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Abstract - Nowadays, vector sensors which measure botlioss versus grazing angle for the signal bandwidth

acoustic pressure and particle velocity begin toavailable in

underwater acoustic systems, normally configured vastor

sensor arrays (VSA). The spatial filtering capalgi of a VSA
can be used, with advantage over traditional pressonly

hydrophone arrays, for estimating acoustic fielcedtionality as

well as arrival times and spectral content, which Idoopen up
the possibility for its use in bottom propertiestimation. An
additional motivation for this work is to test tip®ssibility of

using high frequency probe signals (say above 2)kidr

reducing size and cost of actual sub bottom pnafilnd current
geoacoustic inversion methods. This work studies kbttom
related structure of the VSA acquired signals, rdgay the

emitted signal waveform, frequency band and soueceiver

geometry in order to estimate bottom propertiescsly bottom
reflection coefficient characteristics. Such a eystwas used
during the Makai 2005 experiment, off Kauai I., Ha@dSA) to

receive precoded signals in a broad frequency tameh 8 up to
14 kHz. The agreement between the observed andatielled

acoustic data is discussed and preliminary resattshe bottom
reflection estimation are presented.

Keywords - Vector Sensor, high frequency inversion, geoacousti

properties, reflection loss.

I. INTRODUCTION

The spatial filtering capabilities of a vector semarray

obtained by dividing the up and downward energy
reaching the array. Data and modelled comparisasgi
sufficient agreement for inferring the sediment asub
bottom acoustic properties in the area of the awpat
that shows a plausible match with historical data.

Il - REFLECTION COEFFICIENT ESTIMATION

The method presented in [2], consists in dividing
downward by upward array beam response.
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Fig.1. The ray approach geometry of a plane veswitted by the source

(S) and received by the receiver (R) at steeratienr angl 6.

Let us consider an emitted sigr S(#8) | in a range
independent environment, function of an elevatiogle ¢

and azimutt¢, Fig.1. The array beam patt B(#.6) | to
an azimuthal directior ¢, for each steer ang & is given

(VSA), which measures both acoustic pressure aed thhy the array respons Al6b). The ratio between the

three components of particle velocity, provide &acl

upward and downward beam response is an approximati

advantage in source localization [1] and opens h® t to the bottom reflection coefficient (Rb):

possibility for its usage in other type of applioas such
as in geoacoustic inversion. Additionally, the ofa VSA
at high frequency allows the array

length to be
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substantially shortened, easy to operate and may heéhere the angle measured by beamforming at thévesce

possible to use in compact systems and movingagohatf
(AUV).

The main objective of this work is to test the ploitity
of using a VSA for estimating bottom propertieseaplly

6, is corrected to the angle at the sezbb daccording to
the sound-speed profile by Snell’s law:

8 =acos(6y /¢ ) cos@). @

bottom reflection coefficient characteristics, wsira  where %is the sound speed at the bottom ¢ the sound

method present in [2].

During the Makai Experiment, that took place oféth

speed at the receiver, according to [2].

The bottom reflection loss (1) deduced from

coast of Kauai I., Hawaii, in September 2005, digna experimental data is compared to the modelled atdle

emitted by an acoustic source, were collected &ith
element vertical VSA. Source bearing could be deiteed
using the horizontal discrimination capability dietVSA
and the corresponding beam extracted for
resolution analysis. An estimate of the bottomemtfbn

loss using the Bounce module [3] for candidate ®éts
bottom parameters using a trial and error approatie.
best agreement gives an estimate of the bottonritaye

verticagtructure together with its most characteristicapaaters.



Il - EXPERIMENTAL SETUP As shown in Fig. 3, three instants in time will be
discussed: minute 38 (cast 1), minute 44 (castriy) a
The data analysed here were acquired by a 4 elememinute 48 (cast 3) corresponding to approximat€l@rb,
vertical VSA, with 10cm spacing and deployed at 40mi00m and 300m source range, respectively.

depth, on 25 of September, 2005. The signals waertes Ground truth measurements were carried out in the a
by an acoustic source (model 916C3 from Lubell labsduring previous experiments and showed that thetoin
towed from a RHIB and deployed at 10m depth. the flat area is covered with coral sands oversalbdard
bottom with possibly a variable structure to thestvd he
x10° sound velocity in coral sands should be approxiimate
e : : : : o 1700 m/s and the sediment thickness was unknown but
" : ] expected to be a fraction of a meter. The baseline
e : environment is shown in Fig. 4.
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Fig. 2. Spectrogram of the signal acquired by VSA.

The source periodically transmitted a series ofwkmo
waveforms consisting in linear frequency modulatec
(LFM) 50 ms duration pulses in the band 8 to 14 kFig.

2). The signal transmit rate is 200ms and the surdSA Fig. 4. Experimental drawing diagram of baselinei@mment with
range varies from 2300 to 300m, corresponding trlpe sound speed profile.

one hour of data. Because of the range dependent
bathymetry of the area, only the second last porbthis
run was considered in this study. At 500 m souerge
the water depth was varying from 119 m at the sourc
location to approximately 99 m at the VSA, whichswa
considered to be approximately a range indep&ndew
bathymetry. The bathymetry map, the localizationthe
VSA and the RHIB trajectory are shown in Fig. 3.

As a first step to find the bearing of the source,
conventional vector sensor beamforming was used
considering the 4 elements VSA (see [1] for detaiid
properties of VSA beamforming with this data set).

Then the vertical beam response for each frequency
as extracted for the source bearing of interest,
considering both only the 4 omnidirectional pressur
sensors, and the 4 omni + directional elementshef t
VSA. (Fig. 5 a) and b)).

Juten Dey 265 . The beam response in the omni directional case 5Fig
a), is nearly symmetric for the negative and positi
elevation angles (up and down respectively), cotidgc

to poor information about the bottom attenuation.
Comparing with the directional case, Fig. 5 b), the
vertical beam response clearly differentiates ugl an
downward energy allowing for retrieving bottom
information. This is clearly an unique capabiligsulting
from the processing gain provided by the VSA.

Latitude

IV — ANALISYS OF RESULTS

Dividing the up and down beam response for the
same elevation angle, the frequency versus bottugtea
reflection losses curves were calculated, for theee
moments of acquisition (Fig. 6).
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Fig. 3.The bathymetry map and the localizatiorhef équipment on 25
of September, 2005.
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Fig. 5. The beam response at source azimuthaltidinegbtained by the
4: a) omnidirectional pressure sensors and b) entliiectional
elements of the VSA.

As shown in Fig. 6 a), low loss can be observedougp
critical angle (~30°) and two interference lobese o

covering nearly all the frequency band and other fo

frequencies above 11 kHz for a critical angle 0809).
These structure suggests that the area can be letbdsla
three-layer environment (two boundaries): watedjraent
and the half-space.

In Fig. 6 b) and c) the same lobes at critical asa@0°
and 60° appear and the same structure can be dedclu
with however, the interplay of a third interfaceath
becomes visible up to the critical angle (~10°)hagh
frequencies (clearly seen for minute 48, when theee is
closer to the VSA). This third lobe suggests anotager.
Some preliminary hypothesis open to debate point
in fact the environment is four layer (three bouels, but
in Fig 6 a), because of larger 500m range thelagpr
could not be resolved, or 2 — the bottom strucisineally
variable along range and that third layer is ontgspnt
near the VSA location.
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Fig. 6. Bottom reflection loss deduced from thetoquiown ratio of the
beams at minute: a) 38, b) 44 and c) 48.
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These effects can be modelled using B@®UNCE
reflection coefficientmodel [3], for a given set of

geoacoustic parameters.: compressional wave :°ped,

shear wave spe¢Ss, compressional wave attenuatic“p,



shear attenuatio?s and the density,”. As shown in IV — CONCLUSION

Table 1, a few parameters from a first referenceewe
taken, [4], as a starting point and then adjustsmbgithand
was made to estimate a reflection loss picturelainto
that obtained with the experimental data.

In this paper the possibility of using a Vector §&n
Array and active signals in the 8 — 14 kHz banddtimate
bottom properties was examined. Determining théooot
reflection coefficient deduced by the ratio of tiygward
and downward beam response became a simple meathod f

Sediment Sand Basalt . X . '

o (g/cn) 19 2.7 estimating the bottom structure and respective gmastic
parameters. It is shown that the VSA provides ajumi

Cp (m/9) 1650 5250 capability for both source bearing estimation aedtival

cg (M/s) 110*(thickness)"0.3 2500 beam response information extraction when compaitd

7 (4B the performance of a pressure only array with thees

p (dB/A) 08 01 aperture.
ag (dB/A) 25 0.2 The reflection loss curves observed with the

experimental data are coherent with source rangaticm
and allowed for establishing a bottom model strectand
respective parameters that is compatible with {ethcal
and geological information available for the area.

Thus the proposed technique provides a viable
alternative for a compact and easy to deploy systerase
in Fig. 7. The figure presents the same featuredi@se no surface wind generated noise is available atithe of
observed in the experimental data. The four layezse the experiment. The results presented also denadast
simulated and the three lobes do appear, althowh nthat the channel signature has sufficient structorehis
exactly at the same critical angles. Whether tt@ppses normally considered high-frequency band, for bottom
bottom structure represents the actual bottom ti@nian  estimation.
the area is an open question. As a first appraiémahe
baseline environment of Fig. 2, can be completatl ttie
estimated parameters and with another layer (T2ble

Table 1. Reference geoacoustic parameters fomthéatyer model.

The layer thickness is also an important parameter
agreement of fringe separation, as well the soyrebds
on the various layers and in the half-space.

The reflection loss obtained with the model is présd

ACKNOWLEDGEMENTS

The authors would like to thank Paul Hursky at HLS
Research for their help with the data used in &nialysis,
Bruce Abraham at Applied Physical Sciences for juliog
assistance with the data acquisition and MichaatePo
chief scientist for the Makai Experiment. The aughalso
thank Jerry Tarasek at Naval Surface Weapons Céotre
1 the use of the vector sensor array used in thig.wor

This work was supported by Fundacgéo para a Ciéncia
a Tecnologia under programs POCI, POCTI and POSI.

Reflection Loss

N

Frequency (Hz) -

REFERENCES

[1] P. Santos, P.Felisberto, P. Hurskgpurce localization with Vector
Sensor Array during the Makai Experimentin Proc. of 2nd
International Conference and Exhibition on UndeeratAcoustic
Measurements, June 25 - 29, Heraklion, Greece,.2007

[2] C. H. Harrison, D. G. SimonsGeoacoustic inversion of ambient
noise: A simple methodJASA, 112 (4), pp 1377 — 1387, October, 2002.
[3] M. Porter, “The KRAKEN normal mode progransaclant Undersea
Research Centre Memorandum, serial n°: SM-245 e8dqsr ,1991.

10 20

30 40 50
Bottom angle (°)

Fig. 7. Reflection loss modelled by the BOUNCE mode

Table 2. Estimated bottom parameters for three lmgzlel.

Sediment Sand Gravel Basalt [4] F. B. Jensen, W. A. Kuperman, M. B. Porter, Bchmidt,
Thickness (m) 0.2 0.2 “Computational Ocean Acoustics”AlP, New York, 1994.
P) 3 14 20 20 [5] C. H. Harrispn, M. Side_riugHigh-frequency Geo aco_ustic Inversion
(g/cm) of Ambient Noise data using short Arraydii Proc. of High-frequency
cp (m/s) 1650 - 1680 1800 2270 Ocean Acoustics Conference, March 1 — 5, La JGkdifornia, 2004.
Cg (M/s) 67.9 111.1 750
ap (dB/A) 0.3 0.6 0.1
ag (dB/A) 25 15 0.2



