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What are we talking about?

Air

| Echoes Amplitude

Background noise

Sediment plumes

Fishes

Seafloor




Terminology




Backscatter

Average intensity
Sent back to sonar

Terminology

Reflection

Coherent signal
Specular direction




The Sonar Equation (in dB): EL=SL-2 TL+ TS

EL ™ A EL = Echo Level

SL = Source Level

TL = Transmission loss

Backscatter intensity

TS = Target Strength =

Incident intensity




Backscatter Strength - BS
s BS=TS-10logA

BS = Backscatter Strength (dB)
Target Strength (dB) of 1 m? seafloor

e Seafloor type & caracteristics
Incident angle
Frequency

A = Instantaneous ensonified area (m?)
Sonar aperture ; sighal duration

Sonar configuration (range, angle...)

In Water Column: Sv = Volume Backscattering Strength (dB/m?)



Backscatter Strength - BS - dB

BS in dB ~ log. . < backscatter intensity ! Negative values:
10 Incident Intensity backscatter intensity < incident intensity
Indicative values dB is not a linear scale!

1 1.3

Mud - Silt -30 dB to -20 dB ) 1.6

Fine - Medium sand -20 dB to -15 dB z ;g
Medium - Coarse sand -15dB to -10 dB 5 3:2
Coarse sand - Gravel -10dBto-5dB 10 10

20 100

Gravel -5dB to 0 dB 30 1000
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Acoustic impedance

Water p=1000kg/m* C=1500m/s

water — Zsed
water + Zsed

* Acousticimpedance=2Z=p.c
o =density kg/m?
¢ = acoustic velocity m/s

* Impedance contrast sediment—water =V =

o kg/m3 C mls Z.od V V dB
Clay 1200 1470 1.7610° 0.081 -21,8
Clayey silt 1500 1515  2.2710° 0.204 -138
Sand + silt 1700 1600 2.72 10° 0.290 -10,7
Coarse sand 2000 1800 3.60 10° 0.411 -7,7




Roughness and Frequency

. . . . 1%
* Roughness is the ratio of average micro-relief to wavelength A (= F)

e Relative notion:

Acoustic i Acoustic Rough at 100 kHz and 300 kHz Rough at 300 kHz

wave @ wave @
300 kHz WY ‘ 100 kHz
A=0.5cm

* The rougher the sediment interface, higher the backscatter

* Roughness strongly correlated with sediment impedance



Volume contribution

* Some of the incident acoustic energy may penetrate the sediment and
be scattered by heterogeneities such as :

* mineral inclusions
* Biological diffusers
* Gas bubbles

* Often prevalent at intermediate oblique incidence

* Relies on the acoustic wave penetration in the sediment
* Very strong influence of frequency (Low F <> High F)



Angular dependence: scattering regimes vs Angle




BS
dB

BS Angular Response

* The acoustic signature of the seafloor

« Paramount for analyzing BS and its
relationship with sediment

 Modeled using various physical and heuristical
approaches...

Oblique Grm

Incidence Angle

Specular




BS
dB

BS Angular Response

Incidence Angle



Using BS in relation to sand extraction

lllustrated by case studies

For surface sediment mapping

. As a proxy for assessing the impact of extraction
on the nature of the sediment

For tracking the sediment plumes

. A few amusing anecdotes anecdotes on BS...



Surface sediment mapping

Old RV Belgica
EM1002 100 kHz - 2005

Class 1

Class 2

Class 5

Class 3

Class 4

Outlier

- Highest BS

- Clastic gravel in a sandy or muddy matrix, sandy gravel
- Gravel fields in the swale

- Typical " hillhocky " morphology

- Moderate BS

- Gravely bioclastic sands (shells or shell debris)
- Sand dune fields in the swale and on the bank
- Most exploited granulate

- High BS
- Fine muddy sand, few shells, Lagis koreni bioturbation
- Flat area in the swales

- Lowest BS
- Fine homogeneous sand
- Shalowest areas




Surface sediment mapping

I Wiy )
£t L0

Ll Backscatter

J £ / 5 y
W iadéx

A - ) / // -20
M,d/[/,} 7’;” g """’!’{w/{q -22 coae
Y § | , _2 4

26 Westhinder and
28 Noordhinder

| | 0 2000 4000 6000 8000 m Old RV Belgica
W? (7 Bathymetry  EMI3002D 300 kHz
5 2012

10
15
T 20
25 M
§ 30
35
40
45

34 W) 50 (vl A o
7 )//1 WAL 1N

S d ///,*/ i

’&"M‘.” ‘. __,/; {j})/{/fvm WS mAar




Surface sediment mapping

Westhinder
RV Simon Stevin
EM2040D 300 kHz
2022
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Surface seafloor mapping

closed to sand BS dB Thorntonbank

extraction since 20 ,
01/01/2021 B Old RV Belgica

EM3002D
35 300 kHz
40 2021

Intensive

trawling
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Surface sediment mapping
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Surface sediment mapping
Rwy Belgica EM2’04O —ﬁBOO kHz
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BS for monitoring the seabed: case study 1 - Thorton bank SW

-2017

2006

03/2018

1000m

500

ref 2002




BS for monitoring the seabed: case study 1 - Thorton bank SW

RV Belgica EM3002D backscatter extracted volume
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BS for monitoring the seabed: cCase study 2 — Oosthinder Bank
ref 2005 03/2018 2012-2017




BS for monitoring the seabed: cCase study 2 — Oosthinder Bank

° RV Belgica EM3002D backscatter extracted volume
(mean level * std; * [30°-50°]; dB) (m3*month)
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Water column BS




Water column BS for tracking the sediment plumes
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Water column BS for trackmg the sediment plumes
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Water column BS for tracking the sediment plumes
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BS Calibration is now absolutely necessary'

EM1002

RV Belgica A962

1. 2000 1 2010 12020

Optimal sharing of BS data
# MBES
# Acquisition mode

For integration in seabed
sediment mapping and
monitoring

» Calibration

& New RV Belgica

llm <Genavir
belspo 7

VLIZ

EM2040 DUAL SWATH

HV
Sirius
AGENCY FOR

MARITIME &
COASTAL SERVICES




BS calibration on reference area:

2°34'E

Longitude

A reference area, e.g. Kwinte area (B) | T | I
 Mean backscatter level stability = foundation \
* Flat morphology o /;j‘/ &
. 2 5681000m “‘\,/ ks p 51°17
* Homogenous sediment cover o “ 3 |
. . 5650000m -y N \$ .5 6
* Open-Science compliant! & K iy
5679000m J $ —
FA " e 2 {- Z
A reference angular response model o (— 400 kHz
-4
% -8 300 kHz
* Measured on reference area <
. . . £ -121
* Using a fully calibrated Single Beam Echosounder 8 200 kHz
5 g | y i é-lGﬂ \ y
* One angular response per frequenc 8 -20- —
5 P P 9 Y @ Cross Calibration 20 kiz
247 | of shallow-water MBESs
: AGENCY FOR B
Eeconomle MARITIME & -80 -60 -40 -20 0 20 40 60 80

FPS Economy, S.M.E.s, Self-employed and Energy COASTAL SERVICES - If re m e r

Incidence angle

Latitude



Stability must be demonstrated by time-series

12
45| Stableinside + 1dB around -17 dB overall mean - No Trend
wn D -
o O .14-
% 8 -154 : ..b
m ‘é _16_- | -16dB . . | . .
i) L o Iy o ,
B g _17__.-17dB | | | @ % | ® x
S i 18] -8 ® hd ® [ L
S c ] ®
2 3 -19
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-20- | |
. EM3002 dual 300 kHz medlum PL - 300 kHz
A R B R R R R RS AR AR AARS R RS RARRARRARARY RARR AR AR RARAARE RAARRARARS AARRARAARALS RAAAA AN RN AAARARRARAN RAAARAARARES RARARRARARE |
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
The old time series The new time series

® RV Belgica A962 ® New RV Belgica ® RV Simon Stevin HV Sirius RV Zirfaea




dB

Raw BS

Calibrated SBES
= Reference

BS correction
= Reference - Raw

Recipe of BS calibration on reference area:

Calibrated BS
+ beam pattern correction
ular

Backscatter dB

Raw BS

0004_20220204_052559_Belgica.all
300 kHz — normal mode — medium pulse length

= RAW BS

= EK80 == BScorr

/ﬁ

N

TTTV[TTT [ TTT [ TTII [ TTIT[TT T [ TTTT[TTTT]
-80 -60 -40 -20 0 20 40 60 80

Incidence angle

Backscatter dB

Calibrated BS
+ beam pattern correction

TTTT[TTI [ TITT [ TTII [ ITT [ TTIT [ TTTT[TTTT]
-80 -60 -40 -20 0 20 40 60 &0

Incidence angle

Backscatter dB

TTTT[TTI [ TITT [ TTII [ ITT [ TTIT [ TTTT[TTTT]
-80 -60 -40 -20 0 20 40 60 &0

Incidence angle



T° dependence of BS

RV Belgica - Kwinte area - 2022-2023 Line color = RV Belgica - Kwinte area - 2022-2023
300 kHz, normal mode, medium pulse length Seawater °C 300 kHz, single sector mode, long pulse length
-6 -8
l 20 I
) 19 —-10
10- 18 i
T , \\ 17 --12
o ; 16 14 8
2 ; 15 o
b 14 --16 £
© 13 o
2 12 18 2
(& 11 Q
a 10 20 &
9 --22
8
I 7 24
6 -26

I I [ I | T I T
-80 -60 -40 -20 0 20 40 60 &0
Incidence angle Incidence angle

* BS angular response correlated with sea water temperature
* As high as 4.5 dB between “cold” and “warm” water



In-tank measurements confirm the T° dependence

e With one of the earliest EM2040 RX units
 RX directivity change with T °C

 Complex, changes with frequency

100 120

RMS amplitude 200 kHz

ALY

RMS amplitude 300 kHz RMS amplitude 380 kHz Water T °C
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T° dependence causes? Hypotheses:

Transducer elements

1. Snell law — Refraction
 Coating sound speed change with T®

* Leadsto achange in refraction Coating
* Not sufficiently taken into account?
* Butshould only cause a scaled directivity Water

Effect of coupling on directivity
c=0.13"exp(i"180°)

2. Coupling 0 = =

N\
. . . —_ 10 L/ \ _
* Interaction between neighboring transducer elements @ [/ L | Costm
. OIS - directivity
* Can produce various effects = B
. . c E -30
* Complexrelation to material parameters 58 Lo With 13%
. . e . . . . L. Z = negative
* A probable cause of significant directivity variations S coupling
 Hard to model for real-time compensation o I
-100 -50 0 50 100

Arrival angle (°)

3. Other phenomena that can give non-symmetric effects must be considered




Solution: Survey of the Kwinte area always!

Using our usual monitoring mode (300 kHz, normal mode, medium pulse length)

500 m



Calibrated Backscatter dB

500 m

0

-10

-20

Solution: Survey of the Kwinte area always!
One calibration per measurement campaign applied to all data
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Calibrated BS dB

Calibrated BS dB

Calibrated BS angular responses and time series

gravelly sand medium to coarse sand
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Thank you!
Question?



	Default Section
	Slide 1

	What are we talking about?
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34: BS calibration on reference area:
	Slide 35: Stability must be demonstrated by time-series 
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40: Solution: Survey of the Kwinte area always!
	Slide 41: Solution: Survey of the Kwinte area always!
	Slide 42


