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Introduction 
The R/V Falkor is equipped with Kongsberg Maritime (KM) EM302 (30 kHz) and EM710 (70-100 kHz) 

multibeam echosounders.  These systems have both been reviewed for calibration, configuration, and 

performance annually since initial sea trials in 2012, with the most recent system checkup performed in 

September 2014 outside San Francisco Bay.  This report describes the procedures and results of a 

calibration and performance assessment conducted during cruise FK150925 (September 25-30, 2015) in 

order to verify functionality immediately prior to a major mapping cruise. 

Changes to the multibeam systems since the September 2014 visit appear to be limited to replacement 

of the ‘loaner’ Seapath MRU-5 motion sensor and a geometric calibration (‘patch test’) performed by 

ship personnel.  To ensure proper functionality prior to the October 2015 mapping cruise, a full 

geometric calibration and verification were performed for both the EM302 and EM710 using both the 

primary Seapath 320 and secondary Applanix POS MV motion sensors.  Transmitter element impedance 

measurements were collected for both systems to identify early warning signs for any possible 

transducer degradation.  Likewise, receiver noise measurements were collected for both systems with 

the vessel operating under a variety of speeds and headings relative to the prevailing swell to evaluate 

changes in the platform noise environment.  Swath coverages as a function of depth were examined for 

both echosounders using data collected throughout FK150925 in depths of 40-4,400 m. 

Overview of System Geometry 
In this report, we use the term ‘system geometry’ to mean the reference frame(s) of the vessel and the 

linear and angular offsets of the primary components of the multibeam mapping systems, including the 

TX arrays, RX arrays, and motion sensors.  These parameters are critical for data collection in an 

unbiased and repeatable manner. 

Pre-FK150925 Geometry Review 
The 2012 and 2014 FUGRO surveys established the primary reference frame used by the multibeam 

echosounders and ancillary sensors.  This is a right-handed coordinate system with its origin at the 

center top of the primary motion sensor (Seapath MRU-5), with the X axis positive toward the bow, Y 

axis positive toward starboard, and Z axis positive downward.  The primary motion sensor is also used as 

the Navigation Reference Point for the Seapath and the origin for the POS MV configurations to ensure 

consistency among all sensor reference frames used on board and the locations at which 

position/attitude data are valid.  Angles are provided according to the Kongsberg Maritime sign 

convention, with pitch positive with bow up (right-hand rule about the +Y axis), roll positive with port 

side up (right-hand rule about the +X axis), and yaw positive with bow movement toward starboard 

(compass convention). 

Review of the survey reports and existing EM302, EM710, Seapath 320, and POS MV configurations 

revealed no discrepancies in the transformation of linear offsets from the FUGRO survey reference 

frame (centered at the aft keel centerline) to the multibeam echosounder reference frame (centered at 

the Seapath MRU-5).  Very small difference (0.004 to 0.018 m) were noted between the FUGRO 2014 

survey report and the pre-FK150925 configurations for the Seapath starboard GPS antenna Y and Z 

linear offsets.  A similarly small difference (0.058 m) was noted between the FUGRO 2014 survey report 

and the pre-FK150925 configuration for the POS MV port GPS antenna Z linear offset.  These values 
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were not modified prior to FK150925.  Table 1 provides a chronological outline of available 

documentation describing the establishment and modification of the system geometry. 

All array and IMU installation angular offsets were translated correctly from the FUGRO surveys to the 
SIS, Seapath, and POS MV configurations with the exception of a -0.006° POS MV IMU roll offset.  This 
was reset in the POS MV configuration to the FUGRO 2014 survey value of 0.000° prior to the FK150925 
calibration, but was found to have reverted to -0.006° after calibration.  The POS MV IMU roll 
configuration has since been left as -0.006° because it is assumed this value was applied during 
EM302/EM710 roll calibration; despite its small magnitude, this roll offset should be updated to 0.000° 
(and confirmed) in the POS MV configuration prior to the next calibration.  Tables 2-5 in the Calibration 
Results section provide summaries of the linear and angular offsets pre- and post-FK150925 for the 
EM302, EM710, Seapath 320, and POS MV configurations. 
 

Table 1. Documentation for system geometry 

Date Location Event References 

2011-12 to 
2012-03 

Wewelsfleth, 
Germany 

FUGRO survey to establish vessel reference frame and offsets of 
EM302/EM122 arrays, Seapath MRU-5, and GPS antennas; 
survey conducted in FUGRO convention with origin at aft keel 
center; summary provides offsets in Kongsberg convention with 
origin at MRU-5 

FUGRO survey report 
provided by R/V Falkor 

2012-05 
Sognefjord, 
Norway 

Sea acceptance trials; calibration of EM302 and EM710 

R/V Falkor Multibeam 
Echosounder System 
Review provided by 
UNH CCOM / IFREMER 

2013-03 Bahamas Quality assurance testing; calibration of EM302 and EM710 

R/V Falkor Multibeam 
Echosounder System 
Review provided by 
UNH CCOM 

2014-02 O’ahu, Hawai’i Quality assurance testing; calibration of EM302 and EM710 

R/V Falkor Multibeam 
Echosounder System 
Review provided by 
UNH CCOM 

2014-08 
San Francisco, 
California 

FUGRO survey to reestablish vessel reference frame and 
determine offsets for new POS MV IMU; offsets provided in 
existing Kongsberg reference frame with origin at MRU-5  

FUGRO survey report 
provided by R/V Falkor 

2014-09 
San Francisco, 
California 

Calibration of EM302 and EM710 with temporary Seapath IMU 
and new POS MV IMU 

R/V Falkor Multibeam 
Echosounder System 
Calibration provided by 
UNH CCOM 

Prior to 
FK150925 

 Calibration of EM302 and EM710 with replacement Seapath IMU 
Pre-FK150925 SIS 
configuration 

2015-09 O’ahu, Hawai’i Quality assurance testing; calibration of EM302 and EM710 This document 
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Geometric Calibration 
After review and confirmation of all linear offsets, both the EM302 and EM710 multibeam systems were 
calibrated for residual angular offsets and verified using the Seapath 320 and POS MV motion sensors 
independently.   
 

Site Selection 
Figure 1 shows the line plan and calibration area southwest of O’ahu including prominent features for 
pitch and yaw calibration and flat seafloor for roll calibration; these sites have been used successfully 
during prior calibrations aboard other research vessels operating out of Honolulu.  The depth range of 
approximately 400-520 m was selected so as to allow simultaneous calibration of the EM302 and EM710 
systems.  Motion sensor angular offsets in SIS were left untouched from the pre-FK150925 values 
(Tables 2 and 3) prior to calibration.  Residual 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 following offset calibration.  The procedure was then repeated 
after initial calibration to verify the angular offset results in SIS and make final adjustments as necessary. 
 

 

Figure 1. Calibration and accuracy testing sites southwest of O'ahu, Hawai'i.  These sites were selected based on availability of 
suitable seafloor features in the operational depth ranges of the EM302 and EM710 multibeam echosounders.  Swath coverage 
(acoustic extinction) data were collected up and down the slope in addition to over these test sites. 

XBT profiles were acquired, processed in SVP Editor, and applied in SIS prior to the first pitch line and all 
roll calibration lines.  All XBTs throughout FK150925 were processed with SVP Editor to remove spurious 
sound velocities, apply salinity data from the World Ocean Atlas, and prepare the profile for SIS.  To 
achieve high ping rate and sounding density, the ship was operated at 6 kts for all calibration lines. 
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The EM302 and EM710 were configured as follows for all calibration data collection: 
 

Depth mode:   AUTO 
Dual-swath mode:  enabled (dynamic) 
Transmit mode:  CW (FM disabled) 
Yaw stabilization: enabled (rel. mean heading) 
Pitch stabilization: enabled 
Beam spacing:  High density equidistant 
Swath width:  Pitch: 15°/15° port/stbd 
   Roll: 70°/70° port/stbd 
   Yaw: 5°/55° and 55°/5° port/stbd 

 
The calibration lines were run first using the Seapath as the sole position and attitude input to both 
echosounders, then repeated with the POS MV as the sole position and attitude source.  It is 
theoretically possible to record input from both motion sensors in the Kongsberg .all files and process 
the calibration data using each input separately with QPS Qimera (thereby halving the original data 
collection time).  This was attempted with one pitch calibration line during FK150925, but it was unclear 
whether the appropriate motion sensor was applied in post-processing.  To be absolutely certain of our 
test results, the calibration data were collected with each motion sensor separately to eliminate the 
possibility of software and/or operator confusion in applying the position and attitude feeds from 
Seapath and POS MV separately.  We will continue to work with QPS to ensure proper interpretation of 
multiple motion sensor inputs in post-processing, as this could yield significant time savings during data 
collection. 
 
Calibration tools in CARIS HIPS 9.0 and SIS were used separately to evaluate each set of calibration lines 
for both echosounders.  Results from independent examinations of each set of calibration lines by 
Johnson and Jerram (with additional input from the ship’s marine technicians) typically fell within 0.05° 
of each other and frequently agreed to within 0.02°; final values were agreed upon after additional 
scrutiny before modification in SIS. 
 
Because the calibration site depth range is on the shallow end of the intended operational range for the 
EM302, a ‘deep’ roll verification was also performed for the EM302 using the Seapath motion sensor in 
approximately 4330-4470 m depth.  This step allows closer scrutiny of the EM302 roll calibration in its 
more appropriate operational depths, using the increased range to amplify any apparent depth artifacts 
associated with IMU roll misalignment. 
 
All calibration results for each motion sensor were verified by repeating the pitch, roll, and yaw 
calibration procedure after application of the initial results in SIS.  In some cases, very small remaining 
residual offsets were detected during the verification and updated in SIS.  No apparent latency effects 
were visible during FK150925, and no latency test was performed. 
 

Calibration Results and Current Configuration 
Tables 2-5 summarize the post-FK150925 configurations for the multibeam echosounders and motion 
sensors.  For parameters with any changes made during FK150925, the pre-cruise value is included in 
parentheses.  These results are based on careful review of the survey documentation and calibration 
datasets and are to be used until sensors are modified or another calibration becomes necessary.  To 
demonstrate the calibration results, Figures 2-13 depict transects of the roll, pitch, and yaw verification 
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data sets in the CARIS HIPS Subset Editor calibration tool with the final adjustments for each offset 
applied (note that the value applied in the calibration tool is only the final adjustment, not the offset 
recorded in the corresponding table of offsets). 
 

Table 2. EM302 sensor offsets after system geometry review and calibration during FK150925.  Pre-modification values (where 
applicable) are shown in parentheses. 

EM302 
Origin at Seapath MRU-5 

X Y Z Pitch Roll Yaw 

BOW + STBD + DOWN + BOW UP + PORT UP + COMPASS + 

EM302 TX 18.888 -1.321 6.094 0.26 0.02 359.85 

EM302 RX 16.939 -1.605 6.109 0.54 0.07 359.82 

Pos, COM1 (Seapath 320) 0.000 0.000 0.000 - - - 

Pos, COM3 (POS MV) 0.000 0.000 0.000 - - - 

Attitude 1, COM2/UDP5 (Seapath 320) 0.000 0.000 0.000 0.00 0.70 -0.20 

Attitude 2, COM3/UDP6 (POS MV) 0.000 0.000 0.000 0.02 (0.00) 0.02 (0.00) 0.10 (0.00) 

Waterline - - 0.566 - - - 

 

Table 3. EM710 sensor offsets after system geometry review and calibration during FK150925.  Pre-modification values (where 
applicable) are shown in parentheses. 

EM710 
Origin at Seapath MRU-5 

X Y Z Pitch Roll Yaw 

BOW + STBD + DOWN + BOW UP + PORT UP + COMPASS + 

EM710 TX 18.840 -2.123 6.094 0.300 0.100 359.690 

EM710 RX 17.452 -2.279 6.102 0.440 0.040 359.900 

Pos, COM1 (Seapath 320) 0.000 0.000 0.000 - - - 

Pos, COM3 (POS MV) 0.000 0.000 0.000 - - - 

Attitude 1, COM2/UDP5 (Seapath 320) 0.000 0.000 0.000 0.000 0.72 (0.70) -0.15 (-0.20) 

Attitude 2, COM3/UDP6 (POS MV) 0.000 0.000 0.000 0.000 0.000 0.15 (0.00) 

Waterline - - 0.566 - - - 

 

Table 4. Seapath 320 sensor offsets after system geometry review during FK150925 (no changes made during this review). 

Seapath 320 
Nav. Ref. Point at MRU-5 

X Y Z Pitch Roll Yaw 

BOW + STBD + DOWN + BOW UP + PORT UP + COMPASS + 

GPS Antenna 1 (Port) 48.903 -1.324 -25.987 - - - 

GPS Antenna 2 (Starboard) 48.888 1.243 -25.973 - - - 

MRU-5 Center Top 49.914 1.593 -6.166 -0.380 -0.040 0.560 

Nav. Ref. Point (MRU-5 Center Top) 49.914 1.593 -6.166 - - - 

 

Table 5. Applanix POS MV sensor offsets after system geometry review during FK150925.  Based on review of the 2014 FUGRO 
survey report, the IMU target roll value was reset to 0.000° prior to calibration during FK150925.  This very small offset evidently 
reverted to the previous value of -0.006° prior to calibration; accordingly, it has not been modified after calibration. 

POS MV 
Origin at Seapath MRU-5 

X Y Z Pitch Roll Yaw 

BOW + STBD + DOWN + BOW UP + PORT UP + COMPASS + 

Ref to Prim. GPS Lever Arm (Port) -2.316 -3.222 -19.752 - - - 

Ref to Aux. 1 GPS Lever Arm (C-NAV) -1.442 -1.729 -19.702 - - - 

Ref to IMU Target -11.194 -2.690 -1.582 0.540 -0.006 -0.610 
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EM302 with Seapath 320 

 

 

Figure 2. EM302 / Seapath pitch verification in CARIS, applying a final adjustment of -0.05° for a final offset of 0.00° in SIS. 

 

Figure 3. EM302 / Seapath deep roll verification in CARIS, applying a final adjustment of 0.00° for a final offset of +0.70° in SIS. 

 

Figure 4. EM302 / Seapath yaw verification in CARIS, applying a final adjustment of +0.10° for a final offset of -0.20° in SIS. 
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EM302 with POS MV 

 

 

Figure 5. EM302 / POS MV pitch verification in CARIS, applying a final adjustment of 0.00° for a final offset of +0.02° in SIS. 

 

Figure 6. EM302 / POS MV roll verification in CARIS, applying a final adjustment of +0.01° for a final offset of +0.02° in SIS. 

 

Figure 7. EM302 / POS MV yaw verification in CARIS, applying a final adjustment of -0.05° for a final offset of +0.10° in SIS. 
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EM710 with Seapath 320 

 

 

Figure 8. EM710 / Seapath pitch verification in CARIS, applying a final adjustment of -0.05° for a final offset of 0.00° in SIS. 

 

Figure 9. EM710 / Seapath roll verification in CARIS, applying a final adjustment of 0.00° for a final offset of +0.72° in SIS. 

 

Figure 10. EM710 / Seapath yaw verification in CARIS, applying a final adjustment of +0.10° for a final offset of -0.15° in SIS. 
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EM710 with POS MV 

 

 

Figure 11. EM710 / POS MV pitch verification in CARIS, applying a final adjustment of 0.00° for a final offset of 0.00° in SIS. 

 

Figure 12. EM710 / POS MV roll verification in CARIS, applying a final adjustment of +0.01° for a final offset of 0.00° in SIS. 

 

Figure 13. EM710 / POS MV yaw verification in CARIS, applying a final adjustment of 0.00° for a final offset of +0.15° in SIS. 
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Transducer and System Health 
A full Built-In Self-Test (BIST) diagnostic routine was run through the SIS acquisition software prior to 

departure, while in Honolulu Harbor, with both systems passing all tests.  Additionally, a TX impedance 

BIST was run through a telnet session following noise trials at the deep location.  As has been mentioned 

in previous reports, the BIST provides the ability to perform impedance measurements of the RX and TX 

array.  These tests are useful in establishing the health of the transducers, as these components of the 

mapping system have been known to degrade with time with normal use.  It is important to note that 

the BIST impedance measurements do not provide a full characterization of transducer properties as a 

function of frequency as performed by Ifremer in 2012 (Le Gall and Pacault, 2012).  However, the BISTs 

provide useful indicators of overall transducer health over their lifetime, especially when conducted on a 

routine basis. 

The RX receiver impedances and receiver transducer impedances showed passing values during the 

harbor test, but proved to be unsuitable for further impedance analysis.  This is a problem which has 

been observed with other impedance testing in harbors, but was unfortunately not revealed until post-

cruise analysis.   We have been in communication with the marine technicians aboard the Falkor who 

will record new BISTs for the EM710 and EM302 when there is a break in the current survey.   Once 

Johnson and Jerram receive the new BISTs, this report will be amended with further analysis of the RX 

impedance BIST results. 

The transmitter module impedance tests collected through a telnet session at sea during FK150925 

passed for both systems and were deemed suitable for further analysis.   The overall impedance pattern 

(Figure 14 and Figure 15) are similar to that collected during the 2012, 2013, and 2014 tests, showing no 

appreciable change in transmitter transducer health for either system.   This includes the previously 

identified failed EM710 transmitter element, Slot 9/Channel 21, which was detected in the 2012 Ifremer 

transducer report. 
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Figure 14. EM302 transmitter channel impedance, as measured by BIST through the system electronics. 
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Figure 15. EM710 transmitter channel impedance, as measured by BIST through the system electronics. 
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Noise Levels 
A potentially major limiting factor in multibeam coverage performance is the effect of ship self-noise, 

either mechanical or electrical, which confounds the system’s ability to detect and track the acoustic 

signal reflected from the seafloor.  Comprehensive acoustic testing is possible for problematic 

installations (Gates and Yearta, 2012); however, as R/V Falkor was initially assessed as a quiet platform 

(Le Gall et al., 2012), a minimal set of acoustic test routines can be performed through the BIST noise 

testing routines to determine whether significant changes have occurred in terms of ship self-noise. 

A series of noise evaluations as a function of vessel speed (upwind and downwind) and heading relative 

to the swell (in increments of 45°) were collected for both systems in water depths of 4,400 m.  Wind 

speeds throughout the test were 30-40 kts (Beaufort 8) from 050T or ~350 (upwind) and ~160° 

(downwind) relative to actual ship’s heading, given the ship’s yaw and steerageway.  The sea state was 

approximately Beaufort 5-6, with swell of 2-3 m.  Compared to previous noise evaluations, FK150925 

provided much more developed sea state and wind conditions.  These conditions likely represent the 

upper limit for survey operations, beyond which the multibeam echosounder data quality could be 

expected to deteriorate rapidly due to excessive bubble sweep along the hull (overcoming the gondola 

design) and/or aeration of the upper water column. 

All acoustic instrumentation, including bridge echosounders, and deck equipment was secured during 

noise data collection.  Stabilizers were activated to reduce the vessel roll throughout FK150925, 

including during noise data collection.  The power plant configuration was set to “Science Mode” for the 

first series of tests (presented here) to align with previous noise evaluations.  According to Le Gall et al. 

(2012), “In this [Science] mode, the engine RPM and propeller pitch are firstly tuned at their minimum 

values (respectively 85 RPM and 5% pitch). Secondly, the propeller pitch raises (to the maximum value 

of 85%) to increase the vessel speed. And when the propeller pitch has reached 85%, the engine RPM is 

boosted to…increase the vessel speed.” 

However, discussions with bridge personnel indicated that “Normal Mode” is frequently used during 

typical ship operations.  A second series of noise tests (included in the Appendix) were also conducted to 

evaluate the platform noise conditions in this configuration. 

The receiver broadband noise levels were measured using the BIST functionality with twenty tests 

recorded for each echosounder at each speed.  The output from a single BIST noise test consists of the 

broadband noise level, as measured across the typical reception bandwidth spectrum, as a function of 

each receiver channel across the receiver array, reported as dB ref. 1μPa/√Hz (e.g., Figure 16).  The plan 

for the speed test called for steps of 2 knots starting at dead in the water and ending at 12 knots.  

However, due to wind speed and sea state, ship speeds were limited to 3-12 kts downwind and 1-12 kts 

upwind. 

The tests conducted during FK150925 and in the 2013 and spring 2014 trials (Beaudoin et al., 2013 and 

Beaudoin et al., 2014) included more tests per speed (twenty) than initial evaluations; several summary 

statistics are presented here to ease comparisons between tests by different parties (e.g., Ifremer, Gates 

Acoustic Services, etc.).  Our intent is to highlight that different parties approach the problem of noise 

evaluation in different manners, which must be appreciated when comparing results across methods. 
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As an example of vessel self-noise at a typical survey speed in Science Mode, the distribution of the data 

points in the EM302 noise test at 8 kts (Figure 16) is shown in Figure 17 along with the median, 

geometric mean, and linear mean. The geometric mean is the mean of the dB values in their natural 

logarithmic units (i.e., an arithmetic mean of the dB values directly).  The linear mean is the mean of the 

noise levels taken in linear intensity units and then expressed in db.  Refer to the Noise Appendix for 

equivalent plots for both the EM302 and EM710 at all speeds and modes tested during FK150925. 

The complete noise measurement data sets in Science Mode (noise as a function of vessel speed) are 

plotted as 2D color images for both the EM302 (Figure 19Figure 18) and EM710 (Figure 25).  This plot 

style allows for examination of all data points and for a better appreciation of the likelihood and nature 

of transient noise events.  Alternatively, the medians and means are presented to show more general 

trends in platform noise level versus ship speed for both the EM302 (Figure 18) and EM710 (Figure 24).  

In these figures, the data points from all receiver modules and for all tests at a given speed are plotted 

as cyan dots, along with the summary statistics across the speed range, indicating the mean (linear and 

geometric) and the median values for each speed.  Similar plots for data collected in Science Mode in 

the upwind direction, and Normal Mode in both directions are available in the Noise Appendix. 

The downwind EM302 noise tests in Science Mode show a clear (and expected) dependence on speed 

similar to the spring 2014 tests; speeds above 8 kts were not tested during the fall 2014 noise tests.  

Despite the elevated sea state during FK150925, the EM302 recorded similar or lower noise levels 

compared to the spring 2014 tests (e.g., 51 dB in 2014 and 48 dB in 2015 at 12 kts).  These observations 

suggest improvements to the platform noise levels as received by the EM302 over the last year and a 

half, likely related to reduced flow noise over the hull and transducers due to recent cleaning.  Upwind 

speed tests showed significantly elevated noise levels, as expected given the sea state during testing. 

EM302 noise levels measured on different headings are presented in Figure 20 and indicate a significant 

dependence on ship heading relative to swell direction.  In particular, the EM302 RX self-noise 

measurements are 15-20 dB higher heading into the swell at 6 kts compared to heading between 0-90° 

off of downwind (e.g., with swell arriving on starboard aft quarter).  The gondola design for the 

transducer arrays does a tremendous job reducing the effects of bubble sweep; however, the azimuth-

dependent noise trends have clear implications for planning survey lines in similar sea states. 

The EM710 noise level characteristics with increasing speed were consistent with those of previous trials 

performed by Ifremer (Le Gall et al., 2012) and UNH (Beaudoin et al., 2014) in that the EM710 noise 

level was observed to be largely independent of speed.  This measurement is likely controlled by 

electronic self-noise and was found to be on the order of 37-39 dB in “Science Mode”, consistent with 

previous evaluations over the same speed range.  As with the EM302, these observations suggest no 

appreciable changes to the vessel self-noise environment for the EM710. 

Unlike the EM302, the EM710 indicated minimal susceptibility to vessel self-noise due to the direction of 

arrival of the prevailing seas.  EM710 RX noise data collected across eight headings relative to the swell 

direction showed only ~5 dB of variability, with all values falling well within reasonable noise ranges.  

Interestingly, the azimuths of highest noise measured by the EM710 in this sea state are the same as 

those with the lowest noise measured by the EM302.  Because the EM302 is by far the more susceptible 

of the two echosounders to speed- and swell-related noise, surveys with both echosounders operating 

in similar or elevated sea states should be planned for the quietest EM302 characteristics (e.g., speeds 

of 8 kts or less with prevailing seas arriving on the starboard aft quarter).   
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Figure 16. EM302 RX noise collected in Science Mode, steaming at 8 kts downwind. 

 

Figure 17. Distribution of EM302 RX noise data collected in Science Mode, steaming at 8 kts downwind. 
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Figure 18. EM302 RX noise levels collected in Science Mode at speeds of 2-12 kts while steaming downwind.  Though still well 
within the reasonable and expected range of values given the sea state, the upward trend of these data demonstrates the 
susceptibility of the EM302 RX array to increased vessel self-noise with increasing speed. 

 

Figure 19. EM302 RX noise in Science Mode over speeds of 2-12 kts while steaming downwind. 
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Figure 20. EM302 RX noise collected in Science Mode at 6 kts on eight headings relative to the direction of the prevailing swell.  
Azimuth of 0° corresponds to ship heading with swell direction; increasing azimuth corresponds to swell direction arriving from 
aft (0°/360°), along starboard side (45-135°), ahead (180°), and along port side (225-315°).  The sea state during FK150925 noise 
testing indicate a significant heading dependence for EM302 self-noise in these conditions, with most favorable conditions 
steaming with the swell or with the swell on the starboard aft quarter. 

 

Figure 21. EM302 RX noise collected through each module in Science Mode at 6 kts on eight headings relative to the direction of 
the prevailing swell.  The variability in noise levels throughout each of the 20 tests at each azimuth corresponds to the variability 
in wave-vessel interactions during the tests, with elevated RX noise levels likely indicating larger wave events.  The azimuth 
heading into the swell clearly produces the highest noise levels, with lowest noise levels observed with the vessel oriented with 
the swell or with the swell arriving on the starboard aft quarter (0-45° azimuth in this plot). 
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Figure 22. EM710 RX noise levels observed in Science Mode, steaming at 8 kts downwind.  These data suggest no significantly 
elevated noise levels on any individual channels and acceptable vessel self-noise levels given the sea state. 

 

Figure 23. Distribution of EM710 RX noise data collected in Science Mode, steaming at 8 kts downwind. 
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Figure 24. EM710 RX noise levels collected in Science Mode at speeds of 2-12 kts while steaming downwind.  Unlike the EM302, 
the EM710 RX array shows minimal susceptibility to increased vessel self-noise with increasing speed, most likely because the 
majority of speed-dependent noise falls outside the intended frequency range of the EM710 (70-100 kHz). 

 

Figure 25. EM710 RX noise in Science Mode over speeds of 2-12 kts while steaming downwind. 
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Figure 26. EM710 RX noise collected in Science Mode at 6 kts on eight headings relative to the direction of the prevailing swell.  
Azimuth of 0° corresponds to ship heading with swell direction; increasing azimuth corresponds to swell direction arriving from 
aft (0°/360°), along the starboard side (45-135°), ahead (180°), and along the port side (225-315°).  Despite the elevated sea 
state during FK150925 noise testing, the EM710 shows only a limited azimuth range (45-90°) of elevated noise levels.  
Coincidentally, this is the azimuth range of lowest noise levels observed for the EM302 during swell-dependent noise testing. 

 

Figure 27. EM710 RX noise collected through each module in Science Mode at 6 kts on eight headings relative to the direction of 
the prevailing swell.  The variability in noise levels throughout each of the 20 tests at each azimuth corresponds to the variability 
in wave-vessel interactions during the tests, with elevated RX noise levels likely indicating larger wave events.  Whereas the 
EM302 shows a clear azimuth dependence in the sea state during noise testing, the EM710 indicates a practically 
inconsequential susceptibility to swell direction-dependent noise. 
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Accuracy Testing 

Overview 
Accuracy testing was conducted for both echosounders over shallow (Figure 28) and deep (Figure 29) 

reference surfaces with nominal depths of 40 m and 575 m, respectively. For both sites, reference 

surfaces were constructed using data collected during FK140204; each surface consists of 7 survey lines 

of length equal to 10 times the water depth (WD) with 1 WD spacing.  During the 2014 data collection, 

the vessel speed was limited to 6 kts and sound speed profiles were applied from a CTD cast collected 

immediately beforehand. 

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

State University global tide model (http://volkov.oce.orst.edu/tides/otps.html).  Furthermore, 

bathymetric slopes were computed for the reference surfaces and used as a mask to exclude areas of 

significant topography (>5°) from the crossline analysis.  The cross lines were collected with only one 

echosounder running at the shallow site.  At the deep site, both echosounders were running and 

synchronized using K-Sync.  Cross line data from each system were compared only to references 

surfaces created with data from the same echosounder (e.g., EM302 cross lines were compared only to 

EM302 reference surface at each site).  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 the cross line 

headings.  To reduce refraction artifacts, an XBT profile was collected, processed with SVP Editor, and 

loaded into SIS for each echosounder prior to cross line data collection for each settings configuration.  

The Penetration Filter was set to Medium for all data collection in order to reduce ‘punch-through’ 

depth artifacts at nadir. 

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.  Because of the danger of navigation at the shallow reference site, the bridge echosounders 

(50 and 200 kHz) were operating during cross line data collection at this location.  While the bridge 

echosounders are evident in the EM710 water column display, the net effect on the EM710 accuracy 

results is expected to be negligible because of their asynchronous pinging and the outlier removal 

performed prior to analysis.  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.  

EM302 and EM710 configurations and accuracy results are presented in the following sections. 
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Figure 28. The shallow reference site collected during FK140204 in a nominal water depth of 40 m.  Reference surface data were 
collected with both the EM302 and EM710 and gridded at 5 m.  The colored EM710 surface is shown here overlain on 
background bathymetry (SOEST Main Hawaiian Island Multibeam Synthesis) gridded at 50 m. 

 

 

Figure 29. The deep reference site collected during FK140204 in 550-600 m water depth.  Reference surface data were collected 
with both the EM302 and EM710 and gridded at 30 m.  The colored EM710 surface is shown here overlain on background 
bathymetry (SOEST Main Hawaiian Island Multibeam Synthesis) gridded at 50 m. 
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EM302 Accuracy Testing 

EM302 Shallow Reference Surface Cross Lines 
Only one cross line was run for the EM302 at the shallow site (Table 6), as this environment is on the 

very shallow end of the intended operational depth range for high-quality EM302 bathymetry; 

accordingly, only the Shallow mode was tested.  Depth bias results across the swath for this mode 

(Figure 30) indicate the high likelihood of a refraction artifact in this shallow region.  While the mean 

bias across the swath is approximately zero, the deeper bias near nadir and elevated depth bias 

standard deviations in this region suggest complications from acoustic penetration of the shallow 

sediments at 30 kHz.  In general, these accuracy results for the EM302 at the shallow site are not 

remarkably different from those observed in spring 2014, indicating no significant change in behavior 

and confirming the generally reduced performance at this limit of the intended operational depth range.  

The EM710 accuracy evaluations included later in this report show, expectedly, that it is the much more 

suitable echosounder for these depths. 

 

Table 6. EM302 shallow accuracy cross line settings.  Dual Swath is automatically disabled in Shallow mode. 

Sector Coverage 
Cross Line 
Settings 1 

Max. angle (port) 75 

Max. angle (sbtd) 75 

Max. coverage (port) 5000 

Max. coverage (stbd) 5000 

Angular coverage Auto 

Beam spacing HIDENS EQDIST 

    

Depth Settings 
Cross Line 
Settings 1 

Force depth n/a 

Min. depth (m) 0 

Max. depth (m) 100 

Dual swath mode OFF 

Ping mode SHALLOW 

FM disable Checked (OFF) 

    

Transmit Control 
Cross Line 
Settings 1 

Pitch stabilization ENABLED 

Along. direction 0 

Auto tilt OFF 

Yaw stab. mode REL. MEAN HDG 

Heading n/a 

Heading filter MEDIUM 

Min. swath dist. 0 

Enable scanning Off 

 

 

 



26 
 

 

Figure 30. EM302 shallow accuracy results (Shallow, Single Swath, CW).  Top: depth bias standard deviation as a percentage of 
water depth.  Bottom: mean depth bias (red) as a percentage of water depth +/- one standard deviation (blue). 
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EM302 Deep Reference Surface Cross Lines 
The EM302 accuracy evaluation at the deep reference site (550-600 m) has much more relevance for 

normal operation in this system’s intended depth range.  Table 7 presents the four combinations of 

Medium and Deep depth modes with Single and Dual Swath Dynamic ping modes tested at this site.  All 

transmit waveforms were CW except for one pass in Deep mode with FM enabled (Cross Line Settings 

3); note that Medium mode uses only CW transmit waveforms, and that FM was disabled for these tests 

only as an extra precaution. 

Table 7. EM302 deep accuracy cross line settings (parameter changes are italicized). 

Sector Coverage 
Cross Line 
Settings 1 

Cross Line 
Settings 2 

Cross Line 
Settings 3 

Cross Line 
Settings 4 

Max. angle (port) 75 75 75 75 

Max. angle (sbtd) 75 75 75 75 

Max. coverage (port) 5000 5000 5000 5000 

Max. coverage (stbd) 5000 5000 5000 5000 

Angular coverage Auto Auto Auto Auto 

Beam spacing HIDENS EQDIST HIDENS EQDIST HIDENS EQDIST HIDENS EQDIST 

          

Depth Settings 
Cross Line 
Settings 1 

Cross Line 
Settings 2 

Cross Line 
Settings 3 

Cross Line 
Settings 4 

Force depth n/a n/a n/a n/a 

Min. depth (m) 400 400 400 400 

Max. depth (m) 700 700 700 700 

Dual swath mode DYNAMIC DYNAMIC OFF OFF 

Ping mode MEDIUM DEEP DEEP MEDIUM 

FM disable Checked (Off) Checked (Off) Unchecked  Checked (Off) 

          

Transmit Control 
Cross Line 
Settings 1 

Cross Line 
Settings 2 

Cross Line 
Settings 3 

Cross Line 
Settings 4 

Pitch stabilization ENABLED ENABLED ENABLED ENABLED 

Along. direction 0 0 0 0 

Auto tilt OFF OFF OFF OFF 

Yaw stab. mode REL. MEAN HDG REL. MEAN HDG REL. MEAN HDG REL. MEAN HDG 

Heading n/a n/a n/a n/a 

Heading filter MEDIUM MEDIUM MEDIUM MEDIUM 

Min. swath dist. 0 0 0 0 

Enable scanning Off Off Off Off 

 

As shown in Figures 31-34, the EM302 exhibits an expected increase in depth bias standard deviation 

with increased beam angle due to reduced SNR and increased scatter of the bottom detection at larger 

ranges and shallow angles of incidence on the seafloor.  This trend is similar (though slightly 

exaggerated) compared to the spring 2014 accuracy evaluation.  The increase in depth bias standard 

deviation may be primarily the result of elevated sea state during FK150925 compared to previous 

accuracy tests.  However, all tests also show an increasingly shallow depth bias with increasing beam 

angle to both sides in all modes; this not generally seen in the spring 2014 deep accuracy evaluation, 

suggesting a refraction artifact present in the FK150925 data.  The depth bias tends to fall within -0.2% 

(deeper) to +0.4% (shallower) at beam angles of 60° or less, with rapidly increasing biases for the 

outermost beams, consistent with a refraction complication. 
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Fortunately, the depth bias behavior within the majority of the swath follows patterns that are 

consistent with previous evaluations and indicate no significant degradation of the accuracy across the 

swath, especially given the sea state during FK150925 data collection.  For instance, the CW pulse forms 

(Cross Line Settings 1, 2, and 4) show no major ‘step changes’ or outliers in accuracy results.  The FM 

evaluation (Cross Line Settings 3) does show accuracy jumps at the sector boundaries, but this is a well-

known behavior for many Kongsberg systems using FM.  In all modes except Shallow, the port and 

starboard sides do differ in their outer beam trends, with the port side tending to curve back toward 

zero bias and the starboard side continuing to increase in shallow depth bias at the extreme limits of the 

swath.  This behavior has been noted during previous evaluations, but this is inconsistent with a typical 

error in sensor offsets or sound speed; at present, no concrete explanation is readily apparent. 

 

Figure 31. EM302 deep accuracy results (Medium, Dual Swath Dynamic, CW).  Top: depth bias standard deviation as a 
percentage of water depth.  Bottom: mean depth bias (red) as a percentage of water depth +/- one standard deviation (blue). 
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Figure 32. EM302 deep accuracy results (Deep, Dual Swath, CW).  Top: depth bias standard deviation as a percentage of water 
depth.  Bottom: mean depth bias (red) as a percentage of water depth +/- one standard deviation (blue). 
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Figure 33. EM302 deep accuracy results (Deep, Single Swath, FM).  Top: depth bias standard deviation as a percentage of water 
depth.  Bottom: mean depth bias (red) as a percentage of water depth +/- one standard deviation (blue). 
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Figure 34. EM302 deep accuracy results (Medium, Single Swath, CW).  Top: depth bias standard deviation as a percentage of 
water depth.  Bottom: mean depth bias (red) as a percentage of water depth +/- one standard deviation (blue).  
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EM710 Accuracy Testing 

EM710 Shallow Reference Surface Cross Lines 
2014 testing revealed that running the EM302 and EM710 simultaneously in the ~40m deep waters at 

the shallow water test site had produced less than desirable results due to what was thought to be 

interference between the two systems.  Because of this, the 2015 testing ran only a single system at a 

time at the shallow water site.   Even with this precaution, the results of the 2015 tests (Figure 35 and 

Figure 36) did not show significant improvement, and instead show results very similar to the 2014 tests.  

The depth standard deviations as a percentage of water depth are between 0.2 and 0.3.  This is a little 

bit higher than that observed during the 2014 trials, which were held during a significantly lower sea 

state.   When compared to a similar EM710 installed on the R/V Sikuliaq, with data collected on a 90 m 

deep reference surface and in a slightly lower sea state, the R/V Falkor’s shallow water accuracy 

performance appears to be as good or better.  Also, because of the very shallow water environment 

where this test was conducted, the ship navigational echosounders were operational and likely caused 

some increase in depth uncertainty.  The observed depth bias in 2015 is very similar to that seen in 

2014, with what appears to be a slight bias towards deeper depths and a slight refraction issue. 

 

Table 8. EM710 shallow accuracy cross line settings (parameter changes are italicized). 

Sector Coverage 
Cross Line 
Settings 1 

Cross Line 
Settings 2 

Max. angle (port) 75 75 

Max. angle (sbtd) 75 75 

Max. coverage (port) 2000 2000 

Max. coverage (stbd) 2000 2000 

Angular coverage Auto Auto 

Beam spacing HIDENS EQDIST HIDENS EQDIST 

     

Depth Settings 
Cross Line 
Settings 1 

Cross Line 
Settings 2 

Force depth n/a n/a 

Min. depth (m) 0 0 

Max. depth (m) 100 100 

Dual swath mode DYNAMIC OFF 

Ping mode VERY SHALLOW VERY SHALLOW 

FM disable Unchecked Unchecked 

     

Transmit Control 
Cross Line 
Settings 1 

Cross Line 
Settings 2 

Pitch stabilization ENABLED ENABLED 

Along. direction 0 0 

Auto tilt OFF OFF 

Yaw stab. mode REL. MEAN HDG REL. MEAN HDG 

Heading n/a n/a 

Heading filter MEDIUM MEDIUM 

Min. swath dist. 0 0 

Enable scanning Off Off 
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Figure 35.  EM710 shallow accuracy results (Very Shallow, Dual Swath Dynamic, CW).  Top: depth bias standard deviation as a 
percentage of water depth.  Bottom: mean depth bias (red) as a percentage of water depth +/- one standard deviation (blue). 
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Figure 36. EM710 shallow accuracy results (Very Shallow, Single Swath, CW).  Top: depth bias standard deviation as a 
percentage of water depth.  Bottom: mean depth bias (red) as a percentage of water depth +/- one standard deviation (blue). 
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EM710 Deep Reference Surface Cross Lines 
The EM710 system performed very well at the deep reference site.   Results through all of the modes 

tested are almost identical to that observed during previous testing.   In all tests modes, a significant 

portion of the swath is below 0.1 depth standard deviation as a percentage of water depth and below 

0.2 for the majority of the swath.   Depth biases for each mode tested do not show any major problems 

with detections across the swath and really only a small increase in uncertainty with distance from nadir 

and a small uncorrected refraction artifact.  Considering the sea state was higher than that observed 

during previous testing years, the EM710 can be deemed to be functioning very well. 

 

Table 9. EM710 deep accuracy cross line settings. 

Sector Coverage 
Cross Line 
Settings 1 

Cross Line 
Settings 2 

Cross Line 
Settings 3 

Cross Line 
Settings 4 

Max. angle (port) 75 75 75 75 

Max. angle (sbtd) 75 75 75 75 

Max. coverage (port) 2000 2000 2000 2000 

Max. coverage (stbd) 2000 2000 2000 2000 

Angular coverage Auto Auto Auto Auto 

Beam spacing HIDENS EQDIST HIDENS EQDIST HIDENS EQDIST HIDENS EQDIST 

          

Depth Settings 
Cross Line 
Settings 1 

Cross Line 
Settings 2 

Cross Line 
Settings 3 

Cross Line 
Settings 4 

Force depth n/a n/a n/a n/a 

Min. depth (m) 400 0 0 0 

Max. depth (m) 700 100 100 100 

Dual swath mode DYNAMIC DYNAMIC OFF OFF 

Ping mode DEEP DEEP VERY DEEP DEEP 

FM disable Unchecked Checked (Off) Unchecked Unchecked 

          

Transmit Control 
Cross Line 
Settings 1 

Cross Line 
Settings 2 

Cross Line 
Settings 3 

Cross Line 
Settings 4 

Pitch stabilization ENABLED ENABLED ENABLED ENABLED 

Along. direction 0 0 0 0 

Auto tilt OFF OFF OFF OFF 

Yaw stab. mode REL. MEAN HDG REL. MEAN HDG REL. MEAN HDG REL. MEAN HDG 

Heading n/a n/a n/a n/a 

Heading filter MEDIUM MEDIUM MEDIUM MEDIUM 

Min. swath dist. 0 0 0 0 

Enable scanning Off Off Off Off 
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Figure 37. EM710 deep accuracy results (Deep, Dual Swath Dynamic, MIX).    Top: depth bias standard deviation as a percentage 
of water depth.  Bottom: mean depth bias (red) as a percentage of water depth +/- one standard deviation (blue).  Though the 
maximum angular coverage was set to 75°/75° during data collection, the EM710 achieved approximately 60°/60° swath 
coverage with these settings in the deep reference surface depth range. 
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Figure 38. EM710 deep accuracy results (Deep, Dual Swath Dynamic, CW).    Top: depth bias standard deviation as a percentage 
of water depth.  Bottom: mean depth bias (red) as a percentage of water depth +/- one standard deviation (blue).  Though the 
maximum angular coverage was set to 75°/75° during data collection, the EM710 achieved approximately 53°/53° swath 
coverage with these settings in the deep reference surface depth range. 
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Figure 39. EM710 deep accuracy results (Very Deep, Single Swath, FM).  Top: depth bias standard deviation as a percentage of 
water depth.  Bottom: mean depth bias (red) as a percentage of water depth +/- one standard deviation (blue).  Though the 
maximum angular coverage was set to 75°/75° during data collection, the EM710 achieved approximately 60°/60° swath 
coverage with these settings in the deep reference surface depth range. 
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Figure 40. EM710 deep accuracy results (Deep, Single Swath, MIX).  Top: depth bias standard deviation as a percentage of water 
depth.  Bottom: mean depth bias (red) as a percentage of water depth +/- one standard deviation (blue).  Though the maximum 
angular coverage was set to 75°/75° during data collection, the EM710 achieved approximately 60°/60° swath coverage with 
these settings in the deep reference surface depth range. 
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Swath Coverage Performance 

Overview 
The noise and impedance evaluations test only some factors that control the performance, in terms of 

swath coverage, of a multibeam sonar.  There are other factors at play and an overall assessment can be 

done by evaluating the achieved coverage and comparing this to a baseline performance level.  This is 

sometimes a straightforward comparison.  For example, when a ship always returns to the same home 

port, it is possible to build up a long time series of coverage performance as it leaves and returns to port 

over the same track line.  Coverage can be compared from differing areas of similar water depths, 

however, one must recall that environmental conditions can affect the achievable coverage and caution 

must be exercised when interpreting or comparing results from areas with different oceanographic 

regimes and/or seafloor composition. 

Following the methods used in the 2012, 2013, and 2014 sea trials (Beaudoin et al., 2012; Beaudoin et 

al., 2013; Beaudoin et al., 2014), system swath coverage was evaluated over a set of test lines running as 

near to perpendicular to the depth contours as feasible given the time constraints of the cruise and 

locations for testing.  Testing was run at 7 to 8 kts speed, from the deep ocean depths (~4,400 m) 

southwest of O’ahu (Figure 41 and Figure 44) to the shallows (~12m) on approach to Honolulu Harbor. 

Both the EM710 and EM302 were run with the depth mode set to automatic, the mode where the 

systems chooses the proper depth mode automatically based on water depth observed by the sonars, 

and with runtime parameters set to maximum angular coverage (+/- 75° for both the EM302 and 

EM710) and to maximum swath distance (+/-5000 m for the EM302 and +/-2000 m for the EM710).  

Both MBES systems were synchronized via the Kongsberg K-Sync unit with the EM302 set as the master 

sonar.  This was done to avoid ping timing problems in depths beyond the EM710 capability, which 

would otherwise cause the EM710 to continuously seek bottom and interfere with the EM302. 
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EM302 Swath Coverage 
Figure 41 shows the EM302 data used to calculate the swath coverage performance curves.  Overall, the 

swath coverage performance from 2015 (Figure 42) appears to be improved from that observed during 

2014 (Figure 43) and is very close to that observed during the 2013 testing conducted off the Bahamas 

(Beaudoin et al., 2013).  The EM302 in 2015 held a maximum swath to ~ 1250 meters water depth 

(w.d.).   At 4500 meters depth the swath width was approximately 1.8 x w.d., close to the 2 x w.d. 

observed in 2013, and better than the 1.5 x w.d. observed during the 2014 trials.  This is especially 

interesting as both the 2014 and 2015 testing occurred over similar seafloor morphology (both were 

around O’ahu, Hawaii) and the 2015 testing had a much higher sea state.  At the time of the 2014 

testing, it was theorized that increased flow noise over the array, from possible biofouling/growth, could 

have potentially affected the results; if this was the case, the 2015 tests show a measurable 

improvement in swath coverage. 

 

 

Figure 41. EM302 data contributing to the swath coverage curves below. 
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Figure 42. EM302 swath coverage performance during FK150925. 

 

Figure 43. EM302 swath coverage achieved during FK140204. 
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EM710 Swath Coverage 
Figure 44 shows the EM710 data used to calculate the swath coverage performance curves.  Overall, the 

swath coverage performance from 2015 tests (Figure 45) appears very similar to previous quality 

assurance tests including the 2014 Hawaii tests (Figure 46).  Test results from 2013, 2014 (Figure 46), 

and 2015 all show consistent swath widths of 5-6 times water depth down to 500 m.  Throughout this 

three-year period, the EM710 was able to track the bottom down to 2000+ meters water depth, 

including in 2015 when the sea state was much rougher than during the 2013 and 2014 trials. 

 

 

Figure 44. EM710 data contributing to the swath coverage curves below. 
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Figure 45. EM710 swath coverage achieved during FK150925. 

 

Figure 46. EM710 swath coverage achieved during FK140204. 
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Principal Findings & Recommendations 
 The systems were successfully calibrated and verified.  The small angular offset corrections that 

were applied are similar in size to those made during previous evaluations.  The systems have 

been updated with the new calibration results to be used until another calibration is performed. 

 Noise levels for the EM710 remain unchanged and very low.  Noise levels for the EM302, which 

were noted to be higher during the 2014 tests from previous years, have actually decreased at 

higher speeds for the 2015 tests.  This may result partially from recent cleaning of the 

transducer arrays, which should be performed on a routine basis.  

 The transmit transducer impedances for both the EM302 and EM710 are similar to baseline 

measurements taken in 2012, 2014, and 2014.  Transmit transducer conditions, based on these 

tests, are acceptable for both systems and should be monitored on a routine basis. 

 The receiver transducer impedance BIST tests for the EM302 and EM710 passed during the pre-

cruise harbor check.  However, the data collected was unsuitable for comparison to previous 

years’ results, a common problem with data collected in harbors.   We have been in contact with 

the MTs on the Falkor who will recollect at-sea BISTs during a break in the current survey. 

 Both multibeam systems provide bathymetric measurements that are in agreement with their 

expected performances and that are consistent with previous examinations.  There is no 

evidence of degradation of ancillary sensor performance since the previous accuracy tests. 

 It would be ideal to include a deeper reference site (~4500 m) during the next system evaluation 

to test the EM302’s ability to accurately map at a typical deep ocean depth.  As FK150925 relied 

on the reference sites collected in 2014, there was not enough time to collect another full 

(deeper) reference surface and conduct additional cross line accuracy tests during this leg. 

 It was observed in 2014 and during testing this year that there were some residual inter-sector 

imbalances with the EM302 despite the signal balancing routines undertaken in 2012.  This issue 

has always been present in the EM710 data as previous versions of SIS did not have the ability to 

load a BSCOR file for corrections.  We recommend that both systems conduct a new Backscatter 

Equalization procedure during the next Quality Assurance visit.  This issue is not absolutely 

urgent, as the data can be corrected in post-processing using software such as QPS’s FMGT.  

However, this across-swath imbalance will still be noticeable in software utilizing only the raw 

backscatter data.  

 As a whole, the two multibeam systems are in satisfactory working condition and we do not 

anticipate any obvious issues with either system for the 2015 mapping season. 

 Failure of the EM302’s hard drive prior to the deep water accuracy test caused a loss of 

extinction data and consumed many hours of time creating a backup system.  Many ships have a 

spare generic acquisition machine which is ready to be used with any Kongsberg sonar in case of 

failure of the primary machine, and it is recommended that a similar unit be prepared for Falkor. 

 At completion of FK150925, SIS was left configured to run with the Seapath as the attitude and 

position input for both echosounders, as this is the primary mapping configuration.   If either or 
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both systems are switched to use the POS MV as the primary attitude and motion input (e.g., in 

the event of Seapath failure), it is recommended that a deep roll verification be performed as 

there was not time to complete this activity during FK150925. 

 The survey reports documenting system offsets and angles are superb when compared to other 

research vessel reports.   These should be maintained and updated carefully, in tandem with 

documentation for future patch tests and SIS modifications. 


