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1. Introduction 

1.1. Background 

With the growing demand for 3D topographic data the need for automated 3D data acquisition also 

grows. Over the past 10 years several researchers proposed methods to acquire 3D topographic data. 

Many of them focussed on 3D reconstruction of man-made objects, (Haala et al., 1998; Rottensteiner 

and Briese, 2002; Vosselman, 1999). Automated methods for reliable and accurate 3-D reconstruction 

of man-made objects are essential to many users and providers of 3-D city data, including urban 

planners, architects, and telecommunication and environmental engineers (Henricsson and Baltsavias, 

1997).  

 

Laser altimetry provides reliable and detailed 3D data, which to certain extent, can be processed 

(semi-)automatically into 3D information. The use of an additional source of information, like 2D GIS 

data, can improve the reconstruction process, especially in terms of time and reliability.  

 

1.2. Goal 

This report describes the working of algorithms to acquire 3D Topography by fusing laser scanner 

data and 2D topographic map data.  

 

The report should be a source of information for: 

- students doing research on fusing laser scanner data and maps 

- interested persons from Survey and Mapping agencies 

- project members of RGI project 011: 3D Topography 

 

1.3. Assumptions 

In this report the fusion of two specific data sources have been described: the medium scale 

topographic map TOP10NL and the Dutch national height model AHN. The working of the 

algorithms has been presented using these two data sources. However, the algorithms are produced to 

be flexible to other data models. The most important requirements for using the algorithms are: 

- Topographic map consists of closed polygons; 

- Polygons have been classified into topographic classes; 

- Laser data aligned in the same coordinate system as map; 

- Laser data preferable unfiltered point cloud. 

 

1.4. Structure 

In chapter 2 the datasets and potential 3D object features and their representations are discussed. 

Chapter 3 handles the pre-processing steps concerning both lidar and map data. In chapter 4 we 
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describe the approach to derive the 3D topographic information. Adding height to a 2D topographic 

database not only requires assigning heights to the object boundaries, but also needs the introduction 

of surface descriptions. Results of the 3D reconstruction of two complex highway interchanges 

(“Prins Clausplein” and “Knooppunt Waterberg” are shown and discussed in chapter 5. 
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2.  Data properties 

2.1. TOP10NL & AHN 

     

 

2.2. Features 

2.2.1. Terrain 
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2.2.2. Roads 

 

Foto: BeeldbankVenW.nl 

 

 

2.2.3. Water 

 

2.2.4. Buildings 

At the moment Top10NL and AHN are not suitable for reconstructing buildings. There are too few 

laser points, and buildings in TOP10NL are too generalized. This means that the laser data has too be 

used in the same generalization level. Mean height, max height.  
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3. Data pre-processing 

3.1. Filtering laser data 

We assume that the topographic objects can all be described by smooth surface patches. The purpose 

of the point cloud segmentation is therefore to find piece-wise continuous surfaces that can be used to 

infer the heights of the topographic objects. Traditional filter algorithms that are used to produce 

digital elevation models often completely or partially remove objects like bridges and road crossings 

(Sithole and Vosselman, 2004). By segmenting a scene into piece-wise continuous patches and further 

classifying the segments this problem can be avoided (Sithole and Vosselman, 2005); (Tóvári and 

Pfeifer, 2005). 

 

In our case, we do not perform a classification of the segments, but just use the segmentation results 

to eliminate laser points on small objects like cars, light poles, traffic signs, and trees. By requiring a 

minimum segment size, all these points will be left without a segment number after the segmentation 

step and can be easily removed. 

 

For the segmentation of the point cloud a surface growing algorithm is used with some modifications 

that allow a fast processing of large datasets (Vosselman et al., 2004). The surface growing method 

consists of a seed surface detection followed by the actual growing of the seed surface. For the 

detection of seed surfaces we employ the 3D Hough transform. This transform is applied to the k 

nearest points of some arbitrary point. If the Hough transform reveals that a minimum number of 

points in this set is located in a plane, the parameters of this plane are improved by a least squares fit 

and the points in this plane constitute the seed surface. To speed up the seed detection, we do not 

search for the optimal seed (with most points in a plane and the lowest residual RMS of the plane fit), 

but start with the growing once an acceptable seed surface is found. 

 

In the growing phase we add a point to the surface if the distance of the point to a locally estimated 

plane is below some threshold. This threshold is set such that some amount of noise is accepted. At 

the same time is also serves to allow for a small curvature in the surface. For a faster processing, the 

normal vectors of points are not computed and checked. The distance of a point to the local plane is 

the only criterion. If a point is accepted as an expansion of the surface, a local plane needs to be 

assigned to this point. In case the distance computed for this point was very small, no new local plane 

is estimated, but the plane parameters of the neighbouring surface point is copied to the new point. 

This strategy again serves a faster processing of the point cloud. Once no more points can be added to 

a surface, the seed detection is repeated. This process continues until no more seed surfaces are found. 
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3.2. Merge small road parts 

Discrete labeling allows only one label to be assigned to each object in the final labeling.  

Discrete labeling always finds either a consistent labeling or detects the impossibility of assigning 

consistent labels to the scene. 
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Growing algorithm 

Seed = large road part 

Calculate direction 

Growing by hough transform 

 

Selecting laser points 

Assigning laser points to merged road parts. 
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4. Fusion of laser scanner data and map data 

4.1. Method 

The first step of adding the third dimension to the map is to assign heights to the boundaries of all 

map objects. In many cases, two objects that are adjacent in 2D are also adjacent in 3D. In some 

cases, however, there will be a clear height difference for (a part of) the boundary that the objects 

share in 2D. Assigning the proper heights to the object outlines then requires the introduction of 

additional lines in the database.  

In this research we recognise and model height discontinuities between objects that are adjacent in a 

2D topographic database. 

2D Map 
Densification 

map points 

3D Boundaries Add hidden objects 

Add new objects Add height to surface 
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4.2. 3D Boundaries 

As shown in Figure 4a-b, edges that are straight in the 2D map do not need to be straight in the 3D 

model. To correctly capture the shape of the boundaries, the edges therefore need to be described by 

more points. For this purpose, points were inserted into the edges of the polygons at every 10 m. For 

all these points and the original map points the height needs to be determined from the laser data. 

Every map point belongs to two or more polygons. In each of the neighbouring polygons laser data is 

selected to calculate the height at the map point, see Figure 5. Laser data has been filtered to remove 

small objects like cars and traffic signs. By calculating multiple heights at every map point, height 

discontinuities can be detected and modelled. Several constraints have been introduced to get a 

topological correct model, see (Oude Elberink and Vosselman, 2006). 

4.3. 3D Surfaces 

 

Adding height to a 2D object not only means giving height to the boundaries of this object, but also to 

the surface of the object. Most of the terrain objects show some relief at its surface. Laser points lying 

on the terrain (i.e. not on buildings, roads, trees, water) are used as nodes in the surface TIN model. 

To get a smooth surface at road objects, map points at road boundaries have been used to generate a 

constrained TIN model, without adding laser points lying on that road. Trees and buildings have not 

been modelled in this part of the research project. 

 

 
Figure 1 Constrained TIN model with roads and grass land. 
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5. Results 

5.1. Interchange “Prins Claus Plein” 
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5.2. Interchange “Waterberg” 

 

Remarks on laser: laser points on viaducts filtered out. 

Remarks on topographic map: sliver polygons caused problems with topology. 

 

 

 

 

 

 

The algorithm can handle these gaps. Some of the gaps cover more than 2000 m
2
. 
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6. Conclusion and Future work 

6.1. Conclusion 

We have presented a method that recognises and models height discontinuities between objects that 

are adjacent in a 2D topographic database. A segmentation algorithm has successfully been used to 

connect laser points on smooth surfaces and remove small segments. First, the 3D boundaries have 

been determined by fitting planes to neighbouring dominant laser segments. Several connection rules 

have been applied to get a tight model at object boundaries. Several conditions have been applied to 

get horizontal lakes and smooth roads. At interchanges and flyovers additional boundaries have 

automatically been reconstructed to allow the reconstruction of 3D objects. 

 

6.2. Future work 

Next, focus will be on the detailed reconstruction of buildings, by fusing higher point density laser 

data with large scale topographic maps.  
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Appendix A:  Adding the third dimension to a 

topographic database using airborne laser scanner 

data1.  

 

                                                      

 
1
 Presented at ISPRS symposium Commission III, Bonn Germany, 20-22 Sep 2006 
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Appendix B:  3D Modelling of topographic objects by 

fusing 2d maps and lidar data2. 

 

                                                      

 
2
 Presented at ISPRS Symposium Commission IV, Goa, India, Sep. 25-30, 2006. 
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