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HLY 2020 QAT Planning Overview

• The USCGC Healy (HLY) is equipped with a Kongsberg Maritime EM122 multibeam echosounder (1° TX x 2° RX) 
with Seapath 330+ (primary) and Applanix POS MV (secondary) positioning / attitude systems

• The Multibeam Advisory Committee (MAC) was asked to assist with Quality Assurance Testing (QAT) of the 
ship’s multibeam echosounders ahead of the 2020 field season; due to widespread travel restrictions, MAC 
personnel provided remote support for line planning and data analysis from shore

• MAC communication with Healy and UCSD/STARC personnel (Lee Ellett, Brendon Mendenhall, Daniel Yang) 
commenced in June 2020 with planning for calibrations (‘patch tests’) for the EM122 using both position / 
attitude systems as the primary feeds off the coast of Washington and opportunistic testing of swath accuracy, 
EM hardware health, and RX noise levels over a range of speeds

• The calibration and accuracy test plan was developed with proven calibration sites used for other vessels, 
including during the 2017 Healy EM122 QAT by Paul Johnson and Vicki Ferrini; detailed reports of the 2017 QAT 
and 2014 noise testing are available at http://mac.unols.org/category/ships/healy

• This report describes the calibration results and implementation in SIS, as well as opportunistic system hardware 
health, swath coverage, and noise testing
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HLY 2020 QAT Planning Overview
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• EM122 calibration and accuracy tests were planned using the 2017 Healy QAT lines off Washington (red; see 
report on MAC website)



System Geometry Review
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Overview: Vessel Survey

• The granite block remains the origin for all sensor reference frames; Seapath and POS MV output are valid at 
the granite block

• EM122, Seapath, and POS MV configurations are based on vessel surveys performed by IMTEC (2010, 2014) 
with updates based on tape measurements of new antenna positions (2014-17) and appropriate modifications 
based on calibration results

• Healy and STARC personnel confirmed that no modifications have been made to the EM122, Seapath, and POS 
MV installations since the 2017 QAT, aside from a Seapath antenna upgrade (see note in this report)

• While this report describes the most recent calibration results, the 2017 QAT report should be referenced for 
more details of the system geometry review (e.g., ship reference frame and survey documentation, sources for 
antenna offsets, etc.)



EM122 Configuration
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Installation Parameters - Locations

The EM122 configuration is based on earlier system 
geometry reviews through the 2017 QAT

Screenshot at left shows the linear offsets of the 
EM122 transducers as configured through the 2020 
calibration

Position and attitude offsets are zero in SIS as the 
Seapath and POS MV feeds are considered valid at the 
granite block (origin)



Seapath 330+ Configuration
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Lever Arms and Angles

The Seapath configuration is based on earlier system geometry reviews through 2017

The only change in Seapath offsets from the 2017 QAT report is an upward (negative) shift of 0.025 m for both 
GNSS antenna Z offsets associated with installation of new NovaTel 713-GGG-N antennas for improved Inmarsat 
interference rejection on June 19, 2019; the antenna baseline vector remains unchanged

Screenshots below show GNSS and MRU offsets as configured through the 2020 calibration



Seapath 330+ Configuration
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NovaTel 713-GGG-N Antenna

NovaTel specifications for the new Seapath antennas are presented below for reference (source: 



POS MV 320 Configuration
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Lever Arms and Angles

The POS MV configuration is based on earlier system 
geometry reviews through 2017

No changes have been made to the POS MV IMU, 
antennas, or configuration since the 2017 QAT

Screenshot at left shows GNSS antenna and IMU lever 
arms and mounting angles as configured through the 
2020 calibration



EM122 Calibration Site Selection and Data Collection

1. Calibration plans were based on sites developed/used successfully for other vessels (including the Healy)

Area Line Pts Longitude Latitude
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EM122_Pitch
A -126.41839 48.07282
B -126.45146 48.05735

EM122_Roll
C -126.56104 48.04418
D -126.61008 48.04388

EM122_Heading1
E -126.46382 48.06913

F -126.43074 48.08460

EM122_Heading2
G -126.43912 48.04556
H -126.40605 48.06103



EM122 Calibration Site Selection and Data Collection

2. Calibration data were collected in two stages: initial calibration and verification lines using the Seapath as the 
primary feed, then repeating these lines with the POS MV as the primary feed; as no changes were made to 
the SIS configuration between calibration and verification, the verification lines were technically redundant; 
however, the two full dataset for each system were useful in selecting the highest quality data for analysis

3. Sound speed profiles were acquired, processed in Sound Speed Manager, and applied in SIS during calibration

4. EM122 .all files were reduced using the MAC ‘file trimmer’ app to remove 100-Hz attitude velocity datagrams 
and sent (with acquisition logs) by Emily Shimada to the MAC using Google Drive

5. Data quality was observed in Qimera to be generally good, given the attenuation impacts of ice protection 
windows and the Healy’s elevated noise levels documented in previous tests; only the Seapath heading 
calibration showed appreciable degradation in data quality, resulting in slightly lower confidence in that result

6. EM122 calibration results were small for both the Seapath and POS MV (see calibration slides), suggesting that 
these systems are configured correctly with accurate transducer, MRU, and IMU offsets, and there are no 
appreciable differences in between the Seapath and POS MV in terms of EM122 calibration data quality

7. SIS Attitude 1 (POS MV) and Attitude 2 (Seapath) installation angles were updated on July 17, 2020 according 
to calibration results



EM122 Calibration Site Selection and Data Collection

8. Two issues arose during data collection that warrant additional troubleshooting:

a. An EM122 communications issue (Seapath heading cal, line 108) caused the system date to revert to 
October 13, 2005 (system time in HH:MM:SS.SSS did not appear to be affected); this did not seriously affect 
calibration processing in Qimera, aside from some impacts on sound speed scheduling (allowing ‘nearest in 
time’ scheduling in Qimera for file numbers up to 108 but requiring ‘realtime’ scheduling after the date 
issue in file 108)

b. An extended ping dropout (Seapath pitch verification, line 117) of unknown cause (see data quality notes in 
later slide); Healy personnel reported no warnings in SIS, and ping count continued to increase over a six-
minute period showing no soundings in Qimera

a. ‘Raw’ and ‘trimmed’ versions of file 117 were compared to rule out an error in the file trimmer app; 
both files show the gap

b. The K-Sync logs show no errors during this time period; the EM122 was set as ‘master’ with all other 
sounders secured

c. Discussion among MAC, Healy, and STARC personnel suggest an intermittent, extremely strong source 
of interference that keeps the EM122 from making any bottom detections in the affected ping cycles; 
under these conditions, the EM122 would continue to transmit (hence, increasing ping count) without 
logging any RX (raw range and angle) datagrams; this behavior was seen during the 2017 QAT and 
requires additional investigation



EM122 Calibration
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Pre-Calibration Configuration

1. All Attitude 1 angular offsets were left unchanged in 
SIS Installation Parameters prior to data collection

2. Calibration data were edited and examined on shore 
with processing and patch test tools in QPS Qimera; 
small and large subsets of cleaned data were 
scrutinized visually and using the ‘Autosolver’ to 
confirm minimum RMS differences between lines

3. During analysis on shore, results from each test 
were applied in the Qimera vessel configuration for 
each system prior to subsequent tests, then 
reviewed in an iterative process to minimize the 
effects of coupling between offsets; this was 
repeated until no appreciable biases remained

4. Results were updated in the SIS Installation 
Parameters for Attitude 1 after each complete 
calibration dataset was collected and assessed

5. No latency test was performed, as a small 
positioning latency would not be evident in deep 
water and no latency-related artifacts were noted

PRE-CALIBRATION (EM122)

POS MV
Seapath



EM122 Calibration
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Qimera Calibration Configuration

1. Because Seapath and POS MV data were both logged in the .all files, extra care was taken in Qimera to 
ensure only the system of interest was prioritized for navigation and all other navigation options were 
disabled when processing the respective datasets

2. Screenshots below show the Qimera processing parameters used for Seapath (left) and POS MV (right) 
calibration processing; as the Seapath was installed after the POS MV, its communications setup and 
associated numbering in SIS (and .all files and processing, e.g., ‘Motion 2’) follow the POS MV (‘Motion 1’)

Seapath prioritized; POS MV disabled POS MV prioritized; Seapath disabled



EM122 Calibration
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Pitch verification lines shown at left 
in the Qimera Patch Test Tool

1. Attitude 2 initial setting: +0.13°

2. Calibration adjustment: +0.01°

3. Final pitch offset: +0.14° in SIS

Results: Pitch (Seapath)



EM122 Calibration
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Roll verification lines shown at left 
in the Qimera Patch Test Tool

1. Attitude 2 initial setting: -0.01°

2. Calibration adjustment: 0.00°

3. Final roll offset: -0.01° in SIS

Visual scrutiny and Autosolver results using 
large and small subsets yielded slightly 
different results for the calibration and 
verification datasets; the mean of these 
results indicated changes of less than 0.01°, 
which is less than the smallest configurable 
change in SIS; as such, the Seapath roll offset 
was left unchanged

Results: Roll (Seapath)



EM122 Calibration
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Heading calibration lines shown at 
left in the Qimera Patch Test Tool

1. Attitude 2 initial setting: +0.05°

2. Calibration adjustment: +0.10°

3. Final hdg. offset: +0.15° in SIS

The Seapath heading test data suffered 
slightly from a communications loss (line 108, 
shown here) during the initial calibration and 
lower data quality (‘noisier’ soundings) 
during the verification lines; the heading 
results are based primarily on the first 
dataset (shown here)

Results: Heading (Seapath)



EM122 Calibration
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Pitch verification lines shown at left 
in the Qimera Patch Test Tool

1. Attitude 1 initial setting: +0.23°

2. Calibration adjustment: +0.05°

3. Final pitch offset: +0.28° in SIS

Results: Pitch (POS MV)



EM122 Calibration
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Roll verification lines shown at left 
in the Qimera Patch Test Tool

1. Attitude 2 initial setting: -0.19°

2. Calibration adjustment: +0.01°

3. Final roll offset: -0.18° in SIS

Results: Roll (POS MV)



EM122 Calibration
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Heading calibration lines shown at 
left in the Qimera Patch Test Tool

1. Attitude 2 initial setting: +0.24°

2. Calibration adjustment: +0.05°

3. Final hdg. offset: +0.29° in SIS

Results: Heading (POS MV)



EM122 Calibration
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Post-Calibration Configuration

1. The Attitude 1 adjustments made during the 2020 
EM122 calibration are generally small and in line 
with the typical range of results; these results 
suggest a high-quality vessel offset survey, 
consistent integration, and no significant changes 
across the EM122, Seapath, and POS MV 
installations since 2017

2. The Installation Parameters: Angular Offsets shown 
at left should be maintained until any modification 
is made to the EM122, Seapath, or POS MV, or 
another calibration becomes necessary for other 
reasons

POST-CALIBRATION (EM122)

POS MV
Seapath



Swath Coverage Assessment

21

Overview

• Two transits presented opportunities for collecting 
swath extinction data (19 and 30 July, 2020; deeper 
transit approaching Dutch Harbor shown at left); 
these were the only portions of HLY20TC and 
subsequent data suitable for swath coverage testing 
amid other ship priorities and degrading sea state

• The EM122 was operated in automatic ping mode 
with swath angle limits set to ±70°, allowing the 
system to select its preferred depth mode and 
attempt to maximize swath coverage over depths of 
~560-6200 m

• Ship speed was 12-13 kts during these transits, which 
is expected to negatively impact the achieved swath 
coverage due to increased machinery and flow noise; 
additionally, the track to Dutch Harbor crossed the 
continental slope at angle that is expected to 
improve swath coverage on the starboard side (with 
slope facing toward the ship) and decrease coverage 
on the port side (with slope facing away)



Swath Coverage Assessment
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Overview

• Across-swath distance from nadir was calculated for 
the outermost port and starboard 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 the modes tested and effects 
of slope facing toward/away from the system (e.g., 
slightly higher reported backscatter and marginally 
increased coverage on starboard side in deeper 
regions on transit to Dutch Harbor)

• In light of the factors outlined above, the results may 
not indicate typical performance under normal 
mapping conditions

• Additional swath coverage testing 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



EM122 Swath Coverage
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Results

2020 (Depth) 2020 (Depth Mode)



EM122 Swath Coverage
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Results

2020 (Pulse Form) 2020 (Swath Mode)



EM122 Swath Coverage
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Results

2020 (Backscatter) 2017 (Backscatter) vs. 2012 (Gray)



Swath Quality Notes
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Data Quality

• As seen in 2017, the 2020 transit data (left) indicated that low bottom detection 
quality persists at sector boundaries, particularly at depths beyond 3000 m; 
these areas appear as alongtrack ‘tearing’ in the gridded bathymetry

• This is likely due to a number of factors, including high vessel background noise, 
the effects of ice protection windows, and the high transit speed

• The RX data dropout mentioned in the calibration notes (file 0117, Seapath
pitch verif. pass 1, middle image below) is the most severe case of possible noise 
impacts observed during HLY20TC

2017 QAT



Swath Quality Notes
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Data Quality

• The root of this dropout remains unknown and warrants further investigation; 
toward that end, Emily Shimada emailed (3 Aug 2020) the following information 
from post-HLY20TC discussions with the engineering department:

“I wanted to follow up on the potential external machinery noise issue for line 117 losing bottom during the patch test. My 
understanding from you and Paul as well as from various notes onboard is that machinery noise sources have been periodically traced 
out for the last few years. Historically, the top two culprits seem to be the boiler feed pump and potable water pump, which cycle on 
and off constantly. They do this so frequently, however, that they would have been doing so throughout the patch test.

However, I met with engineering and did more sleuthing and it turns out that when the #2 generator is put online, a new behavior 
was noted that the main fuel oil pumps are power cycled as a result. This only happens with the #2 generator and it was put online 
at 0730 UTC on 7/14 just prior to running line 117 and the fuel oil pumps would have swapped from #4 to #2 and then back to #4 
after that, which could also explain the power spike around 0100.”

2017 QAT
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Transducer Health Overview

• Built-In Self-Test (BIST) routines have been run for the EM122 periodically since 2012 to assess system 
functionality during each operating season and 

• BISTs provide impedance measurements of the transmitter array, receiver array, and receiver

• These test results may be used as proxies for the health of transducer elements and receiver electronics

• Routine RX and TX Channel BISTs may aid early detection of element degradation; this is important to monitor, 
as these arrays have been observed to degrade with time

• It is important to note that the BIST impedance measurements include the effects of cables and do not provide 
a full or exact characterization of transducer element properties as a function of frequency

• A large batch of BIST files collected since 2012 was provided to the MAC; all relevant files (collected under non-
troubleshooting circumstances) are plotted here to provide an overview of TX Channels and RX Channels BIST 
results through time

• Note the EM122 RX Channels data include receiver impedance but not transducer impedance (resulting in 
blank plots)



EM122 Transducer Health
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TX Channels

• No TX Channels BISTs were 
collected during HLY2020TC

• TX Channels BIST data from 
2016 and 2017 shown here 
were included in all BIST data 
available as of July 2020

• TX Channels BISTs should be 
performed routinely, between 
direct measurements with the 
Kongberg Cypher tool, to 
monitor for element failures or 
general shifts in impedance 
across the TX hardware

2016 2017



EM122 Impedance
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RX Channels and Receiver

• EM122 RX Channels impedance data for the receiver 
(top) and transducer (bottom) were collected 
throughout HLY20TC (last test shown at left)

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

• All receiver impedance values are well within spec; 
only one channel (board 0, channel 13) appears low

• For this EM122 BIST format, the text file does not 
include transducer element impedance data; this 
should be tested with direct measurements (e.g., 
Cypher tool) as the array elements may degrade 
without impacting receiver impedance results

• EM122 RX channels data collected since 2012 are 
plotted on the next slide, showing relatively stable 
impedance values for the receiver; as with this most 
recent test, transducer impedance was not included 
in these files dating back to 2012

2020



2020

EM122 Impedance
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RX Channels and Receiver

2012-2020



RX Noise BIST Assessment Noise Level vs. Speed

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.

To characterize the vessel’s noise environment as perceived by the EM122, a series of RX Noise Level Built-In 
Self-Tests (BISTs) were recorded at various speeds over a range of 0-12 kts and 0-135 RPM in two test periods 
over the last several years

Although no RX Noise vs. Speed testing was performed during HLY20TC, the following slides present two sets 
of speed-noise testing data available as of HLY20TC in order to illustrate the very high noise levels observed
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RX Noise BIST Assessment EM122 Noise Level vs. Speed

The EM122 RX Noise BIST data show 
generally very high noise levels, 
following the expected increases in 
noise levels with increasing speed

At all speeds, high noise levels on the 
edges of the array (top and bottom 
edges of image) indicate localized 
impacts of flow noise at the ice window 
edges and machinery noise arriving 
through the hull

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
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2013 2017



credit: Grant DeVuyst, USCG


