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Cover imageSElooking perspective view of bathymetry off British Columbia with N)AGiTch, yaw, and roll calibration
and verification lines. All surfaces shown with 6x vertical exaggeration and individual color scales for contrast.
Background bathymetry from GMRT.



Intr oduction

TheE/VNautilusundertookan engineeringhakedowrleg (NA07Q in orderto performan assessmer2 T (1 KS @S 3 2
KongsberdgM302multibeam echosounder. Data were collecteelrthe continental shelf breakFigurel) offshore

from Victoria, British ColumbiduringApril 1015, 2016 Paul Johnson and Kevin Jerrprovided logistical and technical
support formission planninggata collectionand analysisThis reportpresents

1 an overview of the data collected and tpeocessing methods applidd it;

I accuracyassessmerntat two depth rangeand swathcoverageanalysisacross all depths surveygd

9 a history ofallchanges made to the system configtion, starting from the initial install and ughrough the
most recentcalibration prior to the start of the20160perational season

1 amplitudes and spectra of vessel setfisemeasured by thenultibeamreceiverat various speeds arfieadings
relative toa prevailing swell

1 EM302impedance dat to documenteceiver andransducer health.

Accuracy.

Deep
Accuracy.

Figurel. EM302 system testing was performed durii@070at the continental shelf break offictoria, British Columbia, using an accuracy
assessment reference surface previously collected by thél#fvipsorand nearby seafloor features conducive to calibration.
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Surv ey System Components
The mapping system consists of the followprgnarycomponents:

1. Kongsberg Maritime EBD2multibeam echosounder (3kH32,v1.3.1,s/n 110
2. Kongsberg Maritime Seafloor Information System)($161.3
3. Kongsbeg Seatex Seapath 330essel navigatiosystem
0 Seapath 330+ GNSS antennae
o MRU 5+s/nC126NS2018
4. AML Oceanographic Mici¥ surface sound speed sensor
5. Sippicarexpendable bathythermograph (XBT) piiafil system

Activities

Cruise activities includeglreview ofthe survey system geometrgalibrationfor residual angular offsetsf the motion
aSyaz2 N 6 Yacdurac@valualidh avith @e8pEct to hathymetricreference surfacereatedduring R/V Thompson
cruiseTN144 2002), ship speedselfnoise and ship azimuth self noise testingvell-developedsea stats, receiver and
transmitter impedance testingand swath coverage/extinction evaluationon and off the continental shelf break

Ancillary activities included pport for watchstander training, verification of the Knudsen subbottom profiler operation,
and surveys of opportunity during transits.

Overview of System Geometry

Ly GKAA NBLR2NIZ ¢S dzaS GKS GSNY waeads Ypriddyzofrpanehts of ( 2
the multibeam mapping system, including the transmit arf®X) reeive array(RX)andshipnavigation sensor (MRU)
These parameters are critical for data collection in an unbiased and repeatable maraidel presentsa

chronological outline of documented modifications to system geometry



Tablel. Documented modifications to system geometry.

Date CruiselD | Location | Event References
Install EM302MIBES Seatex Seapath | Kongsberg Maritime (KM) Harbor
330+ MRU, AML Oceanographic Acceptance Test (HAT) report, Parker
2013 Istanbul, N o
March Turkey surface sound speed sensor, Sippicd Maritime survey report
XBT profile; establish vessel referen
frame and survey sensor offsets
EM302 sea acceptance trials; MRU | UNH/IFREMER Sea Acceptance Trials
2013 Toulon, ) : :
: NAO025 angular offsets determined by patch| report, Gates AcoustiBervices report
April France o
test and applied in SIS
Original MRU 5+ unit replaced with | 2014 EM302 Multibeam Echosounder
2013 Gulf of . :
NAO30 . spare by KM engineer at start of System Review
June Mexico
NAO030
Original MRU 5+ unit reinstalled by | 2014 EM302 Multibeam Echosounder
2014 Gulf of KM engineer at starof NA04O; . System Review
NAO040 . EM302 system performance review;
May Mexico : .
residual angular offsets determined
by patch test and applied in SIS
EM302 system performance review;| 2015 EM302 Multibeam Echosouwsrd
2015 Gulf of : ) .
Apri NAO55 Mexico residual angular offsets detmined System Review
by patch test and applied in SIS
2016 Victoria, | EM302 system performance review;| 2016 EM302 Multibearchosounder
Aol NAO070 British residual angular offsets determined | System Review (this document)
P Columbia| by patch test and applied in SIS

TX and RXArrays

Linear and angular offsets of the TX and RX arrays were determined &lim survey performedly Parker Maritimen
Istanbulin March of 2013 seeParker Maritime survey report and UNH/IFRENBER Acceptance Trial [SAdport for
details). Offsetsof the hullmounted arraysare not expected to have changed since the Parker survey. Accordingly
arrayoffset modifications ar@locumented in this report.

MRU

All modifications to the system geometry since installation have involved the NPRG. to the 2013 seasorinkar and
angular offsets of the original MRU were determirfeain the Parker Maritime survey and SAT patch test, respectively.
Subsequent radifications to the MRU fromJuly, 2013NAO03Q through April, 2015 (NA055and resultingangular offsets
determined by patch testing are documentedtie NA040 and NAOSHultibeam evaluation reports. Linear offsets

have not been modifig at any point. Aeview of the installation parameters in SIS at the start of NAO70 confirmed that
the NAO55 calibration results were maintained without modification (accidental or otherthis®)ghout the2015

season and leading in@016 Residual angular offsetietermined through patctiestingand verification lines during
NAOQ70 have been applied in SIS and are documented in this report.

Calibration

A patch test wasonductedat the start of NAO7® determine residual angular offsets of the MRU in the order of pitch,
roll, and yaw.No latency test was performed, as this has not been evident during previous evaluations or during the
start of NAO70.Datawere collected in depths of 15a0000m over seabed featurasear the continental shelf break
southwestof Victoria,British ColumbigFigure?). Descriptions of the rationale for calibration line planniag available

in the Cookbook foCarisHIPS 8.1 Patch Test with Kon%sbeb@&z which was developed with examples from NA040



PITCH VERIFICATION
4+~ ROLL VERIFICATION

Figure2. Layout of NAO70alibration sitegpresented irGlobal Mappewusing historic multibeam echosoundertaaownloaded from th&aMRT
databasg. The pitch result from theouthern calibration site was verified using a higher quality seafloor feature to the north; this northern site was
also used for yaw calibration. Due to time constraints with a developing sea state, the initial roll calibration reselifiealsby flly opening the

swath over flat seafloor at the southwestern portions of the pitch verification lines.

Immediately prior to pitch calibration,reXBT profile was acquired to 760 m deptid pocessed usingvinMK and SVP
Editor toremove spurious sound velocitieapply salinity data from the World Ocean At(@909) extend tte cast to
12,000 m per Slequirements, and load the resulting sound speed profile into $H&. sound speed environment was
observed to be sufficiently stéde (i.e., yielding acceptably small refraction artifacts) to apply the same profile for all
other calibration lines.

All calibration lies were collected at a vessel speedafkts over groundiue to enginerelated difficulties operating

the vessel aslower speedsor extended periods While this speed reduces the alongtrack sounding density compared
to previous patch testperformed at 46 kts the lengtts of the cdibration linesgenerallyensural sufficient data

quantity for calibration purposesTo maximize ping ratend sounding densifythe EM302 was configured as follaws

Depth mode: AUTO

Dualswath mode: enabled (dynamic)
Transmit mode: FM enabled (unchecked)
Yaw stabilization: enabled(rel. mean heading)
Pitch stabilization: enabled

Beamspacing: High density equidistant
Swath width: Pitch: 20°/20° port/stbd

Roll:  70°/70° port/stbd
Yaw: 15°/5C° port/stbd and50°/15° stbd/port



Calibration arvey daa were collected using the podlAO055angular offsetss the initial starting pointor reattime
processing in SIS. Accordingly, the angular offsets deterrfrioedthe NAO55calibrationconstituted$esiduatyvalues
to be summed witlthe NAO55values. Angular offsets were determined in the order of piicdt, roll second, and yaw
third. To minimize coupling of angular offsets in the calibration resuitshengular offset was updated in SIS after
completion of its respective calibration procedure and before the stasuofey data collection fahe next offset
calibration Calibration tools in SIS andPQ Qimera were usesparatelyto evaluate each set of calibration lines.
Results frommultiple independent examinationsf eachdatasetby Johnson and Jerratypicallyagreedwithin 0.02
and were ageed upon before application in SIS.

Calibration R esults

Despite data quality difficulties at the first pitch site, sni@hds requiring residual angular offsets wexleservableor
the pitch and roll datasets. A pitch adjustment®i02° and rolladjustment of +0.03Were applied inSIS. Thgaw
calibration lines suggested no clear trend requiring an angular adjustment and this value was left asNtaQ&st
value. The pitch and roll adjustments weserified by collection and examation of asecond set o€alibration linesat a
higher quality seafloor featurerith excellent results (zero residual evidenNo evidence indicating latency in the
system was oferved at any point during NAO70O

Figure3 to 5 depictexample transects usirthe Qimeracalibration toolfor the pitch, roll, and yaw calibration data sets.
The final value for each offset is basedextamination oimultiple transects in the Qimerand Sl$alibration toos and
representthe angle adjustments applied ihe MRUInstallation Paramirsin SISTable2). NAO70survey data for
accuracy and extinction testing utilizéitesepost-calibrationvalues and appear to be free of offselated artifacts.

Table2. Summary oMRU angular offsets in SIS from NAOT@e postNAO70 values should be used until another the MRU is modified or a
calibration otherwise becomes necessary.

ccccc

Angular Offset PreNA070Value NAO70Ww S & A H PostNAO70Value
Pitch -0.12° -0.02 -0.14
Roll +0.13 +0.03 +0.16°
Yaw +0.1r +0.00¢ +0.11°
F X

Figure3. Example subset of pitch verification data iné@imﬂmﬂrming an adjustment 6D.02° from-0.12° to-0.14°.
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Figured. Examp# subset of roll verificatiodata inQimera confirming an adjustment of +0°G8m +0.13° to +0.16°.
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Figure5. Example subset of yaw calibration dat&limera showin@.00°residual angular offsetNo changsevas made to the MRU yaw offset.



System Geometry and SISParameters (15 April 2015 )

Table3 includes the SIS configuration fiie linear and angular offsets of theX and RX arrays and the MRUts end

of the NAO70legon April 15 2015 Aside fromapplying the residual MRU pitch and rafigular offse$ determined

from the NAO7(patch test, ndurther modifications were expected anadeto the SISnstallationParametergFigure

6). Additional screenshots of SIS parameters are available in the Appértkse offsets represent the survey
configurationwhich will be usedat the start of the 206 Nautilusoperational season basemh existing documentation

and patch test results. All values are with respect to the Kongsberg (SIS) reference frame. These parameters are to b
used until sensor locations or onttions are modifiedr it is determined that a new patch test should be undertaken

Table3. SIS PU parameters farear and angular offsets dhe end of NAO70(Note that MRU linear offsetare zerdecause navigation datadm
the Seapath 330+ navigation system agéerenced to the Navigation Reference Point. This configuration has not changed, but was incorrectly
described as being referenced to the center of the TX array in earlier reports.)

X(m) | Y(m) | Z(m) | Roll(°)| Pitch (°)| Yaw (°)
VesseReferenceOrigin 0.000 | 0.000 | 0.000 - - -
NavigationReferencePoint 0.000 | 0.000 | 0.000 - - -
EM302TX +3.496 | -0.137 | +2.731| +0.61 | +0.01 | +0.22
EM302RX +1.516 | +0.033 | +2.732| +0.72 | +0.32 | +0.08
SeapathMRU 0.000 | 0.000 | 0.000 | +0.16 -0.14 +0.11
Location offset (m)
Forward (X) Starboard (Y) Downward (Z)
Pos, COML: 0.00 [0.00 |0.00
Pos, COM3: [0.00 [0.00 [0.00
Pos, COM4/UDP2: [0.00 000 [0.00
TX Transducer: |3.496 [-0137 2731
RX Transducer: [1516 0033 [2732
Attitude 1, COM2/UDPS: [0.00 [0.00 [0.00
Attitude 2, COM3/UDPS: [0.00 [0.00 [0.00
Waterline: -1.77
Offset angles (deg.)
Roll Pitch Heading
TX Transducer: 061 [0.01 022
RX Transducer: 072 032 0.8
Attitude 1, COM2/UDPS: [0.16 [-014 011
Attitude 2, COM3/UDPS: [0.00 [0.00 [0.00
Stand-alone Heading: 0.0

Figure6. SIS screen captureshif) parameters fdinear and angular offsets afystem caponents after NAO70
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Accuracy Assessment

Accuracy teting was conducted using both a shallow and deep waterdsiteto weathefrelated changes in the cruise

plan. For the shatiw site, the reference surfacgas constructed using bathymetric data collected during NAQO70, while
the deep water surface was constructed from data collected by theTROmpsorin 2002. Vessel speed was limited to

8 kts during acquisition of the shallow water reference surface and during the collection of the shallow and deep water
crosslines.Sound speed profiles were collected using XBTs and applied immediately prior to the stagtericef

surface data collection and as needed during further acquisition of reference surface data and crossline data.

All soundings in the reference surfaces and accuracy cross lines were corrected for tide using data from the Oregon St
tidal predictionsoftware {olkov.oce.orst.edu/tides/otps.htmland applied through Qimeraurthermore, bathymetric
slopes were computed for the reference surfaces and used to mask (exclude) asggsfafant topography (>5°) from

the crossline anasis. Finally, referencsurfaces were masked to only include areas wlaesignificant number of

sounding contributed to the gridded nod&ll cross lines were run orthogonally to the reference swrfaain lines to

reduce the effects of any biases compounding or cancelling across the sk@tiinately, noise due to ship heading

relative to the prevailing seas was not a major factor on either the reference surface lines or cross lines headings.

Outliers (such as bottom detections at constant range across the swath due to interference) were removed from the
accuracy analysis, as these would clearly be edited during normal bathymetric processaifcases, the mean depth
bias and depth bias staadd deviations as a percentage of water depth were computed in 1° angular bins across the
swath for each configurationThe EM302 configurations and accuracy results for the shallow and deep water sites are
presented in the following sections.

Shallow Accuracy Assessment

Due to weathetrelated changes to the cruise plan, two accuracy assessments were conducted in different depth ranges
covering the SHALLOW and DEEP operational modes of the EM3Gshallte referencesurface was collected in

water depthsof ~165 min the Strait ofJuan de Fuctaffic separation zoae (Figure7). The reference surface was

collected in SHALLOW depth mode with Dual SwBynamic transmit mode, pitch stabilization enabled, and yaw
stabilization off. XBTs were cast to full water diap processed in SVP Editor, and applied in SIS prior to reference
surface collection and at the start of accuracy crosslines. However, these XBTs did not fully capture the variability of tt
sound speed environment. Raw crossline files were correctetid® and small adjustments were made to the sound
speed profile in order to suppress outer beam refraction issdata within ~+/50° of nadir wergyriddedat 5m using a
median method.Grid cells with fewer than 20 soundings were masked from the ffigfatence surface; additionally,

areas with slopes greater than 5° were also maskealirpairs ofcrosslines were run using SHALLOW depth magtte
different swath andstabilizationoptionsapplied {able4); no oher depth modes were testefbr this site.

It is noted that a heawdike artifact is present in the shallow reference surface. The apparent period of the heave is
correlated with ship heading, stronglyggesting the effect of longeriod swell on the order of 0.5 m. The apparent
period of the swell likely exceeded the heave period filter settings in the Seapath (5 seconds) and thus impacts the
survey data. Future surveys in similar shallow water withtlsulongperiod swell may require adjustment of the
Seapath heave period filter to better remove this effect. Fortunately, the significant swell observed during the rest of
NAOQ70 in deeper water was successfully filtered and did not appear to inapaictal referencing of thelata
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http://volkov.oce.orst.edu/tides/otps.html

Figure7. Top: averview of the shallow reference surface gridded at 5 métepy. Middle: overview of the shallow reference surface after masking
for sounding density and slopé&rid cellswvith fewer than 20 soundings and regions with slopes greater than 5° have been masked to avoid
accuracy comparisons over laywality areas. The color deaanges from 87.6 to 171.0 m in both figures. Bottom: sounding density in tfme 5
grid; the coloiscale ranges frm 0 to 64soundings per grid cell.
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