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Ocean Observatory Mapping Ocean Observatory Mapping 
RequirementsRequirements

•• Regional ContextRegional Context

•• large large areal areal coverage with best coverage with best resolution resolution 
possible  possible  -- bathymetry and backscatterbathymetry and backscatter

•• typical tradetypical trade--offs between resolution andoffs between resolution and
coveragecoverage



Ocean Observatory Mapping Ocean Observatory Mapping 
RequirementsRequirements

•• Cable Route SurveyCable Route Survey
•• very high resolution over relatively narrow swathvery high resolution over relatively narrow swath

•• 100% bathymetry 100% bathymetry -- 800 m swath800 m swath

•• sidescansidescan (backscatter) (backscatter) -- 1200 m swath overlapping1200 m swath overlapping
bathymetrybathymetry

•• subbottomsubbottom, coring and CPT if cable to be buried , coring and CPT if cable to be buried 
(2.5 m (2.5 m subbottomsubbottom))

•• detect obstacles to 1 m lateral dimensiondetect obstacles to 1 m lateral dimension



Ocean Observatory Mapping Ocean Observatory Mapping 
RequirementsRequirements

•• Cable Route SurveyCable Route Survey
•• detect hazardsdetect hazards

•• surface faulting, tectonic deformation, surface faulting, tectonic deformation, 
turbidity flows, unstable slopes,potential turbidity flows, unstable slopes,potential 
liquefaction, gas charged sediment, rocky liquefaction, gas charged sediment, rocky 
outcrops, hard bottom (if ploughed), steep outcrops, hard bottom (if ploughed), steep 
slopes, pinnacles, boulders, seismic slopes, pinnacles, boulders, seismic 
activity,high currents, trawl marks, anchoractivity,high currents, trawl marks, anchor
marks, proximity to cables, pipelines,etc., marks, proximity to cables, pipelines,etc., 
manmade debris or hazardous materials,manmade debris or hazardous materials,
signs of oil or oil explorationsigns of oil or oil exploration



Ocean Observatory Mapping Ocean Observatory Mapping 
RequirementsRequirements

•• Cable Route SurveyCable Route Survey
•• realreal--time processing for near realtime processing for near real--time decision time decision 

makingmaking

••Site Selection Site Selection 

•• Halfway between the two ??Halfway between the two ??



Single Beam Echo SounderSingle Beam Echo Sounder





Resolution of Multibeam SonarResolution of Multibeam Sonar

Vertical Resolution:Vertical Resolution:

f (PULSE LENGTH (bandwidth), digitizing rate, bottom f (PULSE LENGTH (bandwidth), digitizing rate, bottom 
detection algorithm)  detection algorithm)  ---- ~ ~ 1 1 -- .1 %  of water depth.1 %  of water depth

Horizontal Resolution:Horizontal Resolution:

f (BEAM WIDTH (array size), geometry, bottomf (BEAM WIDTH (array size), geometry, bottom
detection and beam forming algorithms) detection and beam forming algorithms) ---- ~ ~ 5 5 -- 1%  of 1%  of 
water depthwater depth



RangeRange is limited by attenuation which is limited by attenuation which 
increases with operating frequencyincreases with operating frequency

The operating frequency of an The operating frequency of an 
acoustic system is governed by the acoustic system is governed by the 
range requirementrange requirement



TradeTrade--offs between operating frequency, offs between operating frequency, 
range, array size, resolutionrange, array size, resolution

Traditional Traditional multibeams multibeams constrained to work in FARconstrained to work in FAR--FIELD which limits size FIELD which limits size 
of array and thus lateral resolutionof array and thus lateral resolution

FREQUENCY 12 kHz 30 kHz 100 kHz 300 kHz 455 kHz

Typical Attenuation 1 dB/km 5 dB/km 30 dB/km 65 dB/km 100 dB/km

Typical Range 11000 m 5000 m 1000 m 200 m 100 m

Sonar Beamwidth Transducer Dimensions

0.5 degrees 18 m 7.2 m 2.2 m 0.6 m 0.5 m

1 degree 9 m 3.6 m 1.1 m 0.3 m 0.2 m

2 degrees 4.5 m 1.8 m 0.6 m 0.2 m 0.1 m

5 degrees 1.8 m 0.7 m 0.2 m 0.1 m .05 m

10 degrees 0.9 m 0.36 m 0.1 m 0..03 m 0.02 m



Elac Elac 1180 1180 –– 180 kHz180 kHz Reson Reson 8101 8101 –– 240 kHz240 kHz Simrad Simrad EM 3000 EM 3000 –– 300 kHz300 kHz

200 m swath200 m swath

Multibeam Multibeam sonar footprintssonar footprints















Advances in Offshore PositioningAdvances in Offshore Positioning

1960’s 1960’s -- Sextant Sextant ~ 1 n.m. (if good)~ 1 n.m. (if good)

1970’s 1970’s -- Transit SatelliteTransit Satellite ~ 100 m ~ 100 m intermittantlyintermittantly

Early 1990’s Early 1990’s -- GPS GPS ~ 100 m continuously~ 100 m continuously

Late 1990’s Late 1990’s -- DGPSDGPS ~ 10 m continuous~ 10 m continuous

Early 00’s Early 00’s -- RTKRTK ~ 5 cm x,y,z, continuous~ 5 cm x,y,z, continuous

SystemSystem AccuracyAccuracy



Advances in Motion SensorsAdvances in Motion Sensors

1970’s 1970’s -- Damped pendulum Damped pendulum 

1990 1990 -- Vertical gyroVertical gyro

1993 1993 -- Loose inertial/GPS integration Loose inertial/GPS integration 

early 00’s early 00’s -- Tightly integrated inertial/GPSTightly integrated inertial/GPS

Attitude Attitude -- .01 deg (RTK).01 deg (RTK)
Heading Heading -- .02 deg (RTK or DGPS).02 deg (RTK or DGPS)
Velocity Velocity -- .01 m/sec (RTK).01 m/sec (RTK)
Position Position -- .02 .02 -- .10 m (RTK).10 m (RTK)
200 Hz update rate200 Hz update rate



••Time to transfer 1 gigabyte of data:Time to transfer 1 gigabyte of data:

•• 28.8 28.8 kbaudkbaud modem modem 75 hours75 hours
•• ISDNISDN 17 hours17 hours
•• ADSLADSL 30 minutes30 minutes
•• 10 10 BaseTBaseT 13 minutes13 minutes
•• 100 100 BaseTBaseT 80 seconds80 seconds
••1000 1000 BaseTBaseT 8  seconds8  seconds

Advances in Computing PowerAdvances in Computing Power



Benefits of Increased Data Density:Benefits of Increased Data Density:

•• Redundancy provides increased Redundancy provides increased 
accuracyaccuracy

•• Data density allows us to visualize and Data density allows us to visualize and 
quantitatively explore the data in new quantitatively explore the data in new 
ways ways 



ResonReson 81018101
Klein 5000Klein 5000
Orthophotos Orthophotos 
IKONOSIKONOS
Navitronics Navitronics SweepSweep
QTCQTC
SubmetrixSubmetrix
Simrad Simrad EM3000EM3000
Sediment coresSediment cores
Video MosaicsVideo Mosaics
GeoacousticsGeoacoustics
Reson Reson 81258125

Triton Triton ElicsElics 200kHz 200kHz 
Odom Odom EchoscanEchoscan
Atlas Atlas FansweepFansweep 2020
KnudsenKnudsen
ElacElac 11801180
EdgeTech EdgeTech MPX MPX 
SHOALS LIDARSHOALS LIDAR
Terrestrial LIDARTerrestrial LIDAR
Simrad Simrad EM2000EM2000
SeistekSeistek boomerboomer
EdgeTechEdgeTech ChirpChirp

PORTSMOUTH HARBOR COMMON DATA SETPORTSMOUTH HARBOR COMMON DATA SET

www.www.ccomccom.unh..unh.eduedu//shallowsurveyshallowsurvey..htmhtm







240 kHz240 kHz



300 kHz300 kHz



300 kHz 300 kHz 
backscatterbackscatter



455 kHz455 kHz

50 m

0.5-m bathymetry
Reson 8125

water depth 15 m



50 m

lobster pots

0.5-m bathymetry
Reson 8125

water depth 15 m

Portsmouth Harbor common data set (http://www.ccom.unh.edu/shallow_water_conf)



Portsmouth Harbor common data set (http://www.ccom.unh.edu/shallow_water_conf)

50 m

0.5-m bathymetry
Reson 8125

water depth 15 m



20 m

0.5-m bathymetry
Reson 8125

water depth 15  m

Portsmouth Harbor common data set (http://www.ccom.unh.edu/shallow_water_conf)







Fisheries Habitat StudiesFisheries Habitat Studies



M B E S

bathymetry
derived

seafloor
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Local Fourier Histogram texture segmentation
Cutter et al. (in press)
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) R. Cutter, (UNH)



Dartnell, (2000)



RESON 9001RESON 9001 RESON 8111RESON 8111RESON 8101RESON 8101 SIMRAD EM100SIMRAD EM100

ELAC 1050ELAC 1050 SIMRAD EM121SIMRAD EM121

ISIS100ISIS100FANSWEEP 20FANSWEEP 20 ODOM ECHOSCANODOM ECHOSCAN

EM3000EM3000RESON 8125RESON 8125

SONARS:SONARS:



WHO HAS WHAT????WHO HAS WHAT????

MULTIBEAMS on UNOLS SHIPSMULTIBEAMS on UNOLS SHIPS

•• Revelle Revelle -- EM120 (12 kHz)EM120 (12 kHz)

•• Atlantis Atlantis -- SB2000 (12kHz)SB2000 (12kHz)

•• Thompson Thompson -- EM300 (30 kHz) + EM300 (30 kHz) + Hydrosweep Hydrosweep DSDS
(15kHz)(15kHz)

•• Ewing Ewing -- Hydrosweep Hydrosweep DSDS--2 (15 kHz)2 (15 kHz)

•• Melville Melville -- SB2000SB2000

•• Knorr Knorr -- SB2000SB2000



WHO HAS WHAT????WHO HAS WHAT????

MULTIBEAMS on UNOLS SHIPSMULTIBEAMS on UNOLS SHIPS

•• Kilo Kilo Moana Moana -- EM120 (12 KHz) + EM1002 (95 kHz)EM120 (12 KHz) + EM1002 (95 kHz)

•• Nathaniel Palmer Nathaniel Palmer -- EM120 (12 kHz)EM120 (12 kHz)

•• Healy Healy -- SB2100 (0 kHz)SB2100 (0 kHz)

•• New Delaware Vessel New Delaware Vessel -- Reson Reson 8101 8101 -- 240 kHz240 kHz



WHO HAS WHAT????WHO HAS WHAT????

MULTIBEAMS on UNOLS SHIPSMULTIBEAMS on UNOLS SHIPS

•• Several highSeveral high--frequency systems (mostly EM3000 frequency systems (mostly EM3000 --
300 kHz) 300 kHz) ---- SUNY Stony Brook, USF, …SUNY Stony Brook, USF, …

OTHER Mapping Assets:OTHER Mapping Assets:

•• AUV’sAUV’s

•• ABE w/ ABE w/ SimradSimrad SM2000 SM2000 -- 200 kHz200 kHz

••Mesotech Mesotech and other 675 KHz and other 675 KHz 
sector scannerssector scanners

•• MBARI w/ MBARI w/ Reson Reson 7000 series7000 series



WHO HAS WHAT????WHO HAS WHAT????

OTHER Mapping Assets:OTHER Mapping Assets:

•• ROV’s ROV’s -- JASON and others JASON and others -- SM2000 SM2000 
sector sector scanning sonar scanning sonar -- very fine bathyvery fine bathy

•• Towed Vehicles Towed Vehicles -- single beam bathy single beam bathy 
and and sidescansidescan

••DSLDSL--120 120 -- phase comp bathyphase comp bathy

••DeepDeep--TowTow



••Beam forming Beam forming sonarssonars::
--bathymetry and cobathymetry and co--registered registered 

backscatter with angular resolutionbackscatter with angular resolution

••Interferometric sonarsInterferometric sonars::
--use phase comparison to use phase comparison to 

generate bathy generate bathy –– sidescan sidescan sonarsonar--like like 
imageryimagery

SwathSwath--mapping mapping sonarssonars



SONARS:SONARS:

““Hybrid” Hybrid” sonarssonars: : use use interferometry interferometry for highfor high--quality quality 
imagery imagery ---- some beam forming for ambiguity resolutionsome beam forming for ambiguity resolution

Atlas Atlas FanSweep FanSweep 2020

Trends: Trends: better algorithms for better algorithms for 
interferometricinterferometric solutions = higher solutions = higher 
resolution bathymetry while resolution bathymetry while 
maintaining highmaintaining high--quality, coquality, co--
registered imagery and wide swath registered imagery and wide swath ––
also SASalso SAS



5m range

unfocused

focused

RESON 8125

SONARS:SONARS:

““Focused” Focused” sonarssonars:  :  compensate for compensate for wavefrontwavefront curvaturecurvature

to allow focusing in the nearto allow focusing in the near--field.field. Much higher target resolutionMuch higher target resolution



SeaBatSeaBat 8125 and 8101  bathymetry collected at 5 knots8125 and 8101  bathymetry collected at 5 knots
over the 103m long freighter,    Alover the 103m long freighter,    Al--MansouraMansoura, in 50 m of water , in 50 m of water 

in the Persian Gulf after hitting a platform at night in 1985.  in the Persian Gulf after hitting a platform at night in 1985.  
(Courtesy of RESON)(Courtesy of RESON)

81258101

unfocused focused

Focused SonarFocused Sonar



Reson SeaBatReson SeaBat 8125 bathymetry collected at 5 knots over 8125 bathymetry collected at 5 knots over 
the 103m long freighter,    the 103m long freighter,    AlAl--MansouraMansoura, sunk in 50 m of , sunk in 50 m of 
water in the Persian Gulf  in 1985. Visualized with water in the Persian Gulf  in 1985. Visualized with 
Fledermaus Fledermaus interactive 3interactive 3--D softwareD software



SCUTTLED GERMAN FLEET IN SCAPA FLOWSCUTTLED GERMAN FLEET IN SCAPA FLOW



Mulberry Harbor off Omaha BeachMulberry Harbor off Omaha Beach



Sherman ‘DD’ Tank off Omaha BeachSherman ‘DD’ Tank off Omaha Beach



Sherman ‘DD’ Tank off Omaha BeachSherman ‘DD’ Tank off Omaha Beach



Martha’s Vineyard Mine Burial SiteMartha’s Vineyard Mine Burial Site

Go Live HereGo Live Here



SONARS:SONARS:

““CHIRP” CHIRP” multibeam sonarsmultibeam sonars::

•• Increased bandwidth = increased Increased bandwidth = increased temporal temporal 
resolution resolution 

•• Increased bandwidth = “Increased bandwidth = “multispectralmultispectral” ” 
thematic mappingthematic mapping

•• Increased bandwidth = multiple pings in  Increased bandwidth = multiple pings in  
water = increased sounding densitywater = increased sounding density



Narrow bandNarrow band Full bandwidthFull bandwidth

The Beauty of BandwidthThe Beauty of Bandwidth

RadarsatRadarsat



PVDFPVDF ppolyolyvvinylinylddeneene ffluorideluoride
((AirmarAirmar Corp)Corp)

11--3 3 PiezocompositePiezocomposite
(Materials Systems Inc)(Materials Systems Inc)

New Transducer Materials:New Transducer Materials:

cymbalscymbals



Mapping the water column:Mapping the water column:

SM2000SM2000



MidwaterMidwater target mappingtarget mapping



SENSORS:SENSORS:

Motion Sensors:Motion Sensors:
Tightly integrated inertial/GPSTightly integrated inertial/GPS

Attitude Attitude -- .01 deg (RTK).01 deg (RTK)
Heading Heading -- .02 deg (RTK or DGPS).02 deg (RTK or DGPS)
Velocity Velocity -- .01 m/sec (RTK).01 m/sec (RTK)
Position Position -- .02 .02 -- .10 m (RTK).10 m (RTK)
200 Hz update rate200 Hz update rate

Continued improvements Continued improvements -- not limiting factornot limiting factor



SENSORS:SENSORS:

Sound Speed Profile:Sound Speed Profile:
Still biggest source of errorStill biggest source of error

•• Improved MVP and other continuously   Improved MVP and other continuously   
profiling sensorsprofiling sensors

•• Tomographic Tomographic arrays arrays 



Moving Vessel ProfilerMoving Vessel Profiler



Hugin Hugin AUVAUV

The future of deepwater mapping is The future of deepwater mapping is 
SHALLOW WATER MAPPINGSHALLOW WATER MAPPING

PLATFORMS:PLATFORMS:



PLATFORMS:PLATFORMS:

ROV’sROV’s and particularly and particularly AUV’sAUV’s::

••HIGH RESOLUTION BATHYMETRYHIGH RESOLUTION BATHYMETRY
Example Example -- 2000m Depth:2000m Depth:
Surface Ship Surface Ship -- 7.0m Depth Resolution7.0m Depth Resolution
AUV AUV -- 0.2m Depth Resolution0.2m Depth Resolution

••HIGH RESOLUTION COHIGH RESOLUTION CO--LOCATED IMAGERYLOCATED IMAGERY
Example Example -- 2000m Depth: 2000m Depth: 
Surface Ship Surface Ship -- 40.0m pixel 40.0m pixel 
AUV AUV -- 0.5m pixel0.5m pixel

50m50m

2000 m2000 m



•• an example from an example from 
ROPOS ROPOS ---- poor man’s poor man’s 
multibeammultibeam --
IMAGENIX sector IMAGENIX sector 
scannerscanner

ROVROV













Juan de Juan de Fuca Fuca RidgeRidge

MothraMothra Hydrothermal FieldHydrothermal Field

33--D acoustic image of D acoustic image of MothraMothra field from field from Imagenix Imagenix sonar sonar 
data. Data from collected with WHOI Jason ROV data. Data from collected with WHOI Jason ROV -- Dana Dana 
YoergerYoerger

Photomosaic Photomosaic of of MothraMothra field generated by Univ. of field generated by Univ. of 
Washington. Data collected with WHOI Jason ROV Washington. Data collected with WHOI Jason ROV --
Dana Dana YoergerYoerger









RealReal--time 3time 3--D visualization of AUV dataD visualization of AUV data



PROCESSING:PROCESSING:

•• FasterFaster

•• CheaperCheaper

•• BetterBetter



Hand Edited Mosaic – 48 hours

4820m

27
80

m

30°22’45”W
86°39’30”N

Projection: Mercator
Ellipsoid: WGS84

Source: Roger Flood, SUNY, Stony Brook



Automatic Mosaic – 10 minutes
5558m

27
82

m

30°22’45”W
86°39’30”N

Projection: UTM
Ellipsoid: WGS84



CUBE - Uncertainty Surface



NAVO AREANAVO AREA--BASED EDITOR in BASED EDITOR in FledermausFledermaus::



PRODUCTS:PRODUCTS:

•• RealReal--time 3time 3--D updates and D updates and 
data fusion for QC and data fusion for QC and 
interpretationinterpretation

•• NearNear--realreal--time derivative time derivative 
mapsmaps



A new perspective A new perspective àà new insightsnew insights










