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Abstract 

The quality of remotely sensed data in regards of accuracy and resolution has considerably 

improved in recent years. Very small objects are detectable by means of imaging and laser 

scanning, yet there are only few studies to use such data for large scale corridor mapping of 

railroad infrastructure.  

An approach is presented that integrates extremely high resolution ortho-imagery and dense 
airborne laser scanning point clouds. These data sets are used to reconstruct railroad track 
centre lines and nearby infrastructure objects. A feature level data fusion is carried out in 
order to combine the advantages of both data sets and to achieve a maximum of accuracy 
and completeness. 

Further railroad infrastructure objects like masts and mounted catenary wires, railway 
signals, platform edges, and noise protection walls can be subsequently extracted from the 
LiDAR data using various knowledge-based approaches. 

In the present paper an approach to extract catenary wire masts is exemplarily presented. 

The developed workflow consists of two successive steps. First, construction elements of the 

masts over the tracks are extracted. Second, based on the positions of these elements, the 

anchoring points of catenary wire masts are derived. The workflow was tested on a railroad 

section of the Austrian Federal Railways and was found to produce very accurate results in a 

reliable and automated manner. 

 

Key words: 

Corridor mapping, LiDAR, laser mapping, railroad infrastructure, catenary wire masts, object 

extraction 



 

Introduction 

The public transportation sector operates a large infrastructure with a multitude of object 

types and object numbers. The geographic positioning of such infrastructure objects is an 

important step to make this information overall accessible. Such railroad infrastructure 

information systems are used for planning, maintenance or support in case of an accident. 

Railroad infrastructure is typically dispersed in narrow corridors. Such areas exhibit special 

challenges for data generation and monitoring. Until now information on railway infrastructure 

objects where mostly gathered through terrestrial survey. Methods to derive this data by 

other means are sought after. 

Remote sensing is a cost efficient method to collect data of large corridor areas. Laser 

scanner data is nowadays used to monitor power lines (Melzer and Briese, 2004), roads 

(Rieger et al., 1999) and dikes (Krüger and Meinel, 2008). In recent work point clouds have 

been successfully used to investigate railroad track corridors (Neubert, 2006; Beger et al., 

2011). Railroad infrastructure objects are numerous. Most of them are constructed in relation 

to the railroad track centre line. This feature is a linear infrastructure object that resembles 

the position of tracks. The object class of catenary wire masts is an example for objects that 

are represented as points. These masts are of interest for different continuative 

considerations, e.g. the fastening of catenary wire and the fixing of mileage plates. 

In this paper we give an overview of our developed workflows for fully automated extraction 

of geographic positions of different railroad infrastructure objects. Railroad track centre lines 

form an important part for the extraction of all other object classes. The object class of 

catenary wire masts is exemplarily selected to give a deeper insight into the course of action 

during the extraction. 

Data and Methods 

With the airborne laser scanners and digital photogrammetric camera systems that are 

available today it is possible to capture survey data of large project areas. With the 

improvements in sensor technology the overall resolution and precision of such data was 

improved considerably. The effect of this was that it became possible to record small objects 

such as railroad tracks and wires. Such data reflects infrastructure objects, such as railway 

tracks and signals with a high degree of precision. However, these objects have to be 

explicitly separated from other objects by means of generally usable and transferable 

methods. The automatic recognition and extraction of objects cannot be achieved in a single 

working step and so various methods were developed accordingly. 

The first step is the automated extraction of the railroad track centre line. This linear object is 

of great importance since it provides a reference for the construction of other infrastructure 

objects. To extract these centre lines data fusion of ortho imagery and laser point clouds 

were performed as described in Beger et al. (2011). First, object based image analysis is 

performed to extract areas of potential rails. The masks are used to spatially select matching 

points from the large laser data sets. By considering the height information of the selected 

points those remain that resemble rails. However, this selection still contains artefact points. 

They are removed through the process of line generation. The method incorporates an 

extended Random Sample Consensus (RANSAC) algorithm. This is an iterative method to 



estimate parameters from a set of observed data which contains outliers. The algorithm is 

adapted to the specific properties of railway tracks and computes a series of lines 

representing the centre lines of the tracks.  

All subsequent extraction methods depend heavily on the correct position of the centre line. 

As an example catenary wire masts are described in the following more detailed. 

Catenary Wire Mast Extraction 

Catenary wire masts consist of a mast that is anchored to the surface within a certain 

distance from the railroad track centre line. In the present article technical terms will be used 

as shown in Fig. 1.  

 

Fig. 1: Typical catenary wire mast with components at the railroad line Kufstein-Innsbruck (Courtesy of 
ÖBB). 

The input data for our analysis is airborne laser scanner point clouds and the extracted 

railroad track centre line. In the used laser scanner point cloud a mast is represented by 

approximately 150 to 200 laser points depending on the material and the type of 

construction. The catenary wire system consists of different wires. One of them is the 

contract wire that is mounted to the support tubes of the mast. To extract the position of the 

catenary wire mast two steps have to be performed. First, the locations of support tubes are 

extracted. Second, the mast positions are identified (Fig. 2). 

Current return wire 

Catenary Wire 

Cantilever Construction 

Contact Wire 

Support Tubes 

Catenary Wire Mast 



  

Fig. 2: Flowchart of the stepwise approach to extract catenary wire masts. 

In the first step laser points that are spatially and attributively selected to find points that 

resemble support tubes. Interfering laser points that originate from tensioning wires are 

removed. This is done by calculating Euclidean distance maps and generating polygon 

objects from the selected laser points. The ratio of the range of the distances and the area of 

these objects can be used to distinguish orthogonal and near-parallel objects. Based on the 

selected associated objects lines are generated that are orthogonal to the centre line. They 

represent the positions of support tubes (Fig. 3a). 

The second extraction step identifies the actual mast positions by selecting points in the 

direct vicinity of the generated lines (Fig. 3a). Based on a raster point density and a zonal 

statistic on the range of height on these points are performed in a successive step. Finally 

both reclassified raster datasets are intersected. Zones where both analyses deliver positive 

outcomes are considered to be potential masts. The mast positions are calculated as the 

geometric centre point (Fig. 3b). 

 
a) 

 
b) 

Fig. 3: Extraction of catenary wire mast positions. a) Selection of laser points (purple) in the vicinity of 
constructed support tube positions; b) detected mast position (green circle). 



Results 

We tested our developed approach on a section of the Kufstein-Brenner railway line of the 

Austrian Federal Railways. The length of this section is about 7.5 km. A helicopter equipped 

with a Riegl LMS-Q560 laser scanner, a Rollei AIC modular LS (H25) photogrammetric 

camera and an IMAR INAV_FJR-001 inertial measuring system collected the laser point data 

together with ortho-images. The average point cloud density is approximately 60 to 90 points 

per square meter. An absolute positional accuracy of 15 cm was achieved; the accuracy of 

the height is 10 cm (GEOSERVICE GmbH, 2008). 

We calculated the following rates for our accuracy assessment. 

  (1) 

  (2) 

Our approach performed the calculation task fully automated. The overall outcome of the 

process is presented in Table 1. 

Table 1: Results for the fully automated support tube and catenary wire mast detection in the Silltal region 

Total number Support Tubes Catenary Wire Masts 

Existing objects  452 345 
Extracted objects 464 346 

   
True positive 434 329 

False negative 18 16 
False positive 30 17 

   

Rates (in percent)   

Recall rate 96.02 % 95.36 % 
Precision rate 93.53 % 95.09 % 

Discussion and Conclusion 

The results indicate very high rates of both recall and precision. Over 95 % of catenary wire 

masts were extracted. This shows the efficiency of our developed workflow. However, the 

exact geodetic position cannot be extracted. There are several aspects that limit the 

positional accuracy of the outcomes. The size of the footprint with 8 cm is relatively large. 

The density of the point cloud allows only for a restricted size of raster cells to generate 

meaningful and interpretable datasets. 

We have developed efficient workflows to extract railroad infrastructure objects. We were 

able to reconstruct the most important reference for infrastructure objects along a railway 

line. Exemplarily we showed how catenary wire masts can be extracted in a stepwise 

approach. We proclaim that airborne laser scanning point clouds provide an excellent basis 

for overall analysis of railroad corridors. In future work we will analyse the possibility to 

extract further objects. This includes signals, platforms, contact wires and noise protection 

walls. 
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