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Abstract

Images of sediment coresre often acquiredo preserveprimary color informationbefore such
profilesare altered by subsequestampling andlestructiveanalysesin many casegjowever,no
post-processing ofheseimagesis undertakento extract information despite the fact tht image
processing cabe used tadescribeand measurestructureswithin the sampleImprovemens of RGB
(Red/Green/Blueamerasand image processing algorithmew enable acquisition dfigh-
resolution metrically calibrated picture called ortheimages, whichhavegreatpotential. The way to
obtainsuchortho-imagesis byprocesing several raw images. We propossemiautomated
method that uses metrilly calibrated targetgo createthe ortho-image usingAgisoft Photoscan
software and a Python script. The method wasted onsediment coresip to 1.5 m long It was
comparedto anapproachwithout markers onethat usesonly imagematching The proposed
method showedbetter resolution andess distortionGSD: 59 um, RMSE1& um) Imagesacquired
without calibrated targets castill be used,by manually positioning points that can thee
metrically calibrated This approach igery useful for smartphone images taken in the fi@ldere
are many potentl applicationsfor such images adfediment coresfor instanceas metric
stratigraphic logto facilitate description ofhe profile by unit, to study and measure structurésg.
laminae, instantaneous depositsdruse ofimage registration odata fugon to create spatial
landmarls for non-destructive sensors adestructive laboratory analysesigh-resolution metrically
calibrated RGBnages of sediment cores ar@mple toacquire and can plagnimportantrole in

paleoclimateand paleoenvironmentadtudies



Introduction

Paleclimate and paleenvironmentalconditionsare frequently inferred fromnatural archivesuch
aslakeand marinesedimentcores tree rings, coral andspeleothemgPAGES2k Consortium 2017)
Thesearchivesare often sampled fomultiple physical, chemical armological analyss. Prior to
sampling, the archives are sometimagaged with an RGB camela process that isapid, cheapand
simple andusedto preserveprimary information e.g. aboutolor andstructure Such images are,
however, rarelyexploited to extract relevant environmental informatigwhich can be accomplished
usingimage processing techniqueSharacterization oftructuressuch adaminee or instantaneous
deposis enablescreaton of spatiallandmarlsthat can be matched witlother analyses, butequires

high-resolution images.

Structurefrom-Motion, Multi-View-Stereo (SfMMVS)photogrammetryis gaining interest in
the Geosciencesas a methodo modelobjectsurfacesat highresolution It enablesuse of2D
imagestaken atdifferent orientations and positiondor constructiorof a 3D structure in coloSfM
MVSis widely used to reconstruct topography in contexts where other methods, such as LiDAR,
cannot beused(Smith et al. 2015; James et al. 2QEjner et al(2016)summarizedarticles onSfM
MV Spublishedbetween 2012 and 201&nd notedan increase in numbsiof papersacross all
disciplines e.g.soil science, volcanology, glaciology, fluvial esastal morphologyObjectssuch as
bones or archaeological artifacts calsobe reconstructed withSTIMMVS(Falkingham 2013; Marchal
and Lygren 20173as cartrees, for forest monitoring and manageme(®iermattei et al. 20195fM
MVShas proveritself in the laboratorywith results similar to a scannefirborne SIM-MVShas been
shown to providebetter reconstruction quality than other methogdat much lower cos(Cawood et

al. 2017; Bilmes et al. 2019)



Someenvironmentalsamplegpossesperiodic structures associated with natural cycles
(seasonalannua) or multi-annual) or instataneousevents €.g.floods, avalanchesolcanic
eruptions) Several studiebaveattemptedto identify and counsuch periodistructuresusing
imagirg techniguegMeyer et al. 2006; Weber et al. 2010; Ndiaye et al. 2012; Vanniére et al. 2013;
Ebert and Trauth 2015; Zolitschka et al. 20bbit have run intgroblems becausthe resolution of
imagesis insufficient, i.ethey have too fewpixekto distinguishstructures.Sructural and spatial
variationsalong the lengths odedimentcores are reflected itaminae discontinuities, changing
shapes, antheterogeneousolors.Sample textue cansometimesbe determinedby detecting
particle edgs underamicroscopg(Francus et al. 2002; Lewis et al. 20a0by using sstandard
photographidmage(Rubin 2004; Baptista et al. 201Zhemainchallengefor detectingstructuresis

imageresolution.

High-resolutionimages haveapplication forfusion ofdata related to:(1) laboratory
destructive analyses and (2) ndestructivesensorsMultiple images of a sample, collectatl
various datesenableestimation ofsample deformationwhich can b&orrected with image
registration (Liu et al. 2011)Creatinga time-independentspatial landmarlpermits comparison of
multiple analyses€.g.organic matter, mineralogy, spectroscopgj fusion ofsuch measure® infer

paleoclimate or paleoenvironmembnditions more accurately

Studieswere conducted in remote sensirtg improvethe spatial resolution(nD with n<100)
of multispectral sensorsisinga high-resolution2Dimage.This approach isalled pansharpeningt
essentially merges higlesolution panchromatic and lowesolution multispectral imagery to create
a single, higlresolution color imagéAlparone et al. 2007; Vivone et al. 201Rgcentlyin remote
sensinghat utilizeshyperspectral sensors (nD with n>108nsharpening methods weimproved
to fuse panchromatic, mukiand hypefspectral imagesin a newmethod called hypersharpening

(Selva et al. 2014; Yokoya et al. 20Bgsed on thesstudies,it was shown thaain environmental



sample's highresolution imag can be théasisfor fusion with other laboratory sensors

(hyperspectral imagefsom several spectroscopic ranges,-SCars).

Recentimprovementsof standard RGB camerhave enabled acquisition dfigh-resolution
coreimages at low coswith micrometric pixekizefor small core samples. Forlonger core samples,
the straightforwardwayto acquire imagess to raise the cametaut this reduces resolution.
Alternatively, one catake multiple closeup imagesalongthe length ofa coreand then assemble
them. Thismethod, however requiresseveralstepsthat can betime-consumingand create
measuremenuncertairties. We propose a serautomatzedmethod to createa high-resolution
orthorectifiedimage sometimescalledan orthomosaic imager ortho-image from severalcloseup
images This method is based dhe recent development oStructurefrom-Motion Multi-View
Stereo (SfMMVS)methods and usemetrically calibratednarkersto estimate and correct
distortions This simplelow-costmethod was used in thigedy to generatesediment core images.
Acquiredimages were then processetbr sediment strata determinatiosandfusion ofdata. We
discuss how the approach chr employedin the field where images are obtainedgith a

smartphone.

Materials andmethods

Theortho-image is a metrically calibrated imggerrectedfor three main deformationgChandler et

al. 2005) Thefirst results from thesensorcausingoptical distortion, the seconis causedy the

sensorposition around the samplfor each imageand thethirdby Z E S E]+S] « }théE o] (_ }v
sample surfaceg(g.holes, fissures)'he proposed method estimas¢hese deformations and

correctsthemto create the ortheimage Fig 1a).

Image acquisition



Core images werecquied with a 25-m-long, manualy movedtray anda Nikon D8010.2megapixel
camerawith an AF Nikkor 38nm lens(Hg. 2. The camera was fixed atheight of 32 crmabovethe
coresample providinga nadir viewing anglandenabling imaging dfs entire width. Under these
conditions, the depth of field was 3 cfBachimagespansa sediment length of 16m, with aground
sampling distancéGSD of 50 um. The tray was move&4d cmbetween photographsto achieve75%
overaprecovery such thateachsectionis presenin four images. Camera acquisition parameters
were the same for athe images.Two halogerbulbs(GE Polylux XL, F18W/860) were used to
illuminate the samplendall other light sourcewere eliminated The lidits were fixed ata height of
20 cm and calibrated to have maximum light in the center and the deyedispersionat the core's
two ends Light calibrationenables recording cfample colors and is necessary for higholution
image creationRulers wee placedon both sidesalong the lengthof the core to estimate¢he

positiors of sediment structures.

Reference markers

(Coded targets are printed markefsom the software, whichare placed on the rulerd=ig 2c). Each is
different (Fig 2d) andisused as a ground control point (GCP)ey Bremetricallycalibratedby
georeferencing their positionsn the rulers We assumed that theulers andsediment coresvere
horizontal to create a plane coordinate system=%), whichwas usel as a projectiorplane to
create theortho-image By using different markers along the bench, fuétwarecan automatically
detect them therebyavoidng confusionand enablingautomaticprocessingf the imagesA Python

script washen developed to find thesCReoordinates in arExcekheet.

Coded targetsmust be prined on materialthat remainscleanand is not damaged by
exposure tosedimentandwater. Theymust not reflectexcessivdight becausehat will confound

the algorithm Forthese reasonsye selectecanadhesive mattgpaper.Targets musalsobe of a size



comparable to the sampléel'heimageshould capturghe entire marker especiallyhe central black
circle Markerswe used hadh diameter of Icm. AgisoftMetashapetutorials recommend that the
radius of the central black circle should B0 pixelsThese targets need to be square deeping
in mind that the targets arblackcircles on a white background. They must be placedldi at
least three markerper raw imagei.e. 10 cmapart onour bench.Reproducible conditionsluring

image acquisition enableemiautomatzedimage registration.

Automatic assembly and orthorectification

Images are processed accordinghe four steps belowusingAgisdt Photoscan(recentlyrenamed
Metashapg software(Agisoft LLC 2018nd Python scriptsa procedure thatan be accomplisheid
<15 mirutes. This software is simple to used hagnany automatic functionalities that daot
require advancedhotogrammetry skillstlcan be used fodifferent objects which vary in size and
number,andhasscripts to automate processinghe four steps of thgproposedmethod (Fig. 3)are

describel below.

Image correction

Cameraimagesposses®ptical andgeometri@l aberrations and deformatiors, whichresult inpixels
that are not truly square. This is causeddys distortion Camera calibrations doneto estimate
geometric correctionshat must be maddo obtain thetrue shape of thesample Such distrtions
are estimated usingBrown's distortion mode{Brown 1966)To accomplish the correctioa
chessboardvas imagedrom different anglesand Agisoft Lensoftware wasused at all cornes of
the squares to estimateadial and tangentiadlistortions(Agisoft LCC 2011)nderour laboratory

conditions, the imaggalso presentedbarreldistortion. Thecamera calibrationvasthen fixed in the



software and applied to alubsequenimagesWhite balancewasestablishedo obtain colors and

calibrate them for thamulti-view stereo image matchingtep.

Registration and assembly

First, thousands of features were automatically selected within éaelge and the GCPs were
detected. Then, image and feature matching warelertakenwith the structurefrom-motion (SfM)
process. lenablesestimation of the features, GGPand camera positions for each imaged
creation of a "sparse" 3D tigoint cloud The GCPs create spatatdmarkgo georeferencedhe
modelandoptimize the optical distortion and sensor positiestimates Finally, a dense cloud was
estimated with multiview-stereo (MVS) matching of the pixels between imaaeguiredat the

different camera positions.

In the case oimages that doot useGCR, acurved shapei.e. the well | v } A vddme or arc
effect_can appeafJames and Robson 201daused bymisestimationof pixel positiosin the x, y;
and zdimensiongbackground axis dfig 4.a), andtypical of linear image acquisitidfraure et al.
2014) Initial qualitative evaluation consists of visually verifying the absence of these efféantser
positionerrors(as root mean square errarRMSE)n the three dimensiongx,y,z)were also
estimatedusingthe distancebetweenmarker coordinates on several imag&&erma and Bourke
2019) It isrecommendedhat the model's accuracipe evaluatedvith checkpointghat were not
used for model estimatiofSanzAblanedo et al. 2018)f the image alignment and dense cloud
guality arenot sufficient some manual optimizaticgare required, e.gimage correctiosandadded

manualreference pointscalibrated or not

Mesh and orthorectification



Micro-relief wasmodeledto obtaina digital surface modelThe algorithm uses thdense cloud
pointsto generate a closed surfaeéth triangle surfacecalled meshTheseenables modeling of
samplemicro-relief, like grains, holes, agglomeratasdbumps. Finally, the orthorectified imageas
estimated fromthe colorized mesh projectioim a 2D space to correct the imaffem perspective
and projective distortionsThus anortho-imageis a mosaic obrthorectified originalimages and the

essentiaktepin its creationis white balance taletectrelevantcolor variations.

Properties and validatioaf the created orthamage

The proposed methodnables creation ofin orthomosaiédmagethat is9 cmwide and150 cmlong,
with a GSDof 59um for our examplelf a single imagerere madefor the same sample, th&SD
would be 59Qum. Two main properties need to lBssessedb validatethe model,error of the
measurements and radiometric qualiffhe firstcorresponds tgixel adjustment successioman
unsuitablecase such asa false camera positioastimate insurface model reconstructiosheas can
appear in the sample structure8snoted earlief Photoscan estimates theconstructed RMS&
the marker positionswhich are usuallyGnillimeters We recommendiseof additionalcheclpoints
whose positions are knowim areas vithout markers or use ofobjects of known dimensiorte
validate theRMSHESanzAblanedo et al. 2018for our example, the control points RMSE1s43um
and that of the check points I5.26um. Radiometric qualitynust be checketb seeif color
throughoutthe imageis consistenbr if color differencesand aberrationgan be seen between
successivémages. Verificationin areaswhere thecolor is known, such der markers, rulersor
reference objectsenablesvalidation ofthis criterion.lt is also possible to plagpatial resolution and
radiometric reference targetat thesample's extremitie$o validate these two properties

(Honkavaara et al. 2009)



Discussion

Using this method with manual targets and other types of image acquisition

This method can also lapplied toimages acquired by other mean$or example thosg¢akenwith a
smartphone Generallyjn such caseshe metricallycalibrated markers are not available, but rulers
areusedto measure the sampl€lhe user mustanuallyplace control points for all raw images and
estimatetheir depthsusingthe rulers This proceswill take more timethan with georeferenced
markers andisuserdependent Neverthelessthe method follows the same steps presentedHg.
1b, usingtie pointsand dense cloudssemblyfollowed byapplication ofthe mesh to create the
ortho-image.Image acquisition parameters in the fieldowever,camot be entirely controlled asin
the laboratory with respect tallumination, camera heightfocus tray position, etg.so biasegsan be
introduced irto the resultingortho-images (precision, resolution, quality, spatial and color
aberrations).The camera calibration step is not performed in the field, but the software performs
estimates to correct some geometric aberratioSpatial aberrationsan be reduced with image
takenat multiple distanceqi.e. closer orfarther) and multiple angles, buhis requires thatmore
imagesbe processednanually with control poins 8} A}] ~ }u }@&E sd@n such cdses, the
proposed method will beeksautomaitzed Undernon-laboratory conditions, its sometimes
necessary to make radiometric corrections in the orthtage estimation stefgo achieveconsistent
color along the orthémage and correct color aberrations. It is also necessary to dpfe@selythe
selected marker positimmanually othave rulers with coded markerSorthis examplethe RMSEs
similar to those of laboratory, here the control points RMSE1Z um and that of the check points is

9.22um.
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When an ortheimage can be estimated, lias beercorrectedfor spatial deformations and
revealssurface variations that were nefsiblein a single imagea consequence dhe lack of
perspective Thisis seenin a comparison of the orange boxes in Figsand5d. Inthe raw image,
the surfaceseems to be smooth, but in the assembled ps@merelief is evidentCorrectionfor
reflection, as seerin a comparison between theed boxesf Figs5b and5e, illustrates another
post-acquistion process Somebiases however, will persisfor example theshadow on the lefend

of the corein Fig.5¢, whichcannot be corrected by the proposed appob.

Applications withortho-images

Theortho-image produced at lowost and withouta specific metric cameraan be used for many
applicationsMetric calibrationand high resolution are advantages compared to standard images.
We present hree potential applicationsfor such ortheimages from the simplestand mostcommam

to the most advanced anpioneering

Stratigraphidog with true metrics

Theortho-imagecan be used in applications intended for initial core description. The following
example, presented iRig.6, was made with the PSICAT ogsurce application

(https://csdco.umn.edu/resources/software/psicatThe image was importedfter whichthe top

andbottom (length) were defined to fix the metriovhichwasconfirmed bythe rulers. The user can
then manually select the main unite be photographeddescrbe thestratigraphic lithologyand
textural information and capture images a$pecifi¢ local areasThe imagesanbe used to describe
the core and make suggestions about samplorguture analysesComparison of several sectign
from the same study $&, or crosscomparison of geochemical analysase more efficient withwell

measuredspatial landmark All structures are characterized by their true dejithe profile,thanks

11
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to the metricallycalibrated image. ABuch sediment measuresd depth nformation can be saved

in multiple data formats to be processagkingother software.

Ortho-image for mage processing

Metric calibration is useful to quantify the exadimensionsof structures flood depositsjaminee,
stratigraphic unity with image processingf the resolutionis sufficient For examplethe ortho-
image with the 59um GSDmakesit is possible to discriminatgediment structuresvith classification
or image processing methogsnd then estimate a mean lengttsingpixel sizeand study their
variationsthroughtime (Meyer et al. 2006; Weber et al. 2010; Ndiaye et al. 2012; Vanniére et al.
2013; Ebert and Trauth 2015; Zolitschka et al. 201 particles are coarse, it may be possible to

estimate patrticle size distributicralong the length of thecore (Lewis et al. 2010)

Figure 7shows arimageof a laminated sediment corgegment thais1 cmx9 cm RGB is a color
spacedesignedor the human eye, but some studibaveshown that L*A*B* (Luminance) or HSV
(HueSaturation Value) color spagare moreappropriatefor classification purposg8ora et al.

2015; HerndndeHernandez et al. 2016Weselectedan RGB image for this ample because the

two sedimentstructures on which we focusedre different enoughto be discriminatedMachine
learning was used to separate two types of laneiffzased on previoustudies byAymerich et al.
(2016)to detect tephra layersand Jacq et al. (202@) discriminateinstantaneousleposition events
from continuous sednentation. Creation of a classification modelith Matlab (R2017a, MathWorks)
wasaccomplishedy selection ohfew areas and their association to one of two classes of laminae,
astep called labelingig 7b). Then, pattern recognitigiwith an artificial neural networkwvas used

to develop a model that discriminatdégtween the two classes. 70% of the labeled pixels were used
in calibration and 30% in validatipthe latterto test the accuracy of discrimination (percent
classificatioraccuracy. One hidden layer was used for the neural netwevith two neurons. The

validationaccuracy of the modelas97.8%. Then, the model was used to classify each ipixed
12



image Fig 7c). We assumed that the laminae wdrerizontaland paralleto create a composite
image Hg. ™). The sum of each column was calculated, and a threshold was fixed at tivedthlf
If the valuewas greatethan the halfwidth, the column corresponds to a light lamina, ahthe
valuewas lessethan the halfwidth, it corresponds to a@ark laminalt wasalsopossible to estimate
the approximatdamina thicknessn pixesandor mm, giverthe resolutionof the ortho-image Fig
7e). If the image is not calibrated, the pixalsd laminaewill be distorted, and the thickness will be
misestimated Advanced image processing methgsischas segmentationcan be used tstudy the
whole width of the lamina taeterminetheir true orientation and shapeand estimatethe thickness
range for each There are two types of segmentatiomethods, thosehat take a *egion approach,
which group together neighboring pixels with similar properties, and tiloaetake a frontier
approach, whichlook for transitions between region$hese methodswhenapplied to the

classification mapcan be used to discretizadividuallaminae.

Orthomosaic image fomage registration and datéusion

RGB image acquisitiomasdoneas a first step tgpreserve a record afample structureThen
destructive analyses wemnducted. Theosition of samples is referencedthiat momentandis
dependent on core deformatianFor instance, the core may have dried aodtracted sincat was
first openedextruded. Thus, sample positions (deptheust be compared with the initial
orthorectified image Image registration between the first image and othacsjuiredafter sampling
enables creation of apatial referenceindependent of time ad deformation(Liu et al. 2011)
Images can be used tmmpare result$rom different analyses or fustiem to makemore precise

inferences aboupaleoclimateand paleoenvironment.

Similarly, image registration and data fusion approachescoambinethe RGB image with
results fromother highresolution non-destructive sensorskor example, hyperspectral images are

surfaceanalyseghat provideuswith spatial and structural inform&in, andtomography is a volume
13



analysis that can estimate the size and shape of particles. All Hmegees ofnformation can be
combinedto improveour knowledge of thesample(Selva et al. 2015; Li et al. 2017; Yokoya et al.
2017) AnRGB image cagplay an importantrole in this fusion processyivenits high spatial

resolution

Freeopenfunction

Photoscan can use Python scefii automatzeprocesses. For example, to calibrate the markers, a
calibrationExcekheet is operdto find coredepths and associated marker coddhePhotoscan
algorithm finds the markersvith their code on each imaganda comparison is made to find the
depth asseiatedwith eachmarker on the raw image#nother script can be used tutomatzeall

the proposedsteps(tie point, dense cloudmesh andorthorectification). These scripts can bieund

at https://github.com/JacgKevin/RGB_PhotoScanOrthorectificaflast accessedeptember 12,

2020.

This methodcan becarried out usingther software or programming languag&hichmay
be free for manysers,but mayrequire advancd skills in photogrammetry, image processiagd
programming Among then areVisualSFM, MicMa€OLMARNd GRAPHO& onzaleAguilera et al.
2018) According to the structurdrom-motion community each ofthese softwargpackages has its
own advantages/disadvantagesd capabilities put is essentiallyan alternative to Agisoft

Photoscan/Metashape

Marker recommendations

Markers arethe most importanttool used inthe automatic method. If they are not printed on
appropriatematerial,some steps can beompromised, for instance tifie markeris not detectedor

isconfused with anothemarker. Sandard papedoes not workbecause iis easilyjdamagel and
14
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getsdirty quickly. Addingpolypropylenebasedtape is alsansuitable.Metal stickes can be used,
but are prone to being scratcheddditionalideasthat remain unestedinclude use of 3D printed
plasticmarkers,or entire plasticrulers printed with markers.Forthe moment we useadhesive
matte paper.We note thatthe method can still bearried outif some markers are damad. It is
essential however to check thetie pointsandsee ifsome donot work andhence compromis¢he

model In such cases they must leplaced.

Conclusions

Creation othighresolution imags of sediment coress essentiako preserveprimary information
about characteristics such aslor, surfacaopography andyrainsize Acquistion of imagess the
first stepafter core collection/extrusionand the imagse must be processed further toetter
characterizehe sample The proposed methodnablesrapid creation of an orthémagefrom
several imagesviaanautomatedprocesqGSD: 59 um, RMSE18 um) The procedure onlyequires
metrically calibrated markers that are recognized by Agisoft Photo®datashapesoftware. A
Python script can be used tmtomatizeall stepsrequiredto obtain theortho-image. It may be
possible to usehis method with opeHrree toolsor with a standaloneexecutableprogram but

those may needome adaptation steps

The orthorectified image shows great possibilities with data processing. Image processing
enablesclassiication ofpatterns in thesedimentcore, which can be used to analyze coarse (flood
deposits, laminae) or fine (grain size) characteristics of the sedirttaran create a spatial landmark
with other imagescaptured onseveral dates, with image registratioisedto estimate deformatiors
and correct themto register all analysesonductedon the core This new image can also be
combinedwith information fromother high-resolution non-destructivesensorghyperspectral

image, CBcan)}o add other dimensions/plume,spedral, temporal) tostratigraphicstudyof the

15



sample.Anorthomosaicimagecan enable better higihesolutionstudyof sediment cores and other

environmental samples.
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Figurelegends

Fig.1 Creation of an orthemagewith camera,under (a) laboratory and (b) field conditions
(1) samplecolor and (23) deformation corrections. In the field, there are no camera

corrections

Fig.2 Perspectives othe sediment core image acquisition trag) Side viewof split core
(b) Endview of split core (c) Top(cut surfaceyiew; (d) Exampkeof distinct markers Colors

in the images are coded as folloveediment corgbrown),camera(blue), illumination units

(yellow), rulers(grey)

Fig.3 The four steps of the proposed method to obtain a metrically calibraigt-
resolutionimage @) Tiepoints of the registered imaggewith imagematchingand markers,

(b) Adense cloud estimates a highsolution assembly and reconstrs@D variations, and
(a-b) Correction ofinclination distortions(c) the mesh step createa digital surface model of
the samplewith modeling of surface variationand (d) estimat orthomosaic image

correctedfrom inclination and smablurfacereliefs

Fig.4 Results of the lowesolution assemblyaj without markers ~arc effect_ « v ~ « A]§Z
markers registration. The trackbalowsthe axis of the image (blue=x=length,

green=y=widthv}§ « ~*PE v _ He ]S ] %0 (E % redizzheigi) S} SZ % P

Fig.5 Assembly of smartphonienages withSFMMVS andnanual metrically calibrated
markers; &) and p) correspond to images taken by the smartphor@tiie orthoimage; ¢)

and €) zooms ofthe ortho-image(orange and red boxes refer to artifacts)
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Fig.6 Logstratigraphicmetrically calibrated image of a Lake Bourget sediment ceaézed
with PSICATThe corewas divided into two main unitduring which there was continuous
depostion, indicated by blue and greerventdeposits aran yellow.Descriptiors of the

two unitswere madewith respect todepth and sediment color

Fig.7 Neural network pattern recognition for the determination of two lamintgpes, i.e.

light and dark (@) Raw image b labeled areas for classification (white = light lamina, gray =
dark lamina, dark = not labeledy) classification of all pixelgj)(reconstructed image with

the predominant laminae classn an averaged profileg) estimatesof thickness ofight and

darklaminae
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Figures

(a) Laboratory conditions (b) Field conditions
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Figure 2
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(b) Dense cloud

(a) Tie point

(c) Mesh

Figure 3
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(a) Without markers

(b) With markers
Figure 4
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LDB17_P6A

Images |Units m Intervals Description
e ] 0.0 m-0.18 m Unit | :
‘E E Dark-greenish-gray clay (5GY 4/4)
17 - that presents a thin alternation of dark
4 S 0,1 green, light gray and gray laminae on
the first 18 cm of the core. This unit
5 T was identified as an organic gyttja
" 0,2
E 0,3
— 0.18 m-1.464 m Unit Il : Light olive
= gray clay (6Y 2/2) interrupted by
i - 0,4 some dark gray graded beds

Figure 6
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Figure 7
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