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ABSTRACT: Due to the complexity and variety of the building types, using single data to
automatically generate building models could yield unreliable results. Therefore the trend is to
fuse multi-source data to achieve the automation. This research, thus, considers the integration
of LIDAR data, aerial images, and 2-D maps to perform the modeling. The proposed scheme
comprises three major steps. (1) data preprocessing, (2) classification of roof types, and (3)
building modeling. In the first step, we enclose the polylines of the maps then extract the point
clouds that belong to a building. Through the roof hypothesis by employing point clouds, the
camber roofs are parameterized. For non-camber roofs, we determine the ridges of gable roofs
by interesting the two inclined planes. The step-edges are obtained by combining point clouds
and image features. Finally, we shape the models by SMS method. The result of classification
shows that different kinds of roofs can be correctly categorized. Buildings are successfully
reconstructed by the proposed approach.

1. INTRODUCTION

In response to the development of 3-D city spatial information for urban planning and
management, the establishment of cyber city is getting important. Cyber city is an epitome of
the real world. It stores and reconstructs the information of real world in the system. The
information provides valuable decision support to city managers. The applications of the cyber
city are significant, such as urban planning (Mannan and Juergen, 2004), environmental
planning, change detection (Habib et al., 2005), and disaster risk management, etc.

Building modelsis one of the most important partsin a cyber city. Building reconstruction could
be accomplished by two strategies, i.e., fully automatic approach and semi-automatic approach.
Fully automation is always an ultimate goal in building reconstruction. However, it is difficult to
achieve fully automatic interpretation. Thus, many application projects adopt semi-automatic
method in the model production.

Building models may be reconstructed by different approaches such as using aerial photography
which picks up the model and modulates the parameters by manual operation then shaping by
CSG method (Tseng and Wang, 2003). It might also be restricted to the ssimple shape by
polyhedral models (Taillandier, 2005). Some combined aerial images with maps to locate the
working area and generate building hypotheses then fitting by CSG models (Suveg and
Vosselman, 2004). Since LIDAR (light detecting and ranging) has plentiful 3-D information, it
has demonstrated profound potentials in automatic building reconstruction. In the past
researches, many reports used LIDAR data to reconstruct building models such as projecting
point clouds in 2-D space to anayze the 3-D plane (Schwalbe et a., 2005). Some integrate
cadastral data to analyze the relation between 3-D planes then reconstruct by B-rep model
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(Overby et a., 2004). Some combined LIDAR with map and images, generate the initial model
then reconstruct model by bundle adjustment (Zhang et al., 2005).

The generation of building modes, in general, includes two mgor steps. detection and
reconstruction. Since the 2-D maps provide the boundaries of buildings, the focus of this
research is the reconstruction part. Considering the varieties of building, this investigation
handles flat, gable, and camber roofs by incorporating vector maps, aerial images and LIDAR
point clouds. Since the camber and gable roofs have weak features in the image space, LIDAR
data provides complementary 3-D information in the reconstruction. On the other hand, if the
density of the LIDAR point clouds is not sufficient for the reconstruction, we integrate the
image features into the scheme. The workflow of investigation isshownin Fig. 1.
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Figure 1 Wor kflow of the proposed scheme
2. DATA PREPROCESSING

The preprocessing includes four parts. The first one is to establish the topology of the building
boundaries. Since the vector data for buildings that we will useis the polyline representation, no
topology is built. Thus, we use SMS method (Rau and Chen, 2003) to rebuild the topology. The
boundaries are, thus, enclosed. The second part is to select those point clouds that belong to the
buildings. The point-in-polygon technique (Mortenson, 1999) is taken to select points inside the
building polygons. The third part in the preprocessing is to calculate the orientation parameters
for the aerial images. Some ground control points are measured to perform the modeling for
orientation. It is done in such a way that the point clouds, vector maps, and images are
co-registered in a unified coordinate system. The fourth part is to generate a grid DSM (digital
surface model) from the LIDAR point clouds. The model will be used to locate the approximate
position for the back projection in the generation of 3-D edges.



3. CLASSIFICATION OF ROOF TYPES

Priori to the building shaping, we categorize the roof types by using the point clouds. Once the
most likely roof type of a building is determined, the surface function can be assured by fitting
the point clouds. To better represent the surface, the point clouds need to be filtered.

3.1 Point Cloud Filtering

Considering the possible registration errors between LIDAR data and vector maps, the point
clouds in a building polygon would include roof and ground points. A less number of points may
also come from building walls. To obtain the points that solely belong to the roofs, we design a
three-step processing for the filtering of unwanted points. In the first step, a clustering technique
is employed to exclude non-roof points. Notice that the roof points should be the mgjority. In the
next step, we eliminate the points that are deviated from the distribution with two standard
deviations. That means we consider 95% confidence interval. Finally, the points that form
over-steep facets are excluded. This step is dedicated to the exclusion of wall points. In the
processing, TIN (triangulated irregular networks) structure is employed.

3.2 Surface Fitting

The shaping of the roofs deals with the determination of surface function for each roof primitive.
We consider three types of the roofs in this investigation, namely, camber, flat, and gable. The
roof structures are determined by the test of the most likelihood of the surfaces. For the camber
roofs that have been assured by employing a sphere or a cylinder equation, the model may be
reconstructed by the feature parameters. For those that do not belong to the camber roofs will be
tested for the flat or gable roofs. To better delineate the roof details, each building area are split
by the consideration of shape symmetry. A rectangle, for instance, in the Fig. 2 (a) is divided by
two parts according to the first and second axes. Thus, the two possibilities in Fig. 2 (b) and
Fif.2 (c) are tested for the selection of the most likely one. In the determination, each part of A,
B, C, and D is fitted with a plane. The one with the least fitting error are considered as the
suitable roof.
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Figure 2 Splitting the building boundary
(a) Original roof polygon, (b) Divided by axisl, (c) Divided by axis2

4. BUILDING MODELING

Polyhedral models or parameter ones are considered in this investigation. For camber roofs, the
parameter models are selected. The feature parameters are determined in the point cloud fitting
procedure. For flat and gable roofs, the interior structure lines need to be determined. We detect
image edges within the building polygons. The polygons in the image space are projected by
employing the building blocks estimated from the DSM. Hough transform is integrated to select
the mgjor structure lines. We then project the structure lines to the object space to generate three
dimensiona building edges. After a geometric regularization, the building models are generated
by employing SM'S method. The details are given in Chen et a (2006).



5. EXPERIMENT AND RESULTS

The test data in this experiment include (1) vector maps with 1:1000 scale, (2) digital aeria
images with 0.12m resolution, and (3) LIDAR point clouds acquired from Leica ALS50 with a
density of 1.5 pt¥m?. The test area is a part of Hsin-Chu city in north Taiwan. We select four
types of building in the validation. As shown in Fg. 3 (a), the first one is the flat roof without
miscellaneous goods on the roof. Fig. 3 (b) is the example of the second type of building which
isalso aflat roof but with tiny and complex annex on the roof. The third one, as shown in Fig. 3
(3), isagable building. The fourth type is a camber roof, as shown in Fig. 3 (d).

Figure 3 Four building typesin the validation
(a) Flat roof, (b) Flat roof with annex structure, (c) Gable roof, (d) Camber roof

Fig. 4 depicts the results of the point cloud filtering for four types of buildings. In each type, the
left part is the raw point clouds, while the right one is the results after filtering. It is observed
that the unwanted points have been soundly excluded. Tab.1 gives the change of point amounts
in the filtering.

(d)
Figure 4 Point cloudsfiltering
(a) Flat roof, (b) Flat roof with annex structure, (c) Gable roof, (d) Camber roof

Table 1 Number of pointsin thefiltering
Roof type | Roof Al | Roof A2 | Roof A3 | Roof A4 | Roof B | Roof C | Roof D

original points 741 60 41 96 2425 154 1658
filtration points| 644 49 27 48 1950 135 1165




For the determination of building types, we test seven polygons. Notice that building A has four
parts, namely Al, A2, A3, and A4. As shown in Fg. 3, the remaining three are given as B, C,
and D. The fitting procedure is employed to each polygon that is divided into four parts, as
indicated in Fig. 2. Asshown in Tab.2, the fitting results indicate that parts A1, A2, A3, A4, and
B fulfill the condition of flat roof. That meansthe fitting for a plane is more likely than a sphere.
In addition, no significant difference is detected between two orthogonal directions. On the other
hand, roof C satisfies the gable building, because two parts in one direction has better fit for a
plane than its orthogonal counterparts. The roof D is better fitted as a sphere than a plane by the
indication of fitting error. The results reveal the soundness of the proposed method.

Table 2 Result of surface fitting (Unit: meter)

Roof Al Roof A2

Plane 0.090 0.078 0.082 0.086 0.060 0.054 0.072 0.053

Sphere 0.457 1.011 0.885 1.036 0.243 0.292 0.101 0.167
Roof A3 Roof A4

Plane 0.070 0.032 0.040 0.073 0.233 0.147 0.055 0.194

Sphere 0.359 0.095 0.077 0.144 0.461 0.976 1.177 0.256
Roof B Roof C

Plane 0.502 0.405 0.542 0.348 0.330 0.310 0.034 0.040

Sphere 8.014 3.189 7.005 3.104 0.197 0.256 0.127 0.273
Roof D

Plane 1.333 1.261 1.208 1.221

Sphere 0.135 0.127 0.134 0.129

Fig. 5 shows the result of modeling in each roof types. In each type, the right part is building
model. As shown in Fig. 5 (a) and Fig. 5 (b), the left parts depict the topology of the building
boundaries superimposed with the point clouds from LIDAR. Fig. 5 (c) indicates the ridge be
intersection of two adjacent planar faces. And Fig. 5 (d) depicts the camber roof in polyhedral
structure. Notice that the model-based parameters have been transformed to the polyhedral ones
for the unified presentation with others.

Figure5 Result of building models
(a) Flat roof, (b) Flat roof with annex structure, (c) Gable roof, (d) Camber roof

6. CONCLUSIONS

We have presented a scheme for the roof classification and building modeling by the fusion of
LIDAR data, aerial images and vector maps. The results from the experiment show the potential
of the proposed method. Each building type could be classified and reconstructed successfully
by the proposed approach.
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