc1.cceiverSaIsUhaveanas-

sUciatcd bandⅥ/idth UΓ prUcessiΠ g These cAscts have been

dcalt、 vitl╮ jnRer.4UthrUughtheIk)llUM丙 ngUpcratiUnalavcr一

agc Ul:the backscattcring crUss sectiUn as a ΓunctiUn oΓ tilt

anglc θfUradUⅥ ń、vard-pUintingtransduce‥ hereexpressed

in tcrl19sUfthetilt-angle一averaε edcrUss sectiUn:

(i7)

、
/here∫ iSthetransInit signaIspectrun〕 and〃 is〔 hereceivcr

iiequencyrespUnsefunc〔 iUn.alI functiUnsUffrcquency v In

thc cUlη putatiUns rcpUI.tcd herc. ∫ is thc FUurier sPectruIη

cUrreSpUndingtUthesignaI∫ (r)=c()s(2πb′)rcct(r/t).whcrc
vU is tl〕 c ccnter Iicqucncy Ur thc 〔Iansmit signaI. γ is the

signaIdura七 iUn,aSSuIncdtUl9cU64l11S,andI.cct(x) isUI。 r

｜I>U5andl lt)r｜ x〡 <U5Thus.∫ (v)=(si n)、 )●.whe℃ ｝
=(v一 vU)T,.2ThcltlnctiUn〃 isdc㏄ hbcdinFlg41UrvU

=38kH2

EK-38

-2U一

-3U└
34 36       38       4U       42

「
requency(kHz)

FIG 4 MagnitudeoΓ thefrequencyresponSefunction ofthereceivcrUf〔 he

EK-38echo sounderflol19Fig 4oΓ Ref 4U

V︳ .RΞSVLTSANDD︳ SCUSS︳
。

N

A.Compar:son ofcomputat︳ onsw︳thStandardaΠ d
part︳ a︳ HelmhU｜tzgrad:entfUrmu︳ a〢 ons

ResultswiththetwUapprUachesareillustratedinFig.5

fUr specimens 217 and 219. Tlle resUlutiUn Uf the pHGF

results is5UHz;thatUfthcSFresults is2＿ h￣ Hz EvidentIy,

the agreement is vc, strUn8, but with a fe、 v difrerenccs

whcrethepHGΓ resultsappcartUbesl㎏ htlymUredispersed,

suggcsting asUlIle、 vhatgreatervariability.As nlcntiUnedin

Sec II, this is belicved tU bedue to the higher degrees Uf

singularity UfintegrandS in thepIIGFcUmparedwiththUse

in theSEwitnessEq (3.nlcUmp缸 edWithEq.(2bl:with
cUπespUndingIUssUfnumerical precisiUn.ByreaSUnUfas-

sumedgreater preciSiUnand accuracy. theSFisuscdtUde-

rivethecUmputatiUnalresuIts presentcdbelU、 v

Agreemen〔 UfthecUfcspUndingrcsults fUrthetwUap-

prUacheS iS pUUrer fUr sUme Uther spccimens, especially

vˊhcn thcir nUdaI spacing apprUachcs theλ /6一 IimitUfappli-

cability: 
、
vhcreλ is the、︷́aveIengthUfsUund in thegaseUus

interiUr Uf tho swin〡 bladder At 38 I kH2, witl〕  speed UΓ

sUund in thegas()f3374Ill/s.λ /6=Ul44cIη  Rcfc仃 ingtU

TaL9le工 .953毛 UfthcnUdal spacingsΓ Ur speciII9ennU 219are

Icss〔hanUl2UcIη  This is、 ︻́ithin l()%UΓ thecUIΥ cspUnding

value Ibr nUdal spacing M” th the cUarscst IncSh. 
、
vhich ap-

p︳ icstUspeci1llcn2U5

B.DepthdependenceoftargetStrengthforas:ng︳ e
speclmen

Thc 〔iIt-anglc dependencc UΓ  ta1.get strength has bccn

cUIlnputcdIbreachspcciInel〕 ateachUfthrecpressures: l、  ll,

and5l atlln. Tl〕 edepcndcnccs ｛:Urthe swiIl9bIadderIl1UdcIed

aSavUidl7andat pressure卜 ()Γ l and lI atnlareinverycIUse

agrecn〕 ent

ThecUI9lputcdtilt一 angIcdcpcndcnceUΓ 〔argct strcngt︳ 〕is

shUⅥ/nΓUrasi ngIcspccil19cn、 a345-cIη -IUngpUIlack.inFig

° AlsUshU、 vnarethcdcpendcnces lt9r tl� ecascUI avUid Uf
thc samcshapel7 and Ibractual I〕 〕easurelη en〔 sU｛

.thewhole

nshwithiI〕 tactswimbladdcl一‘
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｜S(fl︳ 2(T=U.41ms｝ ‵→
。 \｜ H(f｝ ㄕ@● ●7.6kHz

〡S(f)｜
2｜

H(f｝｜2
′

/︴ γ

′6’
′‥‵

、、‵ ︳t

1.U

U.8

｜S(f)｜ 2

U.6

｜H(f｝｜
2

U.4

U.2

U石λㄆ｝各 -2UUU

σ≡ 4π

ㄘ于片苦≡苦告芛
=4π

U 2UUU 4UUU

where乙 =何 ,tiSthetfan斑㎡tpuIseduratbn inSecondS$叩

TableⅡ),cis theIUca(soundspeed,andΦ is山eequivaleⅡtsUIid

angle。f山ebeampa仗em.Here,Φ isdennedasuIesolidangIe

inwhichanideaIbeaInPattemUfumtrelativeTespUnsercplacesthe

actualmeasuredbeampattern.BeyondΦ 由eielativerespUnsekZerU.

This solidangleis oneoftheparameteis tobcdeteiImnedforeach

ianSducerbythesec』 :bratiUns.TheabsUrpiUncUemdcn‵ a(f)is

afuncti。 nUffrequency,temperameandsal虹 u,.┐㏑erangeiUmthe

transducers tUaglventargetandulepulseIenε 山 atecaIcuIatedusing

thclUcal soundspeedcdehvedfiUmU119φ
。
nduc6vity,temperamre

versusdePth)data:I到 .

ByuSingthe五1teHngana1ogyouuinedinΓ ig. 1,andthec。 mmon

灕 攤攡贓鑭｜
bytlIe reIa心 on

SR(f)=ε
′
(f)互 (f)=S(f)Γ(f)π (f)     (3)

Whe比 π(f)必 山eiequencyrespUnsenⅡ lc㏑nUftllerecdve己

andΓ (′)沁 山 emUnUchroma“ cbacksc缸 tCHngampIitudeUfthe

杉rget.For preSent purpUSes,this isaSsumedtobeindIsungu心 habIe

什omthecoiespUndingfarneldamp1㏑de,which心 扣sdnab㏑ “nce

9plcalmeasurement rangeS(SeeScctbnIV)farexceedthefactUr
often●mestheSphere【aaus SpecinedbyH沁 1ding 【1句 asa
condit1onfUruSingthefarneld。 r plane-waveampIitudeinSteadof

山 e㎡ gorouS Πnite＿neId＿ dis山 Ce°rSphe㎡ c㏕一wave aInpIimde. ╮ en

uleb箘 iCdennitlon oftheSPherebackscatteicroSSsectionσ is

(f-fc) (Hz)

批鏣淵醞 ║ξδㄘ高茁日苟2r召tt:╯｝:sad古 1彥古土6t:綜 e全f:shUwn芯

血甘mS血 spec㏑mⅡn「 如rasq.areP㏕∞。f㏑n曲

蠍 f簽蝌 ::甚裝萬
=蘶

≡攡

whereo=π (r一 fc)t.ThaefUre,

u=(唧 )I  。
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u咒
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measuredbackscatte㎡ ng cross sectj。 n, σ,i, iSProPoπ i。nal t。 time

integtals ofCl￣ tandr9-「 ,ie,

偏 =K驟
  。

whefe K iS apr。 pUrt1。 nally conStantand the inte..rat1。 n Iimjts

are ch。 Sen t。  incIude the peH。 ds when the received signaIs arc

signifIcantlyaboveulenoiseIeveI,whichtypicaⅡ
yincludedbetween

9 and lU SaII9pIcs. F。 r the rece:ver, the digitalIy recorded l6-b

ampIitudeS, Ⅳ, are propoIii。nal t。 thc received v° ltage fron〕  the

tansducer,σr:e,as

Ⅳ =β 研         l’ )

wheΓ eβ isaprUPU由 onali〞 cUeffIdent incIudingthcamplinergalns

andanalog一 t。 dlgita! c。nverSi。n Byc° nverungfrom timcto range

u“ ngthclUcalSUundSpecdcaildc。 mbining(6)and(7),weget in

temSUfulcrangedependent recUrdedamplimdes,Ⅳ
(「 ),th狂

●,,1=B.Σ Ⅳ仁↗

wheiei9isac。nstant°fprUpU由 onaj呼 ch。senS° that1Ul。 g1。 β

canbeequatcdexacuytUthequant1呼 R工╭sLaIldtllcSummau° n

li血ts ch。 scn t°  c。veiIherange intenral wh。iethe ㎡gnals aie

費 棩 狂蜜 驟 鈏 鱉

儺 玀 韱 選 雖
sonarSyStem.BySubSitutlngthis

croSSsecuon,conveiedtodB,into(1)in p】
aceoftheterinsRL-SL,

anddroppingtheins。 ninedv。 Iumetenn,theexpe㎡mentalcalcuIat° n

ofthecalibΓ釭‘
。
nCUefncientbec° meS

sonarfrequencybandsandambicntw狂 Cr pr° pe㎡eS﹁祀 quan位,

｜F｜
2抵 plUIedinΓig3UvcrtheiequencyraIlgei° m2UtU4巧

kIIzfUrthemcespheresi?嗚 S TheConStan♂ usedin thecalcuIauons

薣滯:;:h舒 ::;;:::︴ :上 怎留瑪糴盅;s7ξ::音::e;｝i9

is a relauvely smUUthfuncd。 n offrequency fUr au mee sPhcres

However, at highcr frequcncieS the Sphere crUsS”
SectonS reveal

p【oIrlInent peakS and dips cUriesponding t°  reS。 nant frequencic$

ofelaSic。 SciIlau。ns ofthesphcre〔 191,s°meumescxceed㏑ga

factUr°fIΟUreduct㏑n.AlsU,thepreciSeresUnantfiequendeSare

ve, Sensiuveto smalI changeS in sphere characte㎡
S6cS andwater

properueS Because°fthcfinitcbandwiduloftheiansnuttodSignalS

φpprUx.土 2kH砂 ,山eSeies。 nantdfUp°u$muStbeindudcdin the

esumauon ofeffe.uvespherecr。 ss-Sect㏑n.η比 iequencyintegΠ ㎡

appr°祀hSpeCinedinㄍ )sh。 u︳ d(theoieucally)handletheseres。 nant

drUp-° utS,butSmalIerr° r.s in sphcreandwater propeileshave● le

potentlaI foraItenng the effecuve cross Sect° n. Γorexample, at

afrequcncy。 f88kHzthereSultsfrom山 e38.landˊ °.Umm

spheresc。 uIdbcsub-UptlmaI.nleuseofulreesphcreSaIlUwSs°
me

asseSsment ofthemagnhudeofthisuncertaln呼 .

θ ∫t刀㎡ttV:9A祤 6,9t6:砳 ebackscattenngcroSsSccti° n in(4)was

evaluated over a range 
。
fcUnditi。nS in addi● °n tU the n。 9unal

condi● °ndesc㎡ bedinTabIeΠ  TheSeeva(ua●
。
nsexpIoredefects

due t°  vanat1。 nS in watertemperature, SphereeIas● cpropertles,

transImtfieque.9cy, and puke durat。 n. From 
。

is it was aPparent

that the d:ferent Sphcre $izeS are n° t equaily uSabIe f。 r all s。 nar

froquencies,reinf。 rcingtheimpreSsi。 nglvonbylnspecjon。frig.3.

ThiS a㏑
。

pΓovided quanIta6ve gi。undS 
。
n which t。 decide which

spherc°rSphereSt。 usefUrap狂 iCularS。 narchanneI

j)tt嗒εt&Kπ g九 (油tjtη IU榕:ThCbackScatteraInpIimdeatthe

centerUf山 einsUn㎡VingbeamUfeachtansduccr isdet印
㏕nedby

Search㏑ gfUrthcmaXimumecho inten血 ,from山 esphere.The

fundamental quantity ofinterest iS the t。 tu ener封 c。ntent in thc

tar..e● echoaScomparedφ ●hetUtalenergyin theiansnuIedpuIse,

repFesentedln(1)astheterInSRL-SL.ThetUtalene培 youtput。 f

thePulScwnIbeprUpo㎡onal to thetranSmktedvoItage,σ t,and

:芎I羇野理另忌f::︴音ξ三早9:讞、戳蓮＿::聚I:註上裝

Ⅳ”一卜一‥

g一
乙T一σg。o

=B
m

g。

ⅡI CALIBRATIUNSY田 西M

Thecalibratl°napparamsc。n$1sts。fa4× 4maIuΠinumframe

thatiSmountedh。 HZ°nta(IyapPro蒞matelyU5mabUvethehigh

waterIeveIfromac。 ncrctepIerattheInS6mte。 fUceanSciences,

BC,CanadaAsUlidcrUsSbeaIn° nw㏑chasmalISIedcanbemoved

backandfU㏕ hls mounted。 ntUP°fthesquarefraIiIe仔 ig4)There

aretw。 Stepperm。 t。rswh㏑hcan predSe)ym。vetheSIedinbotl1

2 (aI。ng山epier)andv (。Ⅱh。g。naIlyto thePier)directi。 nsunder

踹驟棩s盅王職古擺嬾蓷
calibratedis placedon theSea﹋ bcd

crane.WaterdePthisapproximately9m,depcndingon tide

驟 識 r菥常考i紳:蹛:腳
in nneseinew。 ven 

。
fm°non㏑π

monof1lament nSh:ng lines were uedtUtlleends 。
fa I5 × 15 cm

ho㎡zUntalci。 SSbfackeitUminimizeanyspherem。 ti。nrelativet。 the

sIed.〕 lliScrosSbracket isc° nnectedt。 thesledwitlla2ml°ngr。d,

whichcanSlideverticallySothatthecroSSbracketiSsupPUrtedncar

theSurfacewiththeSpheresuSpendedapproximately 1.2mbeneath

theSurface.Itis impUrtant t。 makeSufethattheSphereiβ wellbelow

theUceansuHhceatthel。 west stageof山 ctidaIcycIeduhngthe

驟 汙 £茻 h膩
:攡 鱗 建 色 較

3UminP㎡
。
rt。 use therewaS

afterthiStoensurethattheSufaceswerefuIlywetted Th●
ac。ustic

雖∥狐:#出踍稅鶚囁瑞裸
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1U.s

1U￣
4

1U.5

｜
「

(f)｜

2

1U￣
s

1U￣
7

that each mn c。 uId be completed in lesS man 2 h wi由  adequate

spauaIres。luuon 如 simpIiesahohz。 ntalSphereπ 趙irecti°n specd

UfapPrUximately 3 cln/s.

Ⅳ .APPLICATIUN

In。rderto iIluStratethetechniquewedeSc㎡ betllecalibra●
。
nof

:盟絲翠綝究;$d瑞:t::#驟蟲器穹i:::t:早l;

SuPP°Ⅱ‘sixech。 s。undersatcenteriequendesof29.4,51.45,

路 .2,Il7.6,198.45,and396.9kH比 FableⅡ〉T㏑sfrequenφ range

is we1l suitedfUr Smdies 
。
fmacrU-z°°PlankI。 n, nsh andbubbles.

FrUm$ensitiⅥ 呼 analysls,asdiscuSSedinSec● °nⅡ,it k possiuet。

deterIIuncthebeStSpheretUuSefUtanyp㏕ cuIars°narSyStem台ee

Fig3)Hence,theprefmedSpherediaInetefsfUrthepresentS。
nars

are:294kHZ:all;51.45kHz:38.l al1d43mm;882kHz:43Inm;
1】 7石 kHz: 38.l Inm; Φ8.45kHz: 38.l ilm;and396.9kHz: 38.1

and 4U mm.

1U￣
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1U一

1U￣
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2

1U￣
6

1U￣
’

1U一
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Ca︳ ibrati。 n sphe「e

︳nSt了ument@6.7m

1486 1488 149U

o
1
2
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8

(
ε
)
ε
一a
Φ

o

1
2
3
4
5
6
7

(
ε
)
工
一a
Φ

o

胂 攡 攡 締 蟀 攤 櫼 籦 驧

bc,o品 in the㏑π〞P.sltlon@°WCrH山 t。°mer9.AsUnar呼St.m isbeing

loweredinto山cccnteroft1lcfran,efUro日 ibratoi1.

.玕出手I︴!二咢::穿猛:::l︴::罟子弓FF︴盟駬艦
λ is thc acouSuc wavelength, ranged frUm U74 to 4.U m. In the

cal山rauo踏 tUfUl︳ow,a㏕ nimumoPerajngrangetU山 ecal心 o心on

$phercsofatleast4.5mwasm缸nt缸ned.

Un山iSinSmment thesonarSpU㏑ tVatcaIlyuPwaidsandare
mountedΠ uShwiththetop ofaSquarealuiunum plate(啪 dth=1.2

m)t㏑ ㏑suument is18mtalIandis守 picallydep1oyedatdepthsUf

2UtU35mbeIowthemeanSeasHace.仙 epulSerepeu位on penUd

is。.6s,wiulpuIsed咿 u。n。feithei41Uus,°r54UusfUrthe29
kIIzsonar(theIongerpulseis neceSSa叮 tUs卿 wI伍㏑ 山ennite

bandwmthofthe29kHzsUnar).
t、e●anslIutVoItageSarecarefullyregulatedtUm缸 nt茁n mn9

mit p° werregardIeSs ofbatte,v° ltageduHngadepIoyment.The

backsca伍
。
redecho signalSfrUmtheSixsUnarsarcnItered,缸 npI● ned,

m灰 eddowntUac缸 ●“ iequeIlcyof375UHz,aIIddi茁 tizedat

arate。 fl49°UH眨 wiu1 16＿breSoIuiJon. Thedigi址 dataStream

is 山en vldeo moduIated and Stored on video casSette tapeS. For

mUreinforrnat1onaboutthiSinSm.Ient platfUrlIlseeTrcvorrUwand

TethrUb【 191

J96ut仍超t。U〞 R釕“J●J.一 Dunng at”icaI 2-hcal山 ratbn run,

received Signals from rUughIy 1UUU°  acoustc ianSm$SionS are

recorded FrUmeachof山 eSerecordS, 3UU digitaI amplimdevaIues

spanning mngeS from U.13 m to 13 m from the tranSducer faces

arelUggedontoaperSonalc。 mputerfUΓ fu山crpfUceSSing B簽 ed

on山 eS● dau∥ accuiuterangeandbackScatteredintensitysignaIsare

tobedeteminedasfunc6ons ofh。 ㎡Z。ntalpUSi●°n in thefar＿ neId

beaInS of山 e SiX tranSducerS. These dataare subsequently uSedto

calcuIatethctansducerbeaInpatterIlS,hencetheinS。 ninedvolumes,

andtheconverSionbetwcenrecUrdedvalues andthebackscattehng

crUSSSection ofany杉Υ名etin thebeams las in(IU)〕 .

29Ra乃gε rr●〃 t昭π6〞“εtrJㄌ Ca〞t昭 t●U刀 9方 t〞:Ⅲ emostac-
curateWayofdeternunlngtherangefΓ omthetanSducerSto thet出 名et

sphereWouldhavebeento makedirectmeaSurementSUfthedistance.

〕lis approachiSraulerdimcuIt in practice. 
「
ΓherefUre,the=ange iS

obtainedindirectIy bymeasu㎡ n..thetiIne delay.TheS°undSpeed

wascomputedfromCFDpromesaccordingtoMackenZie’ SreIa‘iUn

〔15】.Fi&5showstwo soundSpeedanddensi呼 prUnlestεⅨenatthe

beginningofthenrstcal:bration mn(38.一 mm sphere)andafter tlle

Iast run63.Umm sphere)Thewate了 CUlumnwasw鈞 klySiatined,

翻鉉

2.6 1U22.7 1U22.8 1°22.9 1U23.U

蜘撰.蹣錚鐎逞職科綣钀戰韱

withaveragesUundspeedsv呵 ingbctweenl486.8m丙 atthepUsi6on

ofthecalibrat)on spheret。 I486.4㏕ sattheapprU心 matedepthof

theianSducers.For由epresentcalculatonSweaSSumeaInean sound

葌 雷
。
:f;笨 :::佳i£ 音等 磁 戈 甘 蓅 熙 咒 考 :.ξ 裝

the38.I mmSphere,atatimedeIayof7.68msthatcUrreSpUndSto

arangeof67Um.ASpreviouslyeXpl茁 ned,thewidthoftheechoeS

arerelated inacompIicated fashion to thctranSnItpuISedur敆 i。n,

frequency,andcharacte㎡ sticsofthecaIibrati。 nSphereitseIf

J)rrmsd班CεrBεa〞 Par紹η6: TheacouSdcaI alnplitudedatato-

gether with the Sphere p。siuon data recorded on ule ca(ibrati。 n

Soundspeed(ms一
1)

1U于ηp。

絆
mq.U

11.59.5
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a㏄ calculatedaSSuⅡ亡ngabeamrespUnse,p(θ ),fUra。 rcu缸 ●St°n

trantducer 
。
fthe f。 rIn 〔6〕

乙K的 =霄    m
whereKiSIheacouStlcwaV。 number,aiSthetransducerradius,and

Jl()is then心 t-UrdcrBesselfuncuonUvera1l,tlle㏑ampaIem

(
m
.
)
‘

一。
「
Φ
工
ω
>
之
>
一
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〧
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Beaman9〡 e(de9「ees)

子臮孟tsl丁兌#克蓋t昇瑟ξ?:甩營
s尹
甘丐ta::爭

°

造::崑
°
f=菴屯謖

38.l-mmtungstencad9decalibrat1° nsPhere

reSuItSSunlmanZedinTabIeIIIsh。 wthattheiei$basicagreement

amongthethreedifferent sphercmns,andbetWeenthcmeaSuredand
ldealizedbeam-widthsF°rthe198-and397-kIIztFanSducers(w㏑ ch

hadve,narr°wbeamS),themeasuredwidthSareSliglltV1狂 gerthan

theidealvaIues,duein part t。 meaSurementerrorcauSedbythesmall

siZc。 fthe -3-dB beaΠ】width at【 hesecl。 serangcS(i.e.,f。 ra2.U°

beamat5-mrange,thebeamwidtl1haSradiusof9cm).
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一-U

-8
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。
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。
29〕

3969U 22° UUUIl6

4UUmmSph“ .

294。 UU269

∫165 I。 2° °
。
234

882。 °°18I

Ⅱ9ω °∞∫∞

I9865
。
UU261

〕%9U 2φ
。
°°l“

294。 I。 6° I。 3°

。

°27°

5I4∫ IU6° IU2° U°269

882U 8φ UUI89

l196° $I° UUUd22

1984∫
oa×U2

〕9ε 9。
°
。
U188

IEEEJUURNALUFUCEANICENGINε ERlNG,VUL 21,NU 〕,JUVr6渺6

TABLEIV
CALIBRAm。 NVAL切必 F。RE】●ωMPLEMULTlm。 UENcYS。 NARSYSTE●I

如
剛

Range
′(m) )UU｛寺｜

(dB)

2rt
(dB) 〞Ⅳ

 
 
)

奇

他

I。 log〃

〈dB)

〕8IIrlm

.2891 J。 61 7J99 〕
.

-J。 9 3。 72 .︳ 〕U︳ .

882。 324U 〕U9° 69UI -1323

-2846 3U99 8612 ＿1456.

.28η 3119 &4。9 439.

〕%9U ＿2718 〕I“ &U7鬥 ＿I396↑

4U。 mln

59U .2845 JU9U 7499

59U ＿294J 69I。 -I296

59U -28〕 3 7I9。

S9U -2929 8S79 3

59U -〕 〕〕 78。6 9

396 $9U .329 9365

47° ＿9847 2694 γ893 I:〕63

＿2766 29U〕 7〕 48

882U -2948 96忠 !
︸13I5.

lI7(° -3。 92 2725 8∫ 82 -I46U

19845 47° ＿2782 27日 l 85∫4 .14° 8

」969U 47。 .3U79 278U 82∫ 5 】

A‘ tcHs妳 ㏑dlc缸CprefeiedsPheredIanleterat由 atPmlcularfrequeIi.y

V DISa站 SI°N

╮ etargetStrengu)ca︳ ibfati°nresultsf。 rtheexainPIesonarsyStem,

uSingthreedifferentcalibration spheres,aresummanZedinTabIeΓ
V

In gener.al thc reSultSfrom山 ethreedⅡterent Sphere runS foreach

sonarchannelagreetUwithin l t。 2dB,whenreSuItsfrom sphereS

consideredsubop● mal arediScounted.Γ
。
rcxarnP｝ e, wi由 由e397石

kHzs。 nar,the38一mmand4U-mm spherereSu)tSdiferby1.UdB,

w㏑lethe43-mm spheiereSuIt(whichwasconSlderedunrellable)沁

27dBl。werthanthe4U-mmrcSult.ThetkcreSultSat29.4kHz,

whlchdonUtencompaSSanyreS。 nantdmp-outS(。Ig.3),aIIagiee

towⅢ㏑nldB.HUwever,由 cdatafrUmthe5I.45-kHzsonar,W㏑ ch

isaIsUwiuI° utreS。nantdrUpUuLs,Sh。 wd沁ciePanciesasIargea$

1.’ dBS吧 geStln..s伍 biu呼 prouemsUrdnftSwithInuledeciUnicS

Urpcrhaps the6anSducer ltsclffUruI沁 channe1.Su°㎡㎡ngj,,。me

reSults f。 r unreliabIc Sphete SiZes werc Vcry gUUd; e.g”  thc 38.l-

mmand印 〦mmSpheresat8&kHzagrecreaS。 nabIywiththe4｝

mm spherercsult,indicaungthatthefrequencyintegatlUnmetl1Ud

outIined in (4) Success如 lly handIes the reS。 nant behavi° r in thiS

frequency rangc Finally, t。  cXiact flnal va︳ ues Ufthe c.alibration

coefflc:cn6 f。 reachs° narchanneI, resultScanbeaveraged among

reIiable sphere siZeS.

Un。ccaSionSS° meΥnobiIeacous● cScattererScnteredtheinS。 niΠed

voIumecIoSet。 thecaIibrati。nSphcreandpartiauycontaImnatedthe

reSultS,Suchthatthecalibrati。 nrunhadt。 berepmted.VlsuallythiS

contaImnati。nwas aitnbutedt。 aSch。
。
I 

。
fSmall nsh.FUrtunately,

pe㎡ odsc。uldbefUund.whcn山 ewaterwasfieefrom theseunwanted

scatterers. If tllis c㏕ ibradon technique is t。  be used 
。
n a m。 re

reguIar baSis it mightbe desiiabIe t。  surround the calibration hg

by a nne一 mcshed net.

Thep狂icularch。iceofSphercsizesuSedin thiSStudyhasbcen

deterlIunedatleaStin partbyc° nsiderations ofexpodiency.Infact,

a meaSure ofop● Πiza°on couId bc achieved by computing target

StrengthSoverarangeofSpheresizesf。 reach。ftheech° S°unders,

and ch。
。
Sing a smaIl Set of sizes fUr which the t紅get StrengthS

are relatively inSensitive to the several paFameterS °f vanatiUn,

for exaInple, medium SUund Speed and tempcrature changeS, and

unCe●眃intiesin physicaIparameters。 ftheSpheremateha1.工nsucha

design,thenatterareasUfthcfUmfunction,pIUttedinFig.6,、
vould

besought.An。 ndimcnsi。 nalrePrescntatl。 n,SuchaSthat inI14〕 ,is

obSeΓved t° be veoy usefu1.
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AcUusticdetectiUnandquantincatiUnUfbenthiceggbeds
ofthesquidLUt七gUUPaJesεθKs inMUntereyBa巧 CalifUrnia

KennethG.「 UUte
1〞bUds〃 U〞 Uε翗 9IU8Kφ乃必 J,r,rj奶′rt9刀 , 〝°U′,〃 U泛, ua$a‘ /I奶6t〃∫ U2JㄔJ

∩UgerIHan｜ Un
VarjPIt29jUˊ Ug必attatUrr.9U9n, NoU赤 ′iU′t, Ma,‘aclIzr∫ 〞t了6U2J〞 6

PatJ.︳ ampietrUandRikkG.Kv什 ek
Cat扣 r/lia∫ taft,σ ,” vε溶j〞 MU乃tt〞,Ba｝,∫〞a,o〞‘,Calfrr,η lJa夕 j夕JJ

(Rcccivcd12May2UU乳 reⅥsed13UaUbcr2UU5;acceptedl5NUvcmber2a光 )

Thc squid LUt● gU UPatε ∫ctK∫ is a key species in thenearshUre pelagiccUmmunity UfCaIifUrnia,

suppUrting thcmUstvaluabIestatcm&㎡ nensheF” yctthestUckbi()lIlass iSunknU、 vn InsUuthern

MUntcΓ cyBay,extcnsivebcds()ccurUnanat,sandybUttUlln,、 Vatcrdcpths2U一 δ Uπ hthus sidcscan

sonariSap石 99la扣c泛 candidatcfc,Γ uscjn rapid,synUp㎡ c,andnoninva由 vc$urvcyingThc叮 cscnt

studydcsc〢 bcsdcvcIUpmcnt ofanac()us心 cmcthUdt()dctect,idcntiㄅ ,andquan● r,,squidcggbcds

bymcansUfhigh-frcqucncy“ dc$can一 sUnarimagc./.VcrincatiUnUfthcnlcthUdhaSbcenundcrtaken

withavidcUcalIIcracaΠ
「
iedUnarcIIlUtCIy Uperatcd vchiclc. Ithasbecncstablishcd tha〔 sidcscan

sUnar ima8cscanbcuscdtU,redictthcprcscnccUrabScnccUfSquideggbcds.ThcIU、 vcr si2cIimit

Ufdctectabilityofan i$Ulatedcgg l9cd isabUutUbm witha4UU-kHzsidcscansUnarused 
、
vitha

5U-lll range〝 h́cntU、vedat3knUts Itis pUssibIetUcstimatethcabundanceUfcggs inarcgiUnoΓ

interestbycomputing〔 hecumulativearcacUveredbythccggbedsaccUrdingtUthesidc$cansUnar
∥nagc‘  InascIectcdquadratUnearcSccUndUncachsidc,theestiImatednumberUfeggs、 vas36.5

milliUn.◎ 2UU6Aε θ““jεat∫Utε秒 tAr,1trtε a 〔DUI:1U.1121/1.” 4984U〕

PACSnumbcr(φ :43.3UGv,433USf,43.3U.Xm,438U.此 〔WMC〕 Pagcs: 844-856

︳.︳ NTrlUDUcT｜ oN

A.巨 co︳

。
gIca︳ andeconom:c:mportanceo仔 LUI:gU

opa′θSθθηS

Squids,whicharecephalUpUdmUllusks,arekeyplaycrs

in many manne ecUsystems, bUth as predatUr and prey.i

tUtjgUUpaJε ∫εt刀∫iSanlaJUr preyspeciesin thecentraland

sUuthernCalifUr㎡ acUastalecUsystem.InMUntereyBay,
juvenilcandadult squidsUfthis speciesareimpUrtantfUUd

itemsin thedietsUf19nsh,ninebird,andtwUm血 nemam一

mal species.2AccUrding tU this enumeratiUn, LUt′ gU )pa′ -

t∫εεK∫ haS the geatest number Uf predatUr spccies in the

particularnearshUrepelagicccUSyStem.

LU〃gUopatε∫εεη∫SuppUrts themUstvaIuablem缸 ine

nsheΓy in califUmia. This nshery is l4Uyears Uld,3’
4 has

quadrupled in the past decade, and iS estimated tU be at

maxiInumexpIUitatiUn,yetnUnsherymanagement pIanhas
existedunjlautumn2UU4.s’

‘

「
Γhemanagement plan isbased

lar8elyUnan‘
‘
eg8escapement mUdel,”

7andthus it rnightbe

usefultUlearn theextentUfactualegglayingin any given

SeasUn Ur yea工  MUst lUIiginid squids, such as 乙UtjgU

φpa泛∫化乃∫
3and乙

Ut想Uv跖妳 arj∫ 〃 V乃a●fJjj,8areamUngthe

very fe、v marine species that depUsit their 8elatinUus egg

capsules in mUps directly Un tlle substrate, thus rendefing

their spatlaI dis色 ibutiUn iIllInediateIy accessible tU direct

measureIncnt.

Timely, synUptic data Un the spajaI disthbutiUn and

abundanceUfijUt想 Uq火〃ε“εK∫ inMUllt“eyBayareUfpar-
砬cuIar interestbUth fUrmanagementandfUrunderstanding

the ecU1Ugy, including that Uf tlle I缸 ger ⅣIUnterey Bay

NatiUnalMahneSanctuaF” GivenaccesSibiIityUfthcsquid,

acUuStics wUuIdappeartUbeausefultUUIfUrsuch、 vUrk

B.。verv:ewofacoust:cmethodsto quant:fysqu:d

TradiuUnaⅡ y, several direct and indirect methUds have

been empIUyed tU assess squid stUcks  抽 ese methUds
include, fUr examplc, thUse based Un catch-per-unit effUrt

罫

〡

腳 蠽 緊 麼 逾 逮 ∫i甘 藤

planktUnnet isaIsUdifncult,as、 vhensurveyingcephalUpUd

larvae, including 乙UtjgU Upatt∫ cεη∫ larVac,14 tU aChieve

adequate areal cUverage. SUmeaspects Ufnshe, dynamics

have been mdasured remUteIy tU yield a prUxy fUr nshing

eIUrt, thencc enabIing abundance tU be assessed indirectIy

thrUughalandings-peruni一 U「cffUrt(LPUE)measure.心 The
methUdUfbiUmasseStimatiUnbyenumeratingsquidbcaks in

the stUmachs UfpredatUrs is knU、 vn tU be prUblematica1.1‘

FUr LU:igU opatε∫εtK∫ , Cgg and Iarval surveys have nUt
succeeded.17ThepUtentia1ofcamera-bascdsurvcyshasbeen

絆念t牲:::::t驟器勝器蜜:私:盡”獵
genericdifncuIucs apply, incIuding thatUfefnciency when

havingtU surveyaratherlargeareawith an instrumcntde-

pendent Un undervˊ ater visibility. AdvantageS Uf the direct

acUus伍 c surveyingmethUdfUrgeneraInshehesapplicatiUns

are thus apprcciated: they are rapid, remUte, nUninVasive,

synUptic, and quantinabIe.13’
18 General disadvantages Uf

J AcUuSt.Soc Am 119(2),Februa〃 2UU6    UUU1-4966/2UU6/119(2)/844/13/$225U ◎ 2UU6AcUuS如 ca｜ S。cie妙 UfAme竹 ca
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acUustic methUds are assUciated with detectiUn, identinca＿

dUn, and knUwing the applicable characteHstic scattering

盟罟蜜U:iir裝盟s卷℉器s波:工ilU強 :〡｛二£

器Γ:::::::茫:早:位:║::::e:音 t́品全r↗坌裝舞 T丑

::士::I垚:::::’且橆盤 i。古〡;::幹U:踹£
behaviUrUr in thecaseUfdenseschUUIscauSingextinctiUn.

ThefeasibilityUfestiInaungsquidstUckabundanceby

acUusticmeanshasbeenestabIishedinanulnberUfstudies,

襳爩驆麟鱴翴壟
一

UmcchUsUund“swithvert比 alIyUr始ntedbeamsat38and

12UkHzfUfthcnrst twUspeCiesandat38kHzfUrthethird

濫甘走馬翠欒褦鼓胖紫為走又鱉魚,子貉至
hasbeencstiIllatcdat38kHzbytheechUintegratiUnmcthUd

鈕簪贓 獬#蹤i櫼攕i
balapers.cUmm.).

TheacUusticdetectabilityUfLU〃 gUUpaJt∫εεK∫ aggfega-

tlUns in thewatercUlumnwas established by Vau..hanand

Recksiek23’
24 in MUnterey Bay. Several dis伍 nctive echU

照滿 §片潀鋸;I:隿乇鮤者緊:n趶W氓
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m心 Uft)ledu非

㎡ 雒 嵹 吼 ξ 群 槭 :發 :賽

muchUfits life histUry TheeXcep● Uns afe theend pUints

dennedby spawnin& NeartheendUfits 6-12mUnth life

逞彗
’垚:::::摺老:翠£驟t:::::::盟翠

「
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RU‵↑擋

=肯

s乳 搬
j、

是罐 品 ::滿 t:Γ

、

瑋:r尹#磁

It)urthrustcrs tⅦU main thmstcrs prUvidcfUr、 vard,rcverSc,

andrUtatiUnaI mUvcmcnt,andt、vUvC1.tranthrusterSprUvide

vcrticaI and latcral mUvclncnt This smaⅡ  unit 
、
vas casy tU

dcplUyandrctricvcandprUvcdsu士 Flcicntly mancuvcrabIcin

dcpthsuptU34mwithmild()r nocurrcnt

D.P。 S︳ t:Un︳ ngSyStemS

了.GIUbθ′PUS什′UnrΠσ Sys!θm

Rcscarch vc〝cI MacGinitic has a difiercIltial GPS

撒 燉 儺 單 贓 酬 腦

thcirco∥ cc〔 i。n

2.Traε JrPU′ j9t

TheNaliUnalMaΛ ncElectrUnicSAssUcirntiUn(NMEA)pUsi-

tion data 〝́erc alsU rccUrded directly Un the digitaI vidcU

:=〡礑強c;j:瑋 i(孟 盡苦辛aF為免緩〔鱉
.t走

一

;:d吉::::::

M/herc thcy cUuId bc accesScd withUut Ubscuring the videU

lmagcry

V.F︳巨LDM巨TH°DS

ThefleldwUrk、 vaScUnductedUnthetraditiUnaIspawn-

攡提《甘雜歟啦難鮮
dant inegg bcds The idenuned rcgiUn 

、
vas then surveycd

syStematically by sidescan sUnar. It 
、
vas subsequently sur-

Ⅳ叩 ed” RUVl,UmemmeratUv由 ㄅ thesi&s㎝n9UnaI

UbservatiUns

A.Drop-camerarec° nna︳ssance

Tlleinidal drUp-camerarecUnnaiSsance 
、
ás perfUrmed

on13hIayUveraflatsandybUttUmUffthebrcakwaterandin
viewUfCanncryRUwatfUur sta伍UnswlththevcsseldΠ fting

atU5一l knUt.TheapprUxilnatedepthrangewas26-34m

Small numbers Uf 1Une squidS 
、
vere UbServed scattered

widelyUnthebUttUm,gencra1lyin thevicinity Ufeggs,but

neitheraduIts nUfeggswerenumerUus.

848  JAcUuSt SUC Am,VU〡  119,N°  2,「ebruarv2UU6

The recUnnaiSSancc、 vas cUntinued Un l4｝刀ay,drii｛ ing

frUInnUrthUfLUversPUint tUHUpkinsⅣ 上arincStatiUnatthc
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二
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ing vesscl 
。
vcΓ  a rathcr sh° r｛  distancc, and thc linc 

、
vas

()bscrvcd tUhcvcrtica1.

B.S︳deScans。narsurvey

ThC 
「
之lul｛ 一Iincarcaidcntificd bythcdrUp-camcrarecUn-

naissance 
、
vasSU了 VCVCd、 vith thcsidcscan S°narUn l5＿ NIay

撒#i∥:〨雖摸:Ii竹卡i#甘#甘i甘::
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濷 鼓

°
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nve at thc IUwcr frequency, abUut IUUkHz Thc nrst l5

tranSectS 
、
vcrepelfUmed 

、
vithatrack spacing Uf5Um,cn-
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shUrl,stccpSeaSUf、ⅣaveaInplitude 1-2m

C.R。 V-b° rnev:de。 camera:nvest︳ gat:。 ns

Atthebe」nningUftheneIdwUrkUn lbMay.thevesSel

nux＿gatecUmpass、vascaIibratedin twUcxercisespcrft.rIl1cd

Uff Cannery RU、v 
「
Γhis enabIed thc veSseI hcading tU be

deterIllincd tU within ±ldeg The nu又 -gate cUmpass 
、
vas

in圮曲 cedwiththeTrackpUint systcm (Sec.IVD2),en
ablingtheRUVpUsitiUntUbc」 vcn in absUIuteratherthan

rcIativecUUrdinatcs

匕
”
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-

㎡
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FIG 2 Geographicalregion oftheSideScans° narsurvey° ΓΓPacmcGrove

in southern 
、
I。ntefey Bay on l∫  Ⅳlay 2UU4, sho、 ving the high-frequency

sIdescanS°nar mosalc

�6

二

一
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Ⅲ eRUVwasdeplUyedwiththevesseldriftingUr
mUtU㎡nggentlytUmaintainatrackparalleltUthefauIt line.

mlreeparalIel track lines,lUcatedwi● 心nthesidescansUnar

survey area, were surveyed, withanU㏕ naI separatiUndis-

tanceUf2UII1. Une Ufthetrack lines is shUwn in F㎏ . 3

Severa1 lar8e, dense aggregatiUns Ufsquid egg beds were

circumnavigated in an attempt tU map thcir extentS, Ucca-

siUna1lyexceeding 1UⅡ ｝.TheRUvwaskeptapprUxhmately

1＿2mffUm tllebUttUm,withafUrward/dUwnw缸 ‘ VieWing

angle UfapprUxhnately 45 de& 
、

ΠdeU f1.Um the R()V 
、
vas

recUrdedwiththeJVCunitUn lllini-digitalvideUtapefUmat.

RUVpUsiⅡ UnswcredeterIIlinedusingaTrackpUintΠ +

uItra心hUrt七asellneacUustictrackng盯 stem(UREIntem扣

tiUnal,HUustUn,IX)andl1,evesseldGPStUy㏑ 1dreaI一wUrld

什 ,V,z)-cUUrd㏑ ateswith±2-maccⅢ acyTheRUVdepth

、
VaS aIsU detern】ined by apreSsuresensUrmUunted Un the

vehicle RUVpUsitiUn,pressurc-detcrlllincddepth,andtiIne

in LFrc were recUfded UntU the videUtape using a HUhta

GPS-3encUder.
LUneSquidswcreUbservedin thevicinityUfsUmeegg

beds. UccasiUnaI pairings andcUntestedpaililngs werealsU

Ubserved,althUughtheUbservatiUnsUfspaⅥ ńin8squidwere

incidcntaltUtheU切 ectiveUfsurve” ngtheeggbeds.

V︳.DATAP。STPR。 C巨 SS︳NG

SeveraldataprUcessing Upera“ Uns were undertaken in

theSeanUUrMappingLaboratUryiIilnlediatelyaftercUmple-

tiUnUfthecruises

A.P。 StproCessingandm。 saick:ngofs:descan sonar
data

DigitaIprUcessingandmUsaic㎞ ngUfthe4UU-kHzside-

scanSUnardata、vereaccUmplishedusingtheIsisSUn缸 and

DelphMapsUftwarepackages(TntUnEl㏑ sInternatiUnal,

WatsUnⅥ 1le,CalifUmh)andTNTMlpsgeUgraphical infU一

matiUn呼 stem(GIS)sUnware(Micrdmages,Inc.,ul1cUln,

Nebraska).Individualxtftrack-linenleswerefeplaycd,and

bUttUmtfac㏑ ngUfthesUnar、vasSupenIisedtUaidin prUper

slant-range cUIectiUn Line nles v/erc snipped tU remUve

pUrtiUnsv方 thpUUrimageΓ γfrUmthebeginningand/UrendUf

FIG 3 rist track。 ftheRUV-bomevide。 cameraon l6May2UU4,supe一

impoSed on thc Sidcscan Sonar moSalc Thc distance between the m缸 ked

endpoin〔softhetIack is6U3m

J Acoust SUc Am,Vo〡  119,N° 2,「 ebruaⅣ 2UU6

the track Lne Track lines were cUrrected fUr slant-range,

layback,andlateralUffset,andthepUsitiUndatafUreachline

weresmUUthedusingaSpeednlter.EachLnewasthenghd⋯
ded, 8eU-refcrenced, and expUrted fi.Um Isis SUnar● Delph

Map ingeU｛ eferenced%g(辟dlIm㎎eFileFUmatlCIeU-

TIFF) (U挖 U-Ⅱl andU.1U-m pixcI size, UTVI ZUne 1U,
WGS8Θ .王ndividu斑 track一 lineTIΥ im㎎㏄ weE㏑ pUrted

intUTNTMipsGISSUftwareandareasUfpUUrimagequality
wereeXtractedandremUved.Individualiack lines、 verethen

UverlaidtUprUduceamUSaicimage.

B.V:deo-datapostprUcess︳ ng

、
ΠdeU-dataprUceSsingwascUmpletedusingaΓ ĆBR-

DV6UUAmini一 DVVCRwithmUnitUrdispIayTapeswere
revicwed and pUsitiUnal data retrieved using the HUrlta

GPS-3 dccUder. The preciSe lUcatiUns Uf squid egg bcd

UbservatiUns wcre recUrded in a text nle, tUgether with

UbservatiUna】 dataregardin.Ueg8beddensity,substratetype,

andUthercharacteris伍 cs InfUmatiUnfrUmthelUgsheetsand

textnIes、 vas integratedintUadatabase.

C.EniryUfdata︳ nt。 geogΓaph:ca︳ informat:。nsystem
(G︳S)

MUs茁 cGeU⊥ 1rr imageswereexpUrtedfrUⅡ 1TN￣FⅣΠps

at U2U- and U.lU-m resUlujUns intUArcGIS 83 sUftware
(ESRI,Redlands,C㏕而 m血).Anat㎡butemblethat induded

theparaIneterSlUggedduⅡngthevideU-cameradataanalysis

wasalsUimpUrtedintUthesameGIS.
UseUfArcGISenabIedbUththesUnardataandvideU-

cameratracks tUbevisualized. IndividualUrmuI● pleside＿

scanSUnarsWathScUuldbedisplayed,ascUuldvideU-camera

::I士:i鑫裝 翠 鎧

d6怒h:攏
:咒 息 嗤 :呂在另 Ⅵ 造

include, fUr cxample, dispIaying the data at different scale

sizes,expressingthecursUrpUsitiUn ingeUgtapl1JcalcUUrdi-

nates,UvcrIayingncldswithacUUrdinategrid,IneaSuⅡ ngthc

distancebetwcen pUints, markngparticularfeatufes with a
︵.IygUn,amUngUthcrthings.ExtractedimagescUuldalsUbe

expUnedfUruseUut∫idetheGIS.

V∥.DATAANALΥ S匡S

Ⅲ enrstanalysis invUlvedpresence一 absenceteSting;the

SecUnd, deteΠminatiUn Ufthe detectiUn size IiInit; and the

third,abundanceestimatiUnUfsquideggsUveran缸 ea.

A.Presence一absencetesting

thephmarygU目 Ufthctestingw益 tUpmVe,Urver㎡ V,

the assUciatiUn Uf charactcriStic features Un t】 he sidcscan

sUnarimageswiththepresenccUfSquideggbeds,aswe1las
theabsenceUfSquideggbcdsin theabsenceUf thUsesame
characteristicfeatures AsecUnd缸 ygUalwastUestablishthe

sizeIimitUfdetectabiIity

乃∫rf.By「 祀anSUftlleA㏄ MapmUdulewithinArcGIS,

thesidescan in社 lgcry 
、
vasreviewedin nnedctail by Une Uf

thccU-authUrs(Kr一l GeUgraphical缸 e緦 With dappleSUr

mUttlingbelievedcharactcriSticUfthepresenceUfsquidegg

beds wereidentificd Areaslackingthescfcaturcs werealSU

FU。teθ才a′ :AC。 uSticquant︳ ficati。 nUfsquidegg beds   849

舞
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魂

FlG 4 I↘ irUΓ inn6gcstakcnfi()nl thcn︵ lie、｛ Hxccrln｛ (91“ dc史 anS。 n缸 lll° $aiC(tl)、 withboxintllcaⅡ ng〔 hc比 gionWhc!℃ ｛hcvi(Ia)-cnj〕 祀m inIagc(b)w.ls

Captu比dAdulIsquida1℃ observcdi” thcupPcl llgh｛ c()lI)eroΓ (b)

idcntiFlcd A scIccted cxamplc UΓ  appaΓ cnt cgg presence iS

∫hown inFig4(a)ThisareawasalsUUbscrvcdbytheRUV＿
bUrncvideUcamera ηIIlecUdcscUrreSpUndingtUtheperiUd

thatthcRUVwas insidctheindica把 dbUXinFig4(a)were
dctermined The pa了 tiCu㏑盯 tinlC codcs: tU..Cthcr 

、
vith timc

cUdcs frUm anUthcr 29 selected regiUns Uf intcrcst. 
、
VCrC

listedv︻ thUutrefcrencctUpUsitiUnUr sidescansUnarUbser-

vatiUns tU dcnnc a nrst test. Ⅲ ese 
、
vere used blindly by

an()thercU-authUr(RH)whencxaminingthcvideU-camera

recUrdingstUdcscl9betheprescnceUrabsenceU士  squidcgg

bcds RelatcdUbscrvatiUns、 vcremadcUnthe$ize,sl9apc,and

disjibutiUnUfcggmUpsUrbedsUrUtherbcn｛ hos,cg)kclp

frUnds, starFlSh,andseast缸 S,amUngUthcrthings

Tt,Ⅳ 2Thc,p卹 $Uf約 rmuI茄 ngTe敬 IW小 戺Ⅶ$edin
pΓeparing a secUnd bIind tcst, 

、
vhich aIsU cndcavUred tU

denne thc ljl19its ()fdetectabiIity by sidcscan sUnar An ex-

anlplcUfavideUimagesclectcdfUrthis test is shUwn inΓ ig

5(a) ThesccUndcU-authUr(RH)revicwedthcRUV一 bUrne

videU一camera tapes in detaiI, withUut reference tU the side-

scanSUnaIdata,chUUsingatUta1Uf3UrepresentativcrcgiUns

UΓ interestcUntainin8UrlackingsquideggmUps Urbcds.A

Iist Ufthc cUrrespUnding time cUdes 
、
vas preparcd WithUut

FIG5Pair ofim㎎ estakenfrUm出eSecondteStVmeUcameraimage(砂 mkenfrUm tlleindica〔 eda(aofthc° oIeSpondingsidescanSonaIn9c,Saic味 Ceipt

(b)Tw。 matingp由 tsandtwo lo蝕 SquidS狂e缸 sovisiblein lal

85U  U Ac。 uSt Soc Am,V。 ｜ 119,N。 2,「ebruarv2UU6
「
ooteθ ta/:AcouStlcquantificationUfsquideg9bedS
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infUmatiUnUnthevideU-bascdUbserva● Uns.ThctimecUdes

、
vere ianslated intU geU留 丌aphcal pUsitiUnS. 

「
Γhe n∟ st cU＿

authUr(KF)thenreⅥ ewedand㏑ terpretedtlles㎡escansUnaI

撥點路氍玉::::彗唵既驟 :幫膫
㏕

IIlea惢f姅潔:｜:I〧:fr古f:嘍
j:::蠿t琶 .蛗

尹ugedby

B.Detect:on︳ im社

The spadaI resUIujUn Ufthe 4UU-kHz SideScan sUnar

aIayisabUut1U-2UcmUvertherangeintcrva1 12-23m.
Thus,therewillbea1Uwer limit tUthesizeUfeggbedsthat

can be detectedandidenuned. DeterIninaⅡUn Ufthis liⅡ上t

、
vasasecUnd刉呼 gUaIUfthetesting.MateriaIsfUfthedeter-

minatiUnUfthesizeliInitwefecUnt缸 ned in theprcsence一

absencetes6ng.TheassUciatedvideUrecUfdwas examined

tU estabIishthesizesUfindividual eggmUps UrbedS when

thesewereweIlsep缸 atediUmUtheoclusters.DiscrepancieS

in tllestatisticaltestingment㏑ ned㏑ thepreⅥUussectiUn

wcregivenpa此 iCularattentiUn.

C.AbundanceesⅡ mat︳
。
n

AfurtheranalySiswaSperfU1以 ledtUilluStratethequan-

伍ncatiUnpfUcess.AquadratUf血 deIengtl1UnearcsecUndUn

each side, 3Uθ Πl in the N一S direc伍Un and 24.8m in the

E WdirectiUn,、 vasdenned,andthefracⅡ UnUfareacUvered

乳 您 c坩 tg::憑 :古::::s點 ε智 憶蜜 甘 :;::喜r玉 器

measurements,andmeannumberUfeggspercapsuleUfl5U,
baSedUnrecentcUuntsUfeggsin sampledcapsules,thetUtal

nuInber,Urabundance,Ufeggs in thequadratwaseStimated.

V∥︳.R巨SVLTS

PUsiⅡUns at which sidescan-sUnarbased predictiUnS Uf

黥 乳茁冒翯鞍︴吊硭議誌:點紫£辯
=Γig 6.AgreementUftherespectivedatais indicatedbythe

useUfUpensymbUls;disagreement,bynlledsymbUls.

PUsijUnSatwhichvideUUbSeⅣ aⅡUnSUfthepresenceUf

absence Uf squid eggs were subsequentIy, independently

interpretedbythesidescansUnarima..esareshU、 vn inFig.7.

As in the prcviUus n.Uure, agΓ eement is indicated by Upen

Ψm乜
芯溉 電潑 f電于犚:≒二黜 ξt:∫aa怡血

mwere

usedtUtest thenulIhypUthesis thattheUbservedagreement

inCU仃eSpUndingsUnarandvideUimageswasdueentirelytU

chance CUntingencytableSafcpresentedfUrthehvUtests in

TablesIandII.
Eachtest involved3UtriaIs,eachcUincidentallyyielding

:音」::;裘現:古堅::::i。 ;:Ij∫牡::::｛:兮i:::;裝 t諡t茁

比謄L:臨ξ讄驟孓鼓踂ξ瑞黯裝淼邁
tU thc binUIIlial distributiUn assuΠ ling a prUbabiIity Ufany

single UutcUmebcingU.5.ThereSult、 vasU.7155>《 1U￣
3 fUr

eachtest

TheΓisherexactteStwaSSimilarlyappliedtUeachsetUf

data. 
「
Γhe prUbability Mˊ as cUmputed Uf the disthbutiUn Uf

」 Ac° uSt S。cAm,VU｜ 119,NU 2,FebruarY2UU6

3。       25       2°        15       1°
SocondsofL° ng∥ude

FIG 6 P° sitionswheresidescan-sonarbasedpredictionSoΓ Squid一eggpres-

ence 
。
r abSence were SubsequentI〦  independently judged by the video

record A匪eement。ftherespective data is indicated by the use of。 pen

syinbols;disagfeement,bynlledsyiIlbolS

UutcUmeSShU、vn in thcrespectivetablestUgetherWiththeir

mUreeXtremecases.η㏑resultfUrthenrSttest(TableDwas

U.5939× 1U￣
4andfUrthesecUnd(TableⅡ ),U.4U82× 1U￣

7.

Thus,atleastattheU.UUllevel,nUmatterwhichtest is

used,山 enuIlhypUth㏄ kcanbef句 eaed.Characte●戲兌 fe釦

tureSUnthesidescansUnarimageScanbeaSSUciatedwiththe

preSenceUrabsenceUfsquideggbcdS.

Sq.:d=gg┬ est2

。

●

。

。
aΦ θ

。

曜

。

3。      25       2U      15       1U
Seconds。 fL° ng︳tude

FIG 7 P。 sitions 
、
vheΓe video°bseⅣ ations ofsquid-egg presence orab-

:議汽:選若跘T為留忌駕片縣
.茻

:蟲轟音肄駌資嵩
symbo1s

「
ooteθ rθ 6:Acousticquantificat︳
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I╮‵I〕 l′EI 〔:oIltingcncyttlblclk)IΥ es〔  l,in、vhich$ideScanSUn.lr predicti° ns

Wu(madca｛ scIcctcdp()㎡ j。ns,whichwelcsubsequcndyuscdtUsPeciㄅ

v︶hcrctocxanli!lcthe vidco-camorarcc° rd

Sured lf9r a Iimitcd numbcr o1 retricvcd capsulc、 , thc esti一

matednul19bcrofcapsuIcsin thcquadrat is244× IU5 Bascd

點濫器耗︴:茻者#只:︴驟↖::出℉
﹂

︳X.D︳ SCUSS︳UN

A.Stat︳ stica︳ tests

CharactcristicdapplcUr lllUttIing()n thcsidcscan、 Unar

iIllagcsat lUUand4UUkHzwas l1rstaS、 oc㏑ted with squid

:景:城 報 :是:l::║
j:在

旨 :出 騩 ri黚 駕 訌 :溶:;

庶囂:c一 :F私。a裝 i:Π#汁ㄒ王ns器
一

::l;)︴:t裝

l沁 ho::｛

︳;;祥:︴

=.∵

盟:::掙 :Uf〔hcprcscn㏄ Urabscn㏄㎡
squidcggl9cds、vcΓcmadcsUIclyUnthcbasisU【 thcsidescan

sUnardata,thcn tcStedhy rci℃ rcncctUthc vidcUcal19erare-

cordings InthcsccUndtcSt,arcas()b$crvcdtUcUn〔 ainUrlack

cggbcdSwcrcu$cd〔 UspcciIVrcgi()nsUfintcrcS｛ in thcsidc-

scan sUnar imagcS rcquiring intcrprctatiUn. Each tcst 、
vas

prcparcdbyacU-authUrandtakcnl9yanUtI〕 crcU-authUrwith一

Uut knU、 vingtheinitialsUnar intcrpretatiUnUrvideUUbscrva-

tiUn ThenuIlhypUthesis,thattheapparentagrccmcntUfpre一

dictiUnsUr intcrpretati° ns﹋八thUbservatiUnsv/asduccntireIy

tUchance,、 vaStcStcdbycachUft、 vUtests ThcnuIlhypUth一

csiswasr句 cctedat tl9eUUUlcUnndenceIevclbylllebinU-

Π〕iaItestandtheUUOOI cUnf)dcncclevcIbythcFishcrcxact

tCSt

It is illunlinatin8tUcxaminethefailedexamples in the

t、VUtCStS Inthenrst test,in、 vhichsUnarimages、vereusedtU

潔?t瑙
i:::洸

1絆 :II:::£tt點掩1眾出」║:::
the  videU  recUrd  in  tbst  I  arc  listed  fUr  each

instanceUfdisagrcement In UnIy UnccaSedid thcsidescan

sUnar inlageindicatetheprescnceofeggsthat、vasnUtvcri-

ned bythevideUrecUΥ d IntheregiUn Ufpalra,eggs 〝/erc

nUtUbscrvedalUngthethjrdRUVtrack,althUughthcir pres-

enccwaScUnfimedbythesecUndRUVtrack This prUbably

器r:l:元
s發
鬼吼舞iFi#::nv無 i::n::;:造r韜ξ

ln lllc UthernvecasesUfdiSagrecment, thesidescan sUnar

imagcs did nUt indicate the prcsencc Uf eggs, 
、
vhich 

、
verc

subsequently observed Un the videU recUrd The fUIlUwing

cUlnII9ents are aIranged in Urder UfpUsltlUn 行Um nUrth tU

sUutl1 (i)TwUve,smalImUpswe佗 Ub㏄ⅣedaIUnglllc

SecUndRUViack,butnUtalUngthcnrstRUv“ ack,indi-

catedin pairc(ii)UnctinyeggmUpwasseenalUngthenrst
RUVi犯 kat tlleedgeUftlleregiUnUf一 int研eSt.lJli)A托w

verySmalI,widelydispersedmUps、 verescenaIUngthcthird

RUVtack,butnUtalUngthesecUndRUVtrack,in palrd

掛 久 器 瞧 宁 技詈:毒 :瑤扎 ξ有 主擸 t:將喘 :

smal1 patchcs were UbservedaIUng the thirdRUVtrack In

fUurUfthefivecaseshere,thee8gsUccurredin small mUps
UfdialIletcrless thanU5In

In the secUnd tcst, therc were nU inStances when the

videUrecordindicatedtheabsenceUfcggsandthesidcscan

Sidcscan ‵ona了

I’ rcscncc Ab吟CnCe Suin

Vjdc°

caInem

Presence

AbScnce

Su!In

12

l

13

17

13

3U

5
佗

Ⅳ

∥)磊 n:::::。::細蟲.皙吼:幫i:°i孫cr甘 7瑟T罕
t、hccumulativcarcacUveredbythe squid cggbcdsaccUrd-

l:t胖:此咢:::::窩翠↑#補l::::拙苗;║:︳甲
n〕 candiaIllctcrUfancggcapsuIcis 1° mI】1,、vhiCh、vasi】〕ca-

πABL1一  II C° l1｛ ingcncy tah｜ c It〉
「

IcS｛  2, in which vi(Ico-c如 nC●仗(〉 l)ScIV.(-

tio(IS 
、

ǒ“〕 Ilnadc at selcctcd positi()ns, 
、
vhich 

、
vcrc suI)Scqucnt︳ y uscd 〔°

∫9cciΓ y 
、
vhc火 〔

。
CXan㏑ nc thcSi(jc$can $onariInlage$

Vi(jcocaInera

AbSence       SumP比SenCe

Sidcscan P㏄scncc

Abscncc

Sum

14

6

2U

U

lU

lU

I4

16

3U

FIG 8 SidescanSonarimageofaquadratatN3σ 37′ 33-34〃 .1ndWl21°

54′ 14一 15〃 selectedfUreStimatIngsquid-eggabundance
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sUnar imagery suggested their presence. There 
、
vere Six

instanceswhenthesidescansUnar image,failedtUregister

thepresenceUfeggsthathadbeenSeen iniuaIlyUnthevideU

recUrd. The fU1lUwing cUmments were made Un these
instancesduringprepafatiUnUfTest2:4一 6small patchesε a.

U.5nl each; 1-2 ve〃  smaIl egg patches: linear st五 ng Uf

eggS;lpatchε a. 1UcapsuIeS;2patcheSε a. 1Ⅱ】;andlsmall
patch. Ih fUurUftIlesecases, tlleeggmUps wcre, atmUSt,

U.5m indiaIllete一 IntheUthercaSes,thelinear stnngUfeggs

was missed,pUssiblybecauseUfitsunusualshapc;andin the

Uthercase,UftWUpatchesε a. 1 meach,pUssiblybecauseUf

inaccuratepUsitiUning.

B.S:ZedetectabⅡ ky

Invie、vUfthefailcdexamplesin thetwUtests,itappears

thateggmUps smallerthanabUutU.5mcannUtbedetected

、
vith thc system as cufrently cUnngured and used. This

apprUximate detectiUn limit appIies tU the use Uf a
4UU-kHzsidescansUn缸 UfU‘ -degbeamwidthwhentU、ved

at3-knUtSpeed withapingrate Uf13/s. TheresUlu伍 Un is

abUutlU-2UcmUuttUabUutthe25-rnfangeUneither side
UfthetUwnsh Thus,anU切 ectUf5U-cmdiameterwillbe
spannedbyabUut3-5pixels,、 vithcUrrespUndingsizein the

iInage. Ilis number isevidentIytUUsma1ltUresUlvesquid

eggbedS.

Ⅲ epfesentanaIysishas Unly attemptedtU diStinguish

thepfeSenceandabsenceUfsquideggs. Ubservedaggrega-

uUns Uf eggs ranged in size 全Um rUu8hly circular mUps

smallerthanU.5mtUmuchla了 ger.iIeguIarlyshapedclustcrs

Ufbeds.TwUsucha..bUregatiUnsw釘 emeaSuredaccUr由 ngtU

their sidescan sUnar image; Une was tUughly elliptical in

shape, with axes 2.7 and7.4m; anUther was crUSS-Shaped,

witIl siIIular5-rnaxes.EggmUpsgreaterthanU.5mandegg

beds greater than l m have been detected by the sidescan

sUnarlmageΓy.

UtherUrganismswerealsUUbservedin thevideUrecUrd.

ExaminatiUnUfthesidescansUnaIimagesatthecUIespUnd-

ing lUcatiUns has failed tUreveal identined individual drift

keIpn.Unds(公 〞acㄌφ∫打∫′,r′ra)and㏄a哎arS,e.g” 尸Vε
-

ηφ U〞ja99εttarlr乃 Uj〞ε∫andA∫ tεrjKa999jη jata.It isappreciated

thatthesewere垀 p杞aIlybelUwthedetectabili妙  sizcl㏑Ⅲt,

altllUughsUmekeIp stmndsandthe㏑ rgest r9ε比UpU滅a㏄a

St缸S eXCeeded U.5m andstill didnUt appearas distinctive

免atureS in the acUustic recUrds. Thc IUw verticaI reliefUf

thesetargetSwas prUbablythepfim田 9reaSUnthattheside-
scanSUnarfaiIedtUcffectivelyimagethem

C.PUS:t:° n:ng:sSueswhencomparingdiverSedata

CUmpansUn Ufthe SUnar and videU data, which were

cU1lected Un diffefent days frUm different submerged plat-

fUrms, hasalsUrcquiredac1UscrlUUkattheissuesUfpUsi-
tiUning accuracy andprecisiUn Whilediffercntlal GPS was

used,this isupdatedUnlyat intervaIS,、 vithan intHnsicaccu一

racy Uf abUut ±1-2m in the MUnterey Bay regiUn. The

accumcyin pUSitiUningthesideScanSUnartUwnsh(Sec
Ⅳ AI)is pUUrer sinceit is tUwcd,andits pUsitiUnmustbe

estimatedfrUIll theamUuntUfcablcdepIUyedanditsdepth.

Further,tlletUwnshiSsu切 ecttUacceleratiUnsduelUwave

U Acoust S° c Am,Vo〡  119,N。  2,「 ebruaⅣ 2UU6

actiUnUnthetU、vingvessel,w㏑ chcanchan..ethevclUcity

and pUsitiUn Ufthe tUwnsh relative tU the dGPS feceivei

Mak-JngaIlUwancefUrthis,inaccuraciesin tUwnshpUsitiUn-

Ing can be ±5m, dependingUn theexactclrcumstances Uf

tU、ving, including sea State, cuπents, and directiUn Ufship

mUvement. The accuracy in pUsitiUning the RUVbUrne
videUcameraisbetterthanthatUfthetUwnsh,fUrtheRUV
isdecUupledfrUmvesseI㏑ UtiUnsbyhavin..aslacktether,

andtheRU、/is acUustically trackedfrUnl the vesse1.Ⅲ us

the pUSitiUns Ufthe tU、 vnsh and RUx/-bUrne videU camera

can each be knUwn tU within abUut ±1-2m under gUUd

cUnditiUns, butc1UsertU ±5m underpUUrercUnditiUns, as

、
vithafreshbreeze.工nadditiUn,thecamerahcightandUri-

cntatiUn innuencestheneldUfvie、 v, 
、
vhichcandiⅢ erffUm

thepUsitiUn itSelfbyseveralIncters.Underthe、 vUrstcircum一

stances, the cUmbined uncertainty Ufthese twU can be as

muchas± lUm.IncUmp翔 ringthesUnarandvideUUbseⅣ a-

tlUnS,agreement、 vassUughttU〝河thin3-5ln, UccasiUnally

uptUabUUt6-7m.
PerfUmanceUfInUsaickingalsUrequirescUmparisUnUf

datafrUm transecttUtranSect, ifUfSimiI缸 Uri.● in. Clues tU

pUsitiUning inaccuracy are evident in the sidescan sUnar

recUrd.E)istUrtiUns maybenUtced,as in stretchedeggbed

featuIesin sUmeimages.Ⅲ eprUcessUfmUSaickingcanbe

imprUvcd, buttheexperience Uffine-scaleUptical mUsaick-

蕊 甘 :。宙 ::｝ξ手1一:走鋐 :l二t機 i:f︴i瑟芏扣 瓏

useUfteiaincUnstraintscan signincantIyimprUveunderwa-

termUsaic㏑n8,whetherUpticalUΥ acUustica1,ifthenumber

UfimagestUbecUm㏑ ned沁 nUtexcessive(C.RUman,pers.

CUlllll1.).

D.Anabundanceest:maIon

Ⅲ eabundanceUfsquide..b.s、 VaSeSumatedfUrapar

ucularquadrat,yieldingthenumber3.t5× 1U’ .t1Ⅱ squantity

is nUtdiSsilIuIarfrUnlanestiInatiUnperfUmedinadifferent

quadrattheprecedingyear.This is th,nrst numericaI esti-

mateUfe.cgabundanccUverarebUiUnUfinterestbyarapid,

remUte, synUptic, nUninvaSive methUd ExtensiUn Uf the

quadrat＿ basedestimatiUntUaIaf..ersurvey areais str缸 gh仁

fUrwafd.

TheauthUrs knUwUfnUUtheracUusticestiInateUfthe
abundanceUfbentl11ceggsUfanysquidSpecies.TheauthUrs

knU、v Uf twU studies repUrting abundance estimates Uf

benthic eggs Ufsquid species, but based Un SCIIBA-diver
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and 1.29U>《 1U8 eggs Uver respective areas Uf 7436 and
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再

abundance eStimates Ufbcnthic eggS UfsUuthern calamary

俗φㄉ紹a滮沁 a溶t翃 t′∫)We㏄ der加 edfUftwUdIferentba”

ineach UftwUyearS Thenumbers fUr Une bay were7石 8

×1U‘ and 1.14)《 1U7eggsUverrespec° veareasUf3巧 7and

4.19ha,and247>《 1U‘ and 1.43>《 1U6eggsUverreSpec伍 ve

「
Uoteθ●θ′:AC° uSticquantification ofSqu︳ deg9bedS

127



arcasUfI.35and l3° ha.ThccUⅡeSpUndingnumchcalden一

sities wcre 2U9 and 272cggs/m2 fUrthe nrstbay and l82

andIU5eggs/m2fUothcsecUnd TheSenumbersπ ecUm-
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thesccUndstudyAnUtl1“ m勾 Urdii￣ )b㏄nccis比prC㏄ntcdby

thcrclatlvcarea】 cUvcra8c.Thiswasp.rtiaIin theSCUBA-

diversurvcy∫ , buttUtaI in thepreScntacUustlcSurveyuSIng

sIde$cansUnar

E.「uturew° rk

l｛ ShUuldbcpUssibIctUresUIvesquidcggbcdsΩ fdin】 cn-

siUns slllaIlcrthanU5 m,aswithamUrcdircctiona1.highcr-
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This 
、
/Uuld bc vcry u∫ cful 【brcxtcnding thc detccti° n and

idcntiFlcatiUn capabilityUfthemcth° d, hcncc its quantiFlca-

tiUn capability as wcl1. Distinguishing Uthcr bcnthic ()rgan-
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sidcscan sUn.nr survcying frUm Uthcf platfUms, especiaIIy
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cUmestUmindasaparticularIyattrac“ vevehiclcbecauscit

carrles Sidcscan SUnarsUn pUftand starbUard sidcs as s〔 an一

d缸d equipmcnt. Thc Upcrating frequency Ufthcsc is either

6UUUr9UUkHz.
AutUmaticrecUgnitiUnUfsquideggbedsUnthesideScan

sUnar image shUuId bc pUssible, as shUuld cUmputatiUn Uf

arcaS cUvered by the cgg beds. HUwever, can this be dUnc
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sible, asdemUnstrated th1.Uugh a numbcrUfwUrkscitedin

Sec. IB. Inthis 
、
vay, lUcaI pUpulatiUnrecruitment cUuld be

mcaSureddirectIy,andpUtentialfuturcrecruitmcntcUuld be

estlmatedbyquantincatiUnUfthee8gbedS Ⅲ ecUmplcxUf

interactiUns thatgUvcrn thesuccesSUfrecruitIllent,includin8

the knUwn attractiveeΠ℃cts Ufegg beds, cUuld heIpgau..e

thcsccUmpUnentsas、 vellaSUthersusedbyflsherymanagcrs
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cntists t,ingtUundcrstandthcdynamicsUfsquidspa、 vning

durl nganUngU】 ngnshcΓ y

It isausefulcxcrcisctUcstilnatcthcdcgrceUfacUustic

cUvcragcthatcanbeachievedbysidescansUnar inaperiUd

UfhUurs.Ifthcfu∥ tfackwidthoΓ sidcscansUnaIc● vcrageIS

lUUmand】 UU%UvcIlapiSassumedUna由acent,pUiUr
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tUtal estimated 缸ea Uf thc prima, spawning grUunds in

sUuthcrn∼IUntercyBay,namcly lU㏑ m2

A rundamcntaI acUuStic prUbIcn〕  is aIsU 
、
áiting tU be

sUIvcd, namcly thatoΓ dcteΓmining thc backscattcringcrUSS

scction of individual squid cgg capsules and hU、 v this

changcswithdcvclUpmen｛ phase This prUbIcm mightbcap-
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cUuld be e又 tendCd tU sidescan sUnar, 鍋 haS reccntly bcen

accUIIlpIjshedfUrmuljbcamSUnar。
碎
thcnthemeasurements

cUuld bepcrfUIIned in an absUIute Sense. PUtcntial beneΠ ts

wUuIdincludedcmUnstrabIedataqualityandIn茁 ntcnanceUf

thesameUver til9le,as、 vellasacapabiIityfUrthcintcrcUm-

parisUnUfdatacUllectedwithdiffercnt sidcscansUnars

X.C。 NCLVS︳
。

NS

(1)EggbedsUfLUJjε Uφpatt∫εε9,∫ inⅣ父UntcreyBaycan

bc detected, idendned, and quantlfIed by high一 frequcncy

s】descansUnarImagery

φ)ThelUwerSizclimitUfdetecmblIi,Ufsquidcgg
bedsbya4UU-kHzsidescansUnar isabUutU.5m.

(3)丑lemethUd〝 readyfUrmUnitU㎡ ngapphcajUns.
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