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Sound Speed on the Ocean Mapping Community Wiki
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MBES Recap…



Ocean Mapping
Community Wiki
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github.com/oceanmapping/community/wiki

https://www3.mbari.org/data/mbsystem/sonarfunction/SeaBeamMultibeamTheoryOperation.pdf



Multibeam Recap: One Element, Two Elements…

5https://www3.mbari.org/data/mbsystem/sonarfunction/SeaBeamMultibeamTheoryOperation.pdf



Multibeam Recap: Three Elements, 100s of Elements…

6https://www3.mbari.org/data/mbsystem/sonarfunction/SeaBeamMultibeamTheoryOperation.pdf

Same concept…
TX: projectors
RX: hydrophones



Example: R/V Sally Ride EM124 TX Characterization
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Multibeam Recap: Beamsteering

https://www3.mbari.org/data/mbsystem/sonarfunction/SeaBeamMultibeamTheoryOperation.pdf 8



Multibeam Recap: Mill’s Cross
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Physical Principles of Multibeam Sonar for Mapping of the Seafloor, DeSanto and Sandwell (2022)

Schmidt Ocean Institute (https://www.youtube.com/watch?v=6GambgOUlnA)



Beamforming and beamsteering depend on…
a. Element spacing in the array (proprietary)

b. Wavelength (𝜆 = c/f) at the transducer during TX/RX

…and enable ALL TX and RX stabilization processes…
a. TX: roll, pitch, yaw stabilization → alongtrack sounding density

b. RX: roll stabilization and beam spacing → acrosstrack sounding density

…which control ‘launch’ angles for refraction correction to the sounding!

Multibeam Recap: ‘Surface’ (Transducer) Sound Speed
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Multibeam Recap: Refraction Correction
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https://www3.mbari.org/data/mbsystem/sonarfunction/SeaBeamMultibeamTheoryOperation.pdf

https://ccom.unh.edu/sites/default/files/publications/cordero-ms-2018.pdf

Snell’s Law (1621)



Multibeam Recap: Refraction Correction
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https://www3.mbari.org/data/mbsystem/sonarfunction/SeaBeamMultibeamTheoryOperation.pdf

https://ccom.unh.edu/sites/default/files/publications/cordero-ms-2018.pdf

Ibn Sahl (984)!!!



Multibeam Recap: Range Calculation

13https://www3.mbari.org/data/mbsystem/sonarfunction/SeaBeamMultibeamTheoryOperation.pdf



Physical Principles of Multibeam Sonar for Mapping of the Seafloor, DeSanto and Sandwell (2022)

Multibeam Recap: Absorption
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Range calculation for each beam depends on travel time along the ray path…
a. Cumulative travel time along a ray path → sum of travel time within SSP layers

…which depends on ‘launch angles’ into the water column…
a. Transformation from array reference → ship reference → global reference

…and refraction correction along the ray path to the seafloor.

a. Final horizontal and vertical positioning (and uncertainty) of the sounding!

Multibeam Recap: Sound Speed Profile
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Common setups and tradeoffs



https://www.sikuliaq.alaska.edu/ops/drawings/General_Arrangement_Rev_G_As_Built.pdf

Setups and Tradeoffs: Surface Sound Speed
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Flow-Through / Not Near Arrays
(May be necessary, e.g., ice windows!)
Pros:
- Accessible for sensor maintenance

Cons:
- Conditions at intake ≠ array faces
- Latency (if cutting through gradients)

Damen Shipyard

In Situ Near Arrays
Pros:
- Closest to conditions at array faces
- Negligible latency or Z difference
- Standard for shallow water systems

Cons:
- Biofouling; difficult to access/swap



Setups and Tradeoffs: Surface Sound Speed
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https://www.sikuliaq.alaska.edu/ops/drawings/General_Arrangement_Rev_G_As_Built.pdf

Thermohaline structure (EK80), Stranne et al. 2017



Setups and Tradeoffs: Sound Speed Profiles
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Sound Speed
Profile Method XBT XSV XCTD CTD SV

Profiler
Underway

CTD
Underway

SV

Moving
Vessel
Profiler

Env. Impact Expendable Reusable
Ship Operations Underway Stationary Stationary Underway Underway Underway
Data (+Depth) Temp. SV C, T C, T SV C, T SV SV (C, T)
Depth source Est. fall rate (2% depth errors noted1) Measured Measured Measured Measured Measured

Additional data
needed for SSP

Salinity 
profile

None None None None None None None

Additional data 
needed for BS

Salinity 
profile

Salinity 
profile

None None Salinity None Salinity profile
Salinity 

profile if not 
collected

Deployment Hand launcher, Auto-launcher Winch

Advantages
No need to stop (time/cost savings),
broad user base, simple deployment

"Gold standard", 
ROV sources

Lower cost 
than CTD

No need to stop the vessel,
potentially high-frequency casts

Downsides Waste Waste, cost
Waste, cost, 
failure rate

Cost, stationary, 
low-freq. casts, 

calibrations

Stationary, 
low-freq. 

casts

Cost, sensitivity of winch/wire underway,
limited user base, calibrations

1 Comparison of the fall rate and structure of recent T-7 XBT… by Kizu, Sukigara, and Hanawa 2011
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Survey Results



Survey Results: Surface Sound Speed (Primary)
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Survey Results: Surface Sound Speed (Backups)
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…Lots of TSG backups! :)



Survey Results: Surface Sound Speed (Challenges)
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Survey Results: Flow-Through Locations
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   14 m    20 m     20 m     26 m     22 m    20 m       !!!       30 m      15 m    ~1 m    ~1 m    ~5 m



Survey Results: Flow-Through Times
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   10 s       5-10 s         <5 s     10 MIN.    {---------------------Uncertain----------------------}     ~1 MIN



Survey Results: Flow-Through Temperatures
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1 °C  → ~4.5 m/s
Source: rbr-global.com/speed-of-sound-in-water



Survey Results: Sound Speed Profiling
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--------------------------------



Survey Results: Sound Speed Profiling
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----------------------------------



Survey Results: Sound Speed Profiling
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-----------------------------------------



Survey Results: Sound Speed Profiling
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Survey Results: Sound Speed Profiling
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Survey Results: Sound Speed Profiling
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Survey Results: Other Feedback
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Kongsberg Guidance
(SSP only; no SSS notes)
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• Create a filter profile to read any 

format directly

• *.csv, CTD profiles, *.asvp, etc.

• WOA setup 

• Download temperature and 

salinity data from WOA

• Extend profiles with WOA

Use SVP Editor in SIS

See Statement of Proprietary information Adapted from FEMME 2023 workshop by Colleen Peters, Kongsberg Discovery



ASVP vs. SSP Formats

• SSP recommended over asvp to preserve data, particularly for CTD where there is more 

information than just depth and sv (e.g., XBTs)

– QuickGuideSSP.pdf found in: C:\Program Files\Kongsberg Maritime\EMSystem\Doc\SIS

• Have to update the filter if you change anything about the data output

– If using CTDs with rotating sensors, recommend setting up a “SVP” output (e.g., from SBE 

data processing) for consistency

See Statement of Proprietary information Adapted from FEMME 2023 workshop by Colleen Peters, Kongsberg Discovery



C:\Program Files\Kongsberg Maritime\EMSystem\Doc\SIS

Kongsberg Notes: SSP Quickstart Guide

37

datagram must be resent! 

might fix in SVP Editor…



Sound Speed Manager (SSM)

• Transmit to SIS = good, preserves all fields 

• Export to .ASVP = no CTD absorption

• Asked HydrOffice to implement SSP format as an output option

• Configuration steps updated in SSM 2023.0.5: 
https://www.hydroffice.org/manuals/soundspeed/stable/user_manual_setup_sis_v5.html#sis-v5-settings

• Need to ensure that the DDIST is ENABLED in Tools > Parameter Setup > Logging in SIS 5

– Now set to be enabled by default in SIS 5.12.1

See Statement of Proprietary information

Note: SSP filenames are not stored in .kmall

Adapted from FEMME 2023 workshop by Colleen Peters, Kongsberg Discovery

https://www.hydroffice.org/manuals/soundspeed/stable/user_manual_setup_sis_v5.html#sis-v5-settings
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Sound Speed Manager
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A ready-to-go and free

solution to ease

the management of 

sound speed profiles 

for ocean mapping

Ref.: Masetti, G. et al., Sound Speed Manager: An open-source application to manage sound speed profiles, International Hydrographic Review, vol. 17, pp. 31-40, 2017.
40

SOUND SPEED MANAGER

hydroffice.org
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5,000+ downloads 
(from 9/2018)

NOAA OCS POCs:
- Barry Gallagher 
- Chen Zhang



MVP SIS4/5
42
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Flexible Import → Conversion → Extension → Export
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https://www.hydroffice.org/manuals/soundspeed/stable/user_manual_how_to_use_3_data_monitor.html

Survey Data Monitor and CastTime



45

Server Mode for Transit Mapping
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Other Data Checks…
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Post-Processing
Profile Comparison 
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Harmonic Mean Sound Speed for EK, SBP, USBL…

Weber et al. 2012



Sound Speed Manager Synthetic Profile Server

Updates SIS with World Ocean Atlas profiles

Not a replacement for XBTs/CTDs

Transit Mapping: Resources

https://www.hydroffice.org/soundspeed 49



Ocean Mapping
Community Wiki
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github.com/oceanmapping/community/wiki

https://github.com/oceanmapping/community/blob/main/Drennon_OSM2022.pdf
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SmartMap



Survey Planning: SmartMap

https://www.hydroffice.org/smartmap 52



Survey Planning: SmartMap

https://www.hydroffice.org/smartmap 53



Survey Planning: SmartMap

https://www.hydroffice.org/smartmap 54



Survey Planning: SmartMap

https://www.hydroffice.org/smartmap 55
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(Unsolved) Environmental Impacts



1. EM124 swath artifacts noticed on East Pacific Rise where data has historically looked OK

Examples from the Field: Swath Wobbles
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1. EM124 swath artifacts noticed on East Pacific Rise where data has historically looked OK

Examples from the Field: Swath Wobbles
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1. Multibeam systems up to date with total geometry review, calibrations, noise testing

2. ‘Wobbles’ in some data (left) but not all (right) during calibration

Examples from the Field: Swath Wobbles
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Roll calibration: 10-15 m periodic artifacts in outer swath (~3600 m) Heading calibration: no major artifacts



1. Mapping ‘octagon’ with 10-15 minutes on eight headings (2650-2850 m)

2. Changes in swath behavior with orientation to potential internal wave field

3. Consistent attitude (1-3° roll and pitch) and surface sound speed on all headings

Examples from the Field: Swath Wobbles
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‘Best’ case:
~5 m ripples (N)

‘Middle’ case:
~20 m waves (NW)

‘Worst’ case:
~50 m wobbles (SW)



1. Oceanography: Internal waves?

2. Flow-through TSG:  Intake depth?  Temperature change?  Lag time?

Examples from the Field: Swath Wobbles
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Future Work: MLD tracking and similar efforts
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