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ABSTRACT

This article dealswith videogrammetrigeconstructiorof volcanicstructures.As a first step,the methodis
testedin laboratory The objective is to reconstrucsmall sandand plastercones,analogougo volcanoes,
thatdeformwith time. Theinitial stageconsistdan modellingthe sensol(internalparametersandcalculating
its orientationand positionin space,using a multi-view calibrationmethod. In practicetwo setsof views
aretaken: a first onearounda calibrationtarget and a secondone aroundthe studiedobject. Both setsare
combinedn the calibrationsoftwareto simultaneouslzomputetheinternalparametersnodellingthe sensor
andthe external parametergiving the spatiallocation of eachview aroundthe cone. Following this first
stagea N-view reconstructiorprocesds carriedout. The principleis asfollows: aninitial 3D modelof the
coneis createdandtheniteratively deformedto fit the real object. The deformationof the meshedmodel
is basedon a texture coherenceeriterion. At presentthis reconstructiormethodandits precisionarebeing
validatedatlaboratoryscale.Theobjectivewill bethento follow analoguenodeldeformationwith time using
successie reconstructionsin the future,the methodwill beappliedto realvolcanicstructuresModifications
of theinitial codewill certainlybe required,however excellentreconstructioraccurag, valuablesimplicity
andflexibility of the techniqueareexpected,comparedo classicstereophotogrammetriechniquesisedin

volcanology

Keywords:calibration,digital elevationmodel(DEM), videogrammetryvolcanology

INTRODUCTION

Quantification of morphological changes on
volcanoes constitutes an important aspect of
monitoring and hazardresearch At present,vertical
stereophotogrammetritechniques,sometimesusing
highly advancedequi pment Gwinner et al. (2000),
areusedfor 3D reconstructionWith suchtechniques
it is difficult to measurea surface of comple
geometry especially steep features on cones and
craters,or failure scars.Moreover, thesemethodsare
cumbersomewing to the intensie stereopreparation
and picture acquisitionconstraintsVilleneuwe (2000);
Zlotnicki et al. (1990). Recent studies in the
field of vision have shaved the possibility of
using new reconstructiontools in volcanology The
reconstructiorapproachpresentecereis basedon a
multi-view sensorcalibration stagefollowed by a 3-
D reconstructiorprocessusing n independentiiews.
This reconstructionprocessconsistsin deforming a
genericmeshedmodel of the studiedobject. At the
moment, the method is being testedin laboratory
on analogue experiments dealing with volcano
deformation.
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SENSOR MODELLING AND
ESTIMATION OF ITS SPATIAL
ATTITUDE

Multi-view Calibration

The initial stage of the method consists of
modelling the sensor and positioning external
geometry A mathematicalrelation is established
between3D point coordinatesof a sceneandthe 2D
coordinate®f the samepointsprojectedn theimage.

A multi-view calibrationmethodusinga 2D tamget
and basedon a photogrammetri@approachhasbeen
choserLavestet al. (1998);Beyer(1992).Thismethod
allow to estimateaccuratelyandrapidelythe internal
and external parameterof the sensorwhich will be
usedin the reconstructiorprocessin laboratory the
high reconstructioraccuray expectedfor the studied
objects (sand cones) implies to have an accurate
estimationof theseparameters.

This multi-view calibration approachoffers the
following mainadwantages:
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— An accurateknowledgeof the calibrationtamgetis
not necessaryits geometryis reestimatediuring
the calibrationprocess.

— Theuseof severalviews allowsreliableestimation
of distortionparameters.

— Thanks to its simplicity of practical
implementation, the method allows sensor
modelling(internalparametersin thefield.

The projection model usedfor image formation
processis referred to Pin-hole optical model (e.g
Fig. 1).
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Fig. 1. Pin-hole model, image geometry and
coordinate system. P is a 3D point in the world
referential RV — XYZ. Puy) is the projection of P
in the image. RC camera referential, with z = f,
i.e, camera focal length. (u0,v0): principal point
coordinatesin the pixel referential.

Following notationwill beused:

— (Tx, Ty, Tz);: translationvector

— R rotation matrix (composedof 9 elements
(ry11,712: -, 33), definedby thethreeEulerangles:
a rotationaroundthe X axis, B aroundtheY axis,
andy aroundtheZ axis),

— dx,dy: scalefactorsof the elementarypixel size,

— (doy,doyr) and(doy,doy): elementsof theradial
andtangentiabpticaldistortionaccordingo x and

Y,

- (ay,a5,85) and (p;, p,): polynomial coeficients
modelling the radial and tangential distortion
respectiely.

During calibration, the Euclidean geometry of
the obsened target, and someextrinsic and intrinsic
parametersare estimated.This approachtakes into
accountthe image deformationinduced by optical
distortionphenomenanthelenssurface.Let usdefine
the colinearityequations:
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where e, and e, can be seenas measuremenerrors
relatedto x andy coordinatesespectiely. Calibrating
the sensoris done by estimating the following
parameterector:
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where:
— U0,V0,a,,3,,35, Py, Py, fx, fy are the intrinsic

parametergaltogethe).

- TxlaTylaTzla a_la pl’ yla e 7Tym7 sza atn, Bma ym are
the 6m extrinsic parametersm being the picture
number

— XLyl zi,... X"y Z" are the 3n tamget point
coordinatesh beingthetargetpoint number

The problem,in aleastsquaresensejs to find ®
thatminimizestheerror:

S= é ]i@j ). 3)

As P(®) and Q(®) are non-linear functions in
relation to the parametersof the vector @, the
Levenbeg-Marquardtroutineis usedfor the criterion
Soptimization.

This approachs known underthe name”Bundle
adjustments”.In order to have an overdetermined
system,the number of measurement$2.m.n) have
to be greateror equal to the number of unknown
parameters(9.6m.3n) (internal, external parameters
andtargetpointcoordinates).

In practice, pictures are taken around a plate
composedf retro-reflectve circles. The sensorturns
aroundthe target so asto createa cornvergent view
bundleto constrairnthe3D positionof thetargetpoints.
Circles shouldcover the entire sensorimageto have
the bestestimationof thedistortioncoeficients.Fig. 2
shaws four picturesamongthe m views usedfor the
sensorcalibration.Oneachview, 25circlesarevisible.
A subpiellardetectioris donelLavestet al. (1999)and
the parametewrector @ is calculatedfor eachview of
thecalibrationset.
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Fig. 2. Some views of the calibration set.
Sensor Position and Orientation

Fig. 3 shows a set of views aroundthe coneto
model, lying on the calibrationtarget. Only a small
numberof white circles are visible on the pictures.
Thesecirclesallow positioningthesensoin themodel
referential.

Fig. 3. Two views among height (2000x 1030pixels) of
the cone picture set and the surrounding target points.

As the internal parametersof the sensorand
the (Xi,Yi,Zi) coordinatesof the target points are
accuratehknown, theparametevector®d to determine
becomes:

cDGq = [Txl’Tyl’Tzla alaBla yl’

T
"'aTanquaTzqaaanq7W] . (4)

However, it is preferableto combineinformation
from the two view sets(calibration+ reconstruction
view sets)and optimize the whole system.m images
containing25 circlesandq imageswith a few circles
ensurethe calculation of the sensor position and
orientation.Sothelast6q extrinsic valuesof thevector
@ at the solution give the different sensorattitudes
aroundthe cone.
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RECONSTRUCTION

The reconstruction stage is tested on scaled
models, analogous to volcanic structures. Such
analogue models malke it possible to study the
gravitational deformationof a cone induced by a
ductile core. Cones,madeup of a sandand plaster
mixture and containinga silicone inclusionrepresent
an alteredcorevolcanicedifice.As the siliconehasa
viscousbehaiour, conesdeformwith time.

The position and orientationof the sensorhave
beengiven by the calibrationstage((RiTi) between
the cameraandthe modelfor eachview). So q views
aroundthe objectareavailable,all beingreferencedn
relationto the origin of the modelreferential.Several
waysto reconstructanbeervisaged:

— To erodean initial volume, and only keep the
voxels for which the projected luminance is
coherentin all views Kutulakos (2000).

— To make a densecorrelationof the pointsin the
differentimagesandtriangulateto obtaina dense
three-dimensiongdoint cloudKochet al. (1998).

— To constructa initial genericmodeland make an
iterative deformationso asthe projectedexture of
eachfacetof the meshednodelbe coherenin all
views.

Theapproachusingainitial surfacemodelseemed
the bestadaptedor our application.lt appearedo be
thesimplestcomputationahndmostdirectmethodas
it dealswith a surface.

Initialization of the model

As the studiedobjectsin laboratoryareconesthe
initial modelis a conic surfaceof variableresolution,
and is initialized from the information containedin
pictures.The diametey the heightandthe position of
the coneareestimatedAs it is shown in Fig. 4, three
points selectedby the userat the baseof the conein
the imagegive, by ray tracing,their intersectionwith
the supportplaneof the model(i.e. P;, P,, P; points).
The circle fitting the bestthesethree pointsis then
estimated So we candefinethe vectornormalto the
circle passingby its centrePS. A fourth pointselected
atthe conesummitin theimagegivesthe coneheight
by calculatingthe point on the conenormalthatis the
nearesto thevectorc's (e.g.Fig. 4 andFig. 5).
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Fig. 4. Initialization of the model with a conic surface.

Fig. 5. One of the real cone view and its projected
generic model.

Reconstruction

The meshednodelis composedf n facetsand p
3-D points. The numberof facetscan be defined,so
a multi-scaleapproachs possible We postulateghat
the model surface to reconstructcan be represented
by a function of z= f(x,y) type, which is generally
the casefor the ervisagedapplicationsThis approach
allows to limit the numberof unknavn parameters$o
estimate After its initialization, the 3D genericmodel
is deformedto fit the real object. This deformation
consists for a given modelresolution,in calculating
the z coordinateof eachp pointsof themodelin order
to have textured areas,resultingfrom the projection
of the facetsin the pictures,coherentin all the views
(minimizationof a correlationcriterion).

First, for each facet of the meshedmodel, a
selectionof picturesin which the correlationwill be
doneis carriedout. This picturesselectionis basedon
(1) the visibility of the facetin the pictures,(2) the
anglebetweenview points. At this stage,eachfacet
canbe correlatedn a minimum of two views

As the objective is to reconstructas accurate
as possiblethe studiedobject, a criterion measuring
the similarity betweenthis object (the cone) and
the generic model is defined. This criterion, based
on texture coherencehasto be minimized in order
to have the greater adequag betweenthe object

34

and the generic model. As we have opted for a
surfaceparametrizatiorof z= f(x,y) type,the (xi,yi)
coordinate®f eachp pointwill notbemaodifiedduring
the optimizationprocessUnknowvn parametersf the
vector® arethe z coordinatef eachp point of the
meshednodel(summitfacet).

(p == [Zl’ Zz, “eey Zp] . (5)
Let usdefinethe optimizationcriterion:
n N1 N
Clo) = (Vi = Vi) ?| - (6)
i= |:lek—z-i-l . A ]

Where:

N, is the numberof views amongthe picture set
wherethefaceti is visible (N, > 2).

Vi; and V, are the centred and normalized
luminance vectors of a facet i in the two
imageswherethe measuremenis done.Whena
luminancevectoris centred,ts meanequalO and
normalizedmeanghatthe standardeviationto 1.
Centeringand normalizingvectorsallows to take
into accountaffine variationsof light illumination
during pictureacquisition thatis variationsof the
mean luminancevalue and the grey-level range
betweenpictures. The V;; and V, vectors are
composeaf samplingpointluminanceof afacet.
Their size dependson the model resolutionand
automaticallyadaptsso that the 3D samplingof
a triangular facet correspondso a step of one
pixel in theimage.Besidesto reducenoiseeffect,
a filtering is done for eachmeasuremenof the
vectors,the maskfiltering sizebeinglinkedto the
modelresolution.
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Fig. 6. Surface Adaptation. |, 1, - - - Is are the projected
sampling point luminances of a facet i.

To summarizefor a givenmodelresolution the zi
coordinate®f the p pointsarecalculatedn orderthat
C(®) beminimum (e.g.Fig 6). As thecriterionis non
linear in relation to its parametersijts minimization
is iteratively done, using the Levenbeg-Marquardt
method.
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RESULTS AND PERSPECTIVES

In Fig. 7, resultsfrom the optimization for two
differentresolutionsf themeshednodel(respectiely
2048 and 32768 facets) are showvn. From an
experimentapointof view, thereconstructedurfaceis
accurateenoughto highlight the main morphological
characteristicof the cone,that is to say two nested
collapseon oneof theflank. This featurecanbe seen
even at a quite low resolution(res.4= 2048 facets),
while at a higher resolution (res.6 > 30000 facets)
fine-scaletextural irregularitiesdue to grain flow are
visible. Increasingthe resolutionmodel leadsto get
progressiely closerto therealconesurface.However,
the convergencetime becomesvery importantdue to
the high numberof measurementsAs we usea non
linear optimisation method (Levenbeg-Marquardt),
we need to give initial conditions close to the
solution. This impliesthatthe 3D modelinitialization
is an important stage for the system cornvergence.
However, the multi-scale approach(control of the
modelresolution)allow to keeparelative flexibility for
theinitialization. Finally, attheendof theoptimization
process,calculatedcamerapositions could also be
changedo refinethe correlation.

Fig. 7. Reconstruction results for different meshed
model resolutions. Resolution (res.)4 = 2048 facets,
res.6 = 32768 facets.
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CONCLUSION

The videogrammetric reconstruction technique
presentedhere is new to volcanology A first step
will be to validatethe methodand test its precision
at a laboratory scale. The objectve will be then to
follow the analoguemodel deformationwith time
for accuratequantitatve analysis.The techniqueis
also going to be appliedto real volcanic structures.
The transitionbetweenlaboratoryto naturaltextures
will certainly requireimportantmodificationsof the
initial code,especiallyconcerningthe orientationand
position sensorestimation.Several situationscan be
envisagedaccordingto the avalaibleinput datain the
field. Thisis now in developmentHoweverthemethod
promisego provide excellentreconstructioraccurag,
a valuable simplicity and flexibility comparedto
classicalstereophotogrammetriechniquescurrently
used.Thisshouldmakethetechniquausefulandeasily
applicable for those who need quick and accurate
terrainmodelsonroughground suchasvolcanologists
engagedn monitoring.
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