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Abstract

Abstract

The very first map of the Arctic Ocebasin witha few leadine sounding changethe supposal
of large continental land beneath of the ice. Maresolutionadded overthe decadesreveals
the detail of the Arctic seafloorstructure of seamounts and ridgelelow the frozen seaNu-

merous methods of bathymetry and mappingere applied as the technologgleveloped over
the years for dferent purposesWhile the airborneand satellitebasedaltimetry andgravime-
try data providesa large-scale estimation of theseafloortopographyby hundredsof meters
resolution the shipborne and submarine sonars focuses on cerfaatures and area with

higher resolution During the last century the knowledge of the Araizabedgeomorphology
increased dramaticallpy the development of acousttechnologycombined with altimetryand

gravimetry while the habitat characteristic of tipelar region still contains lots ofysteries.

Thenew developments of underwatesurveyvehicles arebringing new clarity angerspective
from the deep sedo the questioners The submeter resolution data of theseabedcould be
employed for very highesolution micro topography as well asHtitt mapping and feature
detection.

The Alfred Wegner Instita for Polar and MarindResearch (AWHeveloped the Ocean Floor
Observation and Bathymeti§ystem (OFOBS) for deep sea reseanebstly in polar regionThe
tailored deep tow systenof the AWIis equipped with optical anécousticsensors in addition
to underwater positioning systems The OFOBS, firstedloyed during the PS101 expeditjon
provides a novel dataset of S 3 | F l-hdbjfdts & #he Karasik seamount.

This thesigs mplementinggeosgatial data miningand knowledge @covery for feature detec-
tion by mears of habitat mapping in the study aresith afocus o the central mount of Karasik
seamoun wherean imperialassemblagef the Geodia gonges are dominang the seafloor

The main datasets for this study are based on the optical senstiedDFOBSncluding video
and still images collected during the dives, while thature detection withinthe sonar dataset
is in the second place.

Duringthis work study, the developmenof the OFOB% also considered in order tomprove
the capability of the dataset for furtherxpeditions.
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1 - Introduction

1 Introduction

Roughly seventy percerf our planet is covered with water bodiesicluding thousands of
lakes, seas and five oceans. Thiernational Hydrographic OrganizatighiHO)recognizedhe
ArcticOceanas thesmallestinterconnectedocean which covers less than thrpercentof the
EarthQ surface.

Unfortunately, only a small fraction ofi KS ¢ 2 NX R & Qhave lizénl syirveyled ®ith NE&
multibeamecho sounderdo date. The biggestportion of the existingbathymetry data is de-
rived from satellite altimetry and gravimetriasit utilized in the General Bathymetric Chart of
the OceangGEBCPDand InternationaBathymetric Chart of the Arctic OcedBCAQ

The first featureless singlébasin map of the Arctic Oceanwas a bigstep forward which
changed the knowledghleld byhumansabout the earth.lt becomesmore interestingwhen

one knows this giant steproughtto light by a few charted depthon the first map othe Arc-

tic Oceanwas around dundred and twentyyears agoFridtjof Nansen and his teanevealed
that there is no lad-mass under theéArctic Ice by the chartingthe singledeep basin of the
Arctic Ocean abyssal plaifihe conceptof the singlebasin ArcticOcean survived for about
sixty yearsuntil the discovery of thd.omonosov Ridgehichdivided the basin ito two sepa-

rate basirs (Weber, 198} Now therehave beerseveralridges and seamourg added over the
years of research to theeafloorby the development of technology butill there arelots of

question leftunanswered

Therefore one of the objedives of the PS10&xpeditionwas tocollectmultibeam bathymetry
data of RV Polarsterim order tocontribute to the existing oceadatasets(Boetius & Purser,
2017). Part of this data is employed this thesisfor mapping purposes of the Studyea chap-
ter.

However,the main intentionof the expeditionwas to studythe megabenthos on the Karasik
seamount and its outskirtBy the meas of analying the distribution, diversityand produc-
tion of faunal along depth gradients from seamount base ¢éak (Boetius & Purser, 20)7

In order to study this phenomenorthe recently developed deep tow systerny The Alfred
Wegner Institute,was employedfor data acquisitionThe Ocean Floor Observation and Ba-
thymetry System (OFOBS) for deep sesearchhas avariety of optical and bathymetngen-
sorsalong withunderwaternavigation systenm connection with vessel navigation sensor.

The mission of thighesis idocused on the dataset of OFOBS in the following order:

Thestructure of the OFOB&nNd its components and aklevantsensors from sky down to the
ocean floor will be explained in chapttree. And theoperation and data acquisitionof the
OFOBS will be explained in chapfeur, while chapteffive will explorethe history ofthe study
area with some explanation about environmental and geographic setting dfahgseth Ridge
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and Karasik seamount withe intention to explainthe geomorphologyand habitat character-
istics of the area.The sixth chapter will excavate into the provided eral from shipborne
bathymetry and OFOBS optical and sodata: partly for mapping the study area and partly

for feature detection. The seventh chapter is focused on the sevee#thodsof data mining in

point cloudand Rasterof orthophoto mosaic andside scan sonat.ater he results of the ex-
amined methodwill present inthe eight chapter relatively in the same order as the methods.
The nine chapters try to explain the outcomes and will start with a discussion about uncertain-
ty of the material andesults andwill provide some recommendations in order to improve the
overall system fofurther expeditiors. Hnally this work ends by a brief conclusion which is the
summary of what tasbeen planned and whavasachieved.

This chapterdpresenting theintroduction of the thesis, witlithe intention to provide an over-

all view of the upcoming chapters and the structure of the work. The first chapter following
the introduction is presenting theasic principles antbgic behind this structurand will pro-

vide a general picture of the different componesf the interdisciplinary work

The intention of thisvork is todevelop aspatial data miningvorkflow in regard to habitat
mappingwhich was tailored for OFOBS datasets and similar underwater systdine thesis
attemptsto find the answer for the following questions:

o What are the capabilitiesof the OFOBS datasets for habitat mapping
o What are the capabilities of the OFOBS datasets for feature detection?
o Which parameters are affecting the quality dhe datasets and how?
o What are the challenges in the OFOBS dataset?
In order toinvestigate the mentioad questiors, the Geodia spong&aschosen as the target
of feature detection.The other habitat members such as star fish and shrimp are not targeted

in this study However, it is easier to detect them as they can easily be detected bydbleirs
which arenot applicable for Geodia sponges in the sample area.

It is also necessary to mention that in some part of this study the sample area is divided to
smaller sectiosas mater of the hardware/ software capability and limitation.
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2 Basic principles

Thischapter provides the bas@nd theoretical informatiorrequiredto better understand the
study topic Theinitial sub-chaptergivesa general overviewf habitat mapping and the role of
the sponges in the bentbcommunity,with the subsequentwo sub-chaptersdealingwith the
interdisciplinary fields of photogrammetrgnd computer visionThe forth subchapterillus-
trates the pattern recognition, a sularea of the computer visiorand knowledgediscovery.
This chapter ends by a brief explanation about Structure from Motion (SfM) technic.

2.1 Habitat Mapping

The term¥enthic communit@efers to those marine organismghich live at the ocean floor
interface within the bottom few feet of the seafloor, andirectly on or within the marine sed-
iments this communityis also known ashe benthos.Many fauna species withithe benthos
can becategorizednto one oftwo distinct groups: thaleposit feeders and fidr feeders. Filter
feeders filter their food by siphoningr catchingparticles out of the water whreasdeposit
feeders sift through the sediment and consume organic matter withihess numerically sig-
nificant benthos community members include the pators and scavengers, though they will
be discussed withithe context of this thesisThe main groupwvithin the benthosare shrimps,
clams, lobsters, crabs, sponges and wartheugh these may significantly change wéach
region. oonges are active fiter feeders sessile and of importance to other fauna as their
form providesstructurally complex habitatfor other benthos fish and invertebrateso utilize
and enhance local biodiversiffeegan et al., 197)/

Benthic habitatstudiesbased on geospatial informatioare required to provide a premier
understanding of the distribution and extent diversemarine ecology.As a multidisciplinary
term, benthic habitat mapping covers a wide territory of mapping fields incluthegeologi-
cal maping of the seafloorwith dataacquired bybathymetiic systemsmorphological classifi-
cation of regiors via Benthic Terrain Modeleor evenmappingof distinctivebiological assem-
blagesinto biotopes Benthic habitat mapsare essential components of any successful
management plans designed for the planningtlié sustainable use of the marine environ-
ment, andfor the protection of fragile underwater ecalgybiomes

The benthos fauna and flora in shallavaters, estuaies and nearshoreareasare the most
frequenty studiedand mapped because theseabedin shallow areais moreaccessibléhan

the deepoceanfloors beyond the continental shelf edge, anid@becauséhuman activities
andimpacts are moreommonin theseregions, thughese areas areommonly foci of effects



2 - Basic principles

to monitor, preserve and managthe seafloor(Ecological Society of America, 19BI0AA,
20179).

The recenly developedtechnology of sonars and deepea systemare progressively revealing
the connectiors between benthic habitat and the seabedstructure, and how these may be
affected by geomorphology as well as sedimengglioSeabednapping and observationsub-
lished to date showthat specific geomorphic settings like seamounts and submarine canyons
are associated witkpecifichenthic communitiegHarris & Baker, 20)1

In addition to geomorphalgy and depth zone classification, thesee many datasetswhich
have the potential to be consided for benthic habitat mapping, such asmages and videos
collected fromthe seafloor side scan sonar(SSS) and backscattered dataveys(Harris &
Baker, 201}

The study of the benthos iteepocean is more challenging than thenthos ofshallow ares,
asthe limited availability of the suitabléechnobgy needed forexploration ofsuch environ-
ments, especiallywhere the operatiors need to be done inice covered, deep regions, such as
thosefound within theharsh environment of theentral ArcticOcean

The Karasik seamount is one of the habitat zones wherextensive region of seafloor was
heavily populated with arassemblage of spongesdiscoveredduring PS101lexpedition in
2016Boetius & Purser, 20).7/Thisthesis attemps to analyze thadistribution and characteris-
tics of the sponges collected hiyre deeptow systenfPurser et al., 200)8within the sample
area.

2.2 Photogrammetry

Photogrammetry is a measurememethod usingremote sensing and deals with the recording
and evaluation of images. The basic concept of photogrammetry and its methreds re-
motely determine from a number of distindmagestaken of a particular area or object from
different angles analyzingthe shape, size and position of the imaged objects in spatten
these images alloing them to be mapped into dhree-dimensionalspace relevant to each
other. As a result, a thredimensional reconstruction of the imaged objdietld based oriwo-
dimensionalsourceimages is possible. The derivation of the geometric quantities in space is
subject to the central projective image and requires a reconstruction of the radiation bundles
in three-dimensional space using the known internal and exteongentation of the camera

If the parameters of the inner and outer orientation are known, the thdémensionalmodel
determinesan objectpoint from the intersection of at least two corresponding spatially differ-
ent image rays. The measurement of thieject does not take place directly, but indirectly on
the reconstruction of the objedf_.uhmann et al., 2003
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1 Bundleblockadjustment

The bundle block adjustment is a method of image orientatémd point determination in
which anynumbers of images arranged in space aoenputationally oriented simultaneously
in a highetlevel coordinate system.

It is considered aghe most powerful and accurate method for image orientation and object
point determination in photogrammetry.

The collinearity equation represents the mathematical model of the bundle block adjustment
First, the image coordinates of homologopsints are used as observations. These are the
pixels whose rays, starting from the respgetprojection centers, intersect at onpmint on the

terrain surface. The basis for this is that each measured pixel corresponds to a spatial direction
measurement from the projection center to the objgmbint. These directional measurements

are also reérred to as image rays. If two image rays of homologmists intersect, the object

point can be determined in absolute space, knowing the elements of the inner and outer ori-
entation.

Each image beam of a digital image, together with the projeatmmter, forms a spatial beam

of light. The bundles of rays of any number of images are simultaneously computationally ori-
ented using the bundle triangulation method, and the objpcints in space are determined

by the intersection of the corresponding i@ rays. For a large number of images, the combi-
nation of the beams and their intersection of the homologgasnts leadto a high geometric
stability of the spatial beams and an optimal determination of the obpaints (Luhmann et

al., 2007.

If the image coordinates of the homologopsints in the observation are included, the follow-
ing unknownparameterscan be e@termined as a function of the observation, iteratively, for
each image and each camera:

-Object coordinates U 3 unknowns for eacpoint
-External orientation U 6 unknowns for each picture
-Inner orientation U 0 to 3 unknowsfor each camera
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Accordingly, the object coordinates in the space, the elements of the outer and inner orienta-
tion and other mo@! parameters are calculated by adjustmei an overdetermined system

of equations. In the same step, statistical information about the accuracy and reliability of the
adjustment can be output. The adjustment requires a linear relationship between the un-
known and the expected value. Since the collinearity equations are not linear, Taylor's lineari-
zation is performed using approximate values of the unknowns. In a simultaneous calculation
process, all observations and all unknown parameters of an imageiasea are integrated

and iteratively improved until the intersection of the image rays at the obpeant is optimal
(Luhmann et al., 2097

2.3 Computer Vision

An importantassociatedliscipline of photogrammetry is computer vision, also called machine
vision or image understanding. Computer Vision is essentially concerned with image and ob-
ject recognition ancattempts by different methods to reproduce the ability to interpret hu-
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man vision Figure2-2 illustratesthe interplay between the computer sciencesdiplines of

visual computing.
< PROCESSING )

DATA /_\

COMBUTER COMPUTER
GRAPHICS

\__| maees |~/

<’ IMAGE >
PROCESSING

Figure2-2: Compuer vision scopeavith regards to data and image process{&ablatnig, 2009

In principle, different methods for capturing, processimgalyzing and interpreting images
play important roles in gathering data on regions of interest, and these have oveneifs
photogrammetry in thearea of automatic image analysidhe detection and description of
objects in pictures ithe essential basitarget within the field ofcomputer vision. Properties of
objects and their classification for derived products, such as the selection and measurement of
features in object space, can be deriVéekbe, 200%

Applied mathematics and information processing lay the foundations in the dietomputer
vision, as this is mainly about the design and application of large computational methods.

Furthermore, photogrammetric measurement methods due to the abameantioned overlap
in the recording and evaluation of digital imaga® an importantfacet of computer vision.
Again, photogrammetry benefits from the results of Computer Vigitripke, 200R

Computer Vision is, apart from computgraphics and image processing, a significant part of
Visual Computingcombining alldisciplines of computer science dealing with image infor-
mation andthe modeling of 3D objects. While computer graphics are used to generate images
from numerical dateand process them via image processing, Computer Vision is concerned
with extracting image information for generating models or reproducing the real, three
dimensional world using twdimensional image€sebe, 200p

2.4 PatternRecognition

The aim of pattern recognition is to developathematically and technically feasible methods
which are modeled on human abilities such as vision or hedtinge, 200k The focus is on
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the classification of objects based on defined characteristics such as size, circumfesdoce,
distances, etc. Pattern recognition is used iaaw such as speech, object and text recognition.

Pattern recognitioris already at play in many areakeveryday life. Examples include the digi-
tal language assistants, such as Amazon Echo, GAsegistantor Apple's voice assistant Siri.

In addition, talay almost all mobile devices with tousknsitive screes offerthe facility for
handwriting recognition. Furthermore, there are more and more applications for face recogni-
tion andthe identification of objects.

In a time of enormous amounts of dagvailability(big data), automatic pattern recognition is
becoming more and more commonplader examplein medicine (evaluation of-says), indus-
try (quality control), biology (analysis of microorganisms), robotics (autonomous drj\ang )
satellite and flight image analysis (remote sensing and photogrammedng progressively
more important(Ripley 2007.

Using pattern recognition and image processing, information from recordings can be extracted
and classified. The pattern recognition takes place in two phades work phasevhich is the
main process and the learning phaseining algorithmk

Since there are several methods of pattern recognitiéigure2-3 isillustratingthe procedure

in a general viewlt can be seen from the schentleat the pattern recognitiorstartswith the

object recording by means of a sensor e.g. a camera and the associated signal processing be-
gins. This leads tile pre-processingtage which serves t@nhancethe quality of the record-

ing.

This is followed byhe extractionof the features by searching for targktatures The charac-
teristics are assigned according to classification rafesthedifferent classes.

The classification characteristics are determined by sampling the feature extraoiibrithe
resultare separated intelusters(Duda et al., 2001Ana Fred, 2016

Adaptaion/ Feedback

classification algorithm

i

W
Preprocessing & Feature

The real world Sensors P 8 3
enhancement extraction

Clustering algorithm

Figure2-3: Schematic workflow for pattern recognition and classification, own representation adapted
from (R.O. Duda, 2001)

Pattern recognition is also the main part of the Knowledge Discovery in Databases (KDD) par-
ticularly in imageprocessing and Geospatial dataminiwpich is partly implemented in this
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thesisfor hybrid cluster analysi€sassi, 2012 The folowing graphis describing the logic of the
KDD.
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Figure2-4: Steps of KDD, own representation adapted from (Fayyad, PiatBtskyiro, & Smyth, 1996)

The following graph illustratehé knowledge discovery in geospatial dataseithin the mul-
tidisciplinary study of this thesis, where the overlap alisciplinesis employedas individual
stepson specific concegtand where the discovered knowledgedistermined

Marine Geo-
morphology

Photogrammetry
) Hydrography
= Geospatial Information Technolog

Figure2-5: Multidisciplinary study overlaand expected new knowledge
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2.5 Structure from Motion

Structure from Motion (SfM) is a method for detecting corresponding features in images and
restoring spatial object structures. In principle, iteiguivalent to the process of mulitinage
photogrammetry.

The SfM method is based onadfal vision. The reconstruction of the 3D objects is done using
matches in images called featuresamrrespondingpoints. The reconstruction ofhe position

and form of objects from photographic images deals with perspective vision based on the
model ofthe pinhole camera, which is closest to natural vision. The majority of rimture
visualperception system is based time SfM phenomenon, where 3D structware recovered

from a sequence of 2D motions. This projection is achievifldee can find thecorrespond-

ence between the image features such as corners or similar patterns and break lines in multi-
ple direction(Kale et al., 2010

One of themost conventionahlgorithmswhich implemens the SfM method in computer vi-
sion is SIFT, staiml) ¥ 2 Ndalé Invariant Feature TransfarnThe SIFalgorithm forms the
basis for the detection of features,allows for the unraveling of invariant features in terms of
rotation, translation, scaling, changes in lighting conditions, and partial affine distortion in im-
ages. The reliable identification of objects in 3D space can be done on the basis of tltnvar
characteristics.

For the detection of robust features, the maximum difference between two adjacent maps of
the Gaussian pyramids (Difference of Gaussians, DOG for short) is determined. Gaussian pyra-
mids represent sequences of the same image with icoius smoothing and scalindawn
sampling. The extracted features are smoothed for contrast and edges and then locétized.
further step, the main orientation of the glazed and localized feapoimtsis determined with

the surrounding image gradién The final step of the SIFT algorithm is to generate the feature
vectors based on the feature region defined by the main orientation. The feature vector con-
tains information about the environment of the main orientatiorhen therobust features of

an doject can be extracted using the $Haethod in a rotated, shifted, scaled, partially affine
distorted, and different illuminated imaggowe, 200
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3 Platformsandinstruments

During the PS10é&xpeditionseveral deegseasystemswere operated fromthe Icebreaker RV
Polarstern while the hull mounted bathymetry systemswere in 24-hour operation mode
soundingthe seabedand profiling the sukseafloor Theseplatforms were dispatchedfrom
time to time ina series of missia®in order toobserve andtollectdetailedinformation about
the seabedand seaice.

The ROV BEASigm AWIland the NUIhybrid robot from the Woods Hole Oceagraphic In-

stitution (WHOI, USAgre the otherdeepsea systemsvhichwere use during PS10dlong with
theahOSIFyYy Cf22N) hoaSNBIF A2y IR the AMI(RERNVSH NB  { & 2
Purser, 201). In this chapter the characteristic of the two platforrase described RV Polar-

stern as the mothership and OFOBSdeeptow system since this thesis benedifrom the

data collected by these two platforms.

3.1 RVPolarstern

RV Polarsterna Germarcebreaker,is operated by the AlfredNegenerinstitute, Helmholtz
Centre forPolar and Marine Resear¢h\WI, 201). The icebreakehasservel as a research
and supply vessdbr about 36 yearsin the PolarRegionscommissioned in 1982Shehasan
overall length 0f117.91m, anda maxmum draft of 11.21 mTheminimum operational tem-
perature for the vessel i50°C.Polarsternis armed with four powerful engine and double
walled steehull, allowingherto breakthrough 1.5metre-thick iceat a speed of 5 knotsvhile
thicker ice can be overcome by rammifig Naggar, 2006The claracteristic of the vessel is
listed in the table3dl.

RV Polarsterrcharacteristic
Port of registry Bremerhaven
Length 117.91meters
Width 25meters
Max. draught 11.20meters
Max. displacement 17,277 tons
Empty weight 12,012 tons
Commissioning AWI 1982
Engine 4 x KHD RBV 8M540
Engine power 19,198 PS (four engines)
Range 19,000 nautical miles80 days
Max. speed 16 knots
Operation area Everywhere including pack ice zone
Days on sea per year Ca.310
Max Scientistdong =53 Crew= 44

Table3-1: RVPolarsterncaracterestiqEl Naggar, 2006
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3 - Platforms and Instruments

RV Polarstercan beconsideredasa massivaneasuring instrument which persistenttpllecs
multipurpose oceanographic andneteorologicaldata aboarg meanwhile some systemare
running 24 hours during the cruisehile othersare only available upon request. Part of the
collected datais sent steadilyto different database. The official supportingwebpage ofthe
AWI categorize scientific devices onbodr RV Polarsteriinto 9 different group(Table32)
(AWl et al., 2013

Categary of Scientific devices onboard
Biology Devices 2type
Echo Sounders 9 devises
Marine Geophysics 3 devises
Meteorology 10 devises
Ocean Floor Observation and Sampling 12 devises
Oceanography 8 devises
Satellite Data Processing Systems 1 system
Ship Navigation 10 system
Underwater Positioning Systems 2 system

Table3-2: Scientific devices onboaRNMPolarstern in categories

Data management

Localstorage on computers
(raw data)

DShip- system
Massdata storage and archivin
Transferdata on land

Uploadingdatato Pangaeaa-
tabase(including meta datp

Table3-3: Datamanagement systerof RV Polarstern

Among allthe instruments and devices onboaf@olarstern there are some of them which
have beeninvolved directly or indirectly for thacquisition ofdata that this thesis beneft
from and will be mtroduction here.

In order to establish the retin between thevarious sensorand their alignmentsthe offsets
of all the fixed sensorson the shiff2 Bull are measuredAppendix A)Thed + S Ban&§ must
be updatedwhenever a changer new installationhappensregardingmeasurement senser
The last entire Ves&l Survey folRV Polarsternvasaccomplishedn 201Q andthe third ver-
sion of updates hd been done before the RE)1 expedition on May016 (Overath&Sand
Surveyors, 2016
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The following picture is illustrating thelevant sensors involved for data acquisition; including
shipborne bathymetry, OFOBS based micro bathymetry and optical sensors.

GNSS Satellites

b 4
A
T - ;
Hydrosweep - ~ ~y L 2 1_/ Fiber Optic Cable
-

Pressure Sensor

u ‘ o/ ) A
USBL Antenna j/ \
Sk /) OFOBS IMU
B

USBL Antenna

Figure3-1: Schematic illustration of sensors and relation of the seimsarlved fordata acquisitiorin
the sample arealhile RV Polarstern was breaking the$ee, the vessel hull mounted multibeam was
sounding the surface of the seamount, and thEOBSvasrecordingthe habitat evidence by video and
photo cameras, anthe sonar extension was collecting high regmo micro-bathymetry data.

3.1.1  HydroSwveepDS I

TheHydroSweeSisag A RS 1t | ysBdp&ideepTwatgfmultibeamechosounderthat has
beenoperating since 1988n Polarstern with the latestupgradehappening irthe autumn of
2010 TheHydroSweeDS Il is the third generation of thegh resolution multibeam Echo-
sounderof its typeandis suitedfor bathymetric bottom detection andgeabedmappingfrom
10 mup to 11,000 m, coverinfull ocean depth based onsonar frequencyrom 13.6to 16.6
KHz changing with defined depth sequencéslabon, 2014AW| et al., 2018
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3 - Platforms and Instruments

The HydroSweepS Illuses adaptive bottom tracking windows in order to identify sonar tar-
gets in the water columfleledyneRESON, 201TheHSDS llisapermanent instattion on

the hull of RV Polarstern and equipped to stand the polar circumstancesamitie protection
layer on the transducers. The HydroSweep systensist of 3 major components; hull mount-
ed transducerarrays (located im box keel) top sidecontroller hadware (located in room
E525A) and operatiosoftware (E550room and Bridge (AWI et al., 2018

C-Keel Probe
Posidonia SVP-10 EK60 18kHz  EKB0 70KHz
Hydrosweep Rx
) crosswise ship

= Navlot 50kHz

/=T | Navlgt 150kHz
el = Dolog 1A
T | S ‘.7, T
- &~ ‘ {===L=" Hydrosweep Tx
L

| | longside ship
|

TTT 1 L

Y,

| Parasound

| apcp |

_

Bow

DoLoa2 g0 1201200kHz EKGO 36KkHz

Stb

Figure3-2: Position of the HydroSweep DSriihsducerarray (Tx) and receivedrray (Rx) in related to
the other sensors iRolarsternbox Kee(AWI et al., 2018

In order to compensate the possible gaps due to surveying at higher shipsspleedHydro-

Sweep appliea 2x multiping, meaingtwo swaths are transmitted simultaneously per ping

dlightly tilted along trackThe aperture angle of the full swath amounts to 140° x 2°thed

footprints can bearranged¥ 2 NJ & §/1j3dzSt¢ G Slj-BB &G V& LIhai G SNY Y2RS
manufacturerclaimsthat with each measurement, 320 hard beam deptiues are directly

determined which could be interpolated up t®® additional sounding soft beams via soft-

ware calculatios (TeledyneRESON, 201Whilethe AWI nstrument potal and an un-

published internal papegivesslightlydifferent numbersof 313 hard beamand 920 soft

beams(Slabon, 2012AWI et al., 201p

Multibeam calibration is performed after ship yard time in the caséransducer elemen(s)
replacement. The annuatalibrationis performedat awell-known profile inthe Atlantic Ocean
nearby Ampere Seamourfta. 700 kmwesterly of Gibraltay, where Polarstern is passing this
profile on its way from Bremerhaven to Cape TdhNaggar, 20G&labon, 201)L

Master Control PC Data Processing PC

HYDROMARP Control software
PARASTORE for

PARASTORE for sediment water column data
and water column acquisition

PARASOUND Aux Sensors
Electronics (AEU, DEU, ICU), TX transducer, RX | |DIP Distributed Interface Processor

transducer /l\
T /]\ 1\ SVP/CTI
Position Motion

XBT
Heading SV Keel

Figure3-3: Typical BildroSweep System ConfiguratifeledyneRESON, 2010
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In order to calculate the pings positions, the three auxiliary informagigrimplementedvia a
Distributer Interface Processor unit (Dl)e navigation data (Position and Heading) from the
GNSSensors Attitude information frominertial Measurement UnifIMU) sensors and Sound
Velocity data provided by SV sensor on keel as wétieasianual probe oBSVRLurton, 2003.
Atlas Hydromap Conttas the controlling software of HydrosweeS3 For data acquisition
the HYPACK® SURWEYACKEd.), 201psoftware was employed Atlas Parastore software
used for visualizes, procesand dataconversion The recorded datavas stored in 30 min
blocksand Post processingf the bathymetry datavasconducted partlyon boardduring ex-
pedition and m@rtly done afterthe cruise in theCARS HIPS and SI&Stware

3.1.2 Navigational Systems

In order to calculate the correct position of the acquired multibeam dataed more data
types are needed from the relevant sensors; 1) appropriate navigational system for vessel po-
sition, 2) Attitude sensor for vessel movement around theeerdinateaxes 3) Sound Velocity
Profiler for measuring thepeed of sound in the wateolumn

On board RV Patstern, it consists of the GNSS and the Marine Inertial Navigational System,
both together providing an absolute positioning accuracy of about 1Winch also provies

the vesselpositioning data for Posidonia USBLorder to track the OFOBSluring thedives
(Slabon, 2011AWI et al., 2018

GNSSeceivers

Toachieveacceptable position of the vesseél is necessary to use an appropriate positioning
system.The Global Navigation Satellite System (GNSS) is the standard generic term for satellite
navigation sgtems (sathav) which provide autonomous gegpatial positioning with global
coverage GNSS integrity can be achieved via Satellite Based Augmentation Systems (SBAS) as
well as Advanced Receiver Autonomous Integrity Monitoring (AREG&I&), 201 %

Duringthe last two decadeshte accuracy, redundancy and availabilitiithe GNSS have been
increasedegardngthe technology and regulatioimprovemens, sincethe SelectiveAvailabil-

ity of the US Global Positioning System (G#&)discontinuel (Clinton, 200) and alternative
systemsfrom other nations (e.g. GLONASSne to operation. Thereferthe navigation pos-
sibilities have increasednd @nsequently, the positioning of the multibeam targets at the
seafloor haeincreasedas well as under water positionirf@.J. de Jong, 20)L0

At leasttwo GNSSeceiver set are operatingon RV PolarsternA Leica MX40GPS set for
vessel navigation purposes andramble SPS855et with two receiverantennas are installed
for scientific use.The deviceis a combined radio an@ll GNSSonstellations €.9. GPS,
GLONASSnNd Galiled, providing position data for a large number of scientific deviceshen
vesselMost sensors do not directly receive positions from GNSS sensors bulrfeotial Nav-
igation SystemrHYDRINSThere are two independent systems installealled Trimble 1 and
Trimble 2. Both consist of an antenna Zephyr ModdR@gged andvere installed onthe an-
tenna deck abovéhe bridge port side and starboard). The two receivers are installethén
scientific panel orthe bridge. Trimble 1 is sendingNMEA(0183 telegrams to motion sensor
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HYDRINS 1 and DSHipimble2 is sending telegrams to motion sensor HYDRINS 2 and DShip
(AWl et al., 20138

The Device manufacturer clairagb-centimeteraccuracy irRealTime KinematicRTKmode
and lesgshan 5 m 3DRMS with SBA&sitioning, whilehe RTK an@BASolutions aredepend-
ingon reference stations Since the land station signals contit reach the vessel in thepen
oceanthe RTK modes are useless, aBBASoversonly distinct areas on the northern hemi-
sphere and is not covering the high latitiedie the ArcticOcean bythe time of PS101there-
fore theuncorrected standalone GPS accuracgpproximatedabout 10 to 15 n{C.J. de Jong,
2010).

HYDRINS

The K A LIQa Y 2 { AtRgposhion BffthdzBayisdi®eér anBosidoniaantennaand subse-
quently the survey data, which can be corrected appropriatéyorder to neutralize the ves-
sel roll, pitch ancheading, on the pings positiomwo units of the high-performance inertial
navigation system (INSre installed close to the pivopoint of RV PolarsterfAWI et al.,
2019. The newlynstalledHYDRINS&re optimized for hydrographic surveyg using multibeam
echosounders. HYDRIM& comprisel of a single compact uninanufacturedby iXBlueand
delivers highly accurate retime heading and attitude information as well as position and
speed to other systems and displays. It can recdata from other sensors to improve its ac-
curacy.HYDRINS coritaa navigation algorithm based on a very advanced Kalman filtes.
structure enables HYDRINS to be connedtethe GNSS or to work in a pure inertial mode
(iXBlueSAS, 2016

Engine Climate Fitness
Freezers Dry
Fish —E@ H funnel |’| i Food| room
Net storage |lab, ¢
Laboratory mm < Ballast
2 2) Swimming allas!
Rudder & containers | 3) SStparEs Workshop ifgz:geg = I_EBZA pool Cargo water
Engine | Fish orage 1) & i
room i o
Spares Engine i 2 Meat|| || sauna
Storage Climate u Funnel Climate 2 1) E-store
| 2) E-workshop
3) Electronics

[:emptyce\ls
Figure3-4: Schematic drawingf the locationHYDRINS Motion sensor on Polarstgeck HAWI)

The sensor provides motion and position data for a large number of scientific instrumrents
board PolarsternThe system is receiving position d&tam the TrimbleGNSSinit and is de-
livering positions centered toYDRIN&. Several output interfaces adefined to deliver dif-
ferent formatted data strings with different frequency to userhe main device is a three
component laser acceleromet¢a\W| et al., 2018
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HYDRINS-1 HYDRINS-2

Figure3-5: Installation of the HYDRINSand 2 in the @vity Room of RV Polarstern (AWI)

It is installed inthe GravityMeter room of the vessel. For backup there is a second system
installed. Downstream equipment oHYDRINS andHYDRIN@ are meantto select or of
both HYDRIN® be activeasone and to deliver data to customeradditionally theconverter
boxesare installed to split outgoing data streasxand to convertthem into several formats
requested by customers.

Time synchronizing is received from responsible Trimble GPS receiver (HYDRINS 1 is receiving
data from Trimble 1, HYDRINS 2 from TrimbleG2pgraplcal ship position is received from
responsible Trimble GPS receiver (HYDRINS 1 is receiving data from Trimble 1, HYDRINS 2 from
Trimble 2). Positions provided by HYDRINS 1 and HYDRINS 2 are both centered to HYDRINS 1
(AWI et al., 201B

GNSS No aiding
Position (Latitude and Longitude) accuracy
. 3m after 2min (CEP50)
2103 fimes betier 20m after 5 min (CEP50)

than aiding sensor 0.6 NM/h (CEPS0)

Speed (North and East) accuracy

0.1 knot (RMS) 0,6 knot (RMS)

Heading accuracy

0.01° seclat (RMS) 0.05° seclat (RMS)
0.2 mrad (RMS) 1 mrad (RMS)
0.6 arc min seclat (RMS) 3 arc min seclat (RMS)

Attitude (Roll and Pitch or Vertical Reference) accuracy

0.01° (2RMS) 0.01° (RMS)
0.2 mrad (2RMS) 0.2 mrad (RMS)
0.6 arc min (2RMS) 0.6 arc min (RMS)

Table3-4: HYDRINS8utputs with/without GNSS aiiXBlueSAS, 2016

PosidoniaUSBL system

Posidonidl is an ultrashort baseline (USBL) acoustic positioning systerhifgraccuracy and
ultraglong range tracking of subsea vehicl@s board Polarsterthere are three different
antennas available, which can be used alternatively but not at the same Aiflesh antenna
is permanently mounted ithe ships keel aabout11m depth Figure3-2). The antenna is pro-
tected byawindow, which can be opened during operati@figure3-6) (A\WI et al., 201p
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The gcond antennanamed deployable antennas lowered through the moon poolLastly
the third antenna from Thomson Marconi is fixed mounteda device carrier for moon pool.
The control and operation of the system is performed via sr@brface.

Thereis different version of Oceantranspondersavailablefor the
Posidonia systenon boardthe vessel The maximunreachable
depth is 6000mwith accuracy 0f0.2% of the slant distanc@he
online data stream of Posidonia is broadcasted asizetwork and
the time synchronizindor the USBIBox is provided bshe Trimble
GNSSeceiver.In addition the geographical position and orienta-
tion of the vessel ar@rovided by MRUXBue HYDRINSia D&ip
system(El Naggar, 20G&WI et al., 201p

Figure3-6: Antenna of
Posidonia (AWI)

3.2 Ocean FlooDbservatiorand BathymetrySystem

Deeptow observationvehicles are ocean floorsurvey systemdesigned to operaten deep
sea environmentssuppliedwith imagery systems anchnalsobe outfitted with sonars. These
systemsare submerged andowed behind a vessel or submarira low speeds at the end of a
cable measuring several thoarsd meters in length.

Figure3-7: The newOFOBSPS101 deployment in icy conditifiphoto: SDreutter, AWI)

Thefirst version ofd h OSI y Cf 22 NJ h o(@ROBE & dekployed {iIrdieratery ¢
imagery system, property of Alfred Wegener Institutesigned and built by Helmholtz pro-
gram ROBEXhe OFOS is used for a vast variety of purposes, from bathyal organism observa-
tion to topographidgeological survey of hydrothernhactivitieswithin polar region.The main
OFOS is armed with two sabf imagerysystems a highresolution photecamera in water-

proof housing at the center of vehicleith an adjacenthigh-definition videecamera witha 5°

tilt, in order to providethe bestfootage coveragetogether. Both of the cameras are mounted
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to a steel frameon the vehicle,escortedwith two strobe lights, and three lasgrointers at a
distance of 50 cm from each other meant for dimensgstimation of the seafloor structures
and featuresMoreover,four LED lights, supporting the lighting system and a USBL positioning
system makeit possible to track the location of the OFOS during deployments. The configura-
tion of the rOSand the sonaextension is illustrated in Appendix(Burser et al., 2003

Awhile before PS1Qthe OFOS was upgraded with a tailored bathymetry extension, including
the interferometiic side £anBathymetry Sonar of EdgeTecland a forward-looking sonaisys-
tem of the BlueView

The new improved OFOS system with Sonar extension mentioned in the Cruise report as OFOS
Sonar but later in the technical published paper the sysistmmentioned as OFOBS which
a0FyR FT2NJ ahOSty Cf22NJ ho@8NItal Ry yR . FGKeY.

lncrt_ial . Sound Velocity
Telemetry ~ Navigation g 0

Pressure
Sensor

USBL
Transducer

Acoustic
Camera

Sidescan

LED Transducer

Light

Strobe Laser

Light Video Photo

Altimeter
Camera Camera

Figure3-8: Schematidlustration of OFOBS components and instrumédRtsrser et al., 2018

Thereasonwhy the deep-searesearch group ahe AWIlintendedto equip theOFOBSVith the
sonar exension was to expand the survey range of the vehicle in order to augment the sea-
floors pictorial data with sidelong swathes of habitat data provided by Hide €an sonar
(Boetius & Purser, 20).7
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FNEE T T

Figure3-9: Schematicompression othe OFOBS subsea uimtagery and sonar coverage sath
widths from a flight height o4.5m

The forward looking sonar was aiding ftve reattime avoidance of approaching obstacles
specificaly in the steep terrain and sudden cliffs as well as bigger rock formatfensser et
al., 2019.

The OFOBS consists of two main components: the topside unit installed on the support vessel,
and the subsea unitThe topside unit is a shipmounted rack unit, which supplies power and
connectivity via a combined fiber optic calih maximum range of 606t depth.
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OFOBS and installed devices on subsea unit

Towing altitude

Length 235 cm
Dimensions Breadth 92 cm
Height 105 cm
Weight (in air) 1000 kg
Maximum towing depth 6000 m
: Towing speed Less than 1 knot
Operation Imageryl.5¢5 m above theseabed

Sonar §10m above theseabed

Imagery system
downward looking cam-
era systems

High-resolution photecamera

CANON EOS 5D Mark Il
+24 mm fixed lens

High-definition videacamera Sony FCBI11
Srobe lights iISITEC UMBIitz 250, TTL driven
Four LED lights iSITEC
Triplered lasemoints positioned
50 cm apart from each other in OKTOPUS

triangle form

Acoustic systems

Sde scanbathymetrysonar

Bathymetry bathymetric 2.5D dats
in the range of the 540 kHz

Edgé&ech 2205 AUV/ROV MPES
(Multi-Phase Echosounder )
with two side €an frequencies
(230 kHz & 540 kHz)
for different range and resolution
achievements

Forward lookingacoustic camera

BlueView M906a130

Sound Velocity Probe

AML MicreX 6000 S¥change

Navigation and motion
sensors

Pressure sensor

Integrated inAML MicreX6000 R
Xchange
0.05% FS and a precision of 0.03
FS, up to 6000 dbar

Ultra-short baseline (USBL) tran;
sponder

iXBluePosidonidl

Inertial navigation system (INS)

iXBlue PHINS 6000 INS

Table3-5: OFOBSubsea unitComponents and characteristics

The full OFOBS system components is described in the published paper of the Avibwdeep
system group also mentioned as AWWduncheiin full detailed(Purser et al., 2003In order to
avoid duplicatingthe information of the systemhe restis provided in chapter 4.2 within
OFOBS operation.
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4 Dataacquisition

On the noon of the @ September 2016 the expedition PS101 started from Tromsg port to-
wards the Gakkel Ridge witthe aim of invesigatingthe "KARASIK" seamount and hydrother-
mal vents ofthe Gakkel Ridge. The layout of the research program was to investigate the mor-
phology, gephysics, biogeochemistry, petrology, microbiology and the faunal composition of
both seamount and hydrothermal vents. The forty two days expedition ermethe 23" of
Octoberin Bremerhaver(Boetius & Purser, 20).7TheFigure4-1 is presenting thenain study

area and RV Polarsterrattk line during PS101

Plateau | Svalbard

0 500 1.000 1.500
Bathymetric and topographic tints (Meters above and below Mean Sea Level) EE_NEN__ I Km

_TWIE_

S P PP FEFLH LS L E

Figured-1: The Maln Research area (orange bdXp8101 at the Central Arctic Ocean and RV Polarstern
track line(Purple) started from Tromsg in 9th Sep and moored at the Bremerhaven 23th Oct 2016. The
background map is version 3.0 of IBCAO 30 arc second bathymetridajadbsson et al., 202

SRS <
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The Ocean Floor Observation and Bathymetry Syg@ROBBSwas one of the main scientific
surveyinstrumentsusedduring the research cruise PS101 which contributed to the aim of the
FRAM infrastructure program bgpplying innovative technologies for monitoring Arctic
change, especially in the Eurasian Ba@inetius & Purser, 20).7

4.1 Vessebased Datacquisition

The vessebased data was recoed 24 hours per day i@ workingshifts, with the Hydrosweep

DS lIISystem;Hypack 201%vas employed for visualizing theeamprofile and backscatter da-

ta. Water column data was not recordethcethere were no relevant water column features

visible The sound velocity prob@as notcollected individually by the bathymetry group since

GKS 20SFy23aNI LIKSNRA 3 akazdundvelarityprdfilgsRronLNECPD\ RS R
or XCTD casendappliedto the software(Boetius & Purser, 20).7

4.2 OFOB$peration and Datacquisition

The mainintention of deploying OFBE tothe heightof several meters above the seaflomas

to visuallyinvestigate theseafloorto determine the geological, sedimentological and biological
community structuresacross the surveyedrea Thebenthic community structure on top of
the KarasikSeamountwas in high intention andvell known prior to the PS10lexpedition
(Boetius & Pwser, 2017.

As itwasmentioned in the sukchapter (3.2) the OFOBS has two main pattp side moni-

toring and controlling unit and a subsea unit, which is thelti-sensor platform.Thesetwo

units are connected to eaabther via an umbilical cabldor both side communicationsy addi-

tion to the & K A LJQ asupplg #He Kber optic cable is connectedthe & KA LIQ& foy S 6 2 NJ
data flow and distribution ovethe network enablingthe technicians and scientiste set up

their computersto connect tothe & dzo & S | sendoysidiirifghe diveswhile monitoring the

seafloorvia the online video and forward lookiagoustic camera.

Prior tothe FANBR G RAGS G(KS G2L) dzyAG 2F hcCh. {- YSSRSF
structure in order to connect to # subsea unitsAll the setting for controlling and monitor-

ing are located inthe winch room ofDeck D, wheréghe OFOBS team can communicate with

the winch operator in the sameavork stations(Dreutter, 2017).

Aslong as there are network connectisrand relevant controlling software for each sensor,
any computer could carry out the operation of the relevant sensor, thus the operation could
be deferredfrom time to time but the principals are the same. The followingsdription is a
tailored setting for PS101 described by the OFOBS thatparticipated on the same cruise.

During the OFOBS dives about sevenwi@smultiple displays were connected to the subsea
unit andthe controlling and monitoringensors dataflav. In generalfor a 12-hr OFOBSide a
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team of four is optimalexcluding thewinch driver.The Figure4-2 and Table4-1 provide the
requirements of the OFOBS team for-i2operationand the overall PCs taskPurser et al.,

2018.
Vessel related auxiliary info
1- UTC 2-Weather
3 3-Speed 4- Heading
Winch 5- Geographic position
4} A Lighting intensity
Navigation
i & technical
SYSLE D parameters
Acoustic Imaging GIS & Digital
control system system Log system
Acoustical Overall )
Winch Driver engineer systems Navigatorand
technician B — log assistant

Figure4-2: OFOBS top unit setting PCs and Operations fdm dzployments.

1-Overall sys-
tems engineer

A dedicated systems engineer is required to ensure the full suite of OFOBS s
systems and sensors are operating and communicating with the topside unit
rectly.

Anengineer or appropriate technician is required to operate the acoustical s\

2-:;:1%?;& tems correctly. Acoustic inte_rpretation is essentia_l within unknown regions ex|
ration could be challenging

This member is supervisitige imaging data collected by the subsea unit is cof

3Imaging trolling all video data a_nd timed imagt_e data to assure de_tta are colle_cted a_nd

scien- orded properly andooking for appropriatelfght height. This member is continu;

tist/engineer

ous communication with the winch operatagvising on height corrections
required to maximize the usefulness of collected data and to aid in hazard av
ance.

4-Navigator
and log assis-
tant

This member monitors and records the position of the subsea unit within a gj
graphic information system (GIS) framework in real time, while communicate )
the bridge for request modifications to the course headings or changing rese;

requirements. Also keep the log of the dives updates

Operational Teanof OFOBS for 18r deployments

5-Winch oper-
ator

The winch operatousually from the vessel crew is required to raise and lower

OFOBS subsea unit through the water. Ideally the winch driver should be ab

see the live video and image stream from the subsea unit and the operational

should be able to communicatéirectly with the winch operator to ensure a suitg
ble flight height is maintained
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4 - Data acquisition

After controlling the sensorBom the subunitconnectionand on the top workspace PCs, the
OFOBS subunit should be prepared farmiching witha winch anddescentto the seafloor
During PS101he OFOBS/as deployed frm either the side winch or the-fkame ofthe vessel.
The power supply shoulsitchon after bunching the OFOBS to the water and once again all
the instruments are cheked, and parameters are adjusted@he first sensor needed to be con-
sidered is thepositioning sensors, including thep side USBLand done side transponder
alignment viathe acousic pulseexchangewnhere the Transponder on the OFOBS seaplulse
and the Posidonia USBL of the vessel recéfvend sends the calculated position back tine
OFOBSNS systenvia thefiber optical cable The first data circulationouldtake up to about 5
minutes until the INS triggers the setfalibration and alignment. The alignment gets better
when the OFOBS INS goes from coarse alignnerfine alignment which could take up to
about 30 minutegIXSEA (Ed.), 2010

In the range of about 100 m the first seaflamntactis appeasin the SSS data and in the dis-
tance of the 40 meter the bathymetry data emerge. The fiesafloorimage isseenin the 10

to 15 meter rangeabovethe seafloor in the video camera strean{figure5-10). When the
OFOBS$eaches the properflight height then the towing should stesstommunicaing withthe
bridge and theflight height of thesubunitis kept at the proper distancél.5-2.5 m)viacom-
munication with the winch operato(Dreutter, 2017). The tow speed of PS10#as 0.5 to 1
knot depending on ta drift speed of the ice and th#ight height variedfrom 1.2 t08.7 m
above the sefioor in the sample area of dive PS1039-1.
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5 Study Area

The followingchapter provides the outline of the characteristis of the Nansen basiin the
Central Arctic athe study area andummarizes theesearchthat hasbeen donen the region,
mainly on theGakkelRdge and Karasik seamourithere are also dedicated sghapters de-
scribing theenvironment and habitaproperty of the survey areahere acoustic and camera
systems ofOFOBS®ecorded, for the first timg remarkablemicro-bathymetrysonar and image-
ry footage of thehabitat on the Karasik seamounwhich is themain datase of this thesis.

5.1 Environment Characteristics

The main expedition territory was in the region pfc ¢ namdthigherand 60° E A the
Langseth Ridge seamouritgluded the large Karasik Seamount as welttzes adjacenthydro-
thermal mount on the GakkelRidgerift valley. The study area is locatedn the mid-Arctic
Ocean wherethe ocean isovered withyearround sea ice Thethicknessand coveragef sea
ice changes by the seasonmgth Septemberbeing the month when the Arctic sea ice area
reaches its nmimum (Seaice.Universitat.Bremen, 201 'but it is still a challenging environ-
ment for deep-searesearch.

\’6‘5.

~150- J&&&

-135" 1y

420 1 .

N o S in 3 Qs

- 1981-2010 September 2012 September @U"ivefsné' Bremen
Figure5-1: The 7th September minimum séee coverag®f 2016 measured from AMSR2 compare!
historic summer ice extents: the 30 years (12811 0) September mean(Red) and the lowest minirr
in 2012(Orange(Seaice.Universitat.Bremen, 201 The PS101 study area is highlighted in the pur
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Y

-

Figure5-2; RS Polarstern at 6th of the October 2016, ctosine northern slope of the Langseth Ridge
at 9:31 AM, A short window of good weather followed by extremely difficult ice conditions and poor
visibility. Courtesy of SimoBreutter / AWI)

Operation of deegiow systems isighly limited by mean of steemnand navigationn sea ice
condition and requires ecertain level of concern.In the case of theoperation of the flank
crane,the sideforces of the icao the vessel hulinight cut the cable and connections of the
system or everloose of vehicle Therebre, OFOB3®nostly was towed from the stern side of
the Icebreakerover the Aframe during PS10#live operations where the propellers wash
keeps ice floes away from the cableeverthelesghere isstill a highrisk of scissoring by thick
ice floeswhenthe vessebuddeny stops during icebreaking.That makes the sea ice character-
istics a preliminary factor foOFOBSlive planningas well as icalrift speed and diection
(Dreutter, 20179.

5.2 History andBackground

The very early bathymetrgtata for the Arctic Ocean baswwasacquied during thefirst Fram
expeditionin 1893;1896.Fridtjof Nansen and his team changed the speculation of large conti-
nental landmasses beneath the Ice. The compiled chart depicted by a few lead line sounding,
shows a featureless single deep basin benetih sea iceof the Arctic oceanThe portrait ofa
singledeep basinin the Arctic Ocean abyssal plain consisted for about sixty years after the
Fram drifted across the polar s€&/eber, 1983}.

Even the 1941 airborne expedition to the Pole by Soviets neither proved nor disproved the
one-basin concept till 1948 by the discoverylafmonosov Ridgehich was an outsefor the
first modern map that shows tharcticOceandivided into two basins in 1954Veber, 1983.
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Figure5-3: Bathymetrical Chart of Northern Polar Seas (by Dr. Fridtjof Nadssmtes Arctic Ocean
with a single basin. Throughout the Fram expedition, Nansen kept the crew busy carrying out scientific
measurements, including ocean depth soundings. This bathymetrical map of the Arctic Ocean was one
of many scientific results publisll after their return(Fridtjof Nansen Institute, 1999

More detail and features brouglh the chartscamefrom expeditions happening between the
1950suntil the 1970s collected by U.S submasrand airborne, along witthe Canadian Polar

Continental Shelf Project (PCSP) which was -tamge planning for systematic bathymetric
and gravity mapping/Veber, 198).

More complex bathymetric landscapbaveformed from the tectonic evolution of the Arctic
Basin, ocean currents and glacial histand have beensubsequentlycollectedin numerous
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surve)s for a variety ofmaps and projects by several nation involved ad interested in the re-
search, militaryand commerce expansiddakobsson et al., 20).2

In 1967 the Canadian Hydrographic Service put all the major gdbgiial featureghat had
been discoveredn the first official charin preparation for the first General Bathymetric Chart
of the Oceans (GEBCO) whigiscompiled and published a year latei/eber, 198}

Almost one century after therem Expeditionjn 1997 one of the International Bathymetric
Chart (IBC) Mapping Projects, suiwject of GEBCO, aimd to develop a digital database for

the Arctic regon, named IBCAQGN order to contain all available bathymetric data north of 64°
North, for users whose work requires a detailed and accurate knowledge of the depth and the
shape of the Arctiseabed (Jakobsson et al., 20).2

The third version othe International Bathymetric Chart of the Arctic Oce#BGAQgrid and
chart was published bythe Juneof 2012, which this thesis is al$®enefiing from along with
data acquired duringhe PS10ZXruise.

Germanywasinvolved in the Arcticesearchat the end ofthe 1860sby Carl Christian Koldew-
eywho led two expeditions to the east coast of Greenland Sadine IslandThe firstexpedi-
tion did not lead to much new scientific knowledge and explored only a few unknown coastal
areas in northeast Spitsbergefhe secondexpeditionwith two schoonersvesselhad several
achievements The convoy shipHansg sank inthe third month of the expedition, but the
main ship Germanig manage to carry on and conduc seriesof valuableobservations and
measurement The SecondExpeditionresulted in several geographicahd cartographic sur-
veys of northeast Greeland, and als@eological, glaciologit, glacial geomorphological, zoo-
logical, botanical and archaeological studies were condudigeihg the 435-day voyage In
addition, extensiveastronomical,geophysicaland geomagnetic measurementsere carried
out which later played an importanple in the development ofAlfred Wegener's theory of
continental drift(Venzke, 199))

The new race of the Deutschland polar expedition started around 1980stiwy dAlfred We-
gener Institute, Helmholtz Centre for Polar and Marm& & S | AND) iith thé three major
divisionsbeing the Geoscientific Department, Climate System Department and Biosciences
Departmentalong with several speciafiroups AWI has a close cooperation witlumerous
national and international partnerns orderto decipher the comlicated processes in the "sys-
tem of earth" This topic research is a cooperation of AWI bathymgtoup and Bioscience
department andthe data collected duringhe PS101 cruise of AWI icebreaker RV Polarstern.

5.3 Geographic Setting tfe InvestigationArea

The Karasik seamount is situated on tltemdsethRdge and was the main target of the re-
search aredor the PS101 cnse, along with the vent mount in the Gakkel Ridge Rift Valley.
Both of these under water features are locatedtie central Arctic Ocean.
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Figure5-4: Overview of the Lomonosov Ridge and Gakkel Ridge as a complex Arglicéditbetween
the North American and Eurasian tectonic plate. Tan research area of PS101 cru{perple boy

Themainareainvestigatedsin the region of 87° N and 60? Both structures were discovered
during the Arctic MidOcean Ridge Expedition (AMORIGJing the 2001 expeditiona joint
cruisewith two icebreakers, the Polarstern and the Heéidyetius & Purser, 20).7Thepre-
cedingoceanographic observatiarby the submarinein 1999 indicatd reginal volcanism and
hydrothermal activities along large ajpserpendicular of the Gakkel Rid@geiiede,
2002,(Sohn et al., 2008

The Gakkel Ridge (positi@8°30'N- 6°00'W to 81°00'N- 123°00'E: formerly recognizedhs
oNansen Cordilleia 'Anstic MidOcean Ridge" ithe slowest spreading portion of the global
mid-ocean ridge system. Total spreading rates range from 12.7ymmeéar Greenland to 6.0
mm/yr. where the ridge disappears beneath the Laptev Sfietfchran et al., 2003The ul-
traslow divergent boundaris an 1,800 kilometers mighceanic Ridge of the Eurasian and the
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North American Plate whictouches the end of the Miditlantic Ridgeat northeast of Green-
land.

85°30'N

30°E , - s
Investigation Area over Langseth Ridge

C i . S e

n Main Study area (Karasik seamount / Hydrothermal Vents of Gakkel Ridge) ?enér:l ;ﬁeriﬁiélns 00'%‘0'
i st Std Parallel: 0°0'0"

? f RV-F P 004

A eedtlee i A Gl Gl ) 2nd Std Parallel: 0°00

deep-water multibeam swath echosounder) Latitude of Origin: 90°0'0"

Continents and Shorelines data source: Global Self-consistent 5
" A g < : Projection: WGS 84 Polar Stereographic (EPSG:3996)
fccezcnical Highlesaltzen (CSRHE) Yereion 2:2.2 BackGround Data Source: IBCAO 30 Arc Sec Ver 3.0 - 2012

Figureb-5: The Langseth Ridge intersected with the Gakkel Ridge perpendicultzlpurple box

representing the main investigation area of PS101 research cruise. Data sour(&C#®) Ver.

3.0(Jakobsson et al., 20L,ZGSHHG) Version 2.2-8gh resolution multibeam bathymetry of RV
Polarstern during PS1@Dorschel & Jensen, 20117

The transarcticRidge was discoveredduring Soviet high-latitude Arctic expeditiong1948
1953 and mapped in 1954. The ocean floor featisenamed aftera reputed Russian At
explorerand oceanographebr. Yakov Yakovlevi¢bakkelwho predicted the exigince of the
Rdge in 1948 andsix years latercollecied bathymetric, hydrological and benthic datand
made the firstcontour ofthe Rdge on the char{Sohn et al., 200{|IOCIHO GEBCO SCUFN
XVI3, 200}
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Along 1800 km length of Gakk&ldge there are seeral intersectingaxescrossingfrom one
side d the Gakkel Rige tothe other side

60I°W 90;’W , I’I.’St’;"WI 1651°;W 18l0° 87I°N 16?°E

*-;’: e .72‘99‘7”m>

IBCAO Ver 3.0 (500 m) i

| | |
82°30'N 45°E 60°E

Figure56 (A, B Y ¢KS 1 8LRGKSGAOI f
Langseth Ridge (Purple Baxperpendicularly crossing the
Gakkel Ridge relatively in the rrddctic ocean is one of the

several axes bisect the Gakkel Ridge.

TheHypotheticald + { K exteld B Eangseth Ridge
is perpendicularly crossing the Gakkel Ridge and
tended from both gle while the majorelevatedpart of
the Langseth Ridgis located in southerside (Boetius
& Purser, 201y

TheOceanRelief Featurestretchesfrom 87°N 62CE to
ypcppQb,ihas deep defined as an underse
mountain structureduring the sixteenth meetingof
the GEBCO Suommittee for Undersea Feature oE
Names(SCUFN)The Langseth Ridge namedafter the AmericangeophysicistDr. Marcus
GerhardtLangsethwho designedhe Arctic Basin submarine scientific reseaprbgramin the
1990s however, the elevaed featurewasdiscovered by Soviet scientistin 1965and appears

=
3
5
a
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on a geological magndnautical charfrom the soviet unionin the same yeaflOGIHO GEBCO
SCUFMV/3, 2002(IOGIHO GEBCO SCUxW1/3, 2003

According to the provided coordinatesd informationin the fifteenth and sixteenthSCUFN
meetingreports the Langseth Ridge describedas ad wS f A S T ¥astdepth: 366 [OC
IHO GEBCO SCURML/3, 200)located onthe Nansen Basin side of the Gakkel Ridf24,4
kilometer long while the latest Multibeam hydroacoustidathymetry of PS101 expedition
raised ahypotheses oBGA NB | (1 SNJ wirR#A S 3§ K& L.BxK indicateltiiat the
Langseth Ridge extends on both sides of Gakkel Ridge ani$ pfedonged to the souttbut
needs further geological analygisoetius & Purser, 20).AFigure 53)

Along the Langseth Ridge seal Peak were discoveredoy Soviet scientists in 196&nd later
proofed byUSS Hawkbill data 19971998. ®me of themare officially named andsome are
still under the appellation The
sixteenth meetingof the GEBCO
SubCommittee for Undersea
Feature Names (SCUFN) officially
accepted onef these summitsas
the Karasik Seamountnamed
after Arkady Moiseyevich Karasiki-{
(19301987), a Russian geophysi-
cist who led aeromagnetic studies
and expeditions in thérctic. The
Karasik Summit is definess the
shallowest feature in thenorth-
ern part of the Langseth Ridge
The official description on :
SCUFN describes Karasik sed- &
mountas a 2000m Relief with the
lease depth of 556mlocated at
86°43.0N ¢ Mmc M T @¢eCHD
GEBCO SCUBIN1/3, 200pwhile
the PS101 survey measured 584 :
meters below sea levefor maxi- 3 & : e
mum elevation of the areavith | Projscion: WS 84 Polar Sireoaraphie (EPSG:3696)
about 15 km ®uth west of the

63°E

I
86°45'N

63°E

|
86°35'N

7 r«":;'f-:m%c-;«"t PO e 2
60°E 61°E 62°E
accepted summit locatiqOCIHO

GEBCO SCUKVY1/3, 2003Boetius Figure5-7 : Comparison of the position and lease depth of t
& Purser, 201y Karasik seamourrheasured during PS101 expedition witt
official property of the tweaccepted featurdyy SCURXV1/3

The first swath bathymetry of the Karasik seamount was during the AMORE whigdeadd-
ed more defil to the initial survey The previous bathymetry dataepresentedthe Karasik as
one individual seamounthile the recent PS101 swath bathymetry reale two new individual
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peaksand saddldn addition to the Karasisummit Figure 58 demonstratesthe location and
the unofficial namedor these newfeatures whichcould be identified on the higher mouain
range of the Langseth Ridge
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Figure5-8 : Seamounts of Langseth Ridge and adjacent Vent Moeat pn Gakkel Ridge Rift Valley
overAMORE and PS101 SH#éthymetry Top). North-South profile of Karasik and vicinity peaksl

saddlefrom 87°05' N to 86°38" kBottom)

As the bathymetry profiles indicagethe Karasik seamount remathe highest peak on the
Langseth Ridgwhile the existenceand position of the Leninskiy Komsomol Seamount at the
given position of SCUFXRV1/3 is notconfirmablewith the hydroacoustic surveyrom the
PS101. The nearest possilidature of the missinggeamountis 14 kilometers southwest of
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the Karasik Seamoumt i’ G KS f 20F A2y and climbs ¢,016 metefsmbocen c y ®o «
the surrounding seafloor, which is 3,200 meters d€epetius & Purser, 20).7

5.4 OFOBS Div&ationsand Samplérea

A big portion ofthe PS10lexpeditionwas dedicated to visuallgetermining the geological,
sedimentological and biological community structures across the survases The OF@S
was one othe instrumentsusedalong with TV Multicore and R@w boardthe RV Polarstern
The OFBSwas deployedas imaging systemir recording the video and still images from
several meters above the seaflosthile the Sonar extension was sounding the several meter
beneath the systenfBoetius & Purser, 20)./The currat sub-chapter isdescribing theOFOBS
dives in the study area.

During PS101 expeditidiiteen OFOBS digeweresuccessfullxarried out.Most of the dives
were around theunofficially named Vent Mount of Gakkel Ridge R#iley (eight dives) and
Karasik Seamount and towatlge North Mount (four dives. Briefinformation and locationsof
the OFOBSlivesis given intable 51. The dataset used for this thesistiem the north part of
the PS101/1691 dive which is located in the Central Mount aldrangseth Ridge, north said
of Karasik Seamount.

Stationname Region Duration Planimetric Length
PS101/016aL (Test Site) 1:07 1222 m
PS101/068L (Test Site) 2:32 2052 m
PS101/089 Karasik Seamount 5:23 6109 m
PS101/10al Central Mount 2:54 5254 m
PS101/126e1 Northern Mount 5:11 7308 m
PS101/1341 Vent Mount 1:11 3476 m
PS101/135L Vent Mount 4:08 6998 m
PS101/158L Vent Mount 5:20 8763 m
PS101/1691 Central Mount 4:16 5370 m
PS101/179 Vent Mount 2:07 3226 m
PS101/1881 Vent Mount 1:27 3091 m
PS101/2251 Vent Mount 5:39 3719 m
PS101/229 Vent Mount 2:00 4069 m
PS101/2321 Vent Mount 2:08 2831 m
PS101/2411 Yermak Plateau 1:23 3139 m

Table5-1: List of the OFOBS Dive of PS&dedition. The Dataset of this thesis is North side of the
PS101/1691 OFOBS dive (Highlighted)

The OFOBSlive of Central Mount named as PS101/468tartedon the 30" of Septemberat
20:26"Coordinatel Universal Time (UTCh@at the depth of-878 meter below mean sedevel
(86° 45.67' N ,061° 51.86'.Hhe total duration ofthe dive wasfour hours andsixteenminutes
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andthe length of the dive was,370 meter(Boetius & Purser, 20).7The dataset used for this
specific studywasthe last 500 meter of thalive where the OFOBBwed from Karasikcentral
Mount Saddletoward the Central Mounsummit.

The followingmap is representing a general overviewtbé four OFOBSlives at the Karasik
seamountand the specific diveumber PS10169-1. The white box is highlightirtge dataset
used for sponge detection in this paper

58°30'E

Data sourcesPS1|
_ Projection: WGS 84 P

61°30°E

Figure5-9: Overview of all the four OFOBS dives at Karasik Seamount and the boundary of the thesis
dataset (White Box
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5.5 Habitat Characteristics

The OFOBSlives PS101/0891 surveyed Karasik Seamount, the imagery system showing a
dense forest of sponges and sponge spines at the sunithdre were several breaks in the
sponge cover toward the northern section of the mowummit, where a thick layer of dead

tube worm tubes was intermixed with dead mussel, clam and gastropod shells, as well as small
pebbles and sandAlso,two individual dives 0PS101/10@L (Central Mount) and PS101/149
(KarasikCentral Saddle) on the Lgseth Ridge showingimilar sponge communiés on both

dives comparal to the Karasik summibut the accumulation and sponge cover the central

mount is lower ingenera) and the abundance of sponge spines between spongesessas

More detailed visual irerpretation of the OFOBSootages is given in the PS101 expedition
report, generally indicaihg a multifariousdistribution of thespongs over the Langseth Ridge
seamounts.
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Figure5-10: While the OFOBS is descending todbetral mount surface, the very first video footage
fading in adistinctbiodiversity of thecentral ssamount at the depth of800meter. From right tdeft
there are unofficially named: Arctic pink snail fisine Geodia sponges, Glagsongesdead tube
worm tubes,sponge spiculesnats(OFOBS8ive PS104.69 September 30th2019.

The saddle flankaere bothpopulated by tubeworms however on plateaus the astrophosoid
sponges and are colonies. The saddlmainy 02 SNBR ¢gAGK | GKAOl fl&Ss
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spp., with infilling mix of dea#olychaet and needles wre replaced by a lower density of
sponges and mixture of sponge spicules and sarficequentsmall stones and rocky outcrops.

Figure5-11: Still image collected on OFOBS dive P880lindicates biodiversity at Karasik seamount at
the depth of 500 to 1500 meters, the Geodia sponges setting at the seafloor surrounded by infilling
material of sponge spines

At the utmost of the central peak the majority of the seafloor is covered with the dead Poly-
chaeta worm casts, a strata of several centimeters thickness covering below and top of the
sponges. The thickness of the black areas is denser in some segiibrregards to the worm

casts accumulation.

Figureb-12: Still image collected on OFOBS dive P8891 The black area in the middle of image is the
accumulation of Polychaeta worm and their casts.
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In addition to that, there are whitspotted sponges in the scene, and whijtellowish micro-
bial mat growing on decaying dead/dying sponges, spicules of sponges as spalhgstracks
on theseabed (Boetius & Purser, 20)7

Figure5-13:Diversity life stage of Geodia spp. is captured in OFOBS footage, (A)group espvotiicel
sponges, (B) layer of bacteria mat and sponges spicules matte covered a group of s{iongbge
yellowish decaying giant sponge, (D)A Geodia sppnges and its track

Footage of the saddleevealedthat the seafloorisdominated by Geodia spp. and Stelletta spp.
sponges but scarcely there are glass sponges of several distinct spesids them.

Figure5-14: (Left) a vaseshaped Glass sponges in the saddle area beside a Geodia sponge spp. (Right) a
giant glasspongespp. In theslopeof the central mount as they could be found in the Northern mount.
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In the surveyed area of the saddle and central mount, many other distinct fauna categories

GSNBE Ffa2 LINBaSyid Ay GKS OFYSNIa ¥F2d¢uhdredSd ¢KS Y3
around NJ 0 Sy S GK 27F gréup of theXBtaffdi&aniing @pblihedsponges and

seeningly arefeeding upon them where the sponges are usually covered by a white bacterial

Y | ((Bodius & Purser, 20)7

Figure5-15: The starfishes, shrimps are appearing around eitheast spongeor the bacterial matt. I(eft)
& dza K A 2sfarfigh ivérdNdbmmonly observed feeding on the dead remains or bacterial growth upon
the dying/dead sponges (Righthile the shrimps are mostlshelterunder thesteadysponges

Irregularly there were snail pink fish and gray/purple fiskncountered during the dive at
Karasik peak.

Figure5-16: Two distinct speciesf the fishes dominantly appearing in the cameras footages during the
OFOBS dive PS1049 in the saddle and said flanks
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In some sponge coloniebdre are also anemones sitting on spongegop suspended in the
water column.The Ophiuroids mostlgppearing where the tubeworm debris or spicule mats
are prevailing.

Figure5-17: (Left) Usual picture of anemones setting on the Geodia sponges ssp. (Right) Four individual
Ophiuroids setting at the miure of tubeworm debris and spicules mats (Red Circles).

Fongespiculesmatsarea surroudsalmost all thed LJ2 y @BraeQwith different thickness,
also in some aressponges are sinking in the accumulation of 8pcués mates.

Figure5-18: Sponges spicules mats with the different thickness.
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6 - Materials

6 Materials

The materials used in this study come from thrafedent sources; 1) the publig-available
datasets?) the vessebased datasets 3) theFOB$ased datasets.

The vessebasedand the publiclyavailabledatasetsare the secondary data soursdor this
study, they wereused for oveall mapping of the study area athapter 5 while the OFOBS
data setsifnageryand acousticyvere employed forfeature detection of the habitat mapping,
on chapter 6to 10. In this subsection the characteristicsf the materiak are described,and
the methodology is delineated ithe data processinghapter. The imagery data set of the
OFOBS is the main data set which is described irtlsapter 6.3.1 and 6.3.2.

6.1 PubliclyAvailableDatasets

IBCAO

The International Bathymetric Chart of the Arctic Ocean (IBG&\@ international project
associatedvith 24 institutions in 10 countrie@p to 2017, in orderto developa modern data
base for the Arctimorth of 64° North which provides the latest availabdbathymetricdata for
thosewho requires accuratand detailedknowledgeof the depth and the shape of the Arctic
seabedfeaturesfor their projecs andresearches

This thesis benefits from thiatest updates of maps angridsrealizedin mid-2012 Thever-
sion 3.0 takes advantage ofthe new data sets. About1% ofbathymetry data is covered by
multibeam surveysmostly from researchvesselsand Navysubmarines collected by thecir-
cumArctic nationsThe new dataset is on a 500 meter spaamgpanced byan advancedyrid-
ding algorithm(Jakobsson et al., 20).2

GSHHG:

Global Seitonsistent, Hierarchical, Higlesolution Geography Database are amalgamated
vector files, from three public domain data bas which all together providgpatial data for

the shorelines and water bodiesrdm ocean to lakes and rivers), Antarctic -foent or
Grounding line as well as political borders. The data sets are availablerim&d$pEsri shape-

files and native binary files. The geography data files are available in five resolutions, Shore-
lines are furthermore organized into 6 hierarchical levels, while rigensein 10 classification

level and borders are provided in 3 levelfiemaps in chapter @re the latest released ver-

sion 2.3.7n Juneof 2017(GSHHG, 20).7
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6.2 Vessel BthymetryDataset

The acquireddata of the multibeam echosounder (MBES)as initially processed on board
usingCaris HIP&nd SIPSCaris (Ed.), 20)6The post processg datatook place atthe AWI
Geophysics / Bathymetry departme(Bremerhaven) aftethe expediton by manual editing,
andmatrix-based median filteng. The final cleaned datavasexported intoxyz soundingand
bathymetry grid at 100m resolution.The overall MBES HS DS3 data recorded during PS101
exceead 4300km? in the Nansen Basin and Gakkel Ridge, which is available scidetific
data warehousePANGAEAPANGAEARS10iDatasets, 2016 The bathymetry gridof the
Gakkel Ridge andakasik seamounis usedfor mapping purposgin chapter 5.

6.3 OFOBS Datasets

During OFOBS dives different sensmese collectingvariousdatasetscontinuously(video and

sonar)or at certain intervas (still images). All unprocessed dasa/ I YS R K Swilataél & awl
includingmulti-sensor navigation data arichagery data sets as well as sonar datze Tfirst set

of processesisY S| y i (2 dvdatasdsty SO BISTKSNE Ay 2NRSNJ G2 S
curacy and the overall value of tlgeospatial andnappingmaterial for the further process.

This part of the data processingas carried out duringan earlier stage of the project anid

explained in detail imreutter (2017)

In order to provide a better picture afatasets involved in this stugdyhe main process chais i
broken down into severaldistinct steps, the output of each step is the input for the next one.
Therefoe, the relevant materialsare sorted irto individual batches, and in this chapter the
properties ofeachare consideredThe following graph represents the respectieta of each
step.

( Enriched 3D Corrected Classified Detected
Raw data reconstructed track line/ oint cloud sponges /  wet
raw data model point cloud P biomass

~
Navigation corrected Feature detection
sonardata (Bathymetry and SSS

G

Figure6-1: Outputsand material of process steps.

6.3.1 Raw DataStructure

The OFOB@atasets could beategorized irnthree classessonar, imageryand Navigation da-
tasets,while some data arenerged in the other datasets but also stored individually.
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Raw Navigation data

It is worth noting that some ofhe sensors and relevant datasets have a dependency on the
other instrument outputs.Specificallythe position strings of the OFOBS have several affilia-
tions on other instruments such as GPS and vessel IMU passed out to OF@Bgwelhailure

or disconnectio of one of the instrumerghas aninfluence on the data quality and validation
directly or indirectly.

I Vessel position and
GNSS Receiver Globdl :murgvgalgqs?igrf”;f{';lg attitide PASS Out to
Position on Vessel | | MProve p 2| PHINS of OFOBS Vi3

Vessel fiber optic cable

)\
PHINS pass theKalmap
Filtered improve The data is saved in
postion of the OFOBS——> multip storeage of
to SONAR and USBL Vessel and OFOBS
Transponder

Figure6-2: Navigation datdlow from Vessel to OFOB®d back

The outputs of the navigation sensovary in formatsand logged placesg he iXBlueHYDRINS
unit onthe ship passes the improved Kalman fitdiposition and attitude of the vessel to the
subsea unit of the OFOBS via a fiber cable to the PHINS sensor

The output ofthe PHINS ia navigation solution includg geographic position, depth, heading,
heave as well as attitude and speed. The motion data comes from the internal 3D fiber optic
gyroscopes and accelerometers, in addition to the external pressure sensor instalkbeé on
OFOB frame.The embedded Kalman filter ¢fie PHINSprocessedall the inputs in order to
provide realtime postioning for the bathymetric systemsvhich are also stored for post pro-
cessing and evaluation.

TheUSBEBox logstoresa raw string of subsea trangmder positionswith the NMEA standard

in ASCII format with a depttlependent setting ofr 5 to8 second intervalThe position pro-

vided by PHINS is three times more accurate than the USBL pdsititine (Ed.), 2011XBlue

(Ed.), 201 In addition for accurate sensor synchronization, the PHINS is time synchronized
with the ships GNSS based timeserver and creates an OFOBS internal time and pulse per sec-
ond signalPurser et al., 2003

Raw Imagery Data

During the OFOBS dive two camerassetre in operation, a video came(&ony FCBI11) and
a stills camergCanon EOS 5D Mark+I24 mm fixed lens)lhe video cameravas streaming
and recorded constantly during the whole divie aRONIN HESDI systemThe videccamera
is meant foronline observations during the diviey the operator and scientistsand the idea of
adding the video framesame afterthe expedition in ordetto cover the still imagegapswith-
in the photogrammetricreconstruction step. fie recorded videos arén Full HD resolution
(1920 x 108@ixels)with a rate of25 fps and the extracted frans@are 1-4 fps, dependson the
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OFOBSlight height FH and speed It wasconsidered that the extracted framieasat least

60% overlapvith each other and the st8limages. For the area where the OFOBS FH was less
than 3m and the taving speed were more than 0.knots the extracted frame wasfgs while

in case of lowdwing speed with bigger thaBrmeter FH the extracted frame rate offfh)s was
sufficient.

Thestills camerawhichwasmeant for recording theseafloor wasoperated within the iISITEC
OFOBSoftware packagelhe camera sensor combined with fixedsprovided ahigh-quality
image of 22.3 megapixels (5760 x 3840 pix&lsgcontrolling systensupported twoshooting
methods; an automatic triggewas adjusted foR0 secondéntervals while manuallyshooting
was possibléy the operator.

The distribution of tle frames and still images are not balances in the numbers and quality.
Just 5 % of the still images among the extracted frames, is decreasing the quality of the point
cloud and subsequently the orthophoto mosaic and DEM. This complexity is already have
made the outputs data as multi resolution. &aldition, the flight height of the OFOBS is chang-
ing dramatically from 1.2 meter to bigger that 8 meter, makes the resolution of the relevant
data morecomplex whickcould be observed in the bathymetry data and 3D Reconstructed
Model

In addition, the still images area timestamped by the vessel GNSS timeserver in UTC via Po-
sidonia USBL, and well fitted with the metadata file containing all available camera parame-
ters.

The data provided by the both imagery systems are the main dataset for the 3D Reconstructed
Model.

RawSonar Data

Among thethree-sonar system installed on OFOBS, thmward-looking Sonar BlueView
M900-130) was employed aan acoustic camerao assistin avoidng collisions with upcoming
rocks,thusthe data is not described hetgweverthe data has its own capacity and potential.
The sound velocity probAML MicreX 6000 S\ change) wameasuringthe return time of

the transmitted pulse in certaimtervals during the OFOBS dives, and the result was used for
reaktime phase correction on thEdgeTech 220&ultiphase echesounder (MPESPreutter,
2017).

TheEdgeTech 220BIPES has its owdSF fileo store all the acquirediata. TheEdgeTech Dis-
cover Bathymetrisoftware staes the high frequencyHF)and low frequencyLF)side €an
data with attitude and position ithe same file in addition to the binned bathymetry solution.
The raw data file could be repleg in the post processing step with differeqtarameters for
bathymetry equiangular/equidistant, bining andrangefiltering. Theside €an sonar data of
PS101s limited to 100m for L&nd 50m for HF.
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6.3.2 Enriched Bw Data

As mentionedbefore there is darge gap betweenthe still images which have a very good
quality, andthe metadatain comparison tadhe video framesvhich have relatively low quality
but flexible coverage in overlaphere theuser couldincreaseor decreesthe amount of the
overlap by changing the frame extracticate. (Figure6-3)

The process of the 3D reconstrimt wascarried out in theAgisoftPhotoScar(Agisoft (Ed.),
2016 (version 1.2. The Software is suppaseveral image formats, but it is not able to import
the video fles directly, therefore the video frame are extracted n the rate of 14 fps Then
with the aid of providedPython scripts, the timestamp of the stillmages and IN8avigatior
attitude data synchronise and are interpolatedwith respectto the lever armsAt the end the
calculatedvalues areassignedto the extracted video framesiith a new nane. By this se-
quence of the scripts the raw viddtameshave beerenriched by virtual Interpolatechetada-
ta andthen the enriched data set@re ready for the 3D reconstructiagtiep. More detail of the
preparationprocessare explainedn Dreutter (2017)

Figure6-3: The Comparisocoverage and gap the Still Image and Extracted video frames. (AHg)
image alignmenstepin Agisoft PhotoScarfA) The Red areas are the extracted video frame and in (B)
the three red areas are the Siithages. C)orthophoto mosaic of the same area (D) the individual
orthophoto of Still images with corrected coordinated and the relevant geyetween.
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