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Executive Summary
1. The R/V Roger Revelle (RR) underwent a major mid-life refit / repower during 2018-2020, receiving new 

engines and a new gondola to reduce bubble sweep along the acoustic transducers

2. The Revelle’s multibeam mapping systems were fully upgraded to Kongsberg Maritime EM124 and EM712 
multibeam echosounders with a Seapath 330+ position/attitude system and MRU 5+; a new Kongsberg K-Sync 
unit was installed to manage synchronization of these and other acoustic systems (e.g., full Simrad EK80 suite)

3. The Multibeam Advisory Committee (MAC) was asked to assist with Sea Acceptance Testing (SAT) for the ship’s 
multibeam echosounders; due to travel restrictions, the MAC provided remote support for planning and data 
analysis leading up to and throughout the SAT

4. Real-time data analysis and interaction with shipboard personnel were enabled by the vessel’s high-speed 
internet connection, supporting full .kmall file transfers and video meetings for planning and troubleshooting; 
the value of this high-speed link cannot be overstated for this type of SAT remote support

5. Planning followed the standard MAC SAT checklist, starting with hardware health and noise testing with the 
new equipment; calibration, accuracy, and coverage test plans near San Diego were developed for a variety of 
sites used previously (e.g., RR1301 EM122 testing, SKQ 2016 EM710 calibration) and new sites
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Executive Summary
6. This report describes the procedures and results for system geometry review, baseline hardware health 

monitoring, RX noise characterization, geometric calibration (‘patch test’), accuracy testing, and swath 
coverage assessment for the EM124 and EM712, with recommendations for future data collection

7. Note that the mapping system SAT was just one of many sea trials for ship systems and scientific equipment; 
accordingly, some planned activities were not completed due to other technical or scheduling challenges, and 
additional data was collected in December 2020 and March 2021 to complete the most important tasks

8. The SAT schedule was impacted by two multibeam configuration errors that required significant time and 
effort for troubleshooting, resulting in a smaller number of completed tests than planned; these two issues 
are listed here for reference and in the event that other systems/ships experience similar challenges:

a. A Seapath software upgrade prior to sailing inadvertently reset the position output reference from the 
Navigation Reference Point (vessel origin on the Master Reference Plate, as expected by SIS) to the 
primary GNSS antenna position, resulting in a very large alongtrack positioning artifact and manifesting as 
an apparent position latency during EM124 calibration; this was resolved through additional review of the 
Seapath configuration, and confirmed with a repeat calibration showing no apparent position latency

b. Poor EM712 outer sector performance was ultimately tracked to an error in the SIS TX array heading 
configuration, which had caused mismatches between the frequency content of each TX sector and that 
expected for each RX beam; this was resolved by testing a reversal of TX array orientation in SIS and 
observing the improvement in outer swath tracking, and reflects the need for clear as-built survey 
documentation of array module installation (with images of serial numbers and cable directions) 3



Executive Summary
9. Initial hardware testing indicated acceptable impedance levels, with the exception of one EM712 RX module 

that requires attention from Kongsberg to resolve a possible firmware issue and/or low impedance; these 
results should be used as a baseline for tracking hardware health over the service lives of each system

10. The final EM124, EM712, and Seapath configurations reflect a well-integrated mapping system; calibration and 
verification data clearly demonstrated the required offsets, which were of similar magnitude and direction for 
both multibeam systems; the current settings should be maintained until any mapping sensor is modified 
and/or another calibration becomes necessary for other reasons, such as part of seasonal readiness testing

11. Most of the swath coverage data sets were impacted by Doppler speed log interference; the coverage test 
data that were not impacted indicate expected coverage performance for both systems, and these coverage 
curves can be developed further with additional transit coverage data

12. Due to schedule constraints, accuracy tests were conducted in only one mode for each system:

a. the EM124 achieved expected accuracy performance in Deep mode over a new reference surface 
surveyed at the same location as the RR1301 reference site

b. the EM712 accuracy test was combined with a calibration as part of the Kongsberg SAT contract survey; 
while this site is not suitable for a typical accuracy test (owing to the slopes and relief required for 
calibration), and the crossline is affected by a refraction artifact, the trends in sounding distribution across 
the swath suggest expected performance under these limitations
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Executive Summary
13. Noise testing indicated a relatively quiet vessel and normal trends of increasing 12-kHz noise levels with 

increasing speed perceived by the EM124; these trends were less pronounced for the EM712, which appears 
to be less susceptible to platform and propulsion noise at higher frequencies (i.e., test data at 55 and 84 kHz)

14. Noise testing vs. swell direction indicated generally low noise levels on most headings except a severe increase 
with swell arriving on the stern; these results suggest the gondola is working well to reduce the flow of 
bubbles across the EM124 and EM712, though the test headings did not include directly into the swell

15. The MAC is available to assist with planning opportunistic testing to round out the typical SAT protocol and 
routine quality assurance testing (QAT) in the seasons ahead; the priorities for additional testing would be:

a.  Swath coverage data for both systems with all other acoustic systems secured

b. Accuracy testing in untested modes; these tests can be planned individually according to available ship 
time and proximity to established reference sites (or survey of suitable new reference sites in the vessel’s 
working area

c. Correcting an error in EM124 TX array pitch (see Geometry Review) and completing another patch test

16. The MAC acknowledges the incredibly difficult circumstances of this SAT and deeply appreciates the support 
provided by SIO and Kongsberg personnel, especially those at sea
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Planning Overview

6
A

cc
u

ra
cy

 C
ro

ss
lin

e

Pitch and Heading

Calibratio
n

Roll Calibration

1. The planned SAT activities off San Diego covered a full range of calibration and accuracy assessment sites to 
evaluate a number of modes across both systems

2. Test planning underway was prioritized to accommodate other shipboard activities, troubleshoot technical 
issues, and satisfy the Kongsberg SAT requirements for calibration and one accuracy crossline for each system



Survey System Components
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The primary mapping system components are:

1. Kongsberg Maritime EM124 multibeam echosounder (12 kHz, 1.0° TX x 2.0° RX), s/n 10006

2. Kongsberg Maritime EM712 multibeam echosounder (40-100 kHz, 0.5° TX x 1.0° RX), s/n 10044

3. Kongsberg Maritime Seafloor Information System (SIS), v5.5 (both systems)

4. Kongsberg Seapath 330+ navigation system

a. Trimble GA830 GNSS antennas

b. Kongsberg Seatex MRU 5+, s/n 24052

5. SeaBird SBE45 TSG surface sound speed sensor

6. Turo Quoll XBT sound speed profiling system

7. Seabird SBE 9plus CTD profiling system
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Overview: History

The term ‘system geometry’ means the linear and angular offsets of the primary components of the 
multibeam mapping systems, including the transmit arrays (TX), receive arrays (RX), GNSS antennas, and 
motion sensors (MRU/IMU).  The following table provides an overview of the system geometry history.

Date Location Event References

2003 San Diego, CA
Blom survey to establish vessel reference frame and offsets of EM120 mapping system with 
origin on Master Reference Plate (MRP), under MRU mount then in service

Blom survey report (see RR1301 QAT)

2011 Taiwan Re-establish 2003 reference frame and survey primary GPS antenna mount Blom survey report (see RR1301 QAT)

2013 San Diego, CA
Quality assurance testing; system geometry review and calibration of EM122 for residual 
angular offsets with HYDRINS and Seapath MRUs

RR1301 QAT report provided by MAC

2019-20
Portland, OR and 
San Diego, CA

IMTEC survey to establish new reference frame with origin at starboard, aft, top corner of 
MRP; survey EM712 arrays, EM124 arrays, Seapath MRU, and Trimble antennas

IMTEC survey report Rev. 1 (8/24/2020)

2020-10 San Diego, CA
Sea acceptance testing; system geometry review, Seapath antenna calibration, and geometric 
calibrations (‘patch tests’) of EM124 and EM712 with Seapath 330+

This document

System Geometry Review



System Geometry Review
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Overview: Vessel Survey

1. A survey of the vessel and mapping sensors was conducted by IMTEC in two parts during the refit; final offsets 
applied during the SAT were provided in report Rev. 1 (8/24/2020)

2. The origin of the mapping system reference frame is defined at the starboard, aft, top corner of the steel 
Master Reference Plate (MRP, on which the Seapath and PHINS motion sensors are installed)

a. This represents a small shift from the previous origin (under the MRU mount; see RR1301 QAT report 
discussion of 2003 Blom survey) and decouples the origin definition from any particular sensor location

3. The MRP corner is used as the origin for all SIS and Seapath configuration; Seapath navigation input to SIS is 
expected at the origin (e.g., Monitoring Point at the origin)



System Geometry Review
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Vessel Survey

1. The 2019-20 IMTEC survey results (Rev. 1) provided mapping sensor 
linear offsets using the Kongsberg/Seapath axis and sign conventions; 
angles were converted from DMS to DDD format and interpreted per 
Kongsberg/Seapath convention

2. Origin is the starboard, aft, top corner of the MRP

3. Linear offsets reported in meters in ‘right-handed’ system

a. +X forward (agrees with KM/Seapath)

b. +Y to starboard (agrees with KM/Seapath)

c. +Z down (agrees with KM/Seapath)

4. Angular offsets reported in DMS with description of rotation direction

a. +Roll (interpreted as pos. with starboard side down, per 
KM/Seapath)

b. +Pitch (interpreted as pos. with bow up, per KM/Seapath)

c. +Heading (interpreted as pos. with bow rotation to stbd, per 
compass convention and KM/Seapath)

Note: final survey reports should present all offsets with the user’s format / 
convention to reduce opportunities for error in translation to the software



System Geometry Review
IMTEC Convention

Source: 2020 IMTEC report Rev. 1
Kongsberg Maritime Convention

Source: Kongsberg EM302 Installation Manual
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Seapath Convention
Source: Seapath 330 Manual

Coordinate Systems



1. The Seapath antennas are installed on an aft GPS mast

2. IMTEC reported the antenna ‘base’ and ‘phase center’ 
positions calculated from the antenna specifications

3. Antenna 1 (primary) offsets were set to the phase center 
calculated by IMTEC (RR-41: ‘Aft mast gps, stbd, outboard’)

a. X = -19.773 m

b. Y = +0.156 m

c. Z = -11.319 m (phase center)

4. Antenna 2 (secondary) offsets were determined from the 
dockside Seapath antenna calibration, treating the Antenna 
1 position as fixed and updating the Antenna 2 position

a. X = -19.713 m

b. Y = -2.339 m

c. Z = -11.275 m (phase center)

5. The resulting antenna baseline vector of [+0.060, -2.495, 
+0.044] from the primary (stbd) antenna places the 
secondary (port) antenna within 0 mm alongship, 4 mm 
athwartship, and 5 mm vertically of the phase center 
calculated by IMTEC (RR-47: ‘Aft mast gps, port, outboard’)

System Geometry Review
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Seapath Antenna Lever Arms



System Geometry Review
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Seapath MRU-5 Lever Arms

1. IMTEC surveyed the position of the MRU-5 reference point 
(top, center of the MRU bottle, facing down in this case) by 
surveying the center of the mounting bracket installed on 
the MRP and adjusting for the height to the MRU reference 
after installation in the bracket

2. IMTEC point RR-7 was used directly for configuring the 
MRU reference position in the Seapath software

3. MRU-5 offsets in Seapath:

X: +0.182 m

Y: -0.296 m

Z: -0.024 m

4. Seapath navigation output is received by SIS as Attitude 1 
and expected to be valid at the origin

5. Attitude 1 offsets in SIS:

X: 0.000 m

Y: 0.000 m

Z: 0.000 m



System Geometry Review
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Seapath MRU-5 Mounting Angles

1. IMTEC reported installation angles for the MRU-5 in DMS 
format with descriptions of the rotation directions; these 
were converted to DDD format and configured using the 
Seapath sign convention

2. IMTEC point RR-7 was used directly for configuring the 
MRU reference position in the Seapath software, adding a 
180° roll offset to accommodate the installation orientation 
(per the Seapath software MRU ‘mounting wizard’)

3. MRU-5 installation angles in Seapath:

Roll: +179.765 (-0.235° IMTEC result + 180° offset)

Pitch: +0.163°

Heading: -0.365°

4. Initial Attitude 1 installation angles were set to zero in SIS 
for the EM712 and EM124, then updated with the results 
of each calibration and verification (see calibration section)

5. MRU installation angles based on the IMTEC survey should 
remain unchanged in the Seapath software until the MRU is 
moved (and/or re-surveyed)



System Geometry Review
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Trimble GA830 Antenna

Seapath antenna specifications are presented below for reference (source: 2019 Trimble GA830 data sheet)



The Seapath configuration is derived directly from the 2019-2020 IMTEC survey and Seapath antenna calibration

Screenshots below show GNSS and MRU offsets as configured through the 2020 EM712 and EM124 SAT

System Geometry Review

16

Seapath Configuration

REPLACE WITH
REVELLE SCREENSHOT



System Geometry Review
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EM124 TX & RX Offsets

• Linear offsets for the Kongsberg EM124 array face centers 
were provided by IMTEC using the Kongsberg sign 
conventions with origin at the MRP

• Angular offsets for the arrays were provided in DMS format 
with descriptions of the rotation directions; these were 
converted to DDD and configured in Kongsberg conventions

• EM124 SIS Installation Parameters were configured using 
the IMTEC results as follows:

EM124 TX Transducer

X: +12.966 m Roll: -0.111°

Y: -0.489 m Pitch: +0.519°***

Z: +6.197 m Heading: -0.033°

EM124 RX Transducer

X: +17.359 m Roll: -0.152°

Y: -1.429 m Pitch: +0.127°

Z: +6.195 m Heading: -0.090°

***EM124 TX pitch should be +0.052°; the current configuration was used for 
the 2020 SAT and should be updated to +0.052° only during the next QAT, as 
this will require another patch test; all survey reports must provide final angles 
in DDD format per Kongsberg, Seapath, and Applanix conventions

***



System Geometry Review
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EM712 TX & RX Offsets

• Linear offsets for the Kongsberg EM124 array face centers 
were provided by IMTEC using the Kongsberg sign 
conventions with origin at the MRP

• Angular offsets for the arrays were provided in DMS format 
with descriptions of the rotation directions; these were 
converted to DDD and configured in Kongsberg conventions

• EM712 SIS Installation Parameters were configured using 
the IMTEC results as follows:

EM712 TX Transducer

X: +16.841 m Roll: -0.108°

Y: +0.692 m Pitch: +0.090°

Z: +6.191 m Heading: +0.095° (Rot. 180° OFF*)

EM712 RX Transducer

X: +17.890 m Roll: -0.150°

Y: -0.054 m Pitch: +0.128°

Z: +6.196 m Heading: -0.032° (Rot. 180° ON)

*EM712 TX array rotation was turned from ON to OFF on 2020/10/24; 
see notes in calibration section



EM124 Calibration Planning

1. EM124 calibration plans were based on the RR1301 EM122 QAT site, with modification to the pitch and heading 
calibration lines to a different seafloor feature with suitable slopes; the roll calibration line is the RR1301 
accuracy crossline (different from the 3900 m accuracy test conducted during this SAT)

Waypoint
Decimal Degrees Degrees Decimal Minutes

Lat. Lon. Lat. Deg. Lat. Min. Lon. Deg. Lon. Min.

Pitch
A 32.987374 -120.920855 32 59.242 -120 55.251

B 33.063193 -121.053803 33 3.792 -121 3.228

Roll
C 32.950000 -120.716667 32 57.000 -120 43.000

D 33.083333 -120.716667 33 5.000 -120 43.000

Heading 1
E 32.994837 -120.914852 32 59.690 -120 54.891

F 33.070662 -121.047805 33 4.240 -121 2.868

Heading 2
G 32.979911 -120.926857 32 58.795 -120 55.611

H 33.055723 -121.059800 33 3.343 -121 3.588

RR1301

Accuracy

C 32.950000 -120.716667 32 57.000 -120 43.000

D 33.083333 -120.716667 33 5.000 -120 43.000



EM712 Calibration (Original) Planning

1. Calibration plans were developed for the EM712 at a site used successfully for Sikuliaq EM710 calibrations

2. Several calibration attempts were unsuccessful due to configuration errors (see notes elsewhere in report)

Waypoint
Decimal Degrees Degrees Decimal Minutes

Lat. Lon. Lat. Deg. Lat. Min. Lon. Deg. Lon. Min.

Pitch
A 32.932876 -117.902559 32 55.973 -117 54.154

B 32.946406 -117.902697 32 56.784 -117 54.162

Roll

(calib., south)

C 32.895486 -117.934882 32 53.729 -117 56.093

D 32.904512 -117.965120 32 54.271 -117 57.907

Heading 1
E 32.932856 -117.905367 32 55.971 -117 54.322

F 32.946385 -117.905505 32 56.783 -117 54.330

Heading 2
G 32.932897 -117.899752 32 55.974 -117 53.985

H 32.946426 -117.899889 32 56.786 -117 53.993

Deep Roll 

(verif., north)

C2 33.008986 -117.920674 33 0.539 -117 55.240

D2 33.031013 -117.939328 33 1.861 -117 56.360



EM712 Calibration (Modified) Planning

1. After correcting the configuration issues, the EM712 calibration plan was modified/incorporated into a larger 
survey and crossline plan (right; new lines in white and original lines in red) to satisfy Kongsberg SAT 
requirements with the remaining sea time; the pitch and roll lines were each run twice on opposite headings

Waypoint
Decimal Degrees Degrees Decimal Minutes

Lat. Lon. Lat. Deg. Lat. Min. Lon. Deg. Lon. Min.

Survey line 1

(heading 1)

A 32.913386 -117.905246 32 54.8032 -117 54.3148

B 32.946532 -117.905584 32 56.7919 -117 54.335

Survey line 2

(pitch)

C 32.946553 -117.902776 32 56.7932 -117 54.1665

D 32.913407 -117.902439 32 54.8044 -117 54.1464

Survey line 3

(roll, hdg 2)

E 32.913427 -117.899632 32 54.8056 -117 53.9779

F 32.946573 -117.899968 32 56.7944 -117 53.9981

Survey line 4
G 32.946593 -117.897160 32 56.7956 -117 53.8296

H 32.913447 -117.896825 32 54.8068 -117 53.8095

Survey line 5
I 32.913467 -117.894018 32 54.808 -117 53.6411

J 32.946613 -117.894352 32 56.7968 -117 53.6611

Crossline
K 32.930098 -117.886030 32 55.8059 -117 53.1618

L 32.929900 -117.913570 32 55.794 -117 54.8142



EM124 and EM712 Calibration Data Collection and Processing

1. Sound speed profiles were acquired, processed in Sound Speed Manager, and applied in SIS throughout the 
calibration and verification steps for each system

2. EM124 and EM712 data were transferred in full .kmall format via the ship’s high-bandwidth satellite link, 
allowing near-real-time analysis on shore in parallel with assessment on board

3. Calibration data were examined by KM and SIO personnel on board in SIS and by Johnson and Jerram on shore 
with QPS Qimera

4. During shoreside analysis, files were processed with nearest-in-time sound speed scheduling, edited to remove 
outlier soundings, and then scrutinized with the Qimera patch test tool using a combination of

a. visual assessment and adjustment of the biases across a wide variety of data subsets

b. ‘Autosolver’ method to confirm minimum RMS differences between suitable subsets

5. Whenever possible, the result of each successful calibration step was updated in the SIS Installation 
Parameters for Attitude 1 prior to data collection of the subsequent test (e.g., applying the pitch result before 
roll calibration)

6. The final EM712 combined calibration / crossline survey was completed with a static set of offsets applied; in 
this case, the results from each test were applied in the Qimera vessel configuration prior to analyses of 
subsequent tests, then reviewed and adjusted in an iterative process until no appreciable biases remained



EM124 and EM712 Calibration Data Collection and Processing

7. Calibration data were collected in multiple stages for each system:

a. Initial calibration with zeros applied in Attitude 1, in the order of pitch, roll, heading

i. During the initial calibration, no latency test was applied as it is not clear that small positioning 
latencies would be discernable in relatively deep water

8. Pitch calibration data for both systems over multiple tests suggested alongtrack positioning errors that were 
ultimately linked back to two configuration issues:

a. SIS was using ‘system’ time for position input (as opposed to ‘datagram’ time); this was updated to 
‘datagram’ for both systems and latency tests were conducted for each

b. The Seapath Monitoring Point was inadvertently reset from the Navigation Reference Point (NRP, 
coincident with the mapping system origin on the MRP) to GNSS Antenna 1 (~20 m aft of the NRP) during 
a software update; this was updated to the NRP and addressed during processing in Qimera



EM124 and EM712 Calibration Data Collection and Processing

9. EM124 initial calibration data collected with the GNSS Antenna 1 Seapath Monitoring Point were corrected by 
editing the vessel configuration in Qimera to reflect the antenna’s location (rather than the origin expected by 
SIS during acquisition); these data produced reasonable calibration results that were verified in subsequent 
tests with the correct Seapath monitoring point at the NRP/MRP

10. EM712 calibration data were collected throughout the configuration troubleshooting stages described above, 
but suffered from extremely limited swath width and noisy outer sectors that were not suitable for analysis; 
these symptoms were eventually tracked back to a TX array heading offset of 180° (i.e., opposite cable 
orientation in the installation wizard, with rotation ‘ON’) that resulted in fundamental mismatches between 
the TX sector frequency content transmitted and expected during the RX / bottom detection process, with the 
largest TX/RX discrepancies (and corresponding degradation of swath data) occurring with FM transmission

a. Updating the EM712 TX array orientation immediately improved the data quality, allowing the combined 
Kongsberg SAT calibration / crossline survey to proceed with reasonable results (requiring verification)



EM124 and EM712 Calibration Data Collection and Processing

11. EM124 calibration results were determined clearly from the calibration and verification procedures

a. Note TX array pitch error (see Geometry Review); the current configuration should be maintained until the 
next QAT, at which time the TX array pitch can be updated immediately prior to a new calibration

12. EM712 calibration results evolved over several stages of calibration attempts and data quality investigations

a. In consideration of the initial calibration results and configuration changes for the TX array heading, the 
final Kongsberg SAT combined calibration / crossline survey was conducted using:

i. Initial roll offset (consistent results, verified during final survey; less severely affected by TX heading)

ii. Zeros for pitch and heading (results invalid; pitch and heading severely affected by the TX heading)

13. SIS Attitude 1 installation angles were updated for both systems according to the latest calibration results

14. In summary, the following calibration steps were successfully completed for Seapath (Attitude 1) input:

a. EM124: calibration and verification

b. EM712: calibration during initial SAT; a verification planned using Falkor/Kilo Moana EM710 site off HI was 
not workable with the ship schedule; a verification data set was collected March 07, 2021, off San Diego at 
the original planned calibration site



EM124 Calibration
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Pitch verification lines shown at left 
in the Qimera Patch Test Tool

1. Attitude 1 initial setting: 0.00°

2. Calibration adjustment: -0.45°

3. Verification adjustment: +0.05°

4. Final pitch offset: -0.40° in SIS

Results: Pitch (Seapath)



EM124 Calibration
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Roll verification lines shown at left 
in the Qimera Patch Test Tool

1. Attitude 1 initial setting: 0.00°

2. Calibration adjustment: +0.15°

3. Verification adjustment: +0.01°

4. Final roll offset: +0.16° in SIS

Results: Roll (Seapath)



EM124 Calibration
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Heading calibration lines shown at 
left in the Qimera Patch Test Tool

1. Attitude 1 initial setting: 0.00°

2. Calibration adjustment: +0.05°

3. Verification adjustment: -0.02°

4. Final hdg. offset: +0.03° in SIS

Results: Heading (Seapath)



EM124 Calibration
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Latency check lines shown at left in 
the Qimera Patch Test Tool

One 6-kt pitch calibration line was 
compared with a 10-kt repeat pass; 
the results do not suggest any 
appreciable EM124 positioning 
latency in deep water under the 
final configuration (SIS position time 
source set to ‘Datagram’ and 
Seapath output at the NRP)

Note: EM712 latency check lines 
(prior to correction of the TX array 
orientation) are not suitable for 
analysis due to pitch steering 
artifacts; latency was not checked at 
the combined calibration / crossline 
survey due to schedule constraints

Results: Latency Check (Seapath)



EM124 Calibration
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Post-Calibration Configuration

1. The Attitude 1 adjustments made during the 2020 
EM124 SAT are generally small and in line with the 
typical range of results; these results suggest correct 
vessel survey results and consistent integration

2. The Installation Parameters: Angular Offsets shown 
at left should be maintained until any modification is 
made to the EM124 or Seapath, or another 
calibration becomes necessary for other reasons

POST-CALIBRATION (EM124)



EM712 Calibration
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Pitch calibration lines shown at left 
in the Qimera Patch Test Tool

1. Attitude 1 initial setting: 0.00°

2. Calibration adjustment: 0.00°

3. Verification adjustment: 0.00°

4. Final pitch offset: 0.00° in SIS

Results: Pitch (Seapath)



EM712 Calibration
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Roll verification lines shown at left 
in the Qimera Patch Test Tool

1. Attitude 1 initial setting: 0.00°

2. Calibration adjustment: +0.16°*

3. Verification adjustment: -0.01°**

4. Final roll offset: +0.15° in SIS

*A consistent roll bias of +0.16° observed 
during earlier EM712 calibration attempts 
was treated as an initial calibration result and 
applied during the combined calibration / 
crossline survey; given the slope of this site, a 
large subset is shown minimizing the RMS 
error with a verification adjustment near zero

**Doppler speed log interference severely 
impacted the roll verification survey on 
03/07/2021 (e.g., reduced swath coverage 
and wider distribution of outer swath 
soundings in the ‘cleaned’ data shown here)

Results: Roll (Seapath)



EM712 Calibration
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Heading calibration lines shown at 
left in the Qimera Patch Test Tool

1. Attitude 1 initial setting: 0.00°

2. Calibration adjustment: -0.35°

3. Verification adjustment: 0.00°

4. Prelim. hdg. offset: -0.35° in SIS

Results: Heading (Seapath)



EM712 Calibration
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Post-Calibration Configuration

1. The Attitude 1 adjustments made during the 2020 
EM712 SAT are generally small and in line with the 
typical range of results; these results suggest correct 
vessel survey results and consistent integration

2. The Installation Parameters: Angular Offsets shown 
at left should be maintained until any modification is 
made to the EM124 or Seapath, or another 
calibration becomes necessary for other reasons

3. The results at left reflect one successful calibration 
and should be verified at the earliest opportunity 
during the 2020-21 field season

POST-CALIBRATION (EM712)



Accuracy Testing
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1. Swath accuracy was assessed for one mode for each 
system by conducting a reference survey and 
running crosslines (e.g., red line) over the surface

2. Crosslines were oriented to maximize coverage 
across the reference surface; these lines were 
oriented orthogonal to the reference surface survey 
lines in order to reduce any potential coupling of 
echosounder biases across the swath

3. Sound speed profiles were collected throughout the 
surveys and crosslines and applied during data 
collection and processing

4. Reference survey speeds were 6-8 kts, depending on 
schedule, and crossline speeds were 8 kts

5. As discussed in the EM712 calibration section, the 
accuracy test was combined with the Kongsberg SAT 
contract survey due to schedule constraints; this site 
covers a wide range of depths and slopes, and the 
crossline results here reflect the variety of modes 
across this terrain

Testing Procedure
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Testing Procedure

6. All bathymetric data were corrected for tide using 
the TMD (Oregon State) tide model

7. The reference surfaces were gridded with the CUBE 
algorithm in QPS Qimera at appropriate resolutions, 
then filtered by slope, sounding density, and 
uncertainty in the MAC accuracy plotter app

8. Only reference surface cells meeting the slope, 
density, and uncertainty criteria were used for 
analyses of crossline data

Reference Surfaces EM712 EM124

Nominal depth (m) 600-1000 3900

Grid size (m) 20 150

Min. soundings/cell 10 10

Max. slope (deg) 15 3

Max. uncertainty (m) 5 20
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Testing Procedure

9. Examples of the reference surface filter results and 
the final grid used for comparison are shown at left 
on this and preceding slides

10. Crossline soundings (e.g., gray points at left; track 
line in black) were corrected for tide and filtered to 
remove outliers based on distance from the 
reference grid; other systemic behavior of the 
echosounder was not edited or impacted

11. Sounding depths were compared to reference grid 
depths (interpolated onto the sounding horizontal 
position); mean depth bias and depth bias standard 
deviations as a percentage of water depth were 
then computed in 1° angular bins across the swath 
for each configuration (shown in following slides)
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1Dynamic for all dual swath modes
2RMH = Relative Mean Heading

Additional crosslines over this 3900 m reference surfaces were 
made during the EM124 roll calibration and troubleshooting on 
2021/10/22; these files were collected in the same mode as the 
default crossline setting appropriate for this depth, and are included 
in the analyses shown here

Downward from top: reference surface bathymetry, sounding 
density, slope, uncertainty, and final surface after masking

3900 m Accuracy: Data Collection

Crossline
Setting

Depth
Mode

Swath
Mode1

Pulse
Form

Yaw
Stabilization2

1 Deep Dual CW RMH
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1. The EM124 provided expected performance in the 
single mode tested at the 3900 m reference site

2. In general, the EM124 provided a zero-mean bias 
across most of the swath, with typical increases in 
standard deviations with beam angle

3. The observed trends in standard deviations 
generally remain within the expected performance 
range of the system for this depth range after 
removing crossline soundings >50 m from the 
reference surface (e.g., soundings that would be 
readily excluded during routine processing)

4. These trends are similar to those observed during 
previous deep water multibeam SATs (e.g., including 
penetration near nadir, and elevated distribution of 
soundings near the TX sector boundaries)

3900 m Accuracy: Results

Example of swath accuracy as a percentage of water depth

Results for each setting are presented in the following slides
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3900 m:  Deep/Dual/CW/RMH

Red: Mean Depth Diff.   Blue: Depth Diff. Std. Dev.

2020-10-22:

acc. test files 0001-0003

Filtered to remove soundings 
>50 m from reference surface
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3900 m:  Deep/Dual/CW/RMH (w/ verif.)

Red: Mean Depth Diff.   Blue: Depth Diff. Std. Dev.

2020-10-22:

acc. test files 0001-0003

roll verif. files 0007-0012

Accuracy results including 
roll verification lines (Deep 
mode selected by EM124 in 
‘Auto’ mode)

Filtered to remove soundings 
>50 m from reference surface
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1Very Deep mode is single swath by default
2RMH = Relative Mean Heading

Due to troubleshooting and scheduling constraints, the EM712 
calibration and accuracy tests were combined into the Kongsberg 
SAT contract survey; this site included significant relief and slopes 
for calibration and, in turn, requires a significant increase in the 
reference surface slope threshold from 3° to 15° in order to provide 
adequate surface area for crossline sounding comparison

Downward from top: reference surface bathymetry, sounding 
density, slope, uncertainty, and final surface after masking

600-1000 m Accuracy: Data Collection

Crossline
Setting

Depth
Mode

Swath
Mode1

Pulse
Form

Yaw
Stabilization2

1 Very Deep Single FM RMH
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1. The EM712 accuracy results fall outside the 
expected behavior, likely due to the steep slopes, 
refraction biases, and the comparatively small 
reference surface area available after filtering (even 
after broadening to slope threshold from 3° to 15°)

2. In general, the EM712 provided a zero-mean bias 
within 30° of nadir before shoaling with a refraction 
artifact with increasing beam angle

3. The observed trends in standard deviations fall 
below 0.2 %WD for only a small range of angles in 
the mid-swath region on each side, despite the 
exclusion of crossline soundings >20 m from the 
reference surface (e.g., soundings that would be 
readily excluded during routine processing)

4. These trends are similar in shape to those observed 
during previous deep water multibeam SATs, but are 
significantly greater in amplitude; future accuracy 
testing in this mode should be conducted over 
flatter regions of the seafloor in this depth range

600-1000 m Accuracy: Results

Example of swath accuracy as a percentage of water depth

Results for each setting are presented in the following slides



EM712 Accuracy Testing

44

600-1000 m:  Very Deep/Single/FM/RMH

Red: Mean Depth Diff.   Blue: Depth Diff. Std. Dev.

2020-10-25:

SAT survey files 0009-0010

Filtered to remove soundings 
>20 m from reference surface
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Overview
• Swath coverage assessment data were collected 

during the SAT off San Diego (top: 2020/10/23, 
EM124 only) and on approach to HI (bottom: 
2020/12/20, EM124 and EM712 shown with different 
color scales)

• Coverage test lines at both locations were planned to 
cross contours perpendicularly to minimize the 
impacts of slopes facing toward / away from the 
multibeam systems; while other transit data is 
available, these are the only portions suitable for 
coverage testing

• Both systems were operated in automatic ping mode, 
Dual-Swath (Dynamic), FM enabled, and maximum 
swath angle limits (±70° for the EM712 and ±75° for 
the EM124), allowing each system to select its 
preferred depth mode and attempt to maximize 
swath coverage over depths of ~50-4600 m 
(~50-2600 m for the EM712)
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Overview
• Ship speed was 7-8 kts during these test lines; sea 

state was noted to degrade during data collection off 
HI, which is expected to negatively impact the 
achieved swath coverage

• The bridge’s Doppler speed log may have been active 
during testing off HI, which (combined with sea state) 
probably contributed to the low data quality during 
these lines (top: EM712 data, middle: EM124)

• An improvement was seen in EM124 and EM712 data 
quality at ~1510 UTC while approaching Honolulu 
(bottom: EM124 file 0182, ship course ~025); it is 
worthwhile to investigate any changes in acoustic 
sensors operating at that time to corroborate the 
impacts on EM data quality

• Similar artifacts were seen during swath coverage 
data collection off San Diego in March, 2021; as a 
result, these data were not suitable for analysis

• The Doppler speed log must be secured for future 
multibeam data collection
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Overview
• Across-swath distance from nadir was calculated for 

the outermost port and starboard ‘valid’ sounding for 
each ping and then plotted against depth to evaluate 
trends in the achieved swath width versus depth

• The following slides present the achieved swath 
coverage versus depth, colored by a variety of 
parameters to illustrate performance in these modes

• During data editing, the outer sectors appeared to 
include many outlier ‘valid’ soundings that would be 
expected to be flagged by the echosounder and 
rejected automatically in processing

• These unexpected ‘valid’ soundings added excessive 
editing effort in Qimera and likely cause an 
exaggeration of the useful coverage shown here

• Additional data collection is recommended, 
transiting at typical mapping speeds across a wide 
range of depths and crossing contours as directly up 
and down the slope as possible, with follow-up with 
Kongsberg to discuss expected data flag behavior
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Results

Depth Depth Mode
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Results

Pulse Form Swath Mode (Enabled)
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Results (Comparison to EM122)

Reported Backscatter

RR1301: http://mac.unols.org/reports/roger-revelle-2013-quality-assurance-report
RR1610: https://www.gmrt.org/contributors/cruise.php?id=RR1610

RR1301

RR1610
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Results

Depth Depth Mode
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Results

Pulse Form Swath Mode (Enabled)
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Results

Reported Backscatter
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TX/RX Channels

• A full Built-In Self-Test (BIST) was collected dockside in San 
Diego for each system on 2020/09/29, including TX and RX 
Channels data that are useful as proxies for hardware health

• The color scale on each plot is based on the acceptable 
impedance range to pass a BIST, as defined by Kongsberg

• TX and RX Channels BISTs should be performed routinely (e.g., 
BISTs at the start and end of each mapping mission), between 
direct impedance measurements, to monitor for channel 
failures or general shifts over time

• All RX elements and all but three EM124 TX elements appear 
to be within factory limits as specified in the BIST file
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TX/RX Channels Baseline

20202020
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TX/RX Channels

• As with the EM124, a full Built-In Self-Test (BIST) was 
collected dockside in San Diego for the EM712 on 2020/09/29

• All but one (out of 720) EM712 TX elements appear within 
factory limits; Kongsberg has identified a firmware issue with 
one RX module, causing low impedance for 16 RX elements
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TX/RX Channels Baseline

20202020



RX Noise BIST Assessment Noise Level vs. Speed

1. Major limitations of multibeam performance can stem from elevated noise levels due to hull design, 
engines and other machinery, sea state, biofouling, electrical interference, etc.

2. To characterize the vessel’s noise environment as perceived by the EM124 and EM712, a series of RX 
Noise Level Built-In Self-Tests (BISTs) were recorded under two scenarios:

a. Noise vs speed while the vessel slowly accelerated over a range of 0-12 kts

b. Noise vs azimuth relative to the prevailing seas (in 45° increments)

3. The EM124 RX Noise BIST data follow the expected increases in noise levels with increasing speed; 
EM712 results at 55 kHz are less susceptible to these increases, and show very low impact at 84 kHz

4. At higher speeds for the EM124 and EM712 at 55 kHz, higher noise levels on the edges of the array (top 
and bottom edges of image) indicate localized impacts of flow noise at the edges and machinery noise 
arriving through the hull

5. The highest noise levels observed during the azimuth tests are with swell arriving on the stern (i.e., 
azimuth ~180° in the following plots); these tests generally suggest that the gondola is working well to 
reduce bubble noise generated on other headings (e.g., into the seas) and that the mapping systems 
should not be unduly limited by this issue on most survey line orientations (except with elevated noise 
levels from swell impacting the stern) 

Vertical stripes are likely caused by swell impacting the hull during the RX noise test cycle; these illustrate the 
broadband noise perceived due to sea state but do not represent typical machinery or flow noise 58
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RX Noise BIST Assessment Noise Level vs. Azimuth

60Azimuth of ship relative to arriving swell (0° into the seas, 90° on port beam, 180° with the seas, etc.); swell from 320°T in tests



See Appendices in Separate Document

Appendix 1: Seapath 330 Configuration
Appendix 2: EM124 Configuration
Appendix 3: EM712 Configuration

61
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