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MBES Performance Testing in the U.S Academic Fleet
• Multibeam Advisory Committee 

funded by NSF in 2011, 2015, & 
2019 (5 year grant)

• Mission to improve the U.S. 
Academic Fleet’s multibeam 
data quality

• 16 multibeams between 11 
Research Vessels & 1 USCG 
Icebreaker (more coming)

• Standardize the approach and 
tools for system performance 
assessment
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Not working in isolation…

• Additional world wide partners
• NOAA hydrographic and science 

vessels
• Non-UNOLS oceanographic 

institutes
• Private ocean exploration 

vessels

• No cost to NSF
• Reports contribute to overall 

MBES knowledge base
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MAC Approach to System Performance
The MAC is involved throughout multibeam life cycle.
1. Shipboard Acceptance Tests

• Establish baseline performance (11)

2. Acoustic Noise Tests
• Characterize vessel noise (9)

3. Quality Assurance Tests
• Monitor existing installations (22)

4. Monitoring & Support Tools
• Sound Speed Manager
• SmartMap
• Swath Analysis
• BIST
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MAC Approaches To System Performance
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SAT and QAT procedures include:

1. Geometry & Configuration

2. Calibration (patch test)

3. RX noise testing

4. Swath accuracy

5. Swath coverage  (extinction)

6. Impedance testing

7. Backscatter assessment

8. Water column assessment

9. Reporting



Geometry & Configuration Review: Approach
• The vessel survey is the foundation for correct 

sensor integration and high data quality
• Review survey report & advise on interpretation for:

1. Mapping system origin
2. Motion sensor and antenna offsets
3. Transducer array offsets
4. Waterline

• Establish unified mapping sensor reference frame
• Enter information into acquisition software and/or 

positioning/attitude system 
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Geometry & Configuration Review : Lessons Learned
• Survey reports used for decades
• Reports are often correct but unclear
• Operators must demand clarity in 

reporting:
• Origin of survey
• Axes, units, and sign conventions
• Pictures
• Prompt delivery

• Cost of a high quality survey is small 
when compared to:
• Time lost
• Poor data quality
• Reestablishing the vessel frame

• Mistakes sneak in and persist
• Documentation can outlast personnel
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Geometry & Configuration Review : Lessons Learned
• Recommendation document available 

through the MAC website
• http://mac.unols.org/resources/vessel

-geometry-and-mbes-offset-
recommendations
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Geometry & Configuration Review : Recommendations
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Geometry & Configuration Review : Recommendations
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Geometry & Configuration Review : Recommendations
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Geometry & Configuration Review : Recommendations
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Geometry & Configuration Review : Recommendations
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Geometry & Configuration Review : Recommendations
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Calibration: Approach
• Deliver calibration lines points, 

runtime parameters, & time 
estimates

• On-board or remote support for 
acquisition, analysis, & final 
configuration

• Residual pitch, roll, and heading are 
attributed to the motion sensor and 
applied in SIS

15



Calibration: Lessons Learned
• Planning windows vary widely 
• Executed opportunistically
• Multiple reviewers
• Overcome “it is just for science”
• 1st critical look at the data
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• Secure other acoustic systems
• RX Noise BIST done in SIS

• Noise vs. Speed/RPM
• Noise vs. Heading 
• Noise vs. Machinery

• Do early in SAT or QAT
• Involve engineers!

RX Noise Testing: Approach
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RX Noise Testing: Lessons Learned
• Critical test for identifying problems 

• Detect small changes over time 

• Can Identify:
1. Optimal speeds
2. Best machinery lineups
3. Impacts of sea state and biofouling
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Pre-shipyard Post-shipyard

2013 - ~40dB

2018 - ~47dB

2017 - ~55db



Swath Accuracy: Approach
1. Collect a high-density reference surface 

over flat seafloor
2. Mask grid cells with low sounding 

density, high standard deviation, &/or 
high slopes

3. Collect crosslines in ‘typical’ survey 
modes

4. Calculate differences between soundings 
and corresponding reference surface 
cells

5. Group differences by beam angle, plot 
mean and std. dev. of differences across 
swath
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Swath Accuracy: Lessons Learned
• Detect changes in system performance
• Sea state challenges
• Refraction and tidal 

correction can make 
interpretation 
challenging

• Reuse reference sites 
• Save time/money
• Opportunistic collection
• Simplifies comparison
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Red: Mean Depth Bias   Blue: Depth Std. Dev. Red: Mean Depth Bias   Blue: Depth Std. Dev.



Swath Coverage: Approach
1. Collect data over wide range of depths 

in fully automatic mode with 
maximum swath limits

2. Gentle slopes and lines perpendicular 
to the slopes

3. Extract outermost valid soundings and 
remove those with extremely high / 
low reflectivity

4. Plot cross-track distance to sounding 
vs. depth
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Swath Coverage: Lessons Learned
• Easy transit activity
• MAC code or commercial software
• Rapidly see changes from baseline
• Ship to ship comparison
• System to system comparison
• Realistic swath width estimate
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EM122 SAT coverage

After engine work…



Impedance Testing: Approach & Lessons Learned
• TX Channels and RX Channels BISTs monitor:

1. TX transducer acoustic impedance 
2. RX receiver electrical impedance
3. RX transducer electrical impedance

• Not a replacement for direct measurements 
• Proxy for array health 
• Test at least annually (or more frequent)
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12-kHz TX array after 10 years of icebreaking






Reporting: MAC Approach & Lessons Learned
• System Performance Data
• Ship & System Documentation

• system geometry
• calibration/ installation parameters
• acquisition configurations
• positioning / attitude system 

configurations

• New report standard
• started with R/V Thomas G Thompson, 

still evolving

• Shared resource for community
https://mac.unols.org
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MAC Main Takeaways

• Vessel surveys must be correct and clearly 
reported using system conventions

• Vessel noise should be tracked, especially 
before/after shipyard periods

• Swath coverage is easy to do and 
reductions may be first indicators of 
complications

• Array Impedance should be tracked as a 
proxy for hardware health

• Routine testing can detect problems early
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MAC Ship Support 2018-19
• R/V Sikuliaq Quality Assurance Testing

• Remote support for geometry review, calibration, accuracy crosslines, swath coverage

• Efficiencies using existing sites, routine QATs
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MAC Ship Support 2018-19
• R/V Atlantis Quality Assurance Testing and Seapath demo

• New survey review, Seapath config, calibration, accuracy crosslines, swath coverage

• Realtime remote support during calibration/verification
• R/V Marcus G Langseth will use this site as well in November 2019
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MAC Ship Support 2018-19
• R/V Neil Armstrong Quality Assurance Testing (Nov. 2019)

• Geometry review, calibration, swath coverage

• On-board support, opportunity for students
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Related NSF (MAC) Funded Field Programs
• EM122 and EM302 TX beam patterns

• R/V Sally Ride (SCORE 2017, 2019)
• NOAA Ship Okeanos Explorer (AUTEC 2018)
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Related Non-NSF-Funded Field Programs
• GEBCO-NF Alumni Team for Ocean Discovery XPrize
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Related Non-NSF-Funded Field Programs
• Five Deeps Expedition 
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Related Non-NSF-Funded Field Programs
• Amelia Earhart search aboard E/V Nautilus with UNH ASV BEN

32



Related Non-NSF-Funded Field Programs
• ODEN expeditions to NW Passage, Ryder Glacier, and Petermann Glacier

33



Multibeam Assessment Tools
• NOAA/CCOM/MAC collaboration
• Open-source tools for system 

performance testing and tracking based 
on MAC and NOAA processes

• Will be Python-based in HydrOffice and 
Pydro frameworks

• Complements commercial tools
• First joint developer meeting Dec. 2019
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Multibeam Assessment Tools
• Swath coverage
• Swath accuracy
• RX noise and spectrum

• vs. speed
• vs. heading

• TX channels impedance
• Datagram stripper for file transfer
• BIST and PU Parameter tracker
• System geometry visualizer
• Runtime Parameter review / query
• Others?  Open for suggestions!
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Multibeam Assessment Tools: Swath Coverage
• Demo swath coverage tool
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Multibeam Assessment Tools:  File Reducer
• Remove non-critical datagrams 

(e.g., 100 Hz att. vel. in QPS)
• Ship-to-shore file transfer       

for remote support (e.g., ATL)
• Protects original files
• Future: custom datagram 

selection, automatic options
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Multibeam Assessment Tools:  RTP Tracker
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• Generate logs of Runtime 
Parameters from large 
batches of .all files

• Exports initial settings and 
subsequent changes to text

• MATLAB  Python GUI



Multibeam Assessment Tools:  RTP Tracker

39

• Query RTP logs

• All RTP at specific 
time in log

• Confirm settings, 
track artifacts

• Specific RTP history 
throughout log

• Monitor ‘automatic’ 
settings, detect 
user-initiated 
changes



Multibeam Assessment Tools: In Development
• Swath coverage
• Swath accuracy
• RX noise and spectrum

• vs. speed, heading, other conditions

• TX and RX channels impedance
• Datagram stripper for file transfer

• BIST and PU Parameter tracker
• System geometry visualizer
• Runtime Parameter tracker
• Patch test planner
• Others?  Open for suggestions!
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SOUND SPEED MANAGER
G. MASETTI

V0



Sound Speed Manager
• 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.



Collaborative Effort
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Collaborative Effort

44



Format Converter
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MVP SIS
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Data Dissemination
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Recent Improvements



Data Monitor
• An extension of Sound Speed Manager to:

• Monitor survey data
• Predict cast time
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Data Monitor
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• Merge ideas from:
• Manda’s svplot
• Wilson’s CastTime

• Leverage:
• SSM database
• SSM-SIS interaction



CastTime
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In a nutshell:
• If Δd is bigger than you wish, 

sample more often.
• If Δd is smaller than you care about, 

sample less often.
• If Δd is just about right, keep the 

same interval.



Sound Speed Manager Usage

62(*) GOOGLE ANALYTICS, NUMBER OF SESSIONS, JANUARY 2018, LOCATION FILTERED: DURHAM, SILVER SPRING, SEATTLE, UNSET.



Sound Speed Manager DEMO
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www.hydroffice.org/soundspeed



SMARTMAP
G. MASETTI

V0



SmartMap
• A tool to evaluate 
• the effects of oceanographic variability on mapping surveys

Ref.: Masetti,, G., Kelley, J., Johnson, P., and Beaudoin, J., A Ray-Tracing Uncertainty Estimation Tool for Ocean Mapping, IEEE Access. IEEE, pp. 1-9, 2017.
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SmartMap components
• Backend

• C++
• Python

• Frontend
• GeoServer
• OGC services

• WebGIS
• hydroffice.org/smartmap/
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SmartMap WebGIS
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• RTOFS + WOA13 
+ GoMOFS

• Nowcasts + 
Forecasts



Past Analyses
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Gulf of Maine OFS → beta
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Patch Test Site Selector
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