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ABSTRACT structure of propagatingignals. It is evident thahe power
of the transmitter isnsufficientandthe track igoo long for

Propagation ofacousticsignalsalong a range-dependent pa soundpressuresignal p(r,zt) to be seemgainst ocean

track in theArctic Basin is considered:he structure of the .
envelope of the temporal correlation function of a Noise background.

narrowbandnoise signalpropagation in awaveguide is 20 y T
investigated.The form of amodel pulse ixompared with
the wave fornobtained inacoustic monitoring inhe Arctic 18
Basin.Calculationswere carriedout with a program based a
on the coupled mode methodThis program takes into 18 ¢
account the hydroacoustigaveguideparametersaffecting 14
the amplitude-time signastructure.This allowanceyielded — Y
a satisfactory agreement between calculatiarsd the %1 2
experiment. We considerednaethod,which operates when = i
the signal-to-noise ratio is less than unity. g 10l
s L
The Arctic Ocean is an area of particular interest to research
global climatic change. P. Mikhalevsky, RMuench and F. 6L
DiNapoli proposed toobservethe slow climatechange of
Arctic watertemperature asvell as icecover changes with 4 L
the help of long-term measurements tife low-frequency
acoustic signals propagating over stationary transarctic 2L
tracks. The exgcted warming of integralcean temperature
should lead to change @fropagationtime of the acoustic 37 5 550 555

signals, whilethinning of the ice canopy due toglobal
warmingshould affecthe propagationoss, i.e.should lead
to slowamplitude change dhe received signals. Tground
both possibility and efficiency of Arctic ocean acoustic
monitoring it is necessary toealize the conditions of the
signaltransmission, reliablsignalreceptionand measuring
of the requiredacousticalparameters at sudbng distance
as transarctic track. The transarcticousticpropagation
experiment has been carriedout in April 1994 [3].The
acousticsignals werdransmitted atl9.6 Hzfrom ice camp
TURPAN, drifted 300 kmmorth of Spitsbergen ove®00 km
to icecampNARWHAL in the Lincoln Sea. Itstartedwith
a deep-watewaveguide with adepth3.7 km. The acoustic
sourcewas deployed afTURPAN at adepth of 60 m.
Receive verticalinear acousticarrayswere located in the
Lincoln Sea with adepth500-530 m.The totalarraylength
L was approximatel70 m.The source powewas195 dB
relative to 1y Pa. The oceanoiselevel isnormalized to a 1

Hz frequencyband. It isapproximately 80 dB relative to 1
K Pa. The rough ice cover of the Arctic Basin scatsensnd

[} 1
waves propagating in theunderice duct. It leads to sec
significant rise of propagationloss increasing with the
distance from the acoustical source. Horizontal variations of
the soundvaveguideparameters along a transarctiack is
another factor which complicatesthe temporal-spatial
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Figure 1. (a and b).



Radiated power can be reduced byusing signal
accumulation over a longime interval. The broadband
signals, lasting 1hour each, weretransmitted in the
experiment. The signals were generated via digital
modulation of thesignalphase bym/2 synchronized with
the pseudorandonMaximal Leng Sequence@MLS). The
procedure of primaryprocessing ofthe signals included
complexdemodulation, long-pasSltering, and resampling
with a lower rate.

Post-processing ahe MLS signals includedhe procedure
of pulse compressioni.e. computing correlation of the
received signaand MLSreplica,and coherentaveraging of
the resulting complex pulse-compressed signalthg MLS
periods. Figurel(a) showghe arrival pattern(magnitude of
the pulse-compressed signal) tife MLS signal received on
a singlehydrophone aNARWHAL. The latestsmall peak
(~ 686 sec) irthe pulseform of sighalcorresponds to mode
1. Themodes of higher numbem@re not separated by the
travel time - they arrive almost simultaneously, forming a
high pulse at680 secFig. 1(b) demonstrates theesults of
calculations of the signal form for MLS signal. The
experimental resultsire generally inagreement with the
results of modeling.The modified approach ofcoupled
acoustical modes have been u$ednumerical calculations
of low-frequency sound propagationover the irregular
transarctictrack [1][2]. The ice cover consists ofrather
smoothice sites fringedwith ridges of ice-hummocks. In
calculations we used a model of floating ice.

In experimenfor coherentwveragingthe phase of the MLS
signals was preliminary crectedfor the Dopplershift due
to relative drift of TURPAN and NARWHAL.

The main disadvantages of prolongsidnal accumulation
are changes in Doppler frequency shift.

We considered spatiéiltering of N-th mode onthe vertical
array. Weused this mode ahe reference signalNext, the
cross-correlation ofhe referenceand received on a single
hydrophone signals is calculated. Thishydrophone was
submerged to a depth af m.

Introduce a Cartesian coordinaggstemx, y, z with the z -
axis directed downwardsnd with the origin on the free
water surface.r :{x, y} . Let’'s consider an omnidirectional

acoustic source situated inwaveguide at a point
(r =0,z :zo). Let thesource toemit a narrowbandsignal
F(t)exp(—iooot) at the centralfrequency f,, w, =2 f,.
F(t) is a statisticallystationaryergodicfunction oftime t
and (F(r+1) F(r)) =R(r), R(0)=1. The angle brackets
signify statistical averaging.

A signalproduces at thdme t the soundressure apoint
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In (1) we expand p(r,z,t) in a series on waveguide local
eigenfunctions GJm(z) corresponding to thdocal wave
numbers Zm(r), where m is the mode number. The
eigenfunctions®,, (z) form acompleteorthonormalsystem,

t, iS a propagation time for the-th mode. In horizontally
stratifiedwaveguide wéhave A, (r) = A,%(Z mr)_% exp(iZ n{) ,
where A}, = A(r) for r =1 m.

Then we investigate the temporal correlation function

Iy(r.z1) of a narrowbandnoise signal.The signal was

received with ahydrophonesubmerged to aepth of z m

and with a vertical lineararray (VLA). The total array
length isL . We used spatidlitering of N -th mode on the
vertical array. The soundfield on the VLA can be
represented as

rt Ip(rz,t adz

The result of mode filtering is

(1) = Ft=ty ) Ay (r )exd(-ioo, t) )

Here weinvestigatethe temporakross-correlation function
Iy (r.z 1) of the hydrophondfr, z) and VLA.

N(r,z,r) < (r z;t+r) p\lf )>
= SR+ b - 1) A) A ()@n(Jexe- ).

m=1

©)

Iy (1) is in accord with the channel impulse response.

A similar temporal cross-correlation functiqifCF) of the
ocean homogeneous and isotropic noise is

Iy (z,r)= Dy (DN(z)exp(—ion) (4)
The resulting TCF can be written in the form
Iy (rz) =1y (.z1)+ Ty (21) (5)

Let’s consider an omnidirectional acoustic sousiteated in
waveguide at 60 mThe sourceemits anarrowbandnoise
signal atthe centralfrequency19.6 Hz and effective width
1.57 Hz(asMLS signal). The temporal correlation function

Iy of a narrowbandnoise signal ofthe arrayand the
hydrophone isvery stablefor Doppler frequency shifts.
Next, I is in accord with the channel impulse response.

The possibility and accuracy of acoustical measurements of
the assumedsignalcharacteristics depend aignal-to-noise



ratio. It is evident thatthe power of the transmitter is
insufficientandthe track istoo long for the soundfield to

be seemagainst oceamoise background. Weconsider the
example. Assume that noise-to-signal ratio (NS) is equal +12
dB.
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Figure 2. (a and b).

Fig. 2and 3show agraphdescribingthe dependence of the
envelope ofly for a) NS=0and b)NS=12 dB at z=60 m

(Fig. 2)and z=205 m (Fig.3)for N=2. Ascan beseen, the
signal can hardly be discriminated from the noise
background az=60 m. Fig. 3 shows that at z=205 m the
noisebackground can beeglected, z=205 morresponds to
the minimum of the eigenfunction of mode 2.
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Figure 3. (a and b).

Therefore,radiated power can be reducedbstantially by
using this system. l.e., we have stable instrument for
estimating the channelimpulse response, whichoperates
when the signal-to-noise ratio is less than unity.
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