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Abstract: To describe the environment of a cyber city in detail, 3-D road models are necessary. Due to the diversity of the road types, 
traditional 2-D vector maps are insufficient to represent 3-D road models when multi-layer road systems are considered. The 
reconstruction of 3-D road models, thus, becomes an important task in the geoinformatic area. The LIDAR data contains the height 
information of the road surface. The vector maps record the accurate road boundaries. Thus, we fuse LIDAR point clouds and large 
scale vector maps to reconstruct the 3-D road models. The proposed scheme comprises two major parts: establishment of 2-D road 
networks and 3-D road modeling. In the first one, the roadsides of the vector maps are split and merged for the determination of road 
centerlines and the formation of networks. In the second one, the heights of the road centerlines are derived from LIDAR data to 
represent the road surface. The profiles of the 3-D roads are obtained by the constraints of slope and slope difference. Then, the road 
fragments are organized into road models as ribbons. The test data covers Hsin-Chu city in the north of Taiwan. The point density of 
LIDAR data is 1.78 points/m2. The scale of the vector map is 1:1,000. The experimental results show that the successful rate of the 
automatic reconstruction for 2-D road network is 81.6%. After the enhancement of the planimetric road networks by manual editing, 
the reconstructed 3-D road models reach a modeling accuracy better than 0.10m. 
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1. Introduction 
 

Considering the different functionalities, road types include highways, arterial roads, local streets, etc. Traditional 2-D 
vector maps are insufficient to represent the 3-D road system when a viaduct crosses other streets. The 3-D road models 
are, thus, needed for describing the multiple layers of a road system. Hence, the reconstruction of 3-D road models 
becomes an important task in geoinformatic realm. 

 
A number of researches have been reported to reconstruct the 2-D road networks or 3-D road models [1], [2], [3], [4], 

[5]. Most of them are based on the viewpoint of data fusion of planimetric geodata, LIDAR point clouds, and remote 
sensing images. The geodata provides the planimetric geometry of roads. The LIDAR point clouds contain the 
information of elevation and intensity of roads. The high resolution imagery has its unique characteristics for roads in the 
geometry and spectrum. According to the geodata, the roads can be detected and identified from imagery for updating the 
database. Zhang [1] updates the 2-D road networks with stereo aerial images and LIDAR point clouds. It assumes that a 
road is composed of edge pairs with similar geometry. If one edge is occluded but the other isn’t, the lost one can be 
filled up by the existing one to update the road network. Hu [2] reconstructs the road networks by fusion of LIDAR point 
clouds and high resolution imagery. The road candidates are segmented by the intensity and height information from 
LIDAR point clouds. Then the points in the non-road sites are filtered out by the spectral information of the image. A 
modified Hough transform method is used to detect the roads from the segmented LIDAR data and to reconstruct the 
road networks. 
 

A number of approaches are possible to represent 3-D road models. Clode et al. [3] extracts the height information of 
road surface through the constraints of height differences and intensity of LIDAR data. Hatger et al. [4] integrates the 
centerlines from databases and the LIDAR data to extract the road sides and to build the geometry of the 3-D road 
profiles. Then the road can be represented as a parametric model. Kada et al., [5] computes the geometry of profiles from 
LIDAR point clouds along the centerlines to reconstruct the 3-D road models. 
 

This investigation integrates large scale vector maps with polylines that represent street block boundaries and LIDAR 
point clouds to reconstruct the 3-D road models. Because the large scale vector maps used in this investigation record the 
boundaries of street blocks instead of centerlines, the road centerlines need to be derived by the block boundaries. Then 
we can compute the heights of the road surface form LIDAR point clouds along those centerlines. There are three main 
steps in our investigation: (1) determination of the road centerlines, (2) extraction of the road surface points from LIDAR 



point clouds and, (3) reconstruction of a 3-D road model as a ribbon. The workflow of the investigation is shown in 
figure 1. 
 

 
Fig. 1. Workflow of the investigation 

 
2. Reconstruction of 2-D Road Networks 
 

Large scale vector maps include several traffic layers such as highways, local streets, and traffic islands, etc. The roads 
are implicitly represented by the street block boundaries, which are polylines in the vector maps. Thus, the boundaries of 
a straight road are divided into many segments because of crossroads. At this step, those polylines are split and linked to 
determine the road centerlines. Then the centerlines are connected to form road networks. 
 
1) Centerline Determination 

 
The roadsides in the vector maps are implicitly recorded as 2-D polylines. A polyline in the raw data may represent one 

or more road boundaries around a crossroads. In order to determine the centerlines, the roadsides should be paired. The 
polylines of roadsides are split into line segments first. We consider the road boundaries that are organized by two 
parallel polylines with a reasonable width. The direction of one roadside does not change abruptly. According to those 
assumptions, the original polylines are split into simple line segments with a first angle threshold (θ1). For example, a 
crossroads in figure 2a was recorded by four independent polylines. We use the first angle threshold to split them to eight 
line segments (figure 2b).  

 
Then, those line segments divided by crossroads or occlusion due to multi-later roads are merged into groups when 

they have similar directions within a reasonable distance. The distance avoids two blind alleys linking together. Those 
line segments are linked into one roadside with a second angle threshold (θ2). Figure 2c shows the results of merging. 
Then, the roadsides can be paired. The centerlines can be determined by taking the middles of cross sections for the 
roadside pairs. 
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(a)                                       (b)                               (c) 

Fig. 2. The processes of roadside pairing (crossroads) 
(a) the raw data; (b) the split process; (c) the merged process 

 
2) Road Networking 
 

The piecewise centerlines are insufficient to describe a road network and, thus, are needed to be connected together. 
We define a road centerline with three features: (1) a centerline is composed by two points named nodes at the start and 
the end, (2) each vertex between nodes records the road width, and (3) a node is generated by the intersection of two 
centerlines for the crossroads or the sharp turns. 

 
A merging procedure forms a network with road centerlines. If the angle difference between two centerlines is less 

than an angle threshold (θ3), the centerlines are merged. An example is illustrated in figure 3a. As shown in figure 3b, if 
there is a centerline passing over another one, it is needed to be differentiated by a crossroads or an overpass. As figure 
4a shows, a crossroads in the original maps has no road boundary passing the crossroads, but a viaduct does (figure 4b). 
Then, we can confirm this site using the label. If the intersection is a crossroads, we add a node to separate those two 
centerlines to four segments (figure 3c). Notice that there will be still two centerlines without a node when a viaduct 
exists. 

 

 
(a)        (b)     (c) 

Fig. 3. The processes of road network connection (crossroads) 
(a) before linking; (b) after linking; (c) create a node at the intersection 

 

 
(a)       (b) 

Fig. 4. The intersection (a) a crossroads; (b) a viaduct 
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3. Reconstruction of 3-D Road Models 
 

The major works in this part is to select those points that are located on the road surface. A filtering procedure is the 
essential part. The lowest point located within a circle buffer of vertices is selected to represent the height of the vertices. 
However, some vertex may extract wrong points. The erroneous points are removed by employing the thresholds of slope 
and slope difference. After the correction of heights for networks through slope constraints, the pairs of roadsides are 
assigned to the same elevation by the centerlines. Finally, we build the 3-D road models by flat quadrilaterals from the 
paired roadsides and present them as ribbons. 
 
1) Road Points Extraction 
 

The point clouds represent the surface that includes road and above-road areas. We assume that road points are located 
lower than non-road points in a local area. According to this assumption, this step extracts the lowest points within a 
circle buffer for each vertex. Then, those centerlines include the height information after the height filtering. 
 
2) Reconstruction of 3-D Road Models 
 

After the above process, few unwanted points may still exist due to low outliers. For removing those errors, the 
constraints on slope and slope difference are included. After removing the outliers, the linear function of the road profile 
can be calculated. We assume that the roads do not include superelevation, the elevation of a cross section for a vertex is 
constant. Finally, the road models are reconstructed by combining with two flat quadrilaterals from the paired roadsides 
and presented as ribbons. The workflow of the road surface reconstruction is shown in figure 5. 
 

 
(a)                                (b)                               (c) 

Fig. 5. The workflow of the road surface reconstruction (a) points of centerlines and roadsides; 
(b) organization of the quadrilaterals; (c) an aerial view of the road surface 

 
4. Experiment and Results 
 

The test data covers an area of 712949 m2 in Hsin-Chu County in the north of Taiwan. The data was acquired by Leica 
ALS40 system with the point density of 1.78points/m2. The vector map with a scale of 1:1,000 is shown in figure 6a. The 
test area includes highways, arterial streets, local streets, and traffic islands. The polylines of roadsides are split to simple 
line segments with the angle threshold 12∘. The boundaries of local streets and highway are split to 663 and 43 
polylines, respectively. The split results are shown in figure 6b and 6c.  
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(a)                                      (b)                     (c) 

Fig. 6. The split polylines of the road boundaries 
 (a) original roadsides; (b) local streets; (c) highway 

 
After splitting polylines, the line segments are merged into the same roadsides then to determine their centerlines. The 

thresholds of the angle and the distance are 4 ∘ and 50m, respectively. The distance threshold between the pair of 
roadsides ranges from 3m to 25m. The range threshold is based on the cross section of roadway design. The centerlines 
are connected with an angle threshold of 10 ∘. Then, the polylines of streets and highway are reduced to 387 and 13 
polylines, respectively. The merged results are shown in figure 7a and 7b. 

 

    
(a)                     (b) 

Fig. 7. The merged polylines of the roadsides (a) local streets; (b) highway 
 
The results of automatic reconstruction for the 2-D road network contain some errors such as missing, broken, or 

redundant roadsides. One hundred and thirty three out of one hundred sixty three roads segments are successfully 
reconstructed. The successful rate is, thus, 81.6%. The automation of these processes is shown in figure 8a. After further 
removing the outliers through manual editing, we produce the complete set of the planimetric road networks as shown in 
figure 8b. 
 



    
(a)                                      (b) 

Fig. 8. 2-D road networks (a) results automation; (b) complete networks 
 

Once the road networks are formed, the road points can be extracted from LIDAR point clouds. A part of the test data 
is given in figure 9. We select a circle buffer with the diameter that equals the road width to extract the lowest point. We 
also include the ceilings for slope and slope difference according to the specification of the roadway system. The largest 
slopes of being selected for highway and local streets in this investigation are 8% and 4%, respectively. The thresholds of 
the slope difference between each vertex are 5% for streets and 2% for highways, respectively. The 3-D road models with 
a centerline underneath are shown as ribbons in figure 10a and 10b. 
 

 
Fig. 9. The point clouds of the sample test area (highway) 

 



  
(a)                            (b) 

Fig. 10. The 3-D road models (a) a perspective view; (b) a close view 
 
For the accuracy assessment of the extraction points on road surface, we filter out the non-road points manually and 

reconstruct the 3-D road models as a reference data set. The RMSE of Z component of the reconstructed road models is 
0.10m. The histogram of the discrepancies is shown in figure 11. 
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Fig. 11. The histogram of the estimation 

 
5. Conclusions 
 

A scheme is proposed for the formation of the 2-D road network from the large-scale line maps and the 3-D road 
model reconstruction by incorporating of LIDAR data. The successful rate of the reconstruction of road centerlines is 
81.6% for the test area. The RMSE of Z component of the extraction road points is 0.10m. The experimental results show 
the promising potential of the proposed scheme. This paper reports the preliminary results. Further investigation 
regarding the inclusion of better filtering technique and surface fitting procedure is suggested. 
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