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Abstract

Most multibeams todagrovidea measure of the received seabed backscatter intensity. With
proper radiometric and geometric reduction, the seabed backscatter strength and its angular
variation may be erived which canthenbe usedo attempt seabed classificatidlost
multibeams, however, areonochromatién the sense that thésansmit using singlecenter
frequency(even if with some pulse bandwidti)he seabed scattering is thus specific to that
wavelength. As a result ambiguities in classification can regwh diffeing scattering
mechanisms (e.g. surface and volume) result in a similar intensity at that wavelength

If, in contrastthe seabed can be imaged usirig@et of discretecenterfrequencieseach
spacedabout an octavapart, the frequency dependence may be used as an addi@sséler
Additional complicatios exist, howevg with theaddedrequirement to perforrthosesame
correctiors, butnow for three different systems. #ajor concern is the proper accounting for
path length attenuation for the highest frequency involasdhat limits the maximum depth
over which the combineslystens can be used.

Multispectal imaginghas been implementing twice now usingloeocatel 70-100 kHz and
200400 kHz multibeams. Examples of improved seabed discriminat®presentedClear
variations in the shape of the angular response curve as well as the relative scattering between
frequencies are demonstrated.
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variations in the shape of the angular response curve as well as the relative scattering between
frequencies are demonstrated.

The ldea

Multibeam sonar systems have comelominate the world of marine survey. Seabed

topographic delineation is the core capability, but seabed backscatter strength mapping and water
column volume imaging have grown as parallel deliverables. To meet the competing needs of
range performance vers resolution, however, these systems have generally been +iamnolyv
providing scattering strength estimates only within ~ 10% otémerfrequency. As a result the
seabed and volume scattering products are essentially monochromatic. Scatteringegphgnom
however, can be strongly wavelength dependent (Ogilvy, 1991) and thus the benefits of
multispectral imaging, so common in passive electromagnetic systems (coloucjia@adrault-
frequency radar (van Zyl et al., 19%re not yet routinely availabte the marine survey

community.

Recent advances in transducer technology and the need for wider bandwidths to achieve multiple
sectors has expanded available bandwidth up ta503%0 ofcenterfrequency. That bandwidth,
however, is more commonly employedachieving better range resolution and thus not

available to be exploited for mupectral imaging. Ideally such multispectral imaging would

benefit from yet broader frequency separation. This paper préserggamples of employing
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paired sets of mulieams, thereby utilizing wavelengths separated by more than an octave. The
challenges here are to work within the limitation of the attenuation constraints of the highest
frequency and to properly reduce both datasets so that the multispectral sigiibbadrae of
sonarspecific radiation, geometriand environmental overprints.

Monospectral Backscatter Classification

At the heart of this approach is the desire to improve seafloor discrimination through the analysis

of acoustic backscatter over a garof wavelengths. With the currently available monochromatic
backscatter data, three main approaches have been taken: textural (Pace and Gao, 1982), angular
response (deMoustier and Alexandrou, 1991, Hughes Clarke, 1994) and mean level (normalized
for argular response, Hammerstad, 1995, 2000). In more recent developments, the three have
been combined (Preston, 2009)

All these appraches however, have limitatiorighe textural approach, which is least sensitive to
absolute calibration, is strongly depenten pulse lagth used and is least usefuh&h grazing
angles. The angular response requires very precise geometric and radiometric corrections, but
appears to be most useful at those high grazing angles. The mean response can, at least in a
relative €£nse, be used most broadly but generally is least useful at the near normal incidence
region. But for all three, the classification can only work on the scattering response as observed
at thecenterfrequencies utilized. For a single sooanterfrequency(typically dictated by the

depth range) reasonable discrimination can usually be acheneften ambiguities renmaas

quite different materialypes may exhibit near identical backscatter strength valuesover
limitedrangeof grazing angles. Withouitilizing much heavier surveyverlap(e.g. Hughes

Clarke, 1994)an alternatepproachmay be to use differing frequencies.

The Potential Advantages of Multispectral Classification

By recordingbackscattestrength and its angular response over widbhnging wavelength
two effects are expected. Firstherelativeroughnessvith respect to the wavelength miag
different(depending on the exponent of the roughmpsstrum). Secondlthere isthe potential
for volume scattering in low impedancelseentsto increasebecause of thiwer sediment
attenuation at longer wavelengiti®yan and Flood 1996

Early studies on the frequencgpendence of scattering (NOR194, Urick, 1954) determined

that there walbttle discernable dependence for veoyigh seabeds, but that the scattering

appeared to increase with increadiregiuencyfor softer seabedd hisfrequencydependence is

also predictedby the model described by Jackson et al. (1986) which predidiédta 3dB

increase per octavblotably lowever, all these observations were conducteftéguencies

between 10 anl0 kHz.Similarly the underlying assumptions in the model are questionable
above 100 kHz. This study is contrast is looking at frequencies significantly above thaslevel
thoseare the most suitable to meet the range/resolution requirements for coastal and continental
shelf surveying.

Previous Work:

NRDC (1946 is probably the first example of looking at back scattering as a function of
wavelengthWhilst using lower frequenes,their conclusiorwas that the observed variation in
scattering strengthetweerfrequencies was smaller than their uncertaintgtisolutecalibration
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of thesensorsThislimitation of absolute calibratiooontinues today a$p achieve thisvide
range of wavelengthsnvariablymultiple separate sensors are requiszdh of which has their
own calibration uncertainty.

The idea of imaging using two or more-emunted arrays has a long history in sidescan
development. Search sidescans commonlyaréawvdd | e i n t wo channel s,
channel (commonly ~ 36800 kHz) and a low frequency channel (commonly around 100 kHz).
The two were not originally routinely used simultaneously, the low frequency being employed at
longer ranges for regional regmissance and the higher frequency used at shorter ranges for
detailed search. However, a number of companies allowed the option of utilizing both
simultaneously.

The only published attempt to utilize this capability for pleposeof improved seafloor
classification is Ryan and Flood (1996). They utilie® different configurationsa deeptowed
sidescan systemnsing30 and 70 kHzenterfrequenciesand a shallow water 100 ab80 kHz
sidescan (a Klein 595 hey clearly illustrated contsting responses foedain sediment types
which, for the lower frequency pathey attributed to the relative depth of penetration and
associated volume scattering. Mmake this comparisgnhey used the mean scattering level,
avoided the neamadirhigh grazingangle datand limited the coverage to the lesser of the two
swaths. If this approach can be replicated with multibeam sonar, with their ability to better
account for the geometric changes at high grazing angles, this approach could be improved.

More recently this approach has been extenddéte multibeam geometry. In an exampleere
use of differingcenterfrequencies hagverlapped, it has been demonstrated (Hughes Clarke et
al., 2008) that the response aaamying significantly withwavelergth and that the amount of
contrast is sediment typependentlf this extra degree of freedom can be incorporated, it could
significantly improve discrimination. This is the core hypothesis of this approach

Mostrecently, Imagenex arow offering a thiee frequencgidescarsonar(120,260,540 kHz)
thatcombineghosechannelsasa RGBpseudecolour imagglmagenex, 2014)No results or
analysis have yet been published howeRarit is a sidescan geometprpobably ony the low
grazing angle region wilbe considered. Nevertheless, faltliometricand geometric correction
will be required.

The Implementation - Multiple Sonars

Obtainingtwo octaves (factor of 4) variation imavelengths notpracticalgiven thetypical

usable transducer bandwidthadsinglemultibeamsystem Theavailablecoastal andontinental
shelf sonas on the market today generally fall into two classes: the4®8@OkHz range (R2Sonic
2022/4, RESON 7125 artetM2040 and the 7600 kHzrange (RESON 7114nd EM710. So

only by conbining these cannecover the required range of wavelengths. To test this concept,
combined low and higfrequencymultibeams were mounted on the same vessel. The systems
used were an EMIO for the 70100 kHz, rang and EM2040 for the 204000 kHz range. he
configurationwas attempt twice on two differepltatforms

The first configuration was undertaken avald USNS MarySears, a 100m oceaiwigg survey
vessebelongingto the U.SNaval Oceanograpla Office. The 0.5°x1.0° version of the EM710
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was useddgether with the 0.5°x1.0° version of tB#2040S. The two were located several
metres apartoa gondola mounted ~ 7m below the water line.

The second configuration was undertaken on board CSL Heron, a 10m coastal survey launch
operated by the Ocedmappng Group at UNB. A 1.0°x2.0° version of the EM710 was used
together with the ~1.3°x1.3M2040C. The 710 was on a singdbndola and the 2040C was
located ~ 2 metres away in a keel blister.

While thetwo versions of th& M7 1 0 Gidenticalp@selengths sectorsand swatlspacings,

the twoversionsof the EM204 differ. The full EM2040S, use&discretesectorsacross track

for 300 and 400 kHz (2 for 200kHz) over two swaiisliscrete transmissioper shot cycle

The EM2040C howeverpnly has a single sector and a $engwathand thusonly transmits

once using single centre frequencyhe EM2040Gat400 kHz is restricted to a-#40° sector

and thus was not usable for these tests. As the 2040C has omlgreamissiongreater
bandwidthis availableand thus shortgrulsesare used thathe2040S which require$ discrete
bandwidtts to serve the 4 or 6 sectors. As a result the 2040S did not change its pulse length
during these surveys unlike the 2040C which was coaliynchanging the pulse length

Unfortunately, te EM2040 can only operate in one of its 3 frequency bands at a time. Thus, in
thefirst pass, the seafloor was imagechultaneouslyising the EM710 at 7Q000kHz and the
EM2040centeredat 300 kHz. To complete the coverage, the sunatbh be rerun at@d kHz
and, (if utilized), again a400 kHz. A significant future improvement for the 2040 would be to be
able to use thdual swath to acquire data aictof thefrequencysettings simultaneously.

Data Manipulations Steps:

If the frequency and geing argle variation in backscatter strength is to be usedckesaifier,
the logged data have be adequate reduced for radiometric and geometric effects. There are
several steps that have todgpliedto the data that are described in turn below.

In order b get at the backscatter strength measurement, the observed intensity beeds to
reduced for all of the sourdevel (and its angular variations), the receisensitivity(and their
angularvariationg, applied gainsthe ensonifiecgreaand transmission losses.

Getting kack to the observed Intensity:

Some manufactersdirectlylog a measuref that received intensithatjust subsequently
requires reduction for the abolisted parametersOthermanufacturersspecificallyKongsberg
Maritime (KM), whosedata are used ithis work, attemptan approximation athe data
reduction before loggindn addition to the factors listed abowikee KM datareduction method
(Hammerstad, 200Qjtilizes a simplified modé of the grazing angle variation to attempt to
provide normalizedata Thus beforeutilizing loggedKM data, the applied grazing angle
correction, as well as the simplifying assumptions inherent in the applied ensonified area
calculation, need® be removed before reapplying the standard steps

To remove thessteps the minimumslant rangethe crossoveangleand theestimateof the
backscatter at normaicidenceand oblique incidenceHammerstad 2000) ne¢olbe extracted
from the telegram anblack correctedbor. This hasbeendone to the datherein, although there
continues tde concerns about the details of this reduction.
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The ensonified aregalculationi grazing agle derivation and pulse length dependence

To reduce to an estimate of the seabed backscatter strength, the retengtyhasto be
normalized or instantaneosi ensonified area. This requitesowledge of all of the transmit and
receive beamwidt) the pulse lenp and the local grazing anglgrick, 1954).

Seafloor Projected, Sonar-Referenced Seafloor-Relative Grazing Angle
Beam Pattern Residual (derived from in-swath bathymetry )

sector sector
boundary

NADIR NADIR

boundary

5
Three-sector, dual swath

Grazing Angle (deg)

Single-sector, single swath

Beam Pattern Residual (dB)

Single-sector, single swath

Depth range : 22-26m

Fig 1: lllustrating data reduction steps reged to extract the seabed backscatter strength.
LEFT: SonarRelative Residual Beam Patterns RIGHT: -Bear Relative Grazing Angle
Note that the beam fiarns are unique to each soramd for the case of the EM710, unique to
each sector of each swath if total). The beam patterns rotate as the sonar reference frame
rolls. Those patterns for multiple sectors however, are truncated at the sector boundaries which
are stabilized to be fixed in the vertical reference frame.
Note also the variable qualityf the grazing angle estimates based on the beam to beam bottom
detection noiseThe lover range resolution of the EM7J0oduces notably nisier slope
estimates at nadir.

Firstthe realtime ensonified areeorrectionwhich is based on a simplified model oflat

seafloor (Hammerstad, 2000) neéal be removed. This accounts for the utilized pulse length.
Once removed an improved model of the ensonified area now needs to be applied. This is done
using the pulse length, the transmit and receive beam (ithilsh varies within a swath as the
sector frequencies are shifteat)d a more faithful estimate of the local grazing angle (Fig. 1

right). This estimate is obtained for each beam by fitting a 3D plane to the bottom detection
solution and the 8 immediate detentneighbours. While imperfect due to sounding noise,
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slopes over length scales of several beam spacings are well captured. The main limitations are
tracking in the outer most beams and on the edge of shadows.

Figure 1(right) illustrates the derivation of the local grazing angle from a swiatlata over a
rough (bedform covered) seaflodts can be seen, the grazing angéegje from normal
incidence (90) to beyond the designeshgularsector(+/-65° which would result in 25° grazing
on a flat seafloor). As the seafloor is not ftag grazng angles deviate frothe simple real
time model. Notably, often true normal incidence is not actually sampled asanas$ run with
transmitter tiled forward tcavoidthe specular ech@lso, because¢he seafloor is often téd
away from the sonar (fe@xamplethe backside of dunes), grazing angi@siller than 25° may
be obtained. Those data obtained cldsduniting grazing €.9.the edge of a shadowhould
however, be treated with suspici@imilarly at the outer edge of the swath, the spurious
sownding noise can result in distorted grazing angle estimates leading to contaminated
backscatter strength valuaslow grazing angles

Automatic Selection of Pulse Length with Depth
Cordova Channel Sandwave Field

Depth range : 14-38m 500m

Fig 2: Showing the depttiistributionin the Cordova Channel Sandwave field and the choice of
pulse length used lige different multibeamanfigurations as the data were collected over the
same areas. As can be sgiie pulse length is increased as function of water depth.

Away from normal incidences well as the grazing anglbe estimate of the ensonified area
requires knowledge of the pulse length used. &hatten operationally altered automatically to
maintain sufficient signal to noise. This must be accountegFfgr 2)

For the case of the Cordova Channel datayder to maintaimptimalsignal to noise, the 200
and 300 kHz modes of tieM2040C automatically adjusted the utilized pulsejtbras a
function of depthFigure 2 above illustrates the relationship of pulse length utilized and the
water depth. The EM710, as it was signalto noiselimited, used its shortestvailablepulse
length for the whole area.
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For the Roberts Channel data, having learnt from the previous experience, the pulse length was
fixed for the area. For the Saipan Reef survey, as the-seglior and swath EM20 was used,
the default pulséengh did not chage over the depth range considered32).

Residual sonareferencedeam patterns

Ideally each multibeam transmission would generate the same source level over the full range of
elevation angles. In reality thereamacross track variation in the emsity distribution of the
transmitter. For a singkectorsystem such as an EM2040C that corresponds to a single function
in elevation from port tetarboardn a sonarreferencedrame. For multisectorsystemsuchas

the EM710 or full EM2040, thereathree discretsectors for each swath and two swaths in

total. Thus up to 6 transmission functions need to be defined per ¥eitgus previous

attempts hae been developed to address iksue of multsector bam patterns(Llewellyn,

2005, Hughes Clarke, 2012, Teng 2012).

Fig 3: Shoving theestimatedesidual transmit bam patterns for each of the 4 or 6 sectors used
in the 4 different frequency ranges. The data were acquired over a common large patch of living
coral whose response was assumed th.dmbetian. The data are with respeto the sonar
reference framganot the vertical.

Ideally these functions would be know from theoretical or test tank experiments. However, it is
clear that these patterns vary fromit to uniteven fornominaly identical sonar modg
(HughesClarkeetal., 2008). Thus a means of extracting these residual variations is required
under field conditions. This can be problematitheesother reason that one might seaations

in received intensity with elevation angle are @ingular response of the sedlbackscatter
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