


DEM is a MODEL
ǘƘŀǘ ŀǇǇǊƻȄƛƳŀǘŜǎ ǘƘŜ ƴŀǘǳǊŜ ό9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜύ ŀƴŘ ƛǘǎ ƴƻƳƛƴŀƭ ƎǊƻǳƴŘ

DEM ςDIGITAL ELEVATION MODEL 

The models might be different 
concerning:
- their purpose of use
- quality of data sources
- interpolation algorithms
- experiences of operator
- etcΧ 
DEM should be carefully 
produced or chosen regarding 
purpose of required applications



Graphicshowinggeophysicaland samplingsystemsusedto define the seafloortopography,surfacesediments,and underlying
geology. Sidescan-sonarsystemsacquireinformationabout the surfaceof the seafloor,swath bathymetric systemsmeasurethe
depth,or seafloortopography,seismicsourcesmapthe underlyinggeologicstructure,single-beamechosoundersmapthe depth
at a point beneaththe vessel,andsamplingsystemscollectsamplesof the seafloorandcanbe equippedwith digital camersand
videosystemsto collectoptical imagesof the seafloor.
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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 is subtly shaped

by seafloor topography, as opposed

to detecting bathymetry directly .
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Knowing the depth, shape and 
type of the seafloor 
ōŀǘƘȅƳŜǘǊȅ ŀƴŘ ƛǘǎΩ 

hydroacousticbackscatter is 
fundamentalfor 

understanding geomorphology 
and habitats, ocean circulation, 

tides, tsunami forecasting, 
fishing resources, sediment 
transport, bottom currents, 

environmental change, 
underwater geohazards, 
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).

Morgan et al., 2009

Chiocciet al., 2011
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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

ñlistensòfor the reflected 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.

Single beam systems

http://woodshole.er.usgs.gov/operations/sfmapping/images/DSC_0002.JPG
http://woodshole.er.usgs.gov/operations/sfmapping/images/DSC_0002.JPG
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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.
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Multibeam echosounder systems are used for seabed mapping. Sonar sounding systems, also

known as swath, were developed in the early 1960Ωs 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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s Multibeam systems 

emit sound waves in 

a fan shape beneath 

a ship's hull. The 

amount of time it 

takes for the sound 

waves to bounce off 

the seabed and 

return to a receiver is 

used to determine 

water depth.
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Multibeam echosounder

Frequency kHz

Operational depth

Horiz- vert. resolution

Swath width

Large Depth                large angle

Big footprint                less resolution
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MULTI-BEAM 

CALIBRATION

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 is an imaginary line running horizontally

across the ship and through the centre of gravity . A roll motion is an up -or-down

movement of the bow and stern of the ship.

Motions

In order to accurately position multibeam

sonar soundings on the ocean floor, it is 

necessary to precisely know each of the 

following: · horizontal position of the 

transducer · attitude of the transduce r 

(roll, pitch and heading) · elevation of the 

transducer (heave and tide) · speed of 

sound through the water column
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Sound Velocity Chen Millero (m/s)
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CTD stands for

conductivity, temperature,

and depth, and refers to a

package of electronic

instruments that measure

these properties.
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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 

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 

accuracies to 2 to 3 

centimeters (Wells, 1986).
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ACQUISITION
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Collecting swath data

Seabeam1180

Depth20m ï400m

Seabeam2120

Depth200m ï2000m
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Bathymetry

Research vessel

Multibeam system

Data acquisition:Hydrostar -
Hypack

Data processing: MB -
System

Grid cell size 50m 

ArcGis 10.1/Global 
mapper
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SOUND VELOCITY PROFILE
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�” INTERACTIVE DATA CLEANING


