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The Multibeam Advisory Committee (MAC)
● Established 2011 with funding from NSF to ensure the consistent collection of 

high-quality multibeam data across the U.S. Academic Research Fleet (USARF)
○ Standardize system performance testing
○ Publish performance and share best practices
○ On-board & remote support for ships

● Technical Reports & Resources
○ Sea Acceptance / Quality Assurance / RX Noise
○ Host Non-USARF reports
○ Assessment tools, survey guidance

Website: mac.unols.org
Help desk: mac-help@unols.org
Wiki:   github.com/oceanmapping/community/wiki
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• 12 Vessels with MBES
• 11 Research Vessels
• 1 USCG Icebreaker
• 10 Kongsberg EM-equipped

• 16 Deep water EM systems
• EM710 / EM712 (40-100 kHz)
• EM302 (30 kHz)
• EM122 / EM124 (12 kHz)

• 2 Shallow water systems
• Reson
• EM2040 (soon)

• 3 RCRVs (6 MBES) in 2023+
• EM304s & EM2040s

Mapping Systems in the U.S. Academic Research Fleet
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Kongsberg Systems in the U.S. Academic Research Fleet
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Ship System(s) Arrays Life Cycle MAC Visits (Recent) 2024 Plans

Atlantis EM124 (g) 2021 Early SAT* (2021), QAT* (2022) QAT

Healy EM122 2010 / 2023 RX Late ANT, QAT/SAT* (2022-23) QAT

Kilo Moana EM122 / EM710 2012 Late ANT, QAT* (2023) QAT

Marcus G. Langseth EM122 (g) 2007 TX / 2010 RX Late ANT, QAT (2023) QAT

Nathaniel B. Palmer EM122 2015 Mid SAT, ANT, QAT (2015) TBD

Neil Armstrong EM122 / EM710 2016 Mid SAT, QAT* (2020) EM124 / 712

Roger Revelle EM124 / EM712 (g) 2020 Early SAT*, QAT* (2023) QAT

Sikuliaq EM302 / EM710 2014 Mid SAT, QAT* (2023) EM304 MKII

Sally Ride EM124 / EM712 2016 Mid SAT (2021), QAT* (2023) QAT

Thomas G. Thompson EM302 2018 Mid SAT, QAT* (2023) TBD

Italic = pending replacement (2023+)
Green = visited in last two years

(g) indicates gondola installation
*Indicates remote support
Underline = recent install (2021)



SAT and QAT procedures

1. Hardware health (impedance)

2. Geometry / config. review

3. Calibration (‘patch test’)

4. RX noise vs. speed/seas

5. Swath coverage (extinction)

6. Swath accuracy

7. Water column evaluation

8. Backscatter normalization

9. Public reporting (MAC website)

System Performance Testing
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Standardized (but flexible!) procedures in order of priority

Collaborative planning → data collection → follow-up 

SAT / QAT Checklist



MAC field support in last year
• 8 of 10 EM-equipped ships

MAC-related projects
• Sound Speed Manager
• MAC Assessment Tools
• SAT/QAT site database
• GMRT tiling package

Non-MAC testing / field work
• Nautilus (QAT)
• Falkor (too) (SAT)
• OceanXplorer (QAT)
• Okeanos Explorer (various)
• Saildrone Surveyor (various)
• iXBlue DriX (NA142, EM712 SAT)

Recent MAC and Related Activities
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THANK YOU to technicians and managers
for making remote support possible!



1. File Trimmer
2. BIST Plotter
3. Swath Coverage Plotter
4. Swath Accuracy Plotter
5. ECDIS Converter

Assessment Tools
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github.com/oceanmapping/community/wiki/Assessment-Tools



● Even the best survey reports can still be interpreted incorrectly
● Waterline remains a window of opportunity for large and persistent errors
● Affects ‘starting point’ in sound speed profile and final Z adjustment to surface

Examples from the Field: System Geometry
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+X

Background image adapted from ANKO
+Z

WL = +0.33 m (+down from SRP origin)



Survey reports directly impact data quality for years

Vessel and sensor offsets must be clearly documented

Vessel / sensor offset survey reports MUST include:

Vessel Offset Survey Reports
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github.com/oceanmapping/community/wiki/Dimensional-Control



Survey reports directly impact data quality for years
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Vessel Offset Survey Reports
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github.com/oceanmapping/community/wiki/Dimensional-Control



Waterline Worksheet
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Image: Kongsberg

Image: NOAA

github.com/oceanmapping/community/wiki/Dimensional-Control



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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System performance testing before ‘real’ mapping cruises

Examples from the Field: Transit Mapping



System performance testing before ‘real’ mapping cruises

Examples from the Field: Transit Mapping



● Common test areas = routine assessments and meaningful comparisons
● SAT/QAT steps can be flexible (with limits) and worked around other activities
● Advance planning with proven sites means efficient use of ship time and personnel

Examples from the Field: Reusing proven test sites
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Where can I run a test ?
○ Depth, slope, seafloor type
○ Proximity to other operations
○ Exclusion zones / restrictions

More appropriate sites and comparisons
○ Ship to ship / system to system

Opportunistic testing on transits

Significant time savings (ref. surfaces)

Regional planning data can be wrong

Multibeam Test Sites Database – Why is it needed?



https://ccom.unh.edu/gis/maps/TestSites

Multibeam Test Sites Database – Prototype WebApp
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https://gis.ccom.unh.edu/


Types of MBES test sites:
○ Calibration (Patch Test)
○ Swath coverage
○ Swath accuracy
○ Backscatter normalization
○ Water column evaluation

Site info includes:
○ Test type
○ System type
○ Location / line plans / settings
○ Links to supporting files
○ Quality / notes from users

Multibeam Test Sites Database – Site Info
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Multibeam Test Sites Database – Planning Layers
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Hawaii 4700 m reference surface
○ 2005 - R/V Kilo Moana EM120 (12 kHz)
○ Very dense soundings for surface 
○ 36 hours needed for data collection

Ships collect accuracy cross lines only
○ 2-3 hours per mode

Reused recently by four vessels
○ System comparison across ships

NOTE: suitable for stable areas

Multibeam Test Sites Database – Recent Example
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Add new test sites
○ NOAA, UNOLS and industry partners
○ More sites from FEMME community!
○ Reach out at mac-help@unols.org

Standards for file submission
○ Line files
○ Bathymetry grids
○ Operational parameters

Speed up the WebApp

Multibeam Test Sites Database – Future Work

25https://gis.ccom.unh.edu



Check out the poster and webapp!
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Multibeam Test Sites Database



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

What it aims to be:

1. Public resource with context and references
2. Easily updated and expanded
3. Platform for discussion / troubleshooting
4. Welcoming, accessible, and respectful

a. Admins from MAC, NOAA, and industry

What it will not be:

1. SOP repository (see Ocean Best Practices!)
2. Replacement for manufacturer guidance
3. Promotional, preferential, or judgemental



Ocean Mapping
Community Wiki
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omcadmin@ccom.unh.edu or mac-help@unols.org

github.com/oceanmapping/community/wiki

All mappers and managers are invited to contribute



Ocean Mapping
Community Wiki
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omcadmin@ccom.unh.edu or mac-help@unols.org

github.com/oceanmapping/community/wiki



Ocean Mapping
Community Wiki
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omcadmin@ccom.unh.edu or mac-help@unols.org

github.com/oceanmapping/community/wiki



Ocean Mapping
Community Wiki
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omcadmin@ccom.unh.edu or mac-help@unols.org

github.com/oceanmapping/community/wiki

Discussions Troubleshooting Contributing



Ocean Mapping
Community Wiki
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omcadmin@ccom.unh.edu or mac-help@unols.org

github.com/oceanmapping/community/wiki

Discussions Troubleshooting Contributing



Example from the Wiki: EM304 Dropouts

33Image: NOAA



Example from the Wiki: EM304 Dropouts
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Example from the Wiki: EM304 Dropouts
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Ocean Mapping
Community Wiki
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COMING SOON… a better wiki framework!

Testing MediaWiki with new URL

1. Widely adopted (e.g., Wikipedia)
2. Free and open-source
3. Designed for broad user base
4. Easy transfer of GitHub content

Seeking MediaWiki / WikiForge pros 
and suggestions for wiki software



Ocean Mapping
Community Wiki
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Major advantages so far…

1. Easy login and attribution
2. Intuitive editors and previews

a. Visual and wikitext
3. Broad admin settings / options
4. Multi-user editing support
5. Avoids GitHub ‘barrier to entry’

Next steps…

1. Issue tracking setup
2. Converting content from GitHub
3. Announcing new web address

Testing MediaWiki and Wiki Forge platforms



Questions? Answers? Reach out!
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Ocean Mapping Community Wiki

github.com/oceanmapping/community

omcadmin@ccom.unh.edu

Multibeam Advisory Committee

mac.unols.org

mac-help@unols.org
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