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Sonar Imaging at iXblue
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Sonar Imaging at iXblue : from near surface to subbottom
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Seapix
Multibeam/Multiswath
Echosounder
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Seapix

Project Specifications, Development  SEAPIX Research&Development
e start In 2007, First prototype 2010

» 2 FUI (Optipéche/Tactipéche)

« 1 RAPID

Mer

N Context&Market
* Fisheries

» Security/Economic

» Selectivity and Sustainable Policy

 Fisheries resources evaluation in collaboration with
scientific (vessel of opportunity )

Requirement Specifications

» Volumetric scanning of the water column
» Bathymetry up to 400m

» Target detection -35dB up to 200m

* Limited size (P< 50cm)

« Bathymetry IHO 1a

Ifremer 6 g‘v" Challenges
WEEE oo  Tradeoff hardware cost/ level of performances

« from single beam to multibeam interpretation
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Seapix
Market

Fisheries,Pelagic : 40 systems since 2014

]e]] e , Norborg, 83m, Feroe ™ Sulehav, 33m, Norway
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Seapix
System Specifications

Size

Weight

Power consumption
Number of transducers
Max Depth

Beam Stabilization
Frequency

Bandwith

Modulation

Beam number

Transmit Power
Beam Steering

Transmit Swath width
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Specifications

480mmx180mm

60/40 kg

200W (500W Peak)

2x 64 Rx and Tx

20m

On transmit and receive
150khz

10khz (7.5cm res.)

CW or FM

64 beams

1kW

+/-60° for/aft port/starboard

120 °x 1.6°
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Seapix
Sonar Head

[ Ethernet ]

Communication, configuration and
Power Supply management,
Gyrostabilization

Digital signal processing

[ Emission and reception

Receiver Analog Filters
Emission Power

[ Impedance Matching ]

[ Transducers ]

[ Acoustic ]
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Seapix

Sonar Room Navigation data and
i{ Onboard Power Supply Ji external MRU (optional)

(230Vac/ 24Vdc)

i NMEA
/ Power

___________________________________________________

/

____________________________________

Ethernet and
command

Underwater Cable
(Ethernet + Power)

Sonar Interface Beam Former Viewer Processor
Head Unit Processor Unit Unit
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Seapix
Software

(e AL Key features

- 2D/3D Bathy

» 2D/3D Backscatter

A A

« 2D/3D Echograms

« Multiple Echogram
» TS/SV Analysis

 HAC format (EchoView,Movies3D)
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Seapix
Performances

Bathymetry , ENSTA (2015) :

swipen AddCoowr | [DekeieColur

== e |HO order 1a with MEMS

544(20m,1a)

-
A )
]

b -t

Detection Level

* Noise Level , 24 dB
re 1luyPa/Hz

« SV -60dB , 200m
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Seapix
Multiple Swath Imaging

Versatile Configuration

» User defined insonification
scenario

« CWFM

* Switch Rx/Tx antenna

« Steering angle interval

and increment

I SRR ST TR

P P RN TN W FORD Ui O SR
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Seapix
Downward Looking Configuration

Port/Starboard Fore/Aft
' scanning scanning

B S

o = 4.:—7- ':-.u.ll_( .-P'

/\/—\/\/-

Volume 120° x 120°
7cm radial resolution
1.6°x1.6° up to 1.6°x3.2° angle resolution
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Seapix
Forward Looking Configuration

i
E

« Vertical Forward Looking” Echograms

STT

16 A multi-usage multibeam sonar for hydrography and robotics applications iXque



Seapix
Side Looking Configuration

« Vertical Side Looking” Echograms

SAV

« Horizontal Side Looking” Echograms

STT
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Biomass Analysis
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Biomass Analysis
Multiple Echograms Visualization

43°09'454 N
005°37'436 E
Y
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Biomass Analysis
Detection with 2D/3D Mapping and Bathymetry

TM - Mercator - 1/1.500 - WGS84 s 3D view - Bathymet

X _Echo View Swaths View

43°09'46N

43°09'44N - ARSI S o S

4BOOGDN -+-vseeseeeeeeneeeeeeeeeeee o '

43°09'40N - =

43°09'38N /- .

>37'35E = 005037'40E 005°37'45E 005037
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Biomass Analysis
Geographical Biomass Analyzer

Main Acoustic Response

Nb of individus TS or SV
Biomass - Historical Mode ' @
HEANgG &l €13 SV
2:2:3
A 4
) I“"‘II “"l I [l wllino v,
A | Min/Max Bpths i 0 ] 2 .
(0 = None): * ¥

Min level Filter Max level Filter Water Layer depth
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Obstacle Avoidance
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Obstacle Avoidance
Forward Looking Bathymetry
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TS en dB

Obstacle Avoidance
Detection in the Water Column

FM/10ms/50%, SSO, RLs = -30dB

T S — T e e S
: Bruit s :
. | =+ ="=Réverbération de surface |
10}:+] =T8S minimum détectable SRS 1
: - Cible Y(2.5m)/MP/ MT
of /@ Cible Y(15m)/MP/ M
- @: cible Y(Suiface}/MT
10+ : : : |
20 ; -'" 3 y
30f- |
apbii I S S S
0 50 100 150 200 250 300 350 400 450 500
Portée en m

IS Ass 09 1L 92700 0udAg oo orelal o' sosolssssi Pl T I0SS 1SS S OSSO L0 L0 L Wer Nl tauan

Mo wuadoa s

24

4| Bathymetry 3D Phase 0 (TX:0) Echogram 0 Swath 1 (TX:0) Phase 1 (TX:0) Echogram 1 Swath2 (TX:0) |*
Visu3D

Depths 0,04 m g
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Station Based Imaging
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Station Based Imaging
Bathymetry

Seapix is fixed on barge
Bathymetry area ~ 1200m?2 at 10m depth

Lon: 5°03.456 W Lat: 50°09.299 N
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on: 5°03452W Lat: 50°09.318 N

deploved. leg
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Station Based Imaging
Biomass Analysis
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Backscatter Imaging
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Backscatter Imaging
Multiple Imaging Modes

Horizontal Forward Looking

L LTS g’
““ Tl
AL 1Y Tl
““‘..“I..‘..'.‘...'?.."."'.."'."‘“"'

E—— ;@5- """"""""""" T Conventional Bathymetry & Imagery

Longitudinal
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Backscatter Imaging
Conventional Imagery Mode

Sidelob return
(nadir return)

seabed _
boundary

= and self noise

- -

Water column

A Lt B PR R

‘snippet °

——— e —————

40 60 80 100

i i i
120 140 160
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Backscatter Imaging
Conventional Imagery Mode with Seapix

Lon: 5°39.520E Lat: 43°10.596 N

A247000

4246500

4246000

4245500

Legend

~— Alternative route
= AAE1 cable route
Video Dips observations
Posidonia none
M Posidonia dense
Bl  Posidonia medium

Posidonia sparse

4245000

*  Caulerpa video dips
* Caulerpa video transect
Seabed features

Il Dense Posidonia

B Medium Posidonia

Sparse Posidonia
| Rock
Sand

m
0 50100 200 300 400 S00 600 700

1756500 1757000 1757500 1758000

31 A multi-usage multibeam sonar for hydrography and robotics applications iXque



Backscatter Imaging
Forward Looking Imaging

Vertical Imaging: = o Forward Looking Imaging:

*Specular reflection —> Specular reflection suppressed

*Bad contrast at nadir —>Higher shadows contrast
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Backscatter Imaging
Forward Looking Backscatter Imaging

imagerieLigne13_1449845056 - BS (r=1.0m, p=2)

imagerieLigne13_1449845056 - BS (r=1.0m, p=2)
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Backcatter Imaging Longitudinal Imaging Mode:

Longitudinal Mode - Full BS profil vs Incidence Angle

GRAZING ANGLE (°)
90 80 70 60 50 40 30 20 10 0
5 -
10 ' 1 1 T — SANDY GRAVEL e — e
s :. XH—‘\ | _ -
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(dB) 0 | ! ‘—-——h____‘N\ — MEDIUM SAND — = -
35 - b = = F
40 \ — VERY FINE SAND
45 —
- f_ - SILT —
i <€ —_—

iXblue

34 A multi-usage multibeam sonar for hydrography and robotics applical



backscattenng strength [dB)

Backscatter Imaging
Seabed Classification : data

Bathymetry Mode Longitudinal Mode
12} H - Z ‘.\‘\%\. 1 ;%j )

ncident angle [°]

Profile Based Classifier
Level Based Classifier

Input data:
{6,,BS,} for pixel x
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Input data:
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Backscatter Imaging
Seabed Classifier

* Level-based classifier » Profile-based classifier
 Input data: {6,, BS,} for pixel x * Input data: profile BS,.(6)for pixel x
» For each class, estimating gaussian model of BS level « Estimating multi-dimensionnal Gaussian
for each angular sector 6: Pg(BS) model P(BS(0)) = Gaussian(BS(6)|u(0),Z(0))
* Gy = argmax Pg, (BSx|C) « C, = arg(r:naxP(BSx(H)|C)

i i i i
-20 u} 20 40 [=1u}
incident angle [°]

Level Based Data Classifier Models Profile Based Data
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Backscatter Imaging
Seafloor Classification : Results

Mode Transversal

% | PD | PE. |
P.D 87 13 0
Posidonia PE 5
Dense -
— S. 1 2 97

Posidonia

Mode Longitudinal
LLLLL g
sparse O e
—— AAET cable routs
Posidonia none
M Posidonia dense
B rosmismn P.D 100 0 0
Posidonia spars:
» aulerpa video dips
+ Catepaiin e P.E 3 97 0
Seabed featu :
Il Dense Posidonia
B vedius idonia S 0 D 1 OU
Sparse Posidonia .
I Rock
and
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Navigation
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Navigation
Doppler Velocity Log

Multibeam Doppler Velocity Log Conventional Doppler Velocity Log

* Alternate Longitudinal/Transversal Mode
* 64x64 Beams, 1.6°x1.6°

—ee—— =5t

o= O
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Auto Calibration
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Auto calibration
Sensors Amplitude/Phase Estimation

Using Emission and Reception on the same antenna
—> Spatial Coherence on L/2

« Compute relative amplitude e de oheence s ol Ly,
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Sound Velocity Profile
Estimation
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Sound Velocity Profile Estimation
Principle

Using overlapped Bathymetry Profiles on successive pings, longitudinal/transversal
Sound Velocity Model 22 ) e

C(0) i ,
O : parametres

z z(n,x) z(n+1,x)
i 0 =argmin > [z(i,x) - z2(j, )
o

X1, ]

v
)
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Perspectives
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Perspectives
MultiBeam/MultiSwath System on AUV/ROV/ASV

One system for multiple functions

Navigation Security
« Forward Looking Detection

Hydrography
« Sound Velocity Profile Estimation

Imagery
« GapkFiller

Environment Assessment and Monitoring
* Robust Seafloor classification
* Biomass analysis

Navigation
* Navigation + MBES (DVL, Bathymetry)
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