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: Echosounder

Bathymetry

Graphicshowinggeophysicabnd samplingsystemsusedto define the seafloortopography,surfacesediments,and underlying
geology Sidescarsonarsystemsacquireinformation aboutthe surfaceof the seafloor,swath bathymetric systemsmeasurethe
depth, or seafloortopography,seismicsourcesmapthe underlyinggeologicstructure,singlebeamechosoundergnapthe depth
at a point beneaththe vesseland samplingsystemscollectsamplesof the seafloorand canbe equippedwith digital camersand
videosystemso collectopticalimagesof the seafloor
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Satellite altimetry

Altitude: 700-1,400 kilometers
Swath width: 1-20 kilometers
Spatial resolution: 1 kilometer

Hull-mounted multibeam sonar
Altitude: sea level

Swath width: 5-15 kilometers
Spatial resolution: 25-100 meters

Underwater vehicle-mounted
multibeam sonar

Altitude: 20-90 meters above seafloor
Swath width: 50-200 meters
Spatial resolution: less than 1 meter
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NOT 1O SCALE

Three modern tools for collecting
bathymetric data : satellite altimetry,
hull-mounted multibeam sonar and
underwater vehicle -mounted
multibeam sonar. Satellite altimetry
senses differences in the height of the
ocean surface, which issubtly shaped
by seafloor topography, as opposed
to detecting bathymetry directly .




the Ocean
Floor

Earth's oceans are thousands of kilometers wide. To show the width
of the ocean floor in this illustration, the vertical and horizontal
scales are not the same. The vertical scale, showing depth, has been

stretched. The horizontal scale, showing distances, has been squeezed.
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Volcanic island

When volcanoes on the ocean
floor erupt, they can create
mountains so high that their
peaks break the surface of the
ocean. As the lava cools and
hardens, an island forms.

Continental Continental slope  Continental
shelf rise

Continent

Mid-Ocean ridge

The mid-ocean ridge consists
of many peaks along both
sides of a central valley. This
chain of undersea mountains
runs all around the world.

Continental slope

A steady incline marks the
continental slope. Continental
slopes in the Pacific Ocean are
steeper than those in the
Atlantic Ocean. Note: Because the
vertical scale is exaggerated, the
continental slope in this illustration
appears steeper than it really is.

Continental shelf

This gradually sloping area

borders each continent. Its

width varies from just a few

kilometers to as much as

1,300 kilometers from shore.
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Bolide Impact

» Major tsunami
................................................... » Earthquakes

D » Landslides =
3 "(\ ’ * And much more
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Morgan et al., 2009

Rift & Transform Margins Subduction Margins Oceanic Volcanoes

» Moderate earthquakes

« Submarine/subaerial landslides
* Debris flows, turbidity currents
» Tsunamis

» Methane emissions

= Submarine/subaerial landslides

« Debris flows, turbidity currents
* Volcanic eruptions

= Earthquakes

* Tsunamis

» Methane emissions

« Large earthquakes

« Submarine/subaereal landslides
« Explosive eruptions, lahrs

« Debris flows, turbidity currents

* Tsunamis

» Methane emissions

Passive Margins

» Submarine landslides

« Debris flows, turbidity currents
» Modest earthquakes

* Tsunamis

» Methane emissions

Knowing the depth, shape an
type of the seafloor
oF GK&YSiNE
hydroacoustidoackscatter is
fundamentalfor
understanding geomorpholog)
and habitats, ocean circulatior
tides, tsunami forecasting,
fishing resources, sediment
transport, bottom currents,
environmental change,
underwatergeohazards
submerged remains of
underwater cultural heritage,
such as shipwrecks, artefacts
and sunken cities, topography
of archaeological sites, cable
and pipeline routing, mineral
extraction, oil and gas
exploration and development
infrastructure construction and

maintenance and much more
(Winterstelleret al., under review)
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Single beamsystémss

In single beam systems, an acoustic
pulse is emitted from a transducer and
propagated in a single, narrow cone of
energy directed downward toward the sea
floor providing a single depth
measurement for a location directly
beneath the ship. The transducer(s) then
Al 1 s foretmesraflected energy from the
sea floor. Water depth is calculated by
using the travel time of the emitted pulse.
How long did it take the sound wave to
travel from the transducer, to the sea floor,
and back (i.e. two-way travel time). Two-
way travel time is multiplied by the speed
of sound in the ambient water (1500m/sec)
and divided by two. The individual values
of depth to the sea floor are subsequently
contoured to generate bathymetric maps.



http://woodshole.er.usgs.gov/operations/sfmapping/images/DSC_0002.JPG
http://woodshole.er.usgs.gov/operations/sfmapping/images/DSC_0002.JPG

In the 1950s, Marie Tharp and Bruce Heezen, of what was then called the Lamont
Geological Observatory , began creating seafloor maps based on single-beam
sounding data from the U.S Navy and other sources. Their compilation map of the
global seafloor was published in 1977.

Credit : Library of Congress, Geography and Map Division.




Multibeamm systems

SONDA BATIMETRICA
GPS antenna

La sonda batimétrica permite realizar mapas batimétricos de detalle.
Aprieta el botén para ver como funciona.

Multibeam echosounder systems are used for seabed mapping. Sonar sounding systems, also
known as swath, were developed in the early 1960Q for military use. The multibeam emits sound
waves in a fan shape providing a wide coverage of the bottom. The water depth is determined by
measuring the double way transit time of an acoustic wave reflected on a seadbed in combination
with the sound velocity in the water. All the collected data are processed with appropriate

software thus enabling us to construct very detailed and precise maps of the seafloor. Nowadays,
these bathymetric maps consist the primary tool for every research.
They reveal in such detail the topography that we can identify several structures for example

submarine canyons, slopes, landslides and faults.
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As the ship passes over a survey area, fan-shaped
sonar beams four times as wide at the depth of
the water scan the seabed. It takes many passes
to produce a continuous set of images.

British
Antarctic Survey
NATURAL ENVIRONMENT RESEARCH COUNCIL

Multibeam systems
emit sound waves in
a fan shape beneath
Bl a ship's hull. The
ey amountortime
takes for the sound
waves to bounce off
the seabed and
return to a receiver is
used to determine

water depth.




Multibeam Foofprints SeaBat 7160

300kHz
72 g5kHz
L]
e
1,000 R
Depth
(metres)
-10,000

MUITDEEQIN 21050000 CE er

Large IDEPT L 2larkge [angle | -
Blg foahurint ™ fass reseluiion

A i A

FrequencyykkiZz #

m——

b i if;ﬂ;'?ﬁif}i;iﬂ? O
o Operational depth % e =
& (yzijrdepm 0.510400m typicat geptn .5 - 4UUm typicataeptn U.sm to

N 1000m i

Swatih wittih

typical depth 3mto 3,000m

Horiz- vert. resolution

SeaBat 7150-12
typical depth 50m to 6,000n

L
-
L




uP

In order to accurately position  multibeam C/\éo
sonar soundings on the ocean floor, it is cengy SARBOARD

necessary to precisely know each of the ore |
following: - horizontal position of the

transducer - attitude of the transduce r

(roll, pitch and heading) -  elevation of the -5 %&\

PITCH ROLL
ANGLE ANGLE

transducer (heave and tide) - speed of 2 - VERTICAL
sound through the water column

DOWN

A yaw motion is a side-to side movement of the bow and stern of the ship. The
transverse/Y axis, lateral axis, or pitch axis isan imaginary line running horizontally

across the ship and through the centre of gravity . A roll motion isan up-or-down
movement of the bow and stern of the ship.
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Navigation systems

- The Global Positioning System
:  (GPS) consists of 24 to 27
satellites. The satellite
broadcasts a signal that
. . contains the position of the
RS - satellite and the precise time
: the signal was transmitted. By
- knowing its distance from three
: or more satellites, the receiver
- can calculate its position by
solving a set of equations,
based on the principal of
triangulation. Various
corrections and techniques
can be applied to increase
accuraciesto 2to 3

centimeters (Wells, 1986). 3
Mquishlon compute's $0000000000000000000000000000000000000000000000G0 y
Setsmic Sidescan-Sonar
Bathymetry -Ground Truth
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PROCESSING

Bathymetry

¥

Research vessel

Multibeam system

Data acquisition:Hydrostar -
Hypack

Data processing: MB -
System

Grid cell size 50m

ArcGis 10.1/Global

mapper

DESCRIPTION

COMMAND

CONVERT .HSX
FILES TO MB
FORMAT
AND APPLY
LEVER ARM

mbhysweeppreprocess

PLOT THE RAW
DATA

mbm plot

PROCESSING BATHYMETRIC DATA

CHECK THE
DATA

CHECK THE
NAVIGATION

PROCESS THE

DATA CLEAN THE DATA

APPLY TIDES AND
SVPs

FILTER THE DATA

mbclean
mbnavedit mbeditviz
mbveloctitytool mbprocess mbedit

mbprocess

CREATE GRID
(netedf, xyz,
dem, ascii)

mbarid




SOUND VELOCITY PROFILE
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INTERACTIVE DATA CLEANING
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