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Introduction
The R/V Neil Armstrong is a new vessel operated by Woods Hole Oceanographic Institute (WHOI)
equipped with Kongsberg Maritime (KM) EM122 (12 kHz) and EM710 (70-100 kHz) multibeam
echosounders. The hardware installation, calibration, software configuration, and performance of these
systems were evaluated during a sea acceptance trial involving WHOI, KM, Multibeam Advisory
Committee (MAC), and NOAA Office of Coast Survey personnel. This report describes the procedures
and results of the sea acceptance trial during cruise AR01-03 (February 10-17, 2016) off Charleston,
South Carolina, including the following major activities:
1. After review of the shipyard survey performed in Charleston, a full geometric calibration and
verification routine was performed for each echosounder using the primary motion sensor.
2. Self-reference surfaces were collected to evaluate the relative across track depth accuracy of
each system for single-pass survey lines under typical survey modes.
3. Active and passive 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 the
platform noise environment.
4. Transmitter and receiver element impedance measurements were collected for both systems to
establish a baseline for identifying early warning signs for any possible transducer degradation.
5. Swath coverage as a function of depth was examined for both echosounders using data
collected from the continental shelf to the abyssal plain.
6. SSP Manager was installed to simplify XBT processing for application in SIS.
7. The position feed to the EM122 and EM710 was switched from initial C-NAV feed to the tightlycoupled POS MV position/attitude solution.

In several operations, the effect of prevailing swell, strong winds, and associated bubble sweep resulted
in severely degraded data quality. The initial sailing date was delayed 48 hours due to elevated sea
state, and at-sea operations were adjusted on-the-fly to accommodate the conditions and collect the
most useful data for characterizing the new systems under the circumstances.

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
following sensors:
1. Granite block (origin of ship reference frame)
2. Applanix POS MV motion sensor (model IMU 7, serial number 2592)
3. Trimble GNSS antennas for POS MV
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4.
5.
6.
7.
8.

C-NAV DGNSS antenna
EM122 1° TX array
EM122 2° RX array
EM710 0.5° TX array
EM710 1° RX array

The system geometry parameters are critical for data collection in an unbiased and repeatable manner.

Pre-AR01-03 Geometry Review
A survey was performed by IMTEC during the period of December 27, 2015 through February 2, 2016 to
establish the vessel reference frame and determine all linear and angular sensor offsets (Appendices 13). Per WHOI, KM, and MAC recommendations, the final report presented all offsets in accordance with
KM and Applanix axis and sign conventions, using the granite block as the origin of a common reference
frame for the vessel and all sensors. This common coordinate system is right-handed with its origin at
the granite block located in the transducer room, with the X axis positive toward the bow, Y axis positive
toward starboard, and Z axis positive downward (Figure 1). Angles are defined according to the KM and
Applanix 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, right-hand rule about the +Z axis).
POS MV, EM122, and EM710 software configuration for sensor offsets followed directly from the IMTEC
survey, with modification only for the phase center heights above the surveyed bases for the Trimble
(22.7 mm) and C-NAV (83.25 mm) antennas. The Kongsberg SIS installation parameters for motion
sensor angular offsets were set to 0.000° for both the EM122 and EM710 prior to calibration (‘patch
testing’) and then updated with the calibration results. Table 1 provides an overview of available
documentation describing system geometry. Tables 2-4 in the Calibration Results section provide
summaries of the post-calibration linear and angular offsets for the EM122, EM710, and POS MV.
Waterline during AR01-03 was estimated by visually examining the draft markings on the bow of the
vessel while dockside (Appendix 4). This was referenced to the granite block for SIS by compensating for
the surveyed vertical offset of the transducers, which are mounted flush with the hull.

Figure 1. Reference frame axes according to the Kongsberg and Applanix conventions and employed for the vessel survey report
(images from Kongsberg EM710 manual).
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Table 1. Documentation for system geometry

Date

Location

2015-12 to
2016-02

Charleston,
South Carolina

2016-02

Charleston,
South Carolina

Event
IMTEC survey to establish vessel reference frame and offsets
of EM122/EM710 arrays, POS MV motion sensor, GNSS and
DGNSS antennas; survey conducted in IMTEC convention and
reported in Kongsberg convention with origin at granite block
Sea acceptance trials; geometric calibration of EM122 and
EM710; testing for swath accuracy, platform noise, baseline
transducer impedance, and swath coverage

References
IMTEC survey report (final,
Feb. 9, 2016) provided by
R/V Armstrong
This document

Geometric Calibration
After review and confirmation of the software configuration using offsets available from the survey
documentation, both the EM122 and EM710 multibeam systems were calibrated for residual angular
offsets using the POS MV motion sensor, then verified with secondary calibration lines.

Site Selection
Figures 2-4 show the line plans southeast of Charleston including the few prominent features available
in suitable depths for pitch and yaw calibration, outside the central Gulf Stream, with nearby flat
seafloor for roll calibration. The EM122 calibration was performed in depths of 2200-4400 m on a
continental shelf feature called Blake Nose, whereas the EM710 calibration was performed in depths of
420-580 m on the continental shelf. At the EM710 site, close proximity to the Gulf Stream caused strong
currents and rapidly varying sound speed environments which impacted the ship’s heading along the
lines and induced refraction artifacts.
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 of the three angular offsets was
updated in SIS after completion of its respective calibration procedure, before the start of data
collection for the next offset calibration. Additional lines were run with all initial calibration results
applied to verify the angular offset results in SIS and make final adjustments as necessary.

5

Figure 2. Calibration and accuracy testing sites southeast of Charleston, SC. These sites were selected based on availability of
suitable seafloor features in the operational depth ranges of the EM122 and EM710 multibeam echosounders. Swath coverage
(acoustic extinction) data were collected up and down the continental slope and shelf (red lines) as well as over these test sites.

Figure 3. EM122 calibration and accuracy evaluation area near Blake Nose in depths between 1000-5000 m. Planned calibration
lines are shown in yellow; the ship track during data collection (for calibration and swath coverage) is shown in red.
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Figure 4. EM710 calibration sites and accuracy evaluation area on the continental shelf in depths between 375-675 m. Planned
calibration lines are shown in yellow; the ship track during data collection (for calibration and swath coverage) is shown in red.

Expendable bathythermograph (XBT) profiles were acquired at multiple points throughout the
calibrations, and always immediately before roll testing (which is the test most sensitive to refraction
artifacts). Probe data were collected from the sea surface to the sea floor on the continental shelf or
the maximum probe recording depth of 1800 m in deeper waters. These profiles were processed in SSP
Manager software (available at https://ccom.unh.edu/project/hydroffice#ssplm) to apply salinity data
from World Ocean Atlas 2009, remove outliers, incorporate the real-time surface sound speed, extend
the profiles as necessary, and transmit a Kongsberg-formatted .asvp profile to SIS.
To achieve high ping rate and sounding density, while also attempting to reduce bubble sweep, the ship
was operated at 6 kts for all calibration lines. The EM122 and EM710 were configured as follows for
their respective calibration procedures:
Depth mode:
Dual-swath mode:
Transmit mode:
Yaw stabilization:
Pitch stabilization:
Beam spacing:
Swath width:

AUTO
enabled (dynamic)
FM enabled
enabled (rel. mean heading)
enabled
High density equidistant
Pitch: 15°/15° port/stbd
Roll: 70°/70° port/stbd
Yaw: 10°/60° and 60°/10° port/stbd

Calibration tools in QPS Qimera 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 KM,
MAC, and NOAA personnel 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.
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All calibration results for each motion sensor were verified by examining additional survey lines for
pitch, roll, and yaw artifacts 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.
A positioning latency test was performed as the first test in each calibration, but the capability to detect
sub-second latency from traditional alongtrack positioning discrepancies is doubtful at best in these
water depths. No apparent latency effects were visible during AR01-03 for either system in either
positioning (e.g., alongtrack separation of a seafloor feature surveyed at different speeds) or attitude
integration (e.g., outer beam wobble correlated with roll or alongtrack sounding density variation
correlated with pitch). A faint heave artifact was potentially evident in the northern portion of the
EM122 accuracy reference surface (collected under an elevated sea state with swell on the stern) and
with the EM710 during transit into Charleston, but this requires additional scrutiny. Taken together, the
AR01-03 results suggest no significant latencies.

Calibration Results and Current Configuration
Tables 2-4 summarize the post-AR01-03 configurations for the multibeam echosounders and motion
sensors. For parameters with any changes made during AR01-03, 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 8-12 depict transects of the roll, pitch, and yaw verification
data sets in the QPS Qimera calibration tool with the final adjustments for each offset applied (note that
the value applied in the calibration tool is only the final adjustment made in the course of calibration,
not the offset recorded in the corresponding table of offsets).

Table 2. EM122 sensor offsets recorded in SIS after system geometry review and calibration during AR01-03. Position and
attitude data fed from the POS MV to SIS are valid at the granite block origin.
EM122
Origin at Granite Block
EM122 TX
EM122 RX
Pos, COM1 (POS MV)
Pos, COM3 (UNUSED)
Attitude 1, COM2/UDP5 (POS MV)
Attitude 2, COM3/UDP6 (UNUSED)
Waterline

X
BOW +
-1.459
-5.874
0.00
0.00
0.00
0.00

Y
STBD +
-0.548
-0.017
0.00
0.00
0.00
0.00

Z
DOWN +
+0.914
+0.987
0.00
0.00
0.00
0.00
-3.37

Roll
PORT UP +
+0.01
-0.025

Pitch
BOW UP +
+0.008
-0.173

Yaw
COMPASS +
+0.01
+0.058

+0.01
0.00

-0.05
0.00

-1.20
0.00
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Table 3. EM710 sensor offsets recorded in SIS after system geometry review and calibration during AR01-03. Position and
attitude data fed from the POS MV to SIS are valid at the granite block origin.
EM710
Origin at Granite Block
EM710 TX
EM710 RX
Pos, COM1 (POS MV)
Pos, COM3 (UNUSED)
Attitude 1, COM2/UDP5 (POS MV)
Attitude 2, COM3/UDP6 (UNUSED)
Waterline

X
BOW +
-3.177
-4.604
0.00
0.00
0.00
0.00

Y
STBD +
+0.285
+0.629
0.00
0.00
0.00
0.00

Z
DOWN +
+0.989
+0.987
0.00
0.00
0.00
0.00
-3.37

Roll
PORT UP +
+0.083
+0.051

Pitch
BOW UP +
-0.008
+0.027

Yaw
COMPASS +
+359.923
+0.008

+0.03
0.00

+0.05
0.00

-1.20
0.00

Table 4. Antenna and IMU offsets recorded in the Applanix software after system geometry review during AR01-03. The granite
block is the origin of the vessel, SIS, and POS MV reference frames; position and attitude data fed to SIS are valid at the origin.
Applanix
Origin at Granite Block
Ref to Prim. GPS Lever Arm (Port)
Ref to Aux. 1 GPS Lever Arm (C-NAV)
Ref to IMU Target

X
BOW +
-4.434
-8.828
-5.966

Y
STBD +
-1.709
-6.791
0.007

Z
DOWN +
-19.824
-21.855
-0.070

Roll
PORT UP +

Pitch
BOW UP +

Yaw
COMPASS +

-0.005

0.028

-0.351

EM122 with POS MV

Figure 5. EM122 / POS MV positioning latency checking in Qimera, applying 0.00 s position timing adjustment.
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Figure 6. EM122 / POS MV pitch verification in Qimera (using reciprocal lines during transits for yaw calibration), applying an
adjustment of 0.00° to the initial value of -0.05° for a final offset of -0.05° in SIS.

Figure 7. EM122 / POS MV roll calibration in Qimera for a final offset of +0.01° in SIS. No verification line was run for roll.
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Figure 8. EM122 / POS MV yaw verification in Qimera, applying an adjustment of 0.00° to the initial value of -1.20° for a final
offset of -1.20° in SIS.

EM710 with POS MV

Figure 9. EM710 / POS MV positioning latency checking in Qimera, applying 0.00 s position timing adjustment.
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Figure 10. EM710 / POS MV pitch verification in Qimera, applying an adjustment of -0.05° to the initial value of +0.10° for a final
offset of +0.05° in SIS.

Figure 11. EM710 / POS MV roll calibration in Qimera for a final offset of +0.03° in SIS. No deep roll verification was performed.
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Figure 12. EM710 / POS MV yaw verification in Qimera, applying a final adjustment of +0.05° to the initial value of -1.25° for a
final offset of -1.20° in SIS.

Transducer and System Health
A full Built-In Self-Test (BIST) diagnostic routine was run through the SIS acquisition software before
departure and near the end of operations, with both systems passing all tests. Additionally, the TX
channels impedance BIST was run through a telnet session for both systems. These tests are useful in
establishing the baseline health of the transmitter array elements, 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 are made through the transmitter electronics and do not provide a direct
characterization of transducer properties as a function of frequency. However, the BISTs provide useful
indicators of transducer health over their lifetime, especially when conducted on a routine basis.
The transmitter channel impedance tests collected through a telnet session at sea during AR01-03
passed for both systems and were deemed suitable for further analysis. No channels were observed to
be ‘open’ or shorted. Periodic testing of the transmitter element impedance through BIST telnet
sessions or direct measurements with a KM Cypher impedance meter is highly recommended for
monitoring array health from the start of its service life.
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Figure 13. EM122 transmitter channel impedance, as measured by BIST through the system electronics.
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Figure 14. EM710 transmitter channel impedance, as measured by BIST through the system electronics.

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. Preliminary noise level testing was performed during AR01-03 with
the vessel operating at different speeds and headings relative to the swell. These results indicated
higher than normal noise levels in the elevated sea state, as expected with increased wave impact noise
and bubble sweep along the hull. Comprehensive acoustic testing was arranged with Gates Acoustic
Services and scheduled for after AR03-01, and these results will be reported separately.
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Accuracy Testing
Overview
Accuracy testing was conducted over deep (EM122, Figure 3) and shallow (EM710, Figure 4) reference
surfaces. Reference surfaces were planned with survey lines longer than the widest expected swath
coverage at that depth for the crossline, with line spacing of 1 water depth (WD) between reference
surface lines. During the reference surface data collection, the vessel speed was limited to 6 kts and
sound speed profiles were applied from multiple XBT profiles collected throughout.
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). Bathymetric slopes
were computed for the reference surfaces and used as a mask to exclude areas of significant topography
(>5°) from the crossline analysis. Furthermore, grid cells with fewer than 20 soundings were excluded
from the reference surface.
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.
EM710 cross lines were run orthogonal to the reference surface main lines to reduce the effects of any
biases compounding or cancelling across the swath. This arrangement was not possible for the EM122
due to sea state.
Outliers (such as bottom detections at constant range across the swath due to interference and bubble
sweep) were removed from the accuracy analyses, as these do not reflect the distribution of probable
seafloor detections and would certainly 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. EM122 and EM710 configurations and
accuracy results are presented in the following sections.
To give context to the accuracy assessments for both systems, Figures 15 and 16 show examples of
EM122 and EM710 data collected on ‘good’ and ‘bad’ headings relative to the prevailing sea conditions.
In both cases, degradation in the swath coverage and increasingly severe ‘dropouts’ are evident when
heading into the swell, due most likely to bubble sweep along the hull.
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Figure 15. Examples of EM122 data collected during the reference surface survey on ‘good’ (top) and ‘bad’ (bottom) headings
relative to the prevailing sea state. The bottom panel shows the start of a cross line that was aborted due to insufficient data
quality; this line was rerouted parallel to the ‘good’ reference surface lines in order to collect data suitable for analysis.
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Figure 16. Examples of EM710 data collected during the reference surface survey and accuracy cross lines on ‘good’ (top) and
‘bad’ (bottom) headings relative to the prevailing sea state.

EM122 Accuracy Results
The EM122 reference surface is shown in Figures 17 and 18 before and after masking for sounding
density and slope. Unfortunately, the elevated sea state required that the EM122 accuracy cross line to
be run in the same direction as the reference surface lines and limited operations to allow only one
cross line setting (Table 5) at this site while conditions deteriorated. Note that Deep mode uses a mix of
CW and FM transmit waveforms (when FM is enabled) and supports dual-swath transmission.
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Figure 17. EM122 reference surface gridded at 200 m, before masking to exclude grid cells with fewer than 20 soundings and
slopes greater than 5°.
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Figure 18. EM122 reference surface gridded at 200 m resolution after masking to exclude grid cells with fewer than 20
soundings and slopes greater than 5°. The shorter line parallel to the main reference surface survey lines is the ‘cross line’; this is
typically oriented 90° from the reference surface survey lines but was reoriented due to sea state (see Fig. 15).
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Table 5. EM122 accuracy cross line settings.
Sector Coverage
Max. angle (port)
Max. angle (sbtd)
Max. coverage (port)
Max. coverage (stbd)
Angular coverage
Beam spacing
Depth Settings
Force depth
Min. depth (m)
Max. depth (m)
Dual swath mode
Ping mode
FM disable
Transmit Control
Pitch stabilization
Along. direction
Auto tilt
Yaw stab. mode
Heading
Heading filter
Min. swath dist.
Enable scanning

Cross Line
Settings 1
70
70
30000
30000
Auto
HIDENS EQDIST
Cross Line
Settings 1
n/a
4700
5300
DYNAMIC
DEEP
Unchecked
Cross Line
Settings 1
ENABLED
0
OFF
REL. MEAN HDG
n/a
MEDIUM
0
Off

As shown in Figures 19 and 20, the EM122 exhibits an increase in depth bias standard deviation with
increased beam angle, as expected due to reduced SNR and increased angle uncertainty for bottom
detections at larger ranges and shallower angles of incidence on the seafloor. This trend exceeds 0.1%
WD at angles greater than 30° and 0.2% WD beyond 50°, which points to greater depth inaccuracy
compared to most EM122 installations conducted in calmer conditions. These results are likely
attributable to the highly elevated sea state during AR01-03. Fortunately, the mean depth bias (red line)
tends to fall within 0.1% WD across most of the swath. In general, this accuracy analysis is not readily
comparable to other EM122 installations because of the testing environment.
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Figure 19. EM122 accuracy results (Deep, Dual Swath Dynamic, CW/FM Mixed) using the raw data collected in an elevated sea
state. 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). These results are biased by outliers in the raw, unedited soundings (gray points),
especially near sector boundaries at approximately +/- 30°; the same accuracy analysis after removal of obvious outliers is
provided in Fig. 20 below.
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Figure 20. EM122 accuracy results (Deep, Dual Swath Dynamic, CW/FM Mixed) after removal of obvious outliers from the raw
data collected. 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 Results
The EM710 reference surface is shown in Figures 21 and 22 before and after masking for sounding
density and slope. This region was picked because the available historic data showed a flat seafloor; in
reality, the reference surface included many mounds with heights of ~15 m above the surrounding flat
seafloor. After masking, most mound features were removed from the reference surface, leaving a
surface suitable for crossline analysis. Table 6 lists the cross line settings tested at this site. Note that
Deep mode (cross line settings 1) uses a mix of CW and FM transmit waveforms (when FM is enabled)
and supports dual-swath transmission, whereas Very Deep mode (cross line settings 2) uses FM and
single swath transmission exclusively.
Table 6. EM710 accuracy cross line settings (parameter changes are italicized).
Sector Coverage
Max. angle (port)
Max. angle (sbtd)
Max. coverage (port)
Max. coverage (stbd)
Angular coverage
Beam spacing
Depth Settings
Force depth
Min. depth (m)
Max. depth (m)
Dual swath mode
Ping mode
FM disable
Transmit Control
Pitch stabilization
Along. direction
Auto tilt
Yaw stab. mode
Heading
Heading filter
Min. swath dist.
Enable scanning

Cross Line
Settings 1
70
70
2000
2000
Auto
HIDENS EQDIST

Cross Line
Settings 2
70
70
2000
2000
Auto
HIDENS EQDIST

Cross Line
Settings 1
n/a
450
700
DYNAMIC
DEEP
Unchecked

Cross Line
Settings 2
n/a
450
700
OFF
VERY DEEP
Unchecked

Cross Line
Settings 1
ENABLED
0
OFF
REL. MEAN HDG
n/a
MEDIUM
0
Off

Cross Line
Settings 2
ENABLED
0
OFF
REL. MEAN HDG
n/a
MEDIUM
0
Off

Accuracy results shown in Figures 23-26 show elevated uncertainty trends across the swath, likely due to
elevated sea state and in part to a variable sound speed environment due to proximity to the Gulf
Stream. For cross line settings 2, the upward curvature of the mean depth bias toward the outer beams
on both sides of the swath indicates a significant refraction artifact. These data were collected near the
edge of the Gulf Stream, a highly dynamic sound speed environment that is difficult to sample
sufficiently in time with XBTs (especially in a developed sea state or strong winds which affect deck
operations).
The EM710 exhibits an increase in depth bias standard deviation with increased beam angle, as
expected due to reduced SNR and increased angle uncertainty for bottom detections at larger ranges
24

and shallower angles of incidence on the seafloor. This trend remains near 0.1% WD across the middle
of the swath exceeds 0.2% WD beyond 40°. These results are higher than expected and likely
attributable to the highly elevated sea state during AR01-03. As with the EM122, these accuracy
analyses are not readily comparable to other EM710 installations.

Figure 21. EM710 reference surface gridded at 25 m, before masking to exclude grid cells with fewer than 20 soundings and
slopes greater than 5°.
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Figure 22. EM710 reference surface gridded at 25 m after masking to exclude grid cells with fewer than 20 soundings and slopes
greater than 5°.
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Figure 23. EM710 accuracy results for cross line setting 1 (Deep, Dual Swath Dynamic, CW/FM Mixed) using the raw data
collected. 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). These results are clearly biased by outliers in the raw, unedited soundings
(gray points); the same accuracy analysis after removal of obvious outliers is provided in Fig. 24 below.
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Figure 24. EM710 accuracy results for crossline setting 1 (Deep, Dual Swath Dynamic, CW/FM Mixed) after removal of obvious
outliers from the raw data collected. 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). These results show the more typical trend of
increasing uncertainty toward the outer swath, with a rather severe refraction artifact.
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Figure 25. EM710 accuracy results for crossline setting 2 (Very Deep, single swath, FM) using the raw data collected. 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). These results are clearly biased by outliers in the raw, unedited soundings (gray points); the same
accuracy analysis after removal of obvious outliers is provided in Fig. 26 below.
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Figure 26. EM710 accuracy results for crossline setting 2 (Very Deep, Single Swath, FM) after removal of obvious outliers from
the raw data collected. 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). These results show the more typical trend of increasing
uncertainty toward the outer swath, with a rather severe refraction artifact.

30

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.
EM122 and EM710 swath coverage was evaluated using all data collected during AR01-03. Aside from
the accuracy tests and calibration, all files were collected with the depth modes set to automatic to
allow the systems to choose the proper depth mode based on water depth observed by the sonars.
Runtime parameters were set to maximum angular coverage (+/- 75°) for both systems during transits,
with some swath angle limitations applied during reference surface surveying, calibration, and periods
of severe interference due to sea state.
Figures 27 and 28 show the outermost soundings on the port and starboard sides for all pings in the
swath coverage lines. Soundings with backscatter strengths outside the range of -50 to -10 dB are
excluded, as these likely represent very weak returns from highly uncertain bottom detections or very
strong returns from bathymetric areas oriented toward the echosounder.

EM122 Swath Coverage
EM122 data were collected from 50 m on the continental shelf down to ~5100 m in the abyssal plain
(Figure 27). In general, the EM122 achieved at least 5 x WD swath coverage to depths of 4000 m and 4 x
WD coverage in the abyssal plain under conditions that were far from ideal for mapping. This coverage
is on par with other EM122 installations (e.g., R/V Kilo Moana EM122 soundings from 2012 sea
acceptance trials shown in gray). It is reasonable to expect that the EM122 could achieve slightly better
swath coverage under calmer conditions with less severe bubble sweep and wind/wave noise. The MAC
will assess any additional data collected across these broad depth ranges with the EM122 operating with
maximum swath angles in order to better characterize the performance under more typical mapping
conditions.
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Figure 27. EM122 swath coverage performance during AR01-03. Gray points are soundings from coverage analysis of the
EM122 installed on the R/V Kilo Moana during sea acceptance trials in 2012.

EM710 Swath Coverage
The EM710 tracked the seafloor from 50 m on the continental shelf down to ~1800 m on the continental
slope. As shown in Figure 28, the swath width achieves 4-5 x WD down to 500 m and then becomes
dominated by attenuation at higher frequencies, resulting in a rapid ‘roll-off’ of swath width from 4 x
WD at 700 m to 1 x WD at 1800 m. Three differences from other EM710 installations are notable in this
coverage test:
1. The system achieved nearly 8 x WD coverage at depths shallower than 100 m, but was limited at
times to 65° in high sea state off the continental shelf in order to increase the ping rate when
outer portions of the swath were less deemed less useful for analysis. This results in a region
between 100-400 m where the swath coverage under normal conditions would likely exceed
that shown in the plot (as seen with the R/V Sikuliaq EM710 soundings in gray).
2. The shape of the coverage curve shows rapid degradation from 4 x WD to 2.5 x WD between
700-950 m, then stabilization at ~2.3 x WD from 950 m to 1200 m. This likely results from
automatic selection of depth modes and shows the transition from Deep to Very Deep mode. It
is likely that switching to Very Deep mode at a shallower depth, given the sea state, would have
smoothed the transition in this coverage curve.
3. The limit of ~1800 m observed during AR01-03 is shallower than other installations; however,
the slopes on Blake Nose where this extinction testing was performed were more extreme than
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slopes observed in other performance tests. The steeper slopes may have reduced backscatter
strength and the ability of the system to reliably detect the seafloor beyond 1800 m.

Figure 28. EM710 swath coverage achieved during AR01-03. Gray points are soundings from coverage analysis of an EM710
installed on R/V Sikuliaq, tested under similar conditions over less severe slopes.
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Principal Findings & Recommendations
1) The initial vessel survey report used multiple reference frames. After feedback from KM, WHOI, and
MAC personnel, the report was unified in one common reference frame using KM and Applanix
conventions, with the origin at the granite block.
2) The EM122, EM710, and POS MV configurations reflect this common reference frame, greatly
reducing the opportunity for error in determining linear and angular offsets. No settings should be
changed unless additional data suggest the need for resurvey and/or recalibration; the MAC would
like to be involved in this case.
3) Full geometric calibration procedures were performed for both echosounders with reasonable
results, especially given the sea states during data collection. The MAC is available to assist with any
further calibration data collection and analysis, including remote support.
4) Reference surfaces were collected in depths appropriate for each system to evaluate the accuracy of
each echosounder across the swath. These results were strongly affected by the sea state (and
refraction artifacts for the EM710), showing higher standard deviations of soundings across the
swath compared to other installations. Additional accuracy crossline data should be collected over
other existing reference surfaces during future transits for further analysis.
5) It was noted that data quality for both multibeam systems depended directly on sea state and vessel
heading relative to swell. Headings into the swell and waves result in much higher frequency of
‘dropouts’ across the swath, most likely due to bubble sweep along the hull.
6) Transmitter element impedance measurements were collected for both systems to establish a
baseline for identifying early warning signs for any possible transducer degradation. Additional
impedance measurements should be made on regular basis.
7) Swath coverage as a function of depth was examined for both echosounders using data collected
from the continental shelf to the abyssal plain. The EM122 achieved swath coverage similar to other
installations, which is a promising result given the prevailing sea conditions. The EM710 achieved
narrower swath coverage and lost its ability to track bottom at a shallower depth compared to
similar installations. This is likely a consequence of the elevated sea state and steeper slopes in the
Blake Nose region compared to other EM710 coverage tests.
8) Both multibeam systems provide bathymetric measurements that are in agreement with their
expected performances under the test conditions. However, the reference to the centre of roation
in the POS/MV settings had not been updated to reflect the system geometry used during the
shipboard acceptance. This was noted during shallow water noise testing and was subsequently
changed during the transit in. Page 97 of the appendix showing the POS/MV settings does not
reflect this updated value.
9) It highly recommended to perform routine BISTs and transmitter impedance measurements to
monitor overall system health and provide advance warning of potential degradation.
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Appendix 1
EM122 Installation Parameters
After AR01-03 calibration (2016-02-17)
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Appendix 2
EM710 Installation Parameters
After AR01-03 calibration (2016-02-17)
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Appendix 3
POS MV Configuration
After AR01-03 calibration (2016-02-17)
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Appendix 4
Waterline Calculation
2016-02-09 (dockside in Charleston, SC)
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