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1. Executive Summary 
 

In order to 'improve vehicle, human and big animal detection on tracks, and specifically on 

safety-critical sectors of infrastructure, such as level crossings, bridges and tunnels', a new 

system involving multiple sensors is proposed by University of Zagreb, in cooperation with HZ 

Infrastructure. The system that will be mounted on a train, consists of high-resolution cameras 

which are used for acquisition of series of 2D images.  

 

Image processing is a well-known technique in many spheres of engineering however, its 

application in railway safety applications still poses many significant challenges. In this report a 

step forward is made by implementing a new, innovative, virtual instrument-based tool 

supported by a neural network pattern recognition toolbox with custom made architecture to 

form an algorithm for efficient obstacle tracking. In order to calibrate this train-mounted 

dynamic system of image acquisition, high resolution fixed cameras are located also on the side 

of the tracks and used in static conditions to obtain a large calibration database. To enhance the 

system by overcoming disadvantages of image processing method, which include different 

confounding factors of obstacles, other sensors will be mounted on the train.  

 

Long-range LIDAR scanners (up to 500m) with scan speed up to 200 scans per second, which 

obtain data in form of point clouds, will be used in concert with near distance and far distance 

radar. By using different antennas which transmit radar waves over different frequency ranges, 

radar measurements provide detection of objects as well as measurement of their position and 

relative velocity. With different detection ranges, from near distance (starting from just 0.5m) to 

far distance (up to 250 m) measurements, the system covers large area with different data 

resolution. The methodology will be tested on a section of the case study region in WP4. 
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2. Abbreviations and acronyms  
 

 

Abbreviation / Acronyms Description 

ATO Automatic Train Operation 

CCA Cross cutting area 

GIS Geographic Information System 

I2M Integrated Mobility Management 

LiDAR  Light Detection and Ranging 

TD Technical Demonstrator 
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- LIDAR scanners complemented with radar systems operating at a range of frequencies to 

detect obstructions tested on the Croatian Rail network. 

- Drones in combination with train mounted high resolution cameras. 

6. Overview of methods for obstruction detection on tracks 

6.1. Introduction 

The main focus for obstacle detection applications was on level crossings, where the majority of 

accidents occur, in order to prevent a train colliding with an object such as a vehicle stuck on the 

crossing. Increasing safety consciousness, however, has prompted railway companies to install 

more advanced systems than those that have been used conventionally. Nevertheless, the 

number of incidents on the open track is increasing, as well as the developments for 

autonomous train implementations. The need for a multiple-sensor approach developed from 

the fact that every single-sensor system has certain disadvantages which limits its capability. This 

is of importance since high demands are made on the measurement range, precision and 

response time. In the next chapters an overview of existing technologies is given, followed with 

the innovative solution applied on the test site.  

6.2. Radar System 

Level crossings which are monitored and operated by obstacle detection technology are now 

well established and in use on rail networks throughout the world. An automatic radar-based 

system for railway safety is usually used to detect obstacles on the track at level crossings. It uses 

short range high resolution radar to detect objects that enter the area before or while the gates 

are closing and provides a warning to approaching trains via the existing signalling system.  

The 3-D laser radar technology developed by Yutaka et al. (2008) results in a sensing system 

capable of recognizing 3-D objects by applying laser radar technology. Table 1 shows the main 

specifications of this system, and Fig. 2 shows the principles of measurement of this 3-D laser 

radar. 
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Table 1 Specifications of 3-D laser radar level crossing obstacle detection system (Yutaka et al. 

2008) 

Item Unit Specification 

Detection 

object 
Dimensions m Obstacle whose dimensions are 1.0 (W) x 1.0 (H) x 1.0 (D) or larger 

Detection range 

Horizontal angle of 

view 
Degree 60 

Vertical angle of view Degree 30 

Distance m 5 to 30 

Detection time s 0.5 or less 

Accuracy of position detection m ± 0.1 

Laser radar 

head 

Dimensions  mm 570 (W) x 336 (H) x 300 (D) 

Weight kg 17 

Controller 
Dimensions mm 500 (W) x 350 (H) x 350 (D) 

Weight kg 24 

 

 

Figure 2: Object detection method for level crossings with 3-D laser radar obstacle detection 

system (Yutaka et al. 2008) 

For long distance detection of obstacles a multiple frequency radar system can be applied. The 

stepped multiple frequency radar system continuously sends out wideband radio waves, and 

analyses their reflections when they're bounced back from a foreign object. Only the most 

prominent features of the object's reflected signal are processed, and then compared to a 

database of known objects.  

 

In the field of obstacle detection, this technique employs a machine learning approach, to allow 
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a laser and a rotating mirror or housing to rapidly scan and make image volumes of surficial 

areas such as: rock slopes and outcrops, buildings, bridges and other natural and man-made 

objects in different fields. 

 

It is based on knowledge of the speed of light and a narrow coherent laser impulse that the 

device emits into space, some at up to 150,000 pulses per second. The impulse reflects from the 

structure at the speed of light, and returns to the receiver component of the device. The device 

measures the time interval the impulse needs to pass from sensor to obstacle and back. The 

distance is calculated from time measurements. By repeating this in quick succession the 

instrument builds up a complex 'map' of the surface it is measuring. Result of the measurement 

is a 3D point cloud with 3D coordinates of all points. 

 

This system is able to generate dense point clouds as shown in Figure 4, allowing the detection 

of small obstacles. Through a machine learning training phase, this system learned a background 

model of the space from a set of point clouds. Then the obstacle was compared online with the 

background model and identified as the occupied area. The obstacles of unknown classes cannot 

be detected. 

 

LiDAR scanners have similar advantages and disadvantages as radar systems. Another 

disadvantages of this technology is that it is relatively expensive and it is mathematically very 

demanding and time consuming. 

 

 

Figure 4: LiDAR image 
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6.4. High resolution cameras and photogrammetry 

Photogrammetry is the science of making measurements from photographs. The input to 

photogrammetry is photographs, and the output is typically a map, a drawing, a measurement, 

or a 3D model of some real-world object or scene. 

 

In Figure 5 the longitudinal and side overlapping when applying photogrammetry are shown. 

Main principles of photogrammetry are following: 

- 80% of longitudinal overlap 

- 70% of side overlap 

- Find matching points in photos 

- Triangulate to create coloured points 

- Automated meshing 

- Texture applied from photos. 

 

Figure 5: Principle of photogrammetry 

6.5. High resolution cameras and image processing 

6.5.1. Introduction 

Image processing is any form of signal processing for which the input is an image, such as a 

photograph or video frame, the output of image processing may be either an image or a set of 

characteristics or parameters related to an image. It is a method including certain operations on 

an image in order to get an enhanced image or an image differentiated for a certain purpose or 

to extract some useful information from it. Modern digital technology manipulates 

multidimensional signals with systems that range from simple digital circuits to advanced parallel 
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6.5.2. Components of digital processing system 

 

Figure 6: Components of a digital image processing system 

Digital processing systems can in general be divided into four basic components: acquisition 

equipment, processing equipment, display and hardcopy/storage, Figure 6. The function of each 

component is discussed in the following paragraphs, starting with acquisition devices for image 

sensing. Two elements are required to produce a digital image, physical device that is sensitive 

to the energy radiated by the object and a digitizer for converting the output of the physical 

device into a digital form. For instance, in a digital video camera, the sensors produce an 

electrical output proportional to light intensity. The digitizer converts these outputs to digital 

data.  

 

The computer in an image processing system is a general-purpose computer and can range from 

a PC to a supercomputer. In dedicated applications, sometimes specially designed computers are 

used to achieve a required level of performance. Typically software consists of a number of 

modules that can perform certain specialized tasks. For example, MATLAB is widely used due to 

the fact that it contains toolboxes for certain purposes as well as image processing toolbox.  

 

Digital storage devices can be divided in three categories (1) short-term storage (2) on-line 

storage for relatively fast recall, (3) archival storage, characterized by infrequent access. 

Magnetic or optical discs are used for mass storage in image processing application. 






















































