
%Ⱦ6 .ÁÕÔÉÌÕÓ 
%-σπς -ÕÌÔÉÂÅÁÍ %ÃÈÏÓÏÕÎÄÅÒ 
3ÙÓÔÅÍ 2ÅÖÉÅ× 
.!πχπ 
!ÐÒÉÌ ρπȤρυȟ ςπρφ 

  

  

 

 

 
  

  

  

  

Report prepared by:  

  

Paul Johnson and Kevin Jerram 

University of New Hampshire 

Center for Coastal and Ocean Mapping/Joint Hydrographic Center  

Durham, NH  

 



2  

Table of Contents  
 

Table of Contents ......................................................................................................................................... 2 

Introduction ................................................................................................................................................ 4 

Cruise Participants ....................................................................................................................................... 5 

Survey System Components ......................................................................................................................... 5 

Activities ..................................................................................................................................................... 5 

Overview of System Geometry..................................................................................................................... 5 

TX and RX Arrays ....................................................................................................................................................6 

MRU ......................................................................................................................................................................6 

Calibration .................................................................................................................................................. 6 

Calibration Results ....................................................................................................................................... 8 

System Geometry and SIS Parameters (15 April 2015) ................................................................................ 10 

Accuracy Assessment ................................................................................................................................. 11 

Shallow Accuracy Assessment............................................................................................................................... 11 

Deep Accuracy Assessment ................................................................................................................................... 15 

Accuracy Results ς FM Dual-Swath ........................................................................................................................ 17 

Achieved Coverage .................................................................................................................................... 18 

Noise Level Assessment ............................................................................................................................. 19 

Self Noise Results ς Speed ς Into Swell ................................................................................................................. 20 

Self Noise Results ς Speed ς With Swell ................................................................................................................ 22 

Self Noise Versus Azimuth .................................................................................................................................... 24 

Transducer and System Health ................................................................................................................... 25 

Impedance Results ς Receiver ............................................................................................................................... 26 

Impedance Results ς Receiver Transducer ............................................................................................................. 26 

Impedance Results ς Transmitter .......................................................................................................................... 27 

Summary and Recommendations ............................................................................................................... 28 

References ................................................................................................................................................ 29 

Appendix ................................................................................................................................................... 30 

Self Noise Results ς Speed ς Into Seas (6 kts) ........................................................................................................ 30 

Self Noise Results ς Speed ς Into Seas (8 kts) ........................................................................................................ 32 

Self Noise Results ς Speed ς With Seas (6 kts) ....................................................................................................... 34 

Self Noise Results ς Speed ς With Seas (8 kts) ....................................................................................................... 36 

Self Noise Results ς Speed ς With Seas (10 kts) ..................................................................................................... 38 

Self Noise Results ς Speed ς With Seas (11 kts) ..................................................................................................... 40 

Self Noise Results ς Swell ς 000° (With Swell) ........................................................................................................ 42 

Self Noise Results ς Swell ς 045° ........................................................................................................................... 44 

Self Noise Results ς Swell ς 090° ........................................................................................................................... 46 

Self Noise Results ς Swell ς 135° ........................................................................................................................... 48 

Self Noise Results ς Swell ς 180° (Into Swell) ......................................................................................................... 50 

Self Noise Results ς Swell ς 225° ........................................................................................................................... 52 



3  

Self Noise Results ς Swell ς 270° ........................................................................................................................... 54 

Self Noise Results ς Swell ς 315° ........................................................................................................................... 56 

Self Noise Results ς Swell ς 360° (With Swell) ........................................................................................................ 58 

SIS Screenshots ς Installation Parameters  (15 April 2016) ..................................................................................... 60 

SIS Screenshots ς Runtime Parameters ................................................................................................................. 68 

SIS Screenshots ς PU Status .................................................................................................................................. 72 

SIS Screenshots ς Datagram Distribution ............................................................................................................... 73 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do 

not necessarily reflect the views of UNH or NSF. 

 

Cover image:  SE-looking perspective view of bathymetry off British Columbia with NA070 pitch, yaw, and roll calibration 

and verification lines.  All surfaces shown with 6x vertical exaggeration and individual color scales for contrast. 

Background bathymetry from GMRT.  
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Intr oducti on 
The E/V Nautilus undertook an engineering shakedown leg (NA070) in order to perform an assessment ƻŦ ǘƘŜ ǾŜǎǎŜƭΩǎ 

Kongsberg EM302 multibeam echosounder.  Data were collected near the continental shelf break (Figure 1) offshore 

from Victoria, British Columbia during April 10-15, 2016.  Paul Johnson and Kevin Jerram provided logistical and technical 

support for mission planning, data collection, and analysis.  This report presents: 

¶ an overview of the data collected and the processing methods applied to it; 

¶ accuracy assessments at two depth ranges and swath coverage analysis across all depths surveyed; 

¶ a history of all changes made to the system configuration, starting from the initial install and up  through the 

most recent calibration, prior to the start of the 2016 operational season; 

¶ amplitudes and spectra of vessel self-noise measured by the multibeam receiver at various speeds and headings 

relative to a prevailing swell; 

¶ EM302 impedance data to document receiver and transducer health. 

 

Figure 1. EM302 system testing was performed during NA070 at the continental shelf break off Victoria, British Columbia, using an accuracy 
assessment reference surface previously collected by the R/V Thompson and nearby seafloor features conducive to calibration. 
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Surv ey System Components 
The mapping system consists of the following primary components: 

1. Kongsberg Maritime EM302 multibeam echosounder (30 kHz), v1.3.1, s/n 110 

2. Kongsberg Maritime Seafloor Information System (SIS), v4.1.3 

3. Kongsberg Seatex Seapath 330+ vessel navigation system 

o Seapath 330+ GNSS antennae 

o MRU 5+, s/n C126NS2018 

4. AML Oceanographic Micro-X surface sound speed sensor 

5. Sippican expendable bathythermograph (XBT) profiling system 

Activities  
Cruise activities included a review of the survey system geometry, calibration for residual angular offsets of the motion 

ǎŜƴǎƻǊ όΨǇŀǘŎƘ ǘŜǎǘΩύΣ accuracy evaluation with respect to a bathymetric reference surface created during R/V Thompson 

cruise TN144 (2002), ship speed self noise and ship azimuth self noise testing in well-developed sea states, receiver and 

transmitter impedance testing, and swath coverage/extinction evaluation on and off the continental shelf break.  

Ancillary activities included support for watchstander training, verification of the Knudsen subbottom profiler operation, 

and surveys of opportunity during transits. 

Overview of System Geometry 
Lƴ ǘƘƛǎ ǊŜǇƻǊǘΣ ǿŜ ǳǎŜ ǘƘŜ ǘŜǊƳ ΨǎȅǎǘŜƳ ƎŜƻƳŜǘǊȅΩ ǘƻ ƳŜŀƴ ǘƘŜ ƭƛƴŜŀǊ ŀƴŘ ŀƴƎǳƭŀǊ ƻŦŦǎŜǘǎ ƻŦ ǘƘŜ primary components of 

the multibeam mapping system, including the transmit array (TX), receive array (RX), and ship navigation sensor (MRU). 

These parameters are critical for data collection in an unbiased and repeatable manner.  Table 1 presents a 

chronological outline of documented modifications to system geometry. 
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Table 1. Documented modifications to system geometry. 

Date Cruise ID Location Event References 

2013 
March 

 
Istanbul, 
Turkey 

Install EM302 MBES, Seatex Seapath 
330+ MRU, AML Oceanographic 
surface sound speed sensor, Sippican 
XBT profile; establish vessel reference 
frame and survey sensor offsets 

Kongsberg Maritime (KM) Harbor 
Acceptance Test (HAT) report, Parker 
Maritime survey report 

2013 
April 

NA025 
Toulon, 
France 

EM302 sea acceptance trials; MRU 
angular offsets determined by patch 
test and applied in SIS 

UNH/IFREMER Sea Acceptance Trials (SAT) 
report, Gates Acoustic Services report 

2013 
June  

NA030 
Gulf of 
Mexico 

Original MRU 5+ unit replaced with 
spare by KM engineer at start of 
NA030 

2014 EM302 Multibeam Echosounder 
System Review 

2014 
May 

NA040 
Gulf of 
Mexico 

Original MRU 5+ unit reinstalled by 
KM engineer at start of NA040; 
EM302 system performance review; 
residual angular offsets determined 
by patch test and applied in SIS 

2014 EM302 Multibeam Echosounder 
System Review 

2015 
April 

NA055 
Gulf of 
Mexico 

EM302 system performance review; 
residual angular offsets determined 
by patch test and applied in SIS 

2015 EM302 Multibeam Echosounder 
System Review 

2016 
April 

NA070 
Victoria, 
British 
Columbia 

EM302 system performance review; 
residual angular offsets determined 
by patch test and applied in SIS 

2016 EM302 Multibeam Echosounder 
System Review (this document) 

 

TX and RX Arrays  
Linear and angular offsets of the TX and RX arrays were determined from a ship survey performed by Parker Maritime in 

Istanbul in March of 2013 (see Parker Maritime survey report and UNH/IFREMER Sea Acceptance Trial [SAT] report for 

details).  Offsets of the hull-mounted arrays are not expected to have changed since the Parker survey.  Accordingly, no 

array offset modifications are documented in this report. 

MRU 
All modifications to the system geometry since installation have involved the MRU.  Prior to the 2013 season, linear and 

angular offsets of the original MRU were determined from the Parker Maritime survey and SAT patch test, respectively.  

Subsequent modifications to the MRU from July, 2013 (NA030) through April, 2015 (NA055) and resulting angular offsets 

determined by patch testing are documented in the NA040 and NA055 multibeam evaluation reports.  Linear offsets 

have not been modified at any point.  A review of the installation parameters in SIS at the start of NA070 confirmed that 

the NA055 calibration results were maintained without modification (accidental or otherwise) throughout the 2015 

season and leading into 2016.  Residual angular offsets determined through patch testing and verification lines during 

NA070 have been applied in SIS and are documented in this report. 

Calibration  
A patch test was conducted at the start of NA070 to determine residual angular offsets of the MRU in the order of pitch, 

roll, and yaw.  No latency test was performed, as this has not been evident during previous evaluations or during the 

start of NA070.  Data were collected in depths of 1500-1900 m over seabed features near the continental shelf break 

southwest of Victoria, British Columbia (Figure 2).  Descriptions of the rationale for calibration line planning are available 

in the Cookbook for Caris HIPS 8.1 Patch Test with Kongsberg EM302, which was developed with examples from NA040. 
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Figure 2. Layout of NA070 calibration sites (presented in Global Mapper using historic multibeam echosounder data downloaded from the GMRT 
database).  The pitch result from the southern calibration site was verified using a higher quality seafloor feature to the north; this northern site was 
also used for yaw calibration.  Due to time constraints with a developing sea state, the initial roll calibration result was verified by fully opening the 
swath over flat seafloor at the southwestern portions of the pitch verification lines. 

Immediately prior to pitch calibration, an XBT profile was acquired to 760 m depth and processed using WinMK and SVP 

Editor to remove spurious sound velocities, apply salinity data from the World Ocean Atlas (2009), extend the cast to 

12,000 m per SIS requirements, and load the resulting sound speed profile into SIS.  The sound speed environment was 

observed to be sufficiently stable (i.e., yielding acceptably small refraction artifacts) to apply the same profile for all 

other calibration lines. 

 

All calibration lines were collected at a vessel speed of 6-7 kts over ground due to engine-related difficulties operating 

the vessel at slower speeds for extended periods.  While this speed reduces the alongtrack sounding density compared 

to previous patch tests performed at 4-6 kts, the lengths of the calibration lines generally ensured sufficient data 

quantity for calibration purposes.  To maximize ping rate and sounding density, the EM302 was configured as follows: 

 

Depth mode:   AUTO 

Dual-swath mode:  enabled (dynamic) 

Transmit mode:  FM enabled (unchecked) 

Yaw stabilization: enabled (rel. mean heading) 

Pitch stabilization: enabled 

Beam spacing:  High density equidistant 

Swath width:  Pitch: 20°/20° port/stbd 

   Roll: 70°/70° port/stbd 

   Yaw: 15°/50° port/stbd and 50°/15° stbd/port 
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Calibration survey data were collected using the post-NA055 angular offsets as the initial starting point for real-time 

processing in SIS.  Accordingly, the angular offsets determined from the NA055 calibration constituted ΨresidualΩ values 

to be summed with the NA055 values.  Angular offsets were determined in the order of pitch first, roll second, and yaw 

third.  To minimize coupling of angular offsets in the calibration results, each angular offset was updated in SIS after 

completion of its respective calibration procedure and before the start of survey data collection for the next offset 

calibration.  Calibration tools in SIS and QPS Qimera were used separately to evaluate each set of calibration lines.  

Results from multiple independent examinations of each dataset by Johnson and Jerram typically agreed within 0.02° 

and were agreed upon before application in SIS. 

Calibration R esults  
Despite data quality difficulties at the first pitch site, small trends requiring residual angular offsets were observable for 

the pitch and roll datasets.  A pitch adjustment of -0.02° and roll adjustment of +0.03° were applied in SIS.  The yaw 

calibration lines suggested no clear trend requiring an angular adjustment and this value was left as its post-NA055 

value.  The pitch and roll adjustments were verified by collection and examination of a second set of calibration lines at a 

higher quality seafloor feature with excellent results (zero residual evident).  No evidence indicating latency in the 

system was observed at any point during NA070. 

 

Figure 3 to 5 depict example transects using the Qimera calibration tool for the pitch, roll, and yaw calibration data sets.  

The final value for each offset is based on examination of multiple transects in the Qimera and SIS calibration tools and 

represent the angle adjustments applied in the MRU Installation Parameters in SIS (Table 2).  NA070 survey data for 

accuracy and extinction testing utilized these post-calibration values and appear to be free of offset-related artifacts. 

Table 2. Summary of MRU angular offsets in SIS from NA070.  The post-NA070 values should be used until another the MRU is modified or a 
calibration otherwise becomes necessary. 

Angular Offset Pre-NA070 Value NA070 ΨwŜǎƛŘǳŀƭΩ Post-NA070 Value 

Pitch -0.12° -0.02° -0.14° 

Roll +0.13° +0.03° +0.16° 

Yaw +0.11° +0.00° +0.11° 

 

 

Figure 3. Example subset of pitch verification data in Qimera confirming an adjustment of -0.02° from -0.12° to -0.14°. 
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Figure 4. Example subset of roll verification data in Qimera confirming an adjustment of +0.03° from +0.13° to +0.16°. 

 

Figure 5.  Example subset of yaw calibration data in Qimera showing 0.00° residual angular offset.  No change was made to the MRU yaw offset. 
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System Geometry and SIS Parameters (15 April 2015 ) 
Table 3 includes the SIS configuration for the linear and angular offsets of the TX and RX arrays and the MRU at the end 

of the NA070 leg on April 15, 2015.  Aside from applying the residual MRU pitch and roll angular offsets determined 

from the NA070 patch test, no further modifications were expected or made to the SIS Installation Parameters (Figure 

6).  Additional screenshots of SIS parameters are available in the Appendix.  These offsets represent the survey 

configuration which will be used at the start of the 2016 Nautilus operational season based on existing documentation 

and patch test results.  All values are with respect to the Kongsberg (SIS) reference frame.  These parameters are to be 

used until sensor locations or orientations are modified or it is determined that a new patch test should be undertaken. 

 
Table 3. SIS PU parameters for linear and angular offsets at the end of NA070.  (Note that MRU linear offsets are zero because navigation data from 
the Seapath 330+ navigation system are referenced to the Navigation Reference Point.  This configuration has not changed, but was incorrectly 
described as being referenced to the center of the TX array in earlier reports.) 

 X (m) Y (m) Z (m) Roll (°) Pitch (°) Yaw (°) 

Vessel Reference Origin 0.000 0.000 0.000 - - - 

Navigation Reference Point 0.000 0.000 0.000 - - - 

EM302 TX +3.496 -0.137 +2.731 +0.61 +0.01 +0.22 

EM302 RX +1.516 +0.033 +2.732 +0.72 +0.32 +0.08 

Seapath MRU 0.000 0.000 0.000 +0.16 

(+0.13 

-0.14 +0.11 

 
 

 

Figure 6. SIS screen captures of PU parameters for linear and angular offsets of system components after NA070. 
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Accuracy Assessment 

Accuracy testing was conducted using both a shallow and deep water site due to weather-related changes in the cruise 

plan.  For the shallow site, the reference surface was constructed using bathymetric data collected during NA070, while 

the deep water surface was constructed from data collected by the R/V Thompson in 2002.  Vessel speed was limited to 

8 kts during acquisition of the shallow water reference surface and during the collection of the shallow and deep water 

crosslines.  Sound speed profiles were collected using XBTs and applied immediately prior to the start of reference 

surface data collection and as needed during further acquisition of reference surface data and crossline data. 

All soundings in the reference surfaces and accuracy cross lines were corrected for tide using data from the Oregon State 

tidal prediction software (volkov.oce.orst.edu/tides/otps.html) and applied through Qimera.  Furthermore, bathymetric 

slopes were computed for the reference surfaces and used to mask (exclude) areas of significant topography (>5°) from 

the crossline analysis.  Finally, reference surfaces were masked to only include areas where a significant number of 

sounding contributed to the gridded node.  All cross lines were run orthogonally to the reference surface main lines to 

reduce the effects of any biases compounding or cancelling across the swath.  Fortunately, noise due to ship heading 

relative to the prevailing seas was not a major factor on either the reference surface lines or cross lines headings.  

Outliers (such as bottom detections at constant range across the swath due to interference) were removed from the 

accuracy analysis, as these would clearly be edited during normal bathymetric processing.   In all cases, the mean depth 

bias and depth bias standard deviations as a percentage of water depth were computed in 1° angular bins across the 

swath for each configuration.  The EM302 configurations and accuracy results for the shallow and deep water sites are 

presented in the following sections. 

Shallow Accuracy Assessment 
Due to weather-related changes to the cruise plan, two accuracy assessments were conducted in different depth ranges 

covering the SHALLOW and DEEP operational modes of the EM302.  The shallow reference surface was collected in 

water depths of ~165 m in the Strait of Juan de Fuca traffic separation zone (Figure 7).  The reference surface was 

collected in SHALLOW depth mode with Dual Swath - Dynamic transmit mode, pitch stabilization enabled, and yaw 

stabilization off.  XBTs were cast to full water depth, processed in SVP Editor, and applied in SIS prior to reference 

surface collection and at the start of accuracy crosslines.  However, these XBTs did not fully capture the variability of the 

sound speed environment.  Raw crossline files were corrected for tide and small adjustments were made to the sound 

speed profile in order to suppress outer beam refraction issues; data within ~+/-50° of nadir were gridded at 5 m using a 

median method.  Grid cells with fewer than 20 soundings were masked from the final reference surface; additionally, 

areas with slopes greater than 5° were also masked.  Four pairs of crosslines were run using SHALLOW depth mode with 

different swath and stabilization options applied (Table 4); no other depth modes were tested for this site. 

 

It is noted that a heave-like artifact is present in the shallow reference surface.  The apparent period of the heave is 

correlated with ship heading, strongly suggesting the effect of long-period swell on the order of 0.5 m.  The apparent 

period of the swell likely exceeded the heave period filter settings in the Seapath (5 seconds) and thus impacts the 

survey data.  Future surveys in similar shallow water with subtle, long-period swell may require adjustment of the 

Seapath heave period filter to better remove this effect.  Fortunately, the significant swell observed during the rest of 

NA070 in deeper water was successfully filtered and did not appear to impact vertical referencing of the data. 

http://volkov.oce.orst.edu/tides/otps.html
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Figure 7. Top: overview of the shallow reference surface gridded at 5 meters (top).  Middle: overview of the shallow reference surface after masking 
for sounding density and slope.  Grid cells with fewer than 20 soundings and regions with slopes greater than 5° have been masked to avoid 
accuracy comparisons over low-quality areas.  The color scale ranges from 157.6 to 171.0 m in both figures.  Bottom: sounding density in the 5-m 
grid; the color scale ranges from 0 to 64 soundings per grid cell. 




