BUILDING ROOF CONTOUR EXTRACTION FROM LiDAR DATA
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ABSTRACT

This paper proposes a method for the automati@etidn of building roof contours from a LiDAR-deed digital
surface model (DSM). The method is based on twosstéirst, to detect aboveground objects (builditges, etc.),
the DSM is segmented through a recursive splitiapnique followed by a region merging process.tdézation
and polygonization are used to obtain polyline espntations of the detected aboveground objeaten8ebuilding
roof contours are identified from among the abowagd objects by optimizing a Markov-random-fieldsbd
energy function that embodies roof contour attelsuand spatial constraints. Preliminary result® snown that the
proposed methodology works properly.
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INTRODUCTION

Automated building extraction from LIDAR data ollAR-derived data has received increasing attertioacent
years. Published methods for building detectionextraction from these data can be grouped intofdhewing
categories: building detection, building roof camtextraction, building roof extraction, and buildimodel extraction.
Building detection is performed using a digitalfaose model (DSM) (Matikainen et al., 2003), a ndipea DSM
(Tévari and Vogtle, 2004), or a LIiDAR point clou@iafsha-Kurdi et al., 2006). Typically, methods lwilding roof
contour extraction firstly detect irregular builgiroof contours and then subjected them to a regateon process, like
the method proposed by Sampath and Shan (2008xfaacting building roof contours from a LiDAR pbidoud.
Building roof extraction is performed using segnaginh methods, which group LIDAR point cloud datéoiplanar
faces and other objects. Examples of algorithmségmenting LIiDAR point cloud data into roof plaf@aces can be
found in Maas and Vossel (1999) and Rottensteinal: €2005). Building model extraction involvesilding detection,
building roof contour extraction, and building raoftraction. Dorninger and Pfeifer (2008) have dbsd an approach
for the automated determination of 3D city modetsrf LIDAR point cloud data that takes into accoth@ basic
assumption that individual buildings can be properbdeled as a composition of planar faces.

In this paper, a method for building roof contowtraction from a LIiDAR-derived DSM is proposed. Our
methodology is based on the concept of first efirg@boveground objects and then identifying thaisiects that are
building roof contours. This paper is organized falows: next section presents the proposed mettiben,
experimental results are presented and discussddha main conclusions and future perspectivesuamenarized in
last section.
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METHOD

Our method for building roof contour extractionrfra LIDAR derived DSM is based on two steps: 1panattic
extraction of aboveground object polylines from 8M; and 2) recognition of polylines extractedstep 1 that
represent building roof contours.

Extraction of Aboveground Objects

Our algorithm for automatic extraction of abovegrduegions starts segmenting the DSM into abovegtou
and ground objects. First, the DSM is segmenteddiyg the recursive splitting technique (Jain et E95). The
second step consists of grouping adjacent regibrséndlar heights in such a way that over-segméuttathat is
typical of the recursive splitting technique is miized and the resulting regions correspond toeeitiround or
aboveground objects. Our basic supposition is thatobject of interest (Buildings) is at least 3tafi. The
fundamental result of the segmentation processhimary grid where ground grid points are assigaegtro value
and aboveground grid points are assigned a valoeaf

Because our strategy (see next subsection) fortifgiey building roof contours requires that aboxmgnd
regions (buildings and other objects - e.g. trdes)represented by polylines, we applied sequentaltontour
following algorithm (Ballard and Brown, 1982) foegerating ordered lists of contour points and tloidlas-
Peucker algorithm to generate polyline represamatior the ordered lists of contour points.

Identification of Building Roof Contour Polylines Using an MRF Model
In an MRF model, the sites S={1, ..., n} are relatedne another through a neighborhood system dkfise

n={n, il S}, wherers}, is the set of sites neighboring i. According te thammersley-Clifford theorem, an MRF
can be characterized by a Gibbs probability distidn (Kopparapu and Desai, 2001), i.e.:

PKX) = exp(U &) (1)
A
Z= Yexp(-Uk)) 2
xOX

where,x is a configuration of a random fieKl X is the set of all possible configurations of thedam field X, and
U(x) is an energy function, which can be expressed as:

Ux) = X V.(x) )
cOC

Equation 3 shows that the energy function is a etiglique potentials (Mx)) over all possible cliques.¢C.
A clique c is a subset of sites in S in which eveayr of distinct sites are neighbors. The valu&/g¢k) depends on
the local configuration of clique c.

Polylines representing building roof contours carfaund by analyzing the aboveground region poddinVe
formulated this problem as an MRF where the enfmgtion takes the following mathematical form:

UK =U(prpy) = @Y IR 1 | + ﬂz% - &> Y pp|cos@; )
i=1 i=1 i=1 0y,
@

n

- vy [php+ (L - p)n(t - p)]
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In Equation 4p; is a parameter that varies over [0; 1] and core®itg one if the regioR, is interpreted as a
building roof contour; otherwisgy converges to zero. In additiom,s the number of regions, amd, 3, w, and

y are positive constants that express the relathmitance of the following energy terms: rectangiyanergy;

area energy; spatial energy; and entropy energy.
The rectangularity energy term favors rectilineagions and depends on the rectangularity attribute

¢ :|Sen9i|, in which 8 is the angle between the two main directions ef tagionR. The optimal value of
attribute r; is one, meaning that the region polyliRecontains only pairs of straight lines that aréeitparallel or
perpendicular to one another. The area energy favors larger regions and depends on the aeaf the region

R. The spatial energy term benefits polyline regitireg have main axis directions that are approxeiggiarallel or
perpendicular to one another. In this terﬁju's the angle between the main axis directions dflipe regions R

and R . This energy term also depends on the componénisdf the neighborhood system, which is defined as
follows:

77, ={R | dist(R;, R) < d} ®)

where, functiordist is given by the Euclidean distance between théraiels of the two region® and R;, andd is

a distance threshold. The entropy energy term dipen p (which can be interpreted as the probability @fioa
R being a building roof contour). The purpose o$ tleirm is to force;fo converge to either one or zero.

We used the simulated annealing (SA) algorithmintd the optimal solution p ..., p) that minimizes the
energy functiorJ. According to Kopparapu and Desai, 2001, SA afgor is usually effective in finding the global
minimum, even when the energy function has locailimm.

EXPERIMENTAL RESULTS

The proposed approach is implemented using Borahtl Builder 5 compiler for Windows XP and the input
DSM is generated by the SPRING freeware develogdNIBE (National Institute for Space Research)zgravhich is
available athttp://www.dpi.inpe.br/spring/english/index.htmilhe nearest-neighbor interpolation method wasl Gige
generating a 70-cm-resolution DSM. The LiDAR datused here was obtained from Curitiba, BrazihsZants of the
energy functior were empirically determined to ke = g = y = 0.7 andw = 0.99.

Figure 1. Three-dimensional visualization of the test ared/DS
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Below, we present and analyze the preliminary tesabtained for one small test area, which is \lized in 3D
in Figure 1. Five buildings can be readily idewiifj with three of them being aligned and almostchitd. Figure
2(a) (showing intensity image obtained from theetgsulse return intensity) shows another buildiwgich is not
identifiable in Figure 1, near the upper-right carof the intensity image (see the arrow in black).

Roof 1

i

Roof 2

4 @ o

© (d)

Figure 2. Results obtained. (a) Intensity image showingaesa; (b) Aboveground regions; (¢) Contours of the
aboveground regions; and (d) Identified buildingfroontours.

The detected aboveground regions (dark areas)ntriestest area are displayed in Figure 2(b) usihgnary grid.
The corresponding polylines are visualized in Fég¢c). Figures 2(b) and 2(c) also show that awvegpound region
representing the building surrounded by trees theaupper-right corner of the intensity image ($eearrow in Figure
2(a)) was not detected. Also note this correspandirea in Figure 1. Figure 2(d) shows that the @sed method
correctly identified all of the buildings, with trexception of the building that was not detectethanfirst step of our
method. Please note that all extracted buildingd tedatively regular shapes and favorable spati&@ntation
(approximately parallel or perpendicular to onetheg. These are key characteristics to corredéntifying buildings
by minimizing the proposed energy function. Plealse note that the three aligned buildings weregegiin the first
step of our methodology (see Figures 2(b) and 2f®)a result, only a single long building is idéet in the second
step.

CONCLUSIONS AND FUTURE PERSPECTIVES

A method for the automatic extraction of buildirmpf contours from a LiDAR-based DSM was proposed an
evaluated in this paper. The method is a two-stepgss. First, polylines representing contoursoivaground objects
are extracted from the DSM. Next, an MRF-based ggné&nction is used to identify polylines that aspond to
building roof contours. In order to preliminarilyemplify the performance of the proposed approaehpresented and
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analyzed the results obtained for one test areamdthod correctly identified all of the buildingsth the exception of
the building, indicating that it is promising.

As a perspective for this paper, some improvemiertise method can enhance the performance of thgoged
method. For example, a pre-processing step forcteteand removing trees could allow the methoiientify the
building not detected in test area used in ouriqielry experiment. Also, in order to provide aligeevaluation of
the proposed method, it will be necessary to actismpseveral experiments involving varied landscape
complexities. Moreover, different DSM accuracies aesolutions are important features to be analymethe
context of the performance of the method.
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