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ABSTRACT

Aerial laser scan data is widely used to produc® 2ligital elevation models automatically. Howeveneating full 3D city models
from this data is a complex task. A simplified 3Dodel, like a 2%2D model with vertical walls will beasier to produce
automatically, especially when the model is notdpieed to look nice, but just to give realistic f&sin an analysis or a simulation.
To be able to include vertical walls in a 2%2D moadelextend the TIN data structure in such way tiateight of a vertex is stored
implicitly in a way that allows multiple heights @rfficient processing at the same time. To geeettet city model we first apply
data reduction in planar areas of an initial TINexty we segment the TIN into planar segments fergtound, walls and roof
planes. Finally, we intersect the segments to nkaa2%.D model with slightly slanted walls, whichoshd be adjusted to become
exactly vertical. The results for simulated poiltud data are near-perfect. Real aerial laser satmate more challenging, but the

method still gives promising results.

1. INTRODUCTION

1.1 Background

There is a number of well-known applications thatagy
benefit from the availability of 3D city models, cdu as
telecommunication network planning, line-of-sightabysis,
run-off modelling, and urban climate simulation.nany cases,
including those just mentioned, a perfect visuglempance of
the model and the highest-possible level of gedmdatail are
not required. It is, however, important that thedels can be
created fully automatically, even more so as differ
applications may require different degrees of dletad the
optimal level depends on accuracy requirementsnat ltand
and on computational feasibility of the applicatatrthe other.

A suitable data source for 3D models is nowadayergiby
aerial laser scanning (LIDAR) or automatic
photogrammetry. Those point cloud data sets (sScAHN in
the Netherlands) are essentially not full 3D, bather 2%4D
(each location in x and y can have only one heighs) view
angles are slightly oblique towards the outsidettd laser
swath or photo strip, there may be points locateduiding
facades, but the data are certainly not complethigrespect.
Moreover, roof overhangs, underpasses, viaducts ahdr
structures requiring full 3D geometry are not (orbast very
poorly) represented in aerial data. Additional eefrial
acquisition would be needed for full 3D city mode®yeating
full 3D models from point clouds is a complex tashich is
still not fully automated, despite extensive reskafOude
Elberink, 2008). For some applications a 2%2D masliejood
enough, which is easier for the spatial analysis tdowever,
the usual shortcoming of 22D models is that themenaot
represent vertical walls explicitly.

1.2 Objective

In this paper, we present an approach to generatéamodel
with vertical walls fully automatically. This sinified 3D

model is to be used in simulations and other apptios that do
not need perfect visual appearance.

1.3 Approach

The creation of the 2¥2D model occurs in severgisstéfter
generation of an initial Triangulated Irregular Wetk (TIN)
data reduction is applied, by progressively remg\points that
are co-planar (within a tolerance) with all theurr@unding
points (those participating in the point's set dfrngles).
Meanwhile, the triangulation is adapted. The nexéps
combines adjacent triangles into segments, as lasgall
participating points are coplanar. On the fly, @dogical

stereovertex-triangle-segment data structure is mainthiaed the

plane parameters are stored as attributes in thaesds. Also
the boundaries between segments become availdidepdints
are projected in their respective planes, which mesult in
vertices at boundaries having two (or more) difiérzvalues.
A last step distinguishes that segments are interdeo create
straight segment boundaries. The walls will be espnted by
near-vertical segments, which should be adjustedxactly
vertical walls.

To store these vertical walls we propose to exteedTIN data
structure with a concept that, loosely speakingfoisnd in
extrusion models as well: a polygon that is bountgdthe
footprint of a building is raised 'above' the terrto the height
of that building. In contrast to extrusion, thedid polygon does
not have a single height, but is further segmetderktpresent
the roof shape. We do this on the basis of onlypthiat cloud,
to not have to rely on edges from 2D maps (a caim&d TIN)
to identify as walls, since 2D maps are often afdo quality
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than the point cloud data (e.g. less precise,deswplete, or less
up-to-date).

The final product is an automatically generateq citodel,
which combines realistic geometry with a compat¢adalume.
The model is stored using an extended 2%2D TIN sfatecture,
which provides a 2D topology for the model elemdstsch as
roof planes and terrain) and allows for verticallsvaeparating
them.

2. METHOD

2.1 TIN Generation

The input for our method is a 3D point cloud froarial laser
scanning or automatic stereo photogrammetry. A Zlainay
triangulation (Fig. 1) is created using the welblum Triangle
software (Shewchuk, 1997).

Figure 1. 3D view of a 2D Delaunay TIN of a sintethpoint
cloud of a simple building.

2.2 Data Structure

For efficient processing of the data, we restrietitiinto stars
(Gorte & Lesparre, 2012). A star covers a vertexl atl
triangles in which it participates. In these state x andy
coordinate of the central vertex are stored, but the z
coordinate. Additionally, the set of all the trid@gin which the
vertex participates are stored in anti-clockwiséeor For each
triangle, the vertex numbers are stored and a sggmenber
(which is still unique in this stage). Later, easdgment can
consist of multiple triangles. The triangle numbers stored for
each segment, together with the plane paramatdraindc (as

capabilities between 2¥%D and 3D have been proposed
previously (Pilouk, 1996; Groger & Plimer, 2003 0T& al.,
2005). In addition, we introduce methods to gemerabdels
adhering to our data structure.

Vertices / stars
Triangles
Segments

X, Y, trianglg, ..., trianglg
vertex vertex, vertex, segment
#vertices, #trianglash, ¢

Table 1.

The data structure consists of starsnghes and
segments.

Figure 2. Simple building as a TIN with vertical lga Roof
and terrain triangles are explicit parts of the elpd
as are vertical lines connecting positions at chffié
heights of a point. Slanted lines at walls arepwt
of the model, but are added by the rendering
software.

Figure 3. Orthogonal view of the building in Figur2
showing coloured segments, triangles andy
vertices that sometimes occur at different heights.

in z=ax + by + c) of that segment. In the end, segments should

correspond to planar surfaces like roof planes.eNbat this
implicitly assigns each vertex a height. Howeveryvetex
participating in two or more segments will have itfedent z
coordinate in each segment (Fig. 2 & 3). This dstacture,
therefore, allows vertical walls. Several data citriees with

2.3 TIN Data Reduction

Data reduction speeds up further processing of The.
Therefore, the stars are used to remove verticas ate co-
planar with all their neighbours. Vertices are ¢desed co-
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planar, when they do not deviate more from thetlegsares However, we do correct positions of the vertices tire in 2 or
fitted plane through their neighbours than a thoeshThe 3 segments to the segment plane intersection (figs6).
threshold we use is typically at least twice thpemted standard
deviation of the measurement noise. After removhgcentral
vertex, the star is retriangulated and neighbousteys are
updated accordingly to this new triangulation. Wigach
removed vertex, the total number of triangles reduzy two. It
is important not to remove all vertices within tbe-planarity
threshold simultaneously, since in this way thetiges in a
gently curved surface would al be removed. Theesfave
iteratively remove vertices in order of decreagitanarity and
do not remove vertices of which a neighbour havenbe
removed in the same iteration step. In this wamnaximum of
one third of the vertices is removed in each iterastep. The
iteration stops when no more vertices are withia ttreshold

(Fig. 4).

Figure 5. Result of TIN segmentation of the TIN dfufe 4.
Note that many vertices appear at a different Heigh
in each segment they are part of. This resulthién t
jagged edges of the wall segments.

Figure 4. Result of data reduction on the TIN afufe 1.

2.4 TIN Segmentation

After the data reduction, TIN segmentation recwalsivgroups
triangles into planar segments and segments imgedglanar
segments. Two triangles/segmentandb are merged when a
distance function & b) is smaller than a threshold. The Figure 6. Result of adjustment of the points onititersection
function dé, b) is the maximum of the distance functions lines of the segmented TIN of Figure 5.

d(@@—b) and db—a), where dé—b) is the maximum of all
distances between the pointsafind the plane of segment
(Gorte, 2002; Geibel & Stilla, 2000). However, st of the
vertical distance we now use the perpendicularades to be
able to segment very steep planes like walls top &).

For some vertices, all neighbouring triangles bezqart of the
same segment. These vertices are removed and dtes
retriangulated.

2.5 Segment Adjustment

After segmentation, vertices on the border of two ihore)
segments will have a different height for each smgmin
addition, the walls are still slightly slanted ieatl of exactly
vertical. These inconsistencies should be adjugtednstance
by least squares estimation. We did not yet imptenthis.

Figure 7. Triangulated aerial laser scan datad uder
evaluating the method.
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3. RESULTS

We applied the method described above to a sanifl8 849
points from aerial laser scanning point cloud d#ta0 by 20
metres from Wijhe, the Netherlands (Fig. 7). We duse
threshold of 0.2 metre for the data reduction artdr@etre for
the segmentation. The result is a TIN with 231 says (Fig.
8).

Figure 8. Result of our method applied on the défigure 7.

4. EVALUATION

Trees and other vegetation are modelled poorlychviis no
surprise, as these do not consist of planar segméspects
like outliers, data gaps, vegetation (like thicky ion the
buildings) and small objects complicate the corracdelling.
Nevertheless, the basic shapes of the buildingsmareelled
well. Of course, the walls are still slightly sladtand the
vertices at the intersection of more than two segmare not at
the optimal position, but we plan to improve thig keast
squares adjustment. The data reduction from a prdintd of
13 949 points to 231 topologically connected sedmenill

enable efficient further processing of the datasiorulations or
other applications.

5. CONCLUSIONS

For many applications, 3D city models point clouatad are
useful. These applications often do not need aepemsfisual
appearance, but a simplified 3D model like a 2%:Diehavith

vertical walls suffices. However, it is importahait such model
can be generated fully automatically and that duces the
amount of detail to a level that enables efficianther analysis.
We presented an approach to obtain such model by
triangulation, data reduction of planar parts, B&gmentation
and adjusting the segment intersections. For effici
processing, we adapted the traditional TIN datacstre. In this
paper we demonstrate it by using our method orhsyiat point
cloud data, where it gives near perfect results.ai¥e present it
on real aerial laser scan data, where aspectolikeers, data
gaps, vegetation and small objects deteriorate rémilts.

Further research is needed for handling these @mblWe are
currently implementing an algorithm to make the lsvaixactly
vertical by least squares adjustment of the segsrient
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