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) TheseaCHIRBD

soac sy Preciseand efficientseabedandgeohazardassessment

A UnexplosedrdnancegUX0) A 3D view of the backscattereatrivals either side dhe A Ruggedcompact and

A Boulders surveyline lightweight (120 kg)
A Buriedpipelines /cables A VeryHigh Resolution seismogram along the survey line A Versatilityto meetclient
A Sedimentarystudies A Shallowwater 350 m requirementgavailable
A Marine archeology A Largeswath(1,7 x watedepth) / Narrowbeams(10°) vessels

A High speed (up to knots) / highfiring rate A Quick anceasyset-up

A MinimisedAcquisitionProcessingime



UXO

A HORN REV ®enmark for FUGRO/VATTENFAL2015¢ Wind
farm

Boulders
A NORTHERelgiun) for GEOxyNORTHER2017¢ Wind farm
A ABERDEE({$cotland) foFUGRO/VATTENFAL2016¢ Wind farm

Sedimentarystudies(cablépipe route)

A SIZEWELWUK) folFUGRO/EDEnergyg 2014¢ Nuclearenergy
A SAINT NAZAIR& FUGRO/EDENC 2014¢ Windfarm
A FECAMP / COURSEUfdrFFUGRO/EDENC 2014¢ Wind farm

Inland
A KEMBSFrance) for EDE2015¢ Hydroelecticenergy

A Linearkilometer surveyedrom 2014> 1600 km
A Data volumecollectedf 1 Terabytes

A Vesseldrom 4,5 m to 40 m long

A Wavesup to 1 m height

Edimbourg

Glaégow

Royaume-Uni

;  lle de Man

Maintrackrecords

‘ Danemark

Copenhague
@

Dublin Manchester Hambourg
Irlande 5 Liverpool 55

ologr

Amsterdam & Berl g

o Q.. -~
Pays-Bas'
Londres 9 \
& A )
Bruxelles j.Cologne Allemagne
3 K -, VR
' peeioiqte / Francfort Prague by
L 2N e @ e
® L“'TE"“'Q République :
=1 tcheque :
Paris A S
= 7 ~ nts & Slov
J Munich Vienne
."‘ i U\ Autriche 5 BUGZ"'
! ot
(7 Suisse | PS4 z Hol
France ’ ST 2 %

s S . Slovénie \ ’

Mila - Zagreb—%

(s —_— e T
< Croati o ‘X

® soacs

y 3 Sarz’gevo;
Monaco -1
"5 d«. . Italie ‘Monter;ég
Andoriee®,- Podgorica&,
.|
9 Google @Rom '

Barceone



&) Timeline

s0acsy

Researcl& seaCHIRPD Developmentof Developemenbf
Development Industrialisation the seaCHIRBD the POWER+ new
Demonstrations soundsource
2003 2011 2014 2015 20162017
Establishment of the Fundraising First big commercial First big commercial Surveys
company project projectfor the boulders,

(FecampCourseul¢  seaCHIRBD (HORN  sedimentary X
Saint Nazaire for =~ REV 3 foWattenfal)
EDF EN)



S

TheTechnology

soacsy

A SupemwidebandFrequencyModulatedpulse («Chirp») transmission4.5 octave}
A SyntheticAperture Sonar (SABjocessingn the alongtrackdirection ﬂ

A Beamformingwith transversal hydrophonarray

Direction ofadvance

Lengthof hydrophonearray

Verticalresolution

) Acrosstrackresolution

< >
Hydrophone position - : : : : : : : : : : A
: .....I......
Historyof 00000@00000 | Lengthof
hydrophone positions_ : : : - : H : : oo | syntheticaperture
X X
Q0000000000
- ecooo0ocoecoe Y

> | Alongtrackresolution



ol SuperwidebandChirpsystem

soacsy

A Tunable frequency range between 0.5 and 10 kHz (4.5 octaves)
A Vertical resolution of < 10cm (full frequency range)

A Frequencies below 4kHz give penetration in harder sediments

A PRF up to 13Hz giving alongtrack sampling £ 0,2 m @ 5 knots

A Energy (hence SNR) can be increased by a longer duration Chirp

Benefits

A Versatilityto meet clientrequirements

A The wavelet (after chirp processing) has less rippl¢ L

allowing to use thdull waveletand not only the
envelopA better resolution and images

\U

S,

Ideal wideband (>4.5 octaves) vs narrowband (<3 octaves)
(1 octave = doubling in frequency: so 3 octaves is, for exampleA24ktizA 8KHZA 16 kH2

A Sediment attenuation is wavelengttependany S ®3® a8l YR M R. K<
A low frequency means better penetration and Signal to Noise Ration SNR (performance)

a 0

7o)
-8 dB -13 dB -24 dB ® -20 dB -33 dB -60 dB

2 m




ol SASrocessing

s0acsy

A Each point of the sub-surface is sampled multiple times as the seaCHIRRBD passes over it

A A coherent reorganization of the collected data enables to create a long synthetic antenna

A The process improves alongtrack resolution, object positioning, SNR (detection and
positioning performance), and collapses diffractions (better images of first 2 m, etc.)

Synthetic antenna —
1 y 2 l
Physical antenna  gonar path

=
TN

Sonar path
%, Focalisation
point

Seismogranbefore
andafter SAS
processing
(Centralbeam)

A Achievablaesolutionf 1 <

u £ n ¢alfrequencyrange)
A SNR gaifunction of waterdepth
U > 30dB@ 20 m watedepth

Focalisation
point Coherent

summation H
'




ol Beamforming

S0acsy A The signals collected on the hydrophone array ararranged in order to calculate beams

with different steering angles.

The narrow beam sounder leaves The multibeam sounder allows
large unrecognized areas between complete mapping of the seabed
passes

Courtesy: Kearns argfemnet al., 2010

A 80° Swath(1,7 x Watedepth) A Totalseabedcoverage

A 10° beamapperture A Rapidsurvey | |
A Up to I angularsampling(81 A Goodobjectdetectionandseparation

beamy A Accurateobjectpositioning




ol SseaCHIRBDequipement

soacsy

seaWING
....... - S'ITAM\INIDACWHICWVJ
SR AT —
Rl et 3 <
—_— Enhance
. On-board ruggedized electronics f b
Emitter Amplifier: 2.5 kW power output ) per Ormance y
v ... (NSO N IS S O . SeaWING Advanced Design using2 seaWINGat
o il e 7 e e e the sametime !!
In April 2017 SOACSXroducedits enhancedPOWER+#ransducer
Main Features
Frequency 0.5-10 kHz
Emitted Level +6 dB /previoussource
OperatingDepth - 40 mwithout compensation ADEME
- 350 mwith compensation . I S E N
Weight ~40 k :
gt J o e e ALL IS DIGITAL! i
Dimensions 55cmx 35 cm




ol Mobilisation

soacsy

A Versatilityto meetclient availablevessels
A Quick andeasyset-up

Under thehull of asmallboat

On a pole




&) Mobilisation

soacsy
Offshore

Nearshorée Inland



