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Abstract

Extremely dense LiDAR data (Light Detection and Ranging) in combination with very high resolution digital ortho-images recorded using a helicopter-based platform offer new possibilities for feature extraction. Here we demonstrate the use of such data for the extraction of railroad infrastructure objects. Thus, the processes of data capturing, the pre-processing as well as different methods for the extraction of railroad infrastructure objects, such as rail tracks/centre lines, railway poles, cantilevers and catenary are introduced.

1
Introduction

High-precision sensors such as airborne laser scanner (ALS) and digital aerial cameras featured with a differential global positioning system (DGPS) and an inertial measurement unit (IMU) offer new data sources for a variety of promising large-scale applications. In the beginning the ALS technique was mainly used for the generation of digital terrain models (DTM). With the improvement of the sensor technique it became possible not only to monitor the surface of the earth but also to identify small objects like rails or cables. ALS became in this way an economic alternative to terrestrial surveying for the documentation and control of rails or power lines.

In our study this kind of data were analysed in order to extract railway infrastructure equipment and its surrounding objects. The main focus is on studies for a fully automated processing in consideration of profitability aspects compared to traditional surveying methods. A further objective is the development of methods for the object extraction of railway infrastructure from combined helicopter-based extremely dense laser scanner measurements and very high resolution digital ortho-images. The developed methods are aimed at the generation of high-precision input data to create and extend a railroad infrastructure database. The required high density of laser points can only be achieved with high quality equipment and a slowly flying aircraft. For being able to detect small and thin elements such as rail tracks the relative (and absolute) accuracy of the laser points must be at a few centimetre level. To meet this goal the positioning of the aircraft (and the subsequent geo-referencing) has to be at the same accuracy level.

The area under investigation is a 36 km railroad section between Korneuburg and Hollabrunn, north of Vienna, Austria. The corridor contains single- and double-track sections as well as some small railroad station areas and is property of the Austrian Federal Railway (ÖBB-Infrastruktur Bau AG), who is also the initiator of this study.

2
Input Data and Data Processing

The capturing and pre-processing of the data was performed by the company BEWAG Geoservice GmbH. The company uses a helicopter-based platform for the simultaneous acquisition of laser measurement points and image data. As sensors a Riegl LMS-Q560 laser scanner and a Rollei AIC modular-LS (H25) camera are used in combination with a high precision IMU (IMAR INAV_FJR-001).

Due to the low speed and the low altitude (approx. 170 m above ground), extremely dense laser scanner measurements (20-30 points/m²) and very high resolution digital RGB ortho-images (5 cm ground resolution) can be acquired.

The DGPS/IMU data was processed with Novatel’s Waypoint software. The resulting trajectory provides a sub-decimetre accuracy. The analysis of the raw full-waveform laser data and the following transformation from the laser coordinate system to the earth-fixed-frame was carried out in software tools of the laser scanner manufacturer. The raw point cloud was further processed using TerraSolid’s TerraScan software where the classification of the points by object types was carried out (see figure 1).

Various existing methods from digital image processing, image segmentation and object re​cognition have been tested for extracting objects from the ortho-imagery. They were compared regarding their performance, output quality and grade of automation. It turned out that all existing methods are not suitable to meet the requirements especially in terms of the resulting geometrical accuracy or the amount of data to be processed. Problems were cau​sed also by shadows, perspective distortions or along cut edges of the ortho-image mosaic.
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	Fig. 1:
ALS data example of a railroad section showing the classified laser point cloud in a 3D-view (different grey tones represent different object classes, e.g. rails)


Since original LiDAR point data provides a higher accuracy than derived DTM raster data or ortho-imagery new suited methods for the object extraction from point clouds have been developed and implemented to extract features such as rails, catenaries, cantilevers and railway poles. Basically, there were two different promising approaches which have been worthwhile to research into: Firstly, the extraction of straights and arcs using an adapted RANSAC algorithm, and secondly, a knowledge-based profile method.

3
Methods for Object Extraction from LiDAR Data

3.1
Rail track extraction using an adapted RANSAC method

The method for rail track extraction sets up on pre-classified laser points (e.g. from TerraSolid software) as input data which are afflicted with outliers. Therefore the RANSAC (RANdom SAmple Consensus) algorithm developed by Fischler & Bolles (1981) was implemented to extract objects within the environment of MATLAB and ArcGIS successfully. RANSAC is an iterative method and is widely used in the field of statistics to fit parameter-dependant model curves into series of measurements. This algorithm can also be transferred to geometrical point clouds to fit into parameter-dependant geometric objects.

The starting point running RANSAC is to reduce outliers from the classified ALS points using one out of two different developed methods. The software TerraScan allows re-classifying points using the option ‘classify by height from ground’ since rails are planar for example. This results in an optimised data base for the extraction process containing much less outliers. Another method for filtering classified ALS points was developed using ArcGIS. In this case the filtering is realised by analysing the height of neighbouring points. This method also reduces the amount of data as well as the number of outliers.

The aim of using RANSAC is to iteratively generate simple geometrical objects through a point cloud. Thus, a function for straight lines or circular arcs is fitted into the filtered 2D point cloud which still contains misclassified points and outliers (cf. McGlone et al. 2004; Gonzalez et al. 2004). First, a tiling of the dataset is performed along the trajectory which is coarsely related with the rail direction. It is possible to adjust the size of the data tiles adaptively according to the curvature. Next, the RANSAC algorithm is started. In its classical form the method results in just one solution – the one with the highest degree of fitting. For our purposes the algorithm has been adapted to detect multiple lines or curves (at least two parallel rails with a certain distance). To ensure the criteria of parallelism the track gauge was used. Based on the extracted rail elements the dual lines were collapsed into a track centre line (see figure 2). The final step merges the line or circular arc segments of the overlapping tiles automatically.

3.2
Rail track extraction using a profile method

A knowledge-based classification method was designed to compare a reference profile with the situation along the railway using IDL (Interactive Data Language). The trajectory represents the approximated railway. Therefore the laser measurement points were analysed step by step along this trajectory. In 2 m-intervals the ALS data was selected in a small stripe perpendicular to the local trajectory. A collection of conditions defines the following hierarchic calculations in order to find the track axis. In particular the following conditions were derived from the knowledge about the typical geometry of the track bed and its surrounding area:
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Fig. 2:
Fitted line and circular arc functions for a tile using the RANSAC algorithm (left); ortho-image overlaid with the extracted rail tracks: rail (solid), rail centre line (dashed) and filtered rail points (white) (right)
· The rail bed around the track is nearly horizontal and flat;

· It is assumed that the railway loading gauge is free of objects (thus free of valid laser measurement points);

· The mean track profile is known and two tracks with a fix distance (track gauge) define the railway (see figure 3).
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Fig. 3:
Visualisation of the last step of the hierarchic analysis: the local terrain model (grey line) is compared with the reference profile (black profile) (left), the coordinates are stored, when a track axis point is found successfully (right)

3.3
Extraction of further objects

High vegetation close to the rail track can be a safety risk in case of storms. Thus, the spatial location of vegetation is interesting for railway operators. The extraction of vegetation based on LiDAR points is possible using the local relative point density and the normalized height of non-ground points (Hecht et al. 2006). The detected vegetation patches can further be converted into polygon geometry with an item containing the mean height values of the vegetation. Buildings next to the rail track are safety-relevant information too. They can be derived successfully using TerraScan software.

Based on the extracted rail track further railway infrastructure objects can be detected using geometrical railway construction standards. Therefore the laser points belonging to the catenary wire are derivable using a relative distance and height interval to the rail track and the assumption of a first echo. The points belonging to cantilevers and railway poles can be extracted with spatial queries as well.

4
Results

We found out that it is possible to extract railroad objects automatically from extremely dense LiDAR data without using any information from aerial imagery. Of course these are useful for orientation, visualisation and checking, but their capability for automatic feature extraction is limited due to perspective distortions for some objects (especially non-ground objects like catenary, cantilevers) and insufficient spatial resolution (e.g. wires).

The methods developed are particularly suited for long sections with single- or multiple rail tracks. Further investigations are needed to estimate the degree of correctness, but visual checks of the extracted features promise an accuracy above 90 %. Even if there are still a few gaps for areas in and around railroad stations (with complex rail geometries and a lot of switchblades) the advantage is the high degree of automation. Since the railway system contains in large part long track sections the applied methods can be used very efficiently.

Table 1 summarises both developed methods to extract the railway tracks from laser point data.

Table 1:
Overview on the methods of rail extraction from laser measurement points
	Method
	Adapted RANSAC method
	Profile method

	Data base
	Classified laser points
	Non-classified laser points

	Strengths
	Fully automated
	Fully automated

	Weaknesses
	Limited results in areas with complex rail geometries (rail switches)
	Limited results in areas with 
complex rail geometries (railroad stations, rail switches)

	Classification accuracy
	Height: aprox. ±10 cm
Position: aprox. ±10 cm 
(depends on the classification 
result)
	Height: ±10 cm
Position: ±10 cm


5
Conclusion and Outlook

LiDAR data of railway networks and associated infrastructure can be acquired advantageous area-wide without interference of the rail traffic. The value of these data is utilisable only by means of an IT-based and considerable automated processing.

The results show that it is possible to extract railroad infrastructure objects automatically with a high geometrical accuracy from extremely dense LiDAR data without using aerial imagery. The accuracy of the results using both introduced methods is comparable. The procedure demonstrates a profitable way to acquire relevant railway infrastructure data automatically and therefore can help to save costs. Thus, this method is suitable to provide up-to-date information about the railroad infrastructure as a basis for an infrastructure database.

Further work will focus on the advanced implementation of the methods especially to handle areas with complex rail geometries and to extend them concerning the extraction of additional objects as well as performance optimisation. Since railway geometries and construction standards are similar worldwide the methods are transferable to a large extend.

Beside the demonstrated possibilities of object extraction other beneficial applications of these data arise for railway operators: Detailed digital terrain and surface models, 3D simulations for the emergency management and planning bases for all technical departments.
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