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Adjustment of backscatter data
collected by multilsector multilswath
multibeam echo sounders

Allalllle by JEAn-Cuy n1S AD

While technological innovation and good survey practice has rendered bathymetric
data collection more el cient and measurements both precise and accurate, so much
cannot be said about backscatter data. Indeed, being more sensitive to geometrical,
environmental and system-dependent el ects, backscatter measurementssul er from

backscatter strength | SonarScope | multibeam echo sounder

Introduction
Gven the capability of modern swath bathymetry
multibeam echo soundersto collect colregistered
backscatter data of the seabed, it has become a
common task for many surveying organisations to
collect thisinformation in an opportunistic manner.
While technological innovation and good survey
practice has rendered bathymetric data collection
more e’ Icient and measurementshboth precise and
accurate, so much cannot be said of backscatter
data. Indeed, lack of well established measurement
referencesand data processng standardshasled to
a gtuation where backscatter data may not meet
precison and accuracy requirements.

Amajor detrimental component on backscatter
measurement is the modulating elect of the
echo sounder’s transmisson sector pattern(s). In

postiprocessng, this modulation cannot be dis’

tinguished from the angular dependence of the
backscatter strength (BS), a best estimate of the
sea 0or acougtic re_ectivity, itself an inherent
property of the seal oor that varies only with the

incidence angle to the sea oor for a given acous'

tic signal frequency. Traditional statistical angular
correction methods smply compensate for both

e ects smultaneoudy. However, as the BSangu(

lar response should be consdered the delfacto
backscatter measurement reference, there is a
need to separate the respective contributions of
the BSand the transmission sector pattern(s). Only
through a dedicated (eld calibration procedure
can the latter be accounted for and compensated.

While the modulating elect of snglelsector
multibeam echo soundersisnot visbly apparent in

realtime backscatter measurements, poorlylcom !

pensated or uncompensated transmisson sector
paterns of multi'sector multi'swath multibeams
may be visibly apparent. Such was the case for the
Canadian icebreaker and research vessel Canadian
Goast Guard Ship (Q3GS) »Amundsen« Using a [ eld
calibration procedure developed by the Ingtitut
francais de recherche pour I'exploitation de la mer
(IFRBVIER), an attempt was undertaken to properly
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cdibrate the transmission sector pattens of the
ship’'smultibeam echo sounder. Thisarticle presents
the method, analyssand results of thisattempt.

Multi-year surveysin the Canadian

Arctic Archipelago

dnce the year [111] the Canadian icelbreaker
and research vessel QOGS »Amundsen« has been
conducting continuous seabed mapping opera’
tions as part of a multi‘disciplinary research pro!!
gramme. For seabed mapping operations, the ship
is [tted with a Kongsherg Maritime (KM) BEM 1]
[1TkHz multibeam echo sounder (MBES. The
BEM(11lis a midiocean depth, multilsector, multi]
swath multibeam echo sounder suitable for the
depth range of the Canadian Arctic Archipelago
(Uto ~LI 1T Imetres). Hg.[I1presents (1! longitude
by (1 latitude bathymetry and backscatter maps
of multibeam data collected on two occasons
(September (nd and [th, [111) while the ship
wastransting in the southern Beaufort Sea. While
the digital terrain model (DTM) of Fg..la demon'!
strates good consistency, the backscatter mosaic
of Ag.lb doesnot.

The backscatter mosaic of Hg. Ib is the result
of the Kongsherg real'time data reduction procl
ess, which aimsat obtaining abest estimate of the
angular compensated BSby accounting for all sys' |
tem(dependent, geometrical and environmental
componentsinherent in acomplete transmisson! |
reception cycle. The angular dependence of the
BSis removed using a smpliled Lambertian del!
crease model. Gven their geometry and oriental’|
tion, changesin BSvaluesvisble in the backscatter
mosaic cannot be correlated to changes in the
composition of the substrate, but rather to inac’!
curaciesin the Kongsherg real time datareduction
process. These changes occur both between surl
vey lines and within individual survey lines. Being
more fundamental, the intralline artefacts need to
be addressed [ r<t.

Intralline artefacts taking the form of along(!
track bands can easily be traced back to changes

poor quality when the
latter elects are not
accounted for in data
collection and process-
ing steps. A major det-
rimental component on
backscatter ~measure-
ments is the modulat-
ing elect of the echo
sounder’s transmission
sector pattern(s). This
elect is clearly seen
in backscatter images
from echo sounders
with multi-sector and
multi-swath capabilities.
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Fg. 1 Basemap tilesof the
Canadian Arctic Archipelago
from datacollected in 10'4
with the bathymetric surface
(a left) and the Lrstiorder
angular compensated BS
mosaic (b, right)

Fig. 2: Angular compensated
BSimagesin ping vsheam
geometry (direction of travel
left to right) and parameter
valuesof the Transmission
Modesused in two survey lines
(Depth Mode: [ = Shallow;

3= Medium; 4 = Deep.

Pulse Type: 0= CW, L= AV..
Swath Type: [ = Sngle; L= Dual)

in the echo sounder’s runtime parameters. Hg. 1
illustrates the correlation between changesin the
BS and changes to the Depth Mode parameter.
The Depth Mode, Svath Type and Pulse Type are
three parameters that collectively determine the
Transmisson Mode of the echo sounder. While not
depicted in the Hg. changes in Svath Type and
Pulse Type are also likely to induce changesto the
BSlevel of survey lines. During normal operation,
the BML T Dwill automatically [ nd the most appro!(
priate combination of Depth Mode, Svath Type
and Pulse Type (i.e. Transmisson Mode) to 't the
current range to the bottom and alongtrack data
densty. Each Transmission Mode uses a number
of transmission sectors with each sector’s pattern
possessing aunique signature. BEM( [ [ lecho sound! |
ersactually do compensate in real time for the sec! |
tor patterns. However, they utilise default models
which do not necessarily re’ ect the real patterns.

Any discrepancy between the models and real (!
ity will lead to resdual overprinting visble on the
backscatter level of individual survey lines, a stual’|
tion clearly visble in Hg.Tb. Luckily, the sector pat(!
ternmodelscan be adapted by appropriatelymod !
ifying a conlguration [le known as the bs 111X
[le. With an appropriately con gured bs T11IIx T le,
no further modulation of the sector patterns will
be visble in the real time collected data.

IFREMER backscatter calibration
procedure

Attemptsto calibrate echo sounder beam patterns
are not new. Foote et a. ("1 11) and more recently
Lanzoni and Weber (/1 11) have detailed procedures
to achieve such results under controlled settings.
However, these procedures are limited to relatively
compact and highifrequency echo sounders. For
medium to deep depth echo sounders, thistype of
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calibrated setup is not possble in a laboratory en’’|
vironment due to the sze of the instruments and
acoustic range requirements. Deviations from the
laboratory measurementsare also likely to occur fol ]
lowing the nal installation conguration on board
a ship and due to normal wear and tear of elec’]
tronic and acoustic components. For these reasons,
it isimperetive that a "eld cdibration procedure be
performed to account for the sector patternsof mel
dium and deep seamultibeam echo sounders.
Thecalibration proceduredeveloped by IFREMER
ams at more accurately modelling the sector pat(’|
terns of multifsector, multi’'swath multibeams by
direct analyss on realltime collected backscatter
images. To be successfully completed, the procel!
dure requiresa calibration survey to be performed
and subsequent analysisof the backscatterimages
using the IFRBMER software SonarScope. The calil’!
bration survey areas must be chosen carefully in
order to optimise the quality of the anayss. Hat,

suitably deep and geologically uniform seabed

areas must be pre!selected for the calibration sur(
vey. A series of opposite running survey lines are

then run for each Transmission Mode.

Such a cdlibration survey and subsequent
backscatter data analyss was performed for the
BEM1 T of GOGS»Amundsen« The [gures demon(!
strate the e’ ectivenessof the procedure. The Shall|
low, Dual, CW Transmission Mode isused asacase
example.

Hg.[Ta shows the angular compensated BSim!(
age in ping vs beam geometry resulting from the
Kongsberg rea(time data reduction process for
the Shallow, Dual, CW Transmisson Mode. Hg.Tb
shows the mean BSangular curve obtained from
the BSimage by averaging the BSvaluesin [© bins
and colouricoding curve segments by unique
transmission sector.

Sep 1 of the cdlibration procedure conssts in
removing the BSangular response model used in
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Fig. 3: Angular compensated
BSimage in ping vsbeam
geometry (& left) and
corresponding angular
response (b, right) for the
Shallow Dual CW Transmission
Mode

Fig. 4: Transmission sector
patternsimage in ping vs
beam geometry (a, left)

and corresponding angular
response (points) and models
(lines) (b, right) for the Shallow
Dual CW Transmission Mode

Fig. 5: Calibrated and angular
compensated BSimage in
ping vs beam geometry

(a, left) and corresponding
angular response (b, right)
for the Shallow Dual CW
Transmisson Mode
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Fig. 6: Precision of the angular

compensated mean BSin

the '5to 60 degreesangular

interval for all operational
Transmisson Modes of the

EM30' Jof COGS»Amundsen«

the Kongsherg realitime data reduction process
from the angular compensated BSimage in order
to obtain an angular uncompensated BSimage.

Sep [l congsts in modelling the BS angular
dependence visble in the angular uncompen(!
sated BS image. The Generic Sealoor Acoustic
Backscatter (GSAB) model (Lamarche et al. [111) is
used for that purpose.

In step (] the new »best« modelled estimate of
the BS angular dependence is applied and the
Kongsherg default transmission sector pattern
compensation is removed. This process isolates
the sector patterns, which can be »seen«in the
backscatter image (Hg.1a).

Fnally, step [lconsistsin modelling the transmis’|
son sector patterns as [ rstiorder polynomials, an
approximation of the mathematically correct sinc
function. Three parameters congtitute the varil!
ablesof the polynomial functions: the source level,
the transmission angle and the sector opening
angle. Fg.[Tb shows the corresponding angular
response of the residual colouricoded transmis'
son sector beam patterns. The points represent
the mean source level residual per [ bin and the
continuous lines represent the modelling of the
transmission sector patterns.

Results

The newly modelled transmisson sector patterns

can be applied to the survey datato assessthe qua !
ity of the calibration. Hg. 'a showsthe angular com(|
pensated BSimage in ping vs beam geometry for

the Shallow, Dual, CW Transmisson Mode with the

new transmisson sector patterns and GSAB models

applied. Fg.1b isthe corregponding mean BSangu!!
lar regponse. While some modulation is ill visible in

the BSimage, especially at the sector boundaries the

overdl precison of the mean BSangular response is

sgnil cantly improved. Fg. Tlillustrates the precison

improvements of the angular compensated mean

BSin the [1'to [ [ /degreesangular interva for al op [
erational Transmisson Modes. The latter interval is

chosen 0 asto exclude the nadir and grazing angle

zones, which always comprise lessreliable data.
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The modelled transmission sector patterns rel
sulting from the calibration can be utilised in two
ways. Hrst, the values of the models can be written
inthebs 111X 1le and injected to the BMI 11 echo
sounder. This will ensure that all newly collected
data will be exempt from any modulating el ect
due to improperly calibrated transmission sector
patterns. Second, the models can be applied to
existing backscatter data in order to mitigate the
intralline artefacts. Hg.[Ta illustrates the identical
mosaic as in Hg. b with the transmission sector
patterns properly cdibrated. Aside from a BSminil
mum in the nadir area, no further along [track artel|
factsare visble.

Several attempts were undertaken to discover
thereason for the remaining interline biasin Ag.a.
This [11dB bias between the survey line collected
on September ['nd and the one collected on Sepl(’
tember ['th could not be explained by changesto
environmental factors (changesto the seabed type
or to the water column properties). The only conl(’|
clusve explanation stems from the software instal’|
bilitiesexperienced during the surveys. These were
correlated to an incompatibility between hardware
and software versonswhich necesstated the com
plete relinstallation of the data collection software
after the rst and before the second survey. This
type of problem cannot be accounted for in post™
processing other than by applying a statistical an(’|
gular correction whose reault isillustrated in Hg.Tb.
Although the backscatter mosaic now appearsuni’’
form, one cannot speak of absolute BSlevelssince a
bias has been introduced.

Discussion and future improvements
While the proper calibration of transmission sector
patterns is a step towards absolute and properly
referenced backscatter data, transmisson sector
patterns are not the only factor that needs to be
addressed. Other factorsinclude:
«propericompensation foriabsorption of thel |
acoustic sgnal in the water column;
«accounting ffor theltopographyofthelseal |
bed when calculating the ensonil_ed areg;
«possiblelcompensationiforthereceive beam!
patterns,
« thelneed forlabathymetry surfacelexcept of |
outliersand biases.

Several of these factors could not be or were sm(|
ply not fully addressed during the calibration survey
and subsequent data analyss. Logitical and time
constraints help explain why the calibration survey
could not be performed under ideal conditions.
Gven the multildisciplinary nature of the research
conducted on QOGS »Amundsen thisis to be ex’!
pected. Limitationsin the work ow used to transfer
the raw data collection measurementsto abathym(
etry processing software and [nally to SonarScope
are also aroot cause for sub [optimal results.

However, the single greatest weakness of the
calibration procedure is the reliance on the mod!!
elled BSangular response from the empirical data.
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The modelling proved quite dillcult given the
poor quality of the real time backscatter measure! |
ments. A much more successful approach, and
one which is currently being investigated at IFRE |
MER is to use a BSmodel obtained from another
calibrated echo sounder (singlelbeam or split(]
beam) mechanically steered at several transmis |
sion angles in order to obtain a more redlistic BS
angular response curve. Nevertheless, the calibra’ !
tion survey and subsequent analysis allowed for a
substantial improvement in the precision of the
mean BSvalue of the BSmosaics.

Compared to other multibeam echo sounders
previoudy investigated by the author, the EM( 11}
installed on GOGS»Amundsen«shows very strong
transmission sector patterns modulations. Several
attempts were made to [nd the causes of these
modulations. During this investigation, it was dis'
covered that some of the transmit channels of the
BEM( 11 lare in adegraded state. However, the most
plausble explanation is the fact that the BM( [ 1s
transducers are encased behind a titanium en’’
forced polymer protective window which is likely
to a ect the tranamitted source level and sector
patternssignil cantly more than for normal vessels.
For operations in ice, this window is however es’
sential to the protection of the transducers.

Conclusion

This project has focused on the application of a
unique calibration procedure dedicated to the
compensation of transmisson sector patterns of
multi(sector, multi’'swath multibeam echo sound
ers. Uncalibrated transmisson sector patterns
modulate the backscatter reponse and are visible
as intralline artefacts. The calibration procedure
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wasapplied on backscatter data collected by G3GS
»Amundsen« The procedure included the success !
ful conduct of a calibration survey in the Canadian

Arctic and subsequent analyss of the backscatter

data usng the software SonarScope. The precison

of the mean BS vaue of virtually all Transmisson

Modesisimproved in the [T1to [ [ /degreesangular

range. Resdual sector boundary steps remained

problematic and visble in the calibrated images,

and overall, the calibration could be improved

with better estimation of the parameters of the

BS model. Indeed, due to the multibeam echo

sounder’sprotective window deteriorating the raw

backscatter measurements, the modelling of the

BSfrom empirical data proved dil cult.

Several investigations were carried out in order to
identify the cause of a remaining interisector bias.
This lead to the discovery of transmisson channel
problems. However, the cause of the bias was most
likely due to ahardware software incompatibility. The
fact that this problem did not lead to any discernible
artefact on the bathymetry data highlights the fact
that backscatter measurementsare more senstive to
changesin systemidependent parameters.

Multibeam backscatter ol ers several applications
in seabed class[ cation, habitat mapping and sea’’|
bed monitoring. These applications can potentially
be very benelcia in fundamental sciences such as
geology and benthic biology and ecology. Scien'!
tistswishing to make use of multibeam backscatter
must however be fully aware of the limitations and
pit(fallsof multibeam echo sounder measurements.
Most notably, the status of the instruments should
be well understood, the context under which the
datawascollected and the processng applied prior
to delivery should be well controlled.

Fg. 7: Angular compensated
BSmosaic following

the transmission sector
pattern calibration (g, left)
and following a statistical
compensation to remove the
remaining [0dBinterlline bias
(b, right)
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