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Introduction

The R/\Falkoris equipped with Kongsberg Maritime (KM) EM38@ kHzand EM71q70-100 kHz)
multibeam echosounders. These systems have both beaawed for calibration, configuration, and
performance annually sindaitial sea trials in 2012, with the most recent system checkup performed in
September 2014 outside San Francisco Bdys report describes the procedures and results of a
calibrationandperformance assessment conductddring cruise FK150925eptember 2580, 2015)n
order to verify functionalitymmediately priorto a major mapping cruise.

Changes to the multibeam systems since the September 2014 visit appear to be limited temegiac
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ship personnel. To ensure proper functionality prior to the October 2015 mapping cruise, a full

geometric calibratiorand verification wergerformedfor both the EM302 and EM710 using both the

primary Seapatl320 and secondary Applanix PS8 motion sensorsTransmitter elemenimpedance
measurements were collected fboth systems to identify early warning signs for any possible

transducer degradatin. Lkewise, receiver noise measurements were collected for both systems with

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

changes in the platformoise environment Swath coverageas a functin of depth wereexamined for

both echosounders using data collected throughout 36925 in depths of 4@,400 m.

Overview of System Geometry
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linear and angular offsets of the primary components of the multibeam mapping sgsteatuding the

TX arrays, RX arrggsd motion sensors. HEse parameters are critical for data collection in an

unbiased and repeatable manner.

PreFK150925 GeometryelRew

The 2012 and 2014 FUGRO surveys established the primary reference frame used by the multibeam
echosounders and ancillary sensors. This is a-hghtled coordinate system with its origin at the

center top of the primary motion sensor (Seapath MRUwith the X axis positive toward the bow, Y

axis positive toward starboard, and Z axis positive downward. The primary motion sensor is also used as
the Navigation Reference Point for the Seapath and the origin for the POS MV configurations to ensure
consstency among all sensor reference frames used on board and the locations at which
position/attitude data are valid. Angles are provided according to the Kongsberg Maritime sign
convention, with pitch positive with bow up (righand rule about the +Y ai roll positive with port

side up (righthand rule about the +X axis), and yaw positive with bow movement towarbdeard

(compass convention).

Review of the survey reports and existing EM302, EM710, Seapath 320, and POS MV configurations
revealed no dicrepancies in the transformation of linear offsets from the FUGRO survey reference
frame (centered at the aft keel centerline) to the multibeam echosounder reference frame (centered at
the Seapath MR43). Very small difference (0.004 to 0.018 m) weresddbetween the FUGRO 2014

survey report and the prEK150925 configurations for the Seapath starboard GPS antenna Y and Z
linear offsets. A similarly small difference (0.058 m) was noted between the FUGRO 2014 survey report
and the preFK150925 configuran for the POS MV port GPS antenna Z linear offset. These values



were not modified prior to FK150925.ablel provides a chronological outline of available
documenation describing the establishment and modification of the system geometry.

All array and IMU installation angular offsets were translated correctly from the FUGRO surveys to the
SIS, Seapatland POS MV configurations with the exception €.806° POS MV IMU roll offset. This

was reset in the POS MV configuration to the FUGRO 2014 survey value of 0.000° prior to the FK150925

calibration, but was found to have reverted 40.006° after caliration. The POS MV IMU roll
configuration has since been left &006° because it is assumed this value was applied during
EM302/EM710 roll calibration; despite its small magnitude, this roll offset should be updated to 0.000°
(and confirmed) in the P®MV configuration prior to the next calibration. Tal#lésin the Calibration
Results section provide summaries of the linear and angular offsetapdegpostFK150925 for the

EM302, EM710, Seapath 320, and POS MV configurations.

Tablel. Documentation for system geometry

Date Location Event References
FUGRO survey to establish vessétrence frame and offsets of
201112to | Wewelsfleth, EM302/EM122 Hays,Seapath MR, "’?”d G.PS apt_ennas FUGRGQurvey report
survey conducted in FUGRO convention with origin at aft keg :
201203 Germany ) . . . .| provided by R/\Falkor
center; summanyprovides offsets in Kongsberg convention wit]
origin at MRUb
R/VFalkorMultibeam
201205 Sognefiord, Sea acceptance trials; calibration of EM302 and EM710 Echpsounde.r System
Norway Review provided by
UNH CCOM / IFREME
R/VFalkorMultibeam
201303 Bahamas Quality assurance testing; calibration of EM302 and EM710 Echpsounde_r System
Review provided by
UNH CCOM
R/VFalkorMultibeam
201402 h QdzK | I ¢ Quality assurance téiag; calibration of EM302 and EM710 Echgsoundelr System
Review provided by
UNH CCOM
San Francisco FUGRQ survey to reestablish vessel reference fra_rde an FUGRO survey report
201408 California ' | determine offsets for new PQ8V IMU; offsets provided in provided byR/VEalkor
existing Kongsberg reference frame with origin at MRU
R/VFalkorMultibeam
201409 San Francisco, | Calibration of EM302 and EM710 witmtporary Seapath IMU | Echosounder System
California and new POSIV IMU Calibration provided by
UNH CCOM
EE?;E)OQZS Calibration of EM302 and EM710 with replacement Seapath E(;if'i:;ulri(t)igis SIS
201509 OQld& | I ¢ Quality assurance testing; calibration of EM302 and EM710 | This document




GeometricCalibration

After review and confirmation of all linear offsets, both the EM302 and EM710 multibeam systems were
calibrated for residual angular offsedsid verifiedusing theSeapat320 and POS Mwotion sensors
independently.

Site Selection

Figurel shows theline plan anctalibration area southwest of@lu Kucluding prominent features for

pitch and yaw calibration and flat seafloor f@ll calibration these sites have been used successfully
during prior calibrations aboard other research vessels operating out of Hondllle depth range of
approximately 406620 m was selected so as to allow simultaneous calibratiatheobEM302 andEM710
systems.Motion sensor angular offsets in SIS were left untouched from the=grE50925 values

(Tables2 and 3) prior to calibration. Residual angular offsets westatmined in the order of pitch first,

roll second, and yaw third. To minimize coupling of angular offsets in the calibration results, each
anguhr offset was updated in SIS after completion of its respective calibration procedure and before the
start of suney data collection for the followingffset calibration. The procedure was then repeated

after initial calibration to verify the angular offsresults in SIS and make final adjustments as necessary.
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Figurel. Calibration and accuracy testing sites southwest of O'ahu, Hawai'i. These sites were selected based on availability of
suitable seafloor features in the opdi@nal depth ranges of the EM302 and EM710 multibeam echosounders. Swath coverage
(acoustic extinction) data were collected up and down the slope in addition to over these test sites.

XBT profiles were acquired, processed in SVP Editor, and applied pni& & the first pitch line and all

roll calibration lines. All XBTs throughout FK150925 were processed with SVP Editor to remove spurious
sound velocities, apply salinity data from the Wdtldean Atlas, and prepare the profile for STS.

achieve higtping rate and sounding density, tisip was operated at kts for all calibration lines.



The EM302 and EM710 weeenfigured as follow$or all calibration data collectian

Depth mode: AUTO

Duakswath mode: enabled (dynamic)
Transmit mode: CW EM disabledl

Yaw stabilization: enabled (rel. mean heading)
Pitch stabilization: enabled

Beam spacing: High density equidistant
Swath width: Pitch: 15°/15° port/stbd

Roll:  70°/70° port/sthd
Yaw: 5°/55°and 55°6° port/stbd

The calibration lines were run first using the Seapath as the saliéign and attitude input tdoth
echosoundersthen repeated with the POS MV as the s@lasition and attitude sourcelt is

theoretically possibléo record input from both motion sensors in the Kongsberg .all files and process
the calibration data using each input separately with QPS Qimera (thereligdnéheoriginaldata
collection time). This was attempted witbne pitch calibration line dung FK150925, but it was unclear
whether the appropriate motion sensor was applied in ppgicessing. To be absolutely certain of our
test resultsthe calibraton datawere collectedwith each motion sensaseparately teeliminate the
possibility of softvare and/or operator confusion in applying the position and attitude feeds from
Seapath and POS MV separatdlye will continue to work with QPS to ensure proper interpretation of
multiple motion sensor inputs in pogirocessing, as this could yield sfgrant time savings during data
collection.

Calibration tools in CARIS HIPS 9.0 and SIS were used separately to evaluate each set of calibration lines

for both echosounders. Results from independent examinations of each set of calibration lines by
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of each other and frequently agreed to within 0.02°; final values were agreed upon after additional

scrutiny before modification in SIS.

Because the calibtion sitedepth range is on the shallow end of the intended operational range for the
9aonHX | WRSSLIQ NRff GSNATAOI (A 2S¢gapaitingtionisdnsoin LIS NJF 2 N.
approximately 433&1470 m depth.This step allows closer scrutinf/the EM302 roll calibration in its

more appropriate operational depths, using the increased range to amplify any apparent depth artifacts
associated with IMU roll misalignment.

All calibration result§or each motion sensowere verified by repeating #pitch, roll, and yaw
calibration procedure after application of thieitial resultsin SIS. In some cases, very smagaining
residual offsets were detéed during the verification and updated in SIS0 apparent latency effects
were visible during-K150925andno latency test was performed.

Calibration Resulasnd Current Configuration

Tables2-5 summarize the posFK150925 configurations for the multibeam echosounders and motion
sensors. Fgparameterswith any changes made during FK150925, thegotese value is included in
parentheses. These results dased on careful review of the survey documentation and calibration
datasets and are to be used until sensors are modified or another calibration becomes necéssary.
demonstrate the calibration result§jigure2-13 depict transects of the roll, pitch, and yasgrification
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data sets in the CARIS HIPS Subset Editbratain tool with the final adjustrants for each offset

applied (note that the value applied in the calibration tool is only the final adjustment, not the offset
recorded in the corresponding table of offsets).

Table2. EM302 sensor offsets after systgeometryreview andcalibration during FK150925. Rmedification values (where

applicable) are shown in parentheses.

EM302 X Y VA Pitch Roll Yaw
Origin at Seapath MR BOW + STBD + DOWN + BOW UP +| PORT UP +{ COMPASS -
EM302 TX 18.888 -1.321 6.094 0.26 0.02 359.85
EM302 RX 16.939 -1.605 6.109 0.54 0.07 359.82
Pos, COM1 (Seapath 320) 0.000 0.000 0.000 - - -
Pos, COM3 (POS MV) 0.000 0.000 0.000 - - -
Attitude 1, COM2/UDPS5 (Seapath 320 0.000 0.000 0.000 0.00 0.70 -0.20
Attitude 2, COM3/UDP6 (POS MV) 0.000 0.000 0.000 0.02 (0.00) | 0.02 (0.00) | 0.10 (0.00)
Waterline - - 0.566 - - -

Table3. EM710sensor offsets after systegeometryreview and calibration during FK150925. -Rredificationvalues (where

applicable) are shown in parentheses.

EM710 X Y Z Pitch Roll Yaw
Origin at Seapath MR{3 BOW + STBD + DOWN + BOW UP +| PORT UP +{ COMPASS -
EM710 TX 18.840 -2.123 6.094 0.300 0.100 359.690
EM710 RX 17.452 -2.279 6.102 0.440 0.040 359.900
Pos, COM1 (Seapath 320) 0.000 0.000 0.000 - - -
Pos, COM3 (POS MV) 0.000 0.000 0.000 - - -
Attitude 1, COM2/UDPS5 (Seapath 320 0.000 0.000 0.000 0.000 0.72 (0.70) | -0.15 ¢0.20)
Attitude 2, COM3/UDP6 (POS MV) 0.000 0.000 0.000 0.000 0.000 0.15 (0.00)
Waterline - - 0.566 - - -

Table4. Seapath 320 sensor offsets after system geometry review during FK150925 (no changes made during this review).

Seapath 320 X Y z Pitch Roll Yaw
Nav. Ref. Point at MR\3 BOW + STBD + DOWN + BOWUP + | PORT UP + COMPASS -
GPS Antenna 1 (Port) 48.903 -1.324 -25.987 - - -
GPS Antenna 2 (Starboard) 48.888 1.243 -25.973 - - -
MRU-5 Center Top 49.914 1.593 -6.166 -0.380 -0.040 0.560
Nav. Ref. Point (MR Center Top) 49.914 1.593 -6.166 - - -

Table5. Applanix POS MV sensor offsets after system geometry review during FK150925. Based on review of the 2014 FUGRO

survey report, the IMU target roll value was reset to 0.000° prior to calibration during FK150925. Thsallarffset evidently
reverted to the previous value €f.006° prior to calibration; accordingly, it has not been modified after calibration.

POS MV X Y Z Pitch Roll Yaw
Origin at Seapath MR9 BOW + STBD + DOWN + BOW UP +| PORT UP +{ COMPASS -
Ref toPrim. GPS Lever Arm (Port) -2.316 -3.222 -19.752 - - -
Ref to Aux. 1 GPS Lever ArmNBV) -1.442 -1.729 -19.702 - - -
Ref to IMU Target -11.194 -2.690 -1.582 0.540 -0.006 -0.610




EM302 with Seapath 320
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Figure3. EM302 / Seapatteep roll verification in CARIS, applying a final adjustment of 0.00° for a final offfe7@f in SIS.

Figure4. EM302 / Seapathiaw verification in CARIS, applying a final adjustmert®10 for a final offset 0f0.20° in SIS.



EM302 with POS MV

Figure5. EM302 / POS Mpftch verificaton in CARIS, applying a final adjustment of 0.00° for a final offs€t@2° in SIS.
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Figure7. EM302 /POS MVaw verification in CARIS, applying a final adjustmen0d5° for a final offset 0f0.10° in SIS.



EM710 with Seapath 320
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Figurel0. EM710 / Seapatiiaw verification in CARIS, applying a final adjustment of0®ddt a final offset 0f0.15° in SIS.
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EM710 with POS MV

Figurell EM710 / POS Mpitch verification in CARIS, applying a final adjustment@iGor a final offset of 0.00° in SIS.

Figurel2. EM710 / POS MV roll verification in CARIS, applying a final adjustmerf fed.a final offset of 0.00° in SIS.

Figurel3. EM710 / POS Myaw veriftation in CARIS, applying a final adjustment 0®@0for a final offset of +0.15° in SIS.
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