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- Generai Eathymetric Chart of the Oneans (GEB O) FErst EdEtinn
a series of printed sheets covering the globe at a scale of 1:107

2003 - GEBCO Digital Atlas (GDA), Centenary Edition
mcludlng the first release of the GEBCO 1” hathymetn: grid.

... techniques allow ri? full charac
bottom morph 0logv a1id facies of the Earth’s waler bodias.
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1. Why do we need bottom characterization ?
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WHY?

Need to develop a global ocean management plan that
Integrates bathymetry, geology & geophysics, physical
& biological oceanography, and fisheries habitats.

Immediate need for national EEZ plans (200 nm boundary)

Specific uses in:
- cable & pipeline route surveys,
- offshore drilling and mining surveys,
- dredging & disposal surveys,
- navigation channels & costal zone surveillance,
- fisheries habitats assessments,
- sonar modeling.

Data already collected in most swath bathymetry surveys.
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HOW?

An echo-sounder measures the round-trip travel time
of sound waves backscattered by surfaces or scatterers
In the sound path.

Each backscattered signal contains physical information
that characterizes the scattering surface or volume,
(acoustic impedance contrast, roughness, resonance
highlights, ...).

Approach: retain and analyze the backscattered echoes.

Tools include primarily swath(e) bathymetry sonars:
sidescan sonars and multibeam echo-sounders.
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Towed
Sidescan Sonars
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SEAMAP (11




ALTITUDE

NOAA Ship RUDE

EG&G 272
Stratford Shoals
2001
-
High backscatter = Black High backscatter = White
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(A.D. Wilby, Proc. IEEE Oceans ‘00, 2000)
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(A.D. Wilby, Proc. IEEE Oceans ‘00, 2000)
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BACKSCATTER STRENGTH {dB)

401

45k

Are We Characterizing
Sediment Type or Bottom Relief??
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assumes flat,
horizontal bottom
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assumes well calibrated
sonar system
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Klein 5000 (455 kHz) Multibeam Sidescan Sonar

100 m

Sonar |Track “Blind” Zone
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Sonar Geometries for Swath Bathymetry

Multibeam Sonar

IR

Sidescan Sonar

Transmit

Broad athwartships sector

at single frequency, or

Multiple sectors at different
frequencies (yaw,pitch steering)

Receive

Multiple beams formed
simultaneously

- Altemate port/starboard sectors
at same frequency, or

« Simultaneous port/starboard at
different frequencies

* Blind zone in center 8-30°

- Same geometry as transmit

16 Apal 2003
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Multibeam Swath Bathymetry

._ £ 5 e
Image derived from theoretical sonar model interacting
with artificial seabed DTM using ‘SynSwath” (J E Hughes Clarke, OMG/UNB)
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Backscattered Seafloor Echo Envelopes Received in
The 16 Beams of the “SeaBeam Classic” (RN T. Washington)

SIDE LOBE

2 BOTTOM

RETURNS

EHIP'S
VERTICAL
AXIS

(C. de Moustier, ASME Trans. 1985)

16 Apal 2003 C. de Moustier UMH-CCOM 17



Backscatter Image Construction - 16 Beam SeaBeam Classic
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SeaMARCII:

Acoustic backscatter imaging
& bathy metry

SeaBeam “Classic”:
Nadir bathymetry gap filler

(de Moustier, Lonsdale & Shor, IEEE J.O.E. 1989)
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INTERFERENCE 2

Sea Beam BATHYMETRY

' (de Moustier, Lonsdale & Shor, IEEE J.0.E. 1989) )
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USGS data collected by C&C Technologies,
Visualization by L.Mayer, UNH-CCOM




USGS data collected by C&C Technologies,
Visualization by L.Mayer, UNH-CCOM




59 kHz SLS
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(Field & Torresan, USGS, 2000) 4 Kilometers
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4 Techniques for Extracting Bottom Characteristics
From Acoustic Backscatter Measurements

— Texture analysis (grey level co-occurrence matrices)
— Power spectral analysis (Pace discriminants)
— Angular dependence analysis

— Combined bathymetry and acoustic backscatter analysis.
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SeaMARCII Sidescan data (11-12 kHz)
Lima Basin Sidescan & Textural Mosaics

dolomicrites

hemipelagics
(Reed & Hussong, J.G.R. 1989)
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TEXTURES: FINE COARSE

COARSE SAND HF:[?EEKE
+ FINE GRAVEL
FINE GRAVEL DUBF?JEII;PE
+ COARSE SAND
COARSE SAND
+ PEBBLES e
WAVES
COARSE SAND
+GRAVEL+ [ ROCK
SHELL FRAGMENTS
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Averaged Power Spectra

f(‘b! B! T, ﬁt! ZAI)

F,=48 kHz
CW pulse: T=1ms
Receiver W~2kHz

Ratios of areas under segments
of the power spectra for specific
frequency bands provide

3 discriminants:

D;, = A(0, F\/2) / A(Fy /2, F))
Dfi -~ A(ﬂs I | ) / A{FM / 2, FH}
D, = A(0, F,, /16)/ A(3F\ /4, F))

Increasing spectral width

(Pace & Gao, IEEE J.0.E. 1988) ' Fy

Freguency [ KHZ)
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S = sand

R =rock

G = gravel
C =clay

M = mud
St = stones

Averaged Power Spectra
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Inference of gas content in surficial sediments from the angular dependence of

acoustic backscatter measured with a multibeam sonar (Fonseca et al,, J.AS.A. 2002)
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Interactive 3-D GIS to better understand relationship between

backscatter anomalies and gas (Fonseca etal., J.A.S.A. 2002)
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A new perspective 2> new insights

o N Bl
) ,ﬂﬁ ,'-:'_ -__".:..- Hur:
e o ] AR - e b
i . !" i UAL R R E.'I:-\' r ':-' M g, N T :'\;'.,.-{.":Il.._ri"'j';.:.ﬂ'-':':'. {F

L

(J.V. Gardner et al., USGS ofr, 2001)
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Peter Dartnell (USGS,2002)
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Peter Dartnell (USGS,2002)



Classified
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(Smusm pixer)
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Classification Classification Classficaton ) Classification Classification
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Classified
Backscatter
Intensity

{10mx10m pixet) |

} Classmed

Backscatier
| Roughness
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NOAA'’s adaptation of Dartnell’s decision tree (2000)
Ovals = processes, rectangles = intermediate raster images
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predicted facies
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Peter Dartnell (USGS,2002)
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video mosaic

4 m

processing Y. Rhaznov (UNH)
data P. Dartnell (USGS)




Rhaznov (UNH)

Y

processing
data P. Dartnell (USGS)
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Canadian SEAMAP Initiative

A knowledge base for ocean management in the 21st century
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Major Challenges Ahead

» Accurate sonar calibration
for absolute acoustic measurements

- Data management (archive and distribution)

- Impact of anthropogenic underwater acoustics
on marine organisms (particularly marine mammals)

EFOM NEMp rope; 16 piano wire cho-seunding, 10...

KA J'J—’JJ’J"_J jele}
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