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ABSTRACT

The signal/nocise performance of a vefticul line arrzy showing a
horizontally directed main lobe in its anguler response, znd operating
in a shalleow channel of uniform depth, is dircussed. The array gain is
expressed as the product of the gignal gain and the noise pain. Provided
only a fcw modes contribute to the sipnal field the signel gain is on
the order of NV, where I iz the number of hydrophones in ihe array. The
noise gain depends on the anisotropy ol the awbient noizme Ffield and in
many cases can be expressed as a rational funciion of frequency with

known coefficients.

SUMMARY Of THM DISCUSSTONM

A large proportion of U.K. coastal waters lying over the Conte
inental Shelf are on the order of 100m deep. "he gueslion addressed in
this paper is the following: in a uniform channel of such a depth, and
assuming a constant sound velocity-depth profile in the water column,
what is the array geain of e vertical line array chowing a horizontally
direcied main lobe in iis angular response palbern? 1n lhe diszcussion the
sipgnal and noise fields are treated independently, and the array gain is
expresced as the ﬁroduct of ihe nigmal pein and the noise pain.

At the detectlor the sipnal ield generated by a oinrl source
whose range is lerpe compared with the water column depth, can be expressed
as a sum of normal modes. Fekerir [17] was the first to obtain such a
solution for iso-velocity water, and o full discwsszion ol the problein
in terms of the reflection coefllicients of the chanrel bourdaries may be
found in relerence (Q]U For freguencies below 500 iz, which is the range
of intercst here, the surface con be safely apiroxinoted aza & plane,
pressure-release bourndary. In contrast, the bottom interiace is an atten—

uvating boundary vhose effect iz to introduce a [actor
S
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into the mode =cum, where wm iz the mode number, T = B-S(fh/c)Jh/r y [




is the frequency in lertz, h iz the water dcepth, ¢ 1is the speed of
sound in Lthe channel und x iz the range betwsen the source and the
detector. Yvidently those modes for which n g M exrerience relatively
little attenuation whereas when m> T thé soden arve severely attenuated.
‘'his is the pﬁenomenon'of mode stripping and it ploars ﬁ gipnificant part
in determining the cignal goin oif the arroy.

he intensity of the acoustic field varies villi depth in the
water column, and it 2lsc depends on ihe deplh of the source. In defining
the signel gain it is therefore necéssary to take the averaged response
of an onnidirectional hydfophone with respect to both tne source depth
and the depth of the sensor; anoe the response of the vertical line array
muzt also be averzged over the nource denth, Tt can then Le shown thal
the sirnal gain.tukcs a value on the order i/, where ! is the number of
hydrophones in fhe array, provided the aperture ol the array is less than
the distance bheiwveern adjacent maxima in the ﬁth—order node, “his criterion
corresponds ko the condition that the prazing angle ol the ﬁth—order
equivalent ray should be less than half the anpular wid?h of the horiz-
ontal lobe at the -3d% points, Since T 'varips as r -, indicating that
mode stripping increasec with range, a Ligh signel gain in more likely
to be cbserved at long rather than. short rangea;

The noise gain of the array has to he treated rather diiferently
from the signal gzin. Since the n1zajor sources of noise are ruendomly distr-
ibuted over the surface it 1z appropriate to reprezent ihe noise field
by a linear superwnoszition ol uncorrelazted plane waves propagating in all
directions [3]. he the verticnl line array in axially syaaetriecal the
azimuthal variation of the noise field is of no congeauence; the noise
gain is determined entirely by the integrated (over azimuth) vertical
directicnelity of the noise. And this vertical d¢irectionality may he
expressed in terms of a normalized directionnl dJdensnily funelion,

_ The simplest dircetional dencity funclion to consider is independent
of angle, corresnondins to icotlropic noice. lPor thiﬁ cacze, when the
fregueney iz such itbat Lhe intor—-element spascing in the arrzay is a2 half
wvavelnngth, the coiiplex corrycluotion coefficicnt between noise fluctuntions
at different lydrophones in the array is =ero, ¢iving o noise guzin of
unity. “he rrroy piain ins Lhen eoual to the sirmal ziin, fore pencrally,

the neoise gain can be expressed as o funetion of freouvency in the form
A (E“) = B/'IT o (cr—.)ﬁ < R < (c:“) N0,
fn o 5

where & takes the values of Lhe odd positive inlegers and




o = MQ/C - . - )
iz the normzlized sogular freguency. iIn equetion (2) 1 ic the inter—
element.npacinf and W s the snyvlar Irequency. vhe ap:roninunte result
in equation (1) is derived by baling the 1inii oo Lhe noise gain iunction
as ¥ roes to infinity ('L'he high-1: approxization) and renlacing: the
resultant Touricr expamsion by its equivilent polyromial forn (which in
this care in the Ciret Lernoulli polynowial). fquation (1) iz plotled
in Pig.1 as a rvnelion of G » The discontinuitics in Lthe ligure appear
as a result of the high-l aprroximation and mey be interpreted as follows:
the high-I1 approvimeation implies a notional arcay with an iniinite aperture
and a bean pattern showing very narrow main lobes. As the frequenhy
increases, each time that W tzes a value vhdiclh ie o mwltiple of 2% two
new main lobes, one in the upward and one in itne downward looking vertical
directions, appear in the bLean pattern of the array. When this occurs
the noise seen at the output of the array increaczces abruplly, due to the
narrowness ol the beoas, and a corresponding deerease oceurs in Lhe nois
gain., A comparison of the cpproximate noisc zain function in (1) with the
exact expresalon for a five element array is shown in Figo2, llotice that
the upproximation bLreaks down only in the vicinity of a dis sconitinuitys
elsewhere there is good agrcement, indicating thot in determining the
noise gain over tlhe frequency range of practical iimporience, the high-H
approximation intrcduces virtually no error.

¥or the genéral case of g noise field with.arhitrarily chocen
anigsotropy, the first step in deternining the naise gain of the arrey is
to expand the dircelional density Tunction in a secries of ronzl hermonics.
The coellicients in lhe zeries are related Lo the dircetional denzity
function of the noize throuph an expreussion which is derived using lhe
orthogonality of the Legendre polynenials. Apain ucins the high-¥ approx-
imation, and aiter zome algebraic manipulation, Lhe noise sain of the

array is lound Lo be

A R T

wnere the coeiiicients dk(EZ) are related to the dircetional density
funection ol the noinc thrdugh the coeflficients in Lhe serics of Zonal

harinonies, and Bk(53/27') is the kth—ordﬁr sernowlli polynomial. On
subctituting the actusl polynomials for the topmr ﬁk( W/2% ) in (3),

and provided the coecflicicnta Gh(ﬁi) are rationul runclions of frequency
i
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the erurcaoszion fox Gn(ulj alzc reducen to = rotional funetion of freg=-

uenecy with knoun cosiiicients. “he expression lor the noine Fain in

Ll

equation (3] is plotted in Pis.3 for o freanency-indrpindent noice field
showingf a minimus in the horiszontal direchLion. hote Lhal at Lhe pPracticolly
importont value qf’ii: ™ (CUrfemponding to o hall-wnvelensith inter-
element cpacing) the soise suin in & factor of Uive hizbher ihan for the
cane of isotrorvie noice, |

. In practice the anicotrony of most noise Fields shows come
dependence on freguency. Such behaviour can be incorpoeratced into the
general expreasion for the noise fali given above by rcprunenting ile
actuel directionzl density Luiaction of the noise by = freguency—-dependent
convex combination of frenucney-indzpendent noisce tields. wWhus for o
large class of reslistic noise iiclde the - formwlotion ir cguation (3)
provides a relatively straightfcrwﬁrd means ol deriving the noise gain

of the array am a function of freaunency.
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