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ABSTRACT

This paperintroducesan exhaustve processfor assisting
buildingsextractionoutof theDigital ElevationModel (DEM)
and the orthoimage. We focus on rectangularbuildings,
which arethemostcommonconstructions.

The methodis a region-basedapproachfor extracting
above-groundstructuresandfor estimatinghemwith rect-
angles.We establisha relationbetweerthe eigervaluesof
the covariancematrix and the rectangledimensions. The
Hausdorf measureés usedto validatethis estimation.

The estimatedrectangleshapemay be neitherwell lo-
calizednor well sized. We usea parametrionodelfor im-
proving theestimation.

The nal rectangleestimationis usedto make a precise
renderingof the 3D reconstructiorof thescene.

Keywords: Building extraction,Rectangulaestimation,
DeformableTemplatesAerial image

1. INTRODUCTION

In the civil andmilitary elds (infrastructureof telepholy,
impactstudies...)it isincreasinglynecessario userealistic
models. For examples,authorsof [5, 2, 7] have presented
automaticmethodsfor terrain modeling (ground, vegeta-
tion, andbuildings...)basednaerialor satellitephotographs.
Fromthis modelingandaerialimagesthe orthoimagej.e,
theverticalview of thescenejs computedFig. 1a).

Severalworks intendto improve building renderingin
the Digital ElevationModels(DEM). Brunnetal. [3] min-
imize a criterion baseduponrulesof collinearity andright
angle.Lin etal. [11] useperceptuabroupingto aggreate
building edges. Vestri's lastwork [14] improvesaccurayg
DEM by modifyingthe methodof generatiorby correlation
especiallyon the building frontages.

Leeetal. [10] presenta semi-automatisystenmto gen-
erate3D modelswith rectilinearhypotheses.This system

attemptsto minimize the time andthe numberof userin-
teractionsby de ning rulesto substracbr addrectangleso
models.

In ourapproachwe wantto minimizetheoperatomork-
load. Above-groundstructureextraction (vegetationand
constructions)Fig. 1b) is carriedout on the DEM by the
algorithmspresentedh [4, 1].

Section2 dealswith estimatingthe rectangleparame-
tersoverary givenblob. In section3, we de ne a criterion
for checkingthe estimatioref ciency. A methodwhichim-
provestherectangleestimatiorisintroducedn sectiord. In
thefollowing section,we presentinalgorithmfor splitting
comple buildingsin severalrectanglesAt last,we givean
overview of thiswhole procesghroughexamples.

2. ESTIMATION OF RECTANGULAR
PARAMETERS

We intendto modeleachabove-groundelementby a rect-
angle. Therectanglecenterof massandits principal axes
arethosecomputedvertheelemenitself. We make anes-
timateof thetwo remainingrectanglgparameterby means
of theelementetof points.

The centerof massis given by the rst ordermoment
(EqQ.1). Theprincipalaxisis computedhroughtheestima-
tion of thesecondrdermomentqEq. 2, Eq. 3).
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Fig. 1. a. ortho-imageb. abore-ground
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Thematrix of inertia is madeof thesecond
ordermoments.It is commonlyusedfor estimatingthe el-
lipse enclosingthe givenblob [13]. We intendto applythe
matrix propertiesn orderto computetherectanglesizes.At

rst, let usconsiderthe matrix diagonalizationlt is equiv-

alentto changingthe coordinatesystem.In fact,the diag-
onalizationconsistsof moving from the Cartesiarspaceto
the spaceorientatedowardsthe blob principalaxis.

Let usnow considerthe eigervalues. In the caseof an
horizontalrectanglethe crossedsecondrdermoment,i.e.

, is nil, andthe secondorder moment (respec-
tively ) dependson the blob length (respectiely the
blobwidth). Thereexistsa straightforvardrelationshipgbe-
tweenthetwo eigervalues(Eq. 4) andthelength andthe
width (Eq.5) of rectangle.Thisresultcanbe extendedo
ary givenblob sincewe know thatdiagonalizatiormeansa
changen thecoordinatespace.

(4)

Theanalyticresolutionof Eq. (4) givestheeigervalues:

—— and

Thus,

and (5)

The rectanglesizesover the abose-groundelementare
inferredfrom the eigervalues. In the caseof a squarethe
principal axis cannotbe computed.In fact, , SO

and is alwaysequalto — (seeEq. 3). How-
ever, the orientationof a squareshapecanbe computedoy
usingthe Fourierdescriptors.

Figure9 illustratesthe methodfor blobswhosesizeis
over 300 pixels. In thefollowing sectionwe introducethe
criterionwe selectedor the evaluationof our modeling.

3. MEASURES OF SIMILARITY

Figurel0shavsthesuperpositionf theabose-groundlobs
andtherectangleestimationsWe canseethatthemodeling
is not satisfyingwhentheblob shapéds comple. Thecrite-
rion of similarity thatwe look for, mustactaswe dowhen
we visually acceptor rejectan estimation.Consequentlyit
mustbe basedon a comparisorbetweensets. We selected

the Hausdorf measureamongthe criteriawe studied. The
review of criteria, which is not in the scopeof this paper
leadedusto athresholdvaluefor validatingor rejectingour
estimation.

TheHausdorf measurés a comparisorbetweersets.|t
is equalto the ratio of the intersectiorareaof thetwo sets

to theareaof theirunion(Eg. 6). Whentwo setsare

equal,their union also equalsto their intersectionandthe
Hausdorf measurds equalto 1. On the contrary astwo
setstendto differ, theirintersectiordecreasewhereagheir
unionincreasestesultingin a Hausdorf measuralecreas-
ing towards0.

— (6)

where is thenumberof elementsn the set

Figure 2 illustratesthe Hausdorf measureresultsfor
blobswhosesizeis over 300 pixels. We notethatthe selec-
tionis correct.all blobsthatarenotrectangulaarerejected
andonly someblobsthatcouldbe estimatedy arectangle
areexcluded.

4. DEFORMABLE TEMPLATES

Previouscomputationsesultin arectanglegperabore-ground
region. Whenarectangles projectedontothe orthoimage,
its bordersdo notfully t the bordersof the building. This
inaccuray is the resultof the DEM seggmentationprocess
aswell asthe DEM computatioritself whoseinacurrag is
worth afew pixels[4].

Jibrini et al. [9] suggesto improve the borderseach
oneindependenthyof the others. This methodrequiresto
limit the bordermovementsin orderto keepthe borders
connected. Fua’s work concerningnetsnaks with hard-
constraintg8] resultsin 3D structureoptimizationunder
constraintsof horizontality of verticality and of right an-
gle. However, the methodrequiresthe useof several im-
ages,whereaswe intend to useoneimageonly, i.e. the
orthoimage. The methodpresenteds derived from Yuille
etal. work [17] thatis a parametricversionof Kasset al.
snales[12].

The rectangleparametersi.e. and , de-
ne the parametrionodel(Fig. 3). This modelevolvesby
meansof anenegy seton therectangleborders(Eq. 7, 8).
Thisenegyis derivedfrom apotential whichis computed
over the gradientof the orthoimage This potentialmustbe

minimumatthebuilding edgesandgreaterelsavhere.
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Fig. 2. Rectangleselection
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Fig. 3. Five parametersodelof arectangulabuilding

The enegy is minimized by meansof a gradientde-
scent(Eq. 9). The descentncrementis computedat the
beginning of the processsuchthat eachparametemove
is unitary at the rst step,i.e. — , with

. As perthe orientationparameter

therelationshigs thefollowing: —

©)

Model evolution requiresghe computatiorof theenegy
gradient.Theenegy partialderivativescomputatioris pre-
sentedn thissectionfor theborder . Partialderivatives
arecomputedn thesameway for the otherborders.

Equation10 computeghe parameters and of the
potential . Coordinates and arefunctionof the ve
rectangleparameters.Therefore the partial derivatives of
enegy canbe givenasa function of theseparameters

(Eq. 11). Thesederivativesarea combinatiorof:
thepotentialgradientswith respecto  andto

thepartialderivativesof
paramete(Eq. 11).

and with respectoeach

(10)



(11)

The partialderivativesfor the border
in the Jacobiarmatrix asthefollowing:

aregrouped

Partial derivativesfor thethreeremainingoorderscanbe
derivedfrom Eq. 12 by meansf a simplerotationof either
—or . Inthecaseof - rotationsparameters and
areexchanged.Equation13 give the relationshipbetween

oneborderandthefunction .

(13)

Thepotentialfunction is computedvertheorthoim-
age. It mustbe minimum at the building bordersand high
elsevhere. Therefore,we computethe reversedgradient
norm [6] on the orthoimage.Directionalgradientsare ob-
tainedovertheimageof potentialby applyingthe Gradient
VectorFlow [16]. This methodsmootheshe potential eld
in orderto seta gradientfar away from the borders.Sucha
methodextendsthe borderspower of attractionevenif the
modelis locatedfar away from them.

Figure4 shows differentstepsof the process.The top
left imagepresentsherectangulabuilding estimatiorover
the orthoimage.The bottomright imageillustratesthe de-
formationprocesgesult. We cansee,in this example,that
themethodgivesthe correctparametersf buildings.

5. COMPLEX BUILDINGS

The buildings may not be rectangularor maybe a compo-
sition of rectangleqFig. 5). We introducean automatic
methodwhich splitsablobinto severalrectanglesWe want
to minimize the numberof rectanglesthe overlapbetween
rectanglesindto maximizethesizeof rectanglesTherefore

Fig. 4. Evolution process

(12)

wesplitablobin two regionsonly, usingtheorthogonaline
of inertiaaxis which includesthe centerof mass.Eachre-
gion is thenestimatedoy a rectangle.A global Hausdorf
measuras computedover therectanglesandtheblob. The
goalis to have the highestglobal measureand therefore
to optimizethe splitting process.Speci cally, we proceed
by translatingthe orthogonaline in the directionwhichin-
creaseghe region surface of the bestrectangularestima-
tion. Again,theglobalHausdorf measurés computedver
the optimizedsplitting process.If the measurés not high
enoughthesplittingis repeatednthebadlyestimatedlobs.
Furtherdetailson this methodaregivenin [15]. Figure6
shavsthatestimatiorresultsareimprovedby usingthis ap-
proach.

6. RESULTS

Figure laillustratesa vertical view of sceneobtainfrom
DEM and several aerialimages. Figure 1b shovs above-
ground.Thesegmentatiorprocesdeavesoutthevegetation
exceptif they areclosedto buildings.

Figure9 giverectangleestimatiorfor eachabose-ground
elementin gure 10therectanglesstimations superposed
onabove-grouncblobs.

Figure?illustrategectangleselectiorby Hausdorf mea-
sure.We notethatevery badestimationis rejected.

Figure6 shavsrectanglelecompositiomesultfor acom-
plex building.

In gures 7,8 we can seea 3D-reconstructiorof the
scenewith the orthoimagebehaing asatexture.



Fig. 5. a. ortho-imageb. above-groundc. rectangleestima-
tion c. comparisorbetweerrectangleestimationandblob

Fig. 6. Rectangledlecomposition

Fig. 7. 3D reconstruction

7. CONCLUSION

This paperdescribeghe processingof the DEM and or-
thoimagej.e., the scenevertical view, for the extractionof

Fig. 8. 3D reconstruction

rectangulabuildingsaswell asbuildingswhich canbe de-
composedn severalrectangles.

The Hausdorf measuresavesor rejectsour estimation.
The designof a rectangulaparametricmodel basedupon
the orthoimagdmprovesthe estimationdimensionsandlo-
calization.

Theseautomaticprocesseshortenthe operatorwork-
load,andcomputeto alarge extent,the 3D reconstruction
of buildingsareas.
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Fig. 9. Rectangleestimation

Fig. 10. Differencebetweerrectangleestimatiorandblobs
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