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Abstract: Swath acoustic data collected by multibeam sogatesns is a recognised tool to
efficiently map the bathymetry and texture of laageas of seabed so aiding the definitior: of
benthic habitats. Backscatter data may be spatialbssified based on either standard
measurements of characteristic acoustic angulapoese curves (ARCs) or backscatter
model parameters (inverted from the ARCs) that depen seabed physical properties.
However, the inverted model parameter of “roughhéssntrinsically linked to the acoustic
wavelength; only the roughness spectrum with wagtte less than half of the acoustic
wavelength affects the surficial acoustic backsrattTherefore, inferred surficial texture is
intrinsically acoustic frequency-dependent. Thasearch tests the feasibility of using multi-
frequency acoustic backscatter to create acoudasses based on a broadband acoustic
response to natural roughness spectra. The godbigenerate more accurate spatal
delineation of facies.

EM2040D (300 kHz (continuous wave (CW) pulse)), EM@00 kHz (CW)) and EM302 (3
kHz (CW)) benthic acoustic data were collected #ameously using Kongsberg Maritime’s
test vessel, Simrad Echo, within the Ormg—FaerderindaProtected Area in Oslofjorden,
Norway. 47 line-km of multi-frequency data werdembed resulting in a survey extending
2.9 km by 3.2 km. In addition to the latter ovpdang survey lines, 5 non-overlapping, 2.9
km-long cross-lines were acquired to investigatesanopic backscatter effects; the cross-
lines were run perpendicular to bathymetric con®tg minimise variation of possible depth-
dependent benthic texture within a swath. Thisepajiscusses the results of delineations
and compares maps for datasets separately andyaitassified with different frequencies.
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1. INTRODUCTION

As a mapping tool, multibeam echosounders (MBE®&s)uaed primarily as bathymetric
measurement devices. While the amplitude and anglépendence of the backscattered
signal, from which the “sounding” is extracted, hasg been recognised as a useful indicator
of seabed rugosity, and by empirical extensioningsize [1], it is usually seen as being
secondary in importance to the primary bathymetuoction of MBESs. For vessels
equipped with only one (narrowband) MBES, the sdbmate ranking of multibearn
backscatter data has no practical effect but fagsels equipped with more than one
multibeam (or a single broadband MBES as suggdsté¢d]) where, for the dual purposes of
highest bathymetric resolution and minimisationdata storage, usually only the highest
resolution multibeam is in operation. Backscattata from the lower frequency MBES is
therefore not collected and, since the dominanbesaoughness, usually parameterised as
the roughness spectral strengity, and spectral exponeng, inferred from the angular
dependence of MBES backscatter, is inherently dmowgavelength dependent [3], we
propose that potential roughness information isdpdost by this practice. The inclusion of
additional frequencies of acoustic backscatter,revipossible, has been proposed as having
great potential for more accurate seabed classdit§2, 4, 5].

The assumption is usually made that the roughnesstreim conforms to a single power
law and thatys is a constant (usually -3.0 to -3.5 [1]); thisoals inversion fomw, and, by
extension, grain size, to be MBES-frequency inddpah However, lander-based studies: of
seafloor roughness spectra observe that the litestffit may be composed of at least two,
and up to five, line segments [6] and that acoudtita either side of 150 kHz may 2e
scattered from power laws conforming to differgpéctral parameters [7]. In addition to the
latter theoretical basis, a relationship betweequency-dependent backscatter and sedirnent
type has also been detected in MBES data from #yedB Fundy giving rise to a suggested
utility of multi-frequency MBES backscatter for &ea determination and classification [1].
Another feasibility study took a composite imagedxzh approach to the classification of a
small dataset of EM1002, EM3002 and Reson 7125 dat&alway Bay and showed
promising results for the distinction between sheksh and maérl using the ISODATA
algorithm [8]. There are practical issues for timplementation of multi-frequency MBES
seafloor classification, namely the attenuatiorhigh-frequency sound in deeper water and
the increased size of lower frequency MBES rendgettem impractical for survey launchzs
[4], but setting these aside, this paper will exaamihe utility of multi-frequency MBES
backscatter for more accurate seabed classification

Kongsberg Maritime’s test vess8imrad Echpwas equipped with an EM2040S, EM7:.0,
and EM302 for the survey, carried out over two daithin Ormg—Faerder Marine Protectzd
Area in Oslofjorden (Fig. 1). MBES acquisition gareters (Table 1), e.g. pulse length, were
set manually during data acquisition to eliminasecKkscatter magnitude changes due to
automatic depth-dependent pulse length adjustrdgnt4lthough the MBESs used are “next
generation” echosounders, e.g. capable of tranamithirped frequency-modulated (FM)
pulses [2], they were operated in narrowband, oootis-wave (CW) mode to eliminate any
possible backscatter artefacts arising from a lraad acoustic signal. The area was
surveyed NW-SE with 100% bottom coverage and thessurveyed with lines on a
perpendicular heading. Under the assumption tettexd type was correlated with slope, the
latter lines were run perpendicular to bathymetoatours in order that the assumption of
homogeneous seabed within a “patch” of 30 consexutalf-swaths was upheld. Only



backscatter data from the slope-perpendicular NEssiwWey lines will be discussed in ttis
paper.
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Fig. 1 Five-metre DEM of EM2040 data showing Rolgtzeitonée, precipitous slopes, and
glaciated valleys, topographic features typicathad region.

MBES | Frequency, [kHz] # Transmit X Receivg Pulse Length
Soundings | Beamwidth, [°] (CW), [18]
EM2040| 275, 290, 280 (3 sectors 400 0.5x1.0 600
EM710 | 71, 83, 77 (3 sectors) 400 0.5x1.0 500
EM302 | 26.5, 30.5, 33.5, 28.5 (4| 432 20x2.0 750
sectors)

Table 1: MBES acquisition parameters.

2. METHODOLOGY

A patch-based approach, whereby angular responsesyARCs) are averaged in
consecutive patches of 30 pings, similar to the@ggh of Fonseca and Calder [9], was ta<en
with a further modification for spatial joining @b-located patch centroids from the three
different frequencies. Using the research versioBeocoder [10], patch-averaged ARCs are
decomposed into 5 descriptive parameters: gradienavo”) and intercept (at 10° incidence
angle) (“y_avo”) of best-fit line to the ARC withithe near range {@to 25°); average AR
within the far range (25° to 40°) (*f_avo”); aveméR within the near range (“n_avo”); and
the fluid factor that is correlated with volume éreigeneities (“ff_avo”) [11]. These patch-



based parameters are used as feature vectorsnieaks classification but, since the patches
corresponding to the different frequency MBES’s ardependently derived and not co-
located, they must be spatially “joined” using centtonal GIS software. The Spatial Join
process merges the three attribute tables contpithie feature vectors for the individual
MBESs (Fig. 2 (LEFT)) into one attribute table (Fig (RIGHT)) so that they can lLe
statistically analysed for clustering and Princig@mponent Analysis. In practice, the

attribute tables of the closest EM710 and EM2040lpaentroids were joined to the EM302
attribute table.

Patch Centroids
© EM2040

© EM710 Patch Centroids

O  JOIN-ed Output|

® EM302

Fig. 2: Port and starboard patch centroids of th#etent MBESs (LEFT) and (RIGHT) the
spatial distribution of the JOIN-ed patch centraids

K-means cluster analysis and Principal Componerdlysms of feature vector attributes
were carried out using a Clustering Toolbox [12]o investigate the effect of different
acoustic frequencies on the classification resb#, frequency-related feature vectors were
classified separately, in pairs (EM2040+EM710; EMIREEM302; and EM710+EM302),
and all together (EM2040+EM710+EM302) to give seddferent classification results.

3. RESULTS

3.1. Backscatter Mosaics
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Fig. 3: Backscatter mosaics of the MBES cross-laissussed in this paper.
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Time series backscatter data corrections [13] wapplied in Geocoder as follows:
removal of Lambert's Law correction implemented bdye MBES hardware durinj



acquisition, which assumes a flat seafloor; coiwector pulse length dependent footpr nt
area and correction for the actual incident angiegithe DEM (Fig. 1). Backscatter deata
was then mosaicked (Fig. 3).

3.2. K-meansClustering and Principal Components Analysis

Principal Components Analysis (PCA) is suited tstitey the discriminatory ability of
classifications involving more than one acoustaqtrency; ideally, in addition to expectzd
correlation of ARC measurements of the separate $A\R&ch frequency will contribute sorne
degree of classification variation along independethogonal (“PC”) axes. The results of
the k-means clustering are displayed in Principain@onent space (Fig. 4), where PC1 and
PC2, the primary and secondary principal componeaméslinear combinations of the feature
vector attributes (x_avo, y_avo, f_avo, n_avo, #&ndvo) of the patch centroids of one or
more of the MBESs used in this study. The clusgsttres for classifications including the
EM2040 feature vectors (Fig. 4(a, b, ¢, and g) lexta preferred elongation along the PC1
axis and the Eigenvalue of the second principalpmmnt is less significant compared to “he
classifications of the EM710 and EM302 data. Tihiscates that covariation in the EM20:10
and EM710 feature vectors explains the majority cbistering and there is minimal
orthogonally distributed, i.e. PC2-orientated, data
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Fig. 4: K-means cluster centres (red crosses)ldigal in Principal Component space with
contours of Cartesian distance between data paidtr@earest cluster centre. Eigenvalues,
indicating the significance of the component, ar&cketed after the axis title.
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Fig. 5: Eigenvector co-efficients of individual s&fication of the EM2040 and EM710
feature vectors scaled by the respective eigensalue

The main descriptive ARC parameters for the firgtg@pal component of the EM2040 are
the backscatter value at 10° incident angle, thamimackscatter values in the near and far
angular ranges, and the Fluid Factor (Fig. 5(ahe latter is also true for the EM710 with
the addition of a weak dependence on the variatiothe slope of the ARC in the naclir
region (Fig. 5(b)). By contrast the EM302 exhib#dess discriminatory ability, with class=s
distributed more isotropically in principal compomespace (Fig. 4(f)) and the first two
principal components are less distinct with eigéumesof 0.5 and 0.4 respectively.

The power of combining the separate discriminatdrgracteristics of the EM2040 and
EM710 is evidenced by an additional degree of diaaton freedom for the join:
EM2040+EM710 classification (Fig. 6). While the EMD ARC measurements clearly
contribute to the first principal component of \aion, indicating unsurprising correlation
between the EM2040 and EM710 angular responsessebend principal component is
notably strongly dependent on the EM710 ARC measents alone (red bars, Fig. 6). This
indicates that the EM710 is contributing additiordibcriminatory ability to the joint
EM2040+EM710 classification.
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Fig. 6: Eigenvector co-efficients of combined cifisation of the EM2040 and EM710
feature vectors scaled by the respective eigensalidote the addition of the EM710
introduces a more significant second principal comgnt



3.3. Classification Maps

The results of the k-means clustering were mappedgmphically using Voronci
polygons centred on the patch centroids (Fig. 7(g)gsuming that the sediment types are in
reality contiguous and correlated with bathymetng/ar slope, it can be seen that, in ‘he
absence of any other information, the classificegtianvolving the EM710 are the mast
plausible, i.e. EM710 alone (Fig. 7(d)); EM2040+EM7 (Fig. 7(b));and
EM2040+EM710+EM302 (Fig. 7(g)). The classificatiohEM710 alone is quite similar to
the classification utilising all three MBES ARC pareters but the latter displays an arguelbly
more realistic distribution of classes four andefignd rocky classes one and three are
spatially more distinct (Fig. 8). However, thetéatremark requires testing by detailed g-ab
sampling, something not carried out to date.

Fig. 7(f) shows that the EM302 is a poor discrinbneof the fine sediment within the
deep, bifurcating submerged glaciated valley amdfitte sediment on the broad flank to the
west. However, the addition of EM302 ARC infornoatito the joint classification cf
EM2040+EM710 Fig. 7(b) leads to better classifimatof the rocky substrate in the south-
western strait Fig. 7(g) and more plausible classibn of class five in the southen
extremity of Fig. 7(g).

Therefore the classification based on the ARC patara of all three MBESs may be
viewed as a “fine-tuning” of the EM710 (alone) didisation.
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Fig. 7 Classifications based on k-means clusteah§RC measured parameters for:
individual MBES (Black outline); jointly classifiddBESs (blue); and all three MBESs (red).
Bathymetric contours are displayed in metres anttlpaentroid locations symbolised in (g)
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Fig. 8 K-means classes for combined ARC paramé&eial three MBESSs overlayed on
greyscale shaded bathymetry. Purple and browrselasre correlated with rocky seabed
morphology, possibly distinguished by thicknessediment cover.

4. CONCLUSION

This study has tested the feasibility of utilisibgckscatter from different frequency
MBESs for more accurate seabed classification hawis that:

* In the absence of ground-truthing and assumindas®afype is locally homogenoLs
and related to bathymetry and/or slope, the classibn using the EM710 alone
produces a plausible regional seafloor configuratio

* The inclusion of ARC information from EM2040 and BOR may be viewed as a
“fine-tuning” of the EM710 classification with twmore distinctive rocky classes,
that, we speculate, may be distinguished by thiskré sediment cover, and bet:er
definition of Class 5 sediment in the southernexity of the field area.

Future work will utilise the entire dataset, i.aclusive of the NW-SE survey lines,
investigate the use of more ARC descriptive parametand utilise other clustering
approaches.
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