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1 Introduction 

According to European statistics, accidents in level crossings only sum up to 1.2% of deaths on the 
road, but they condition 29% of all deaths in the railway sector. 

 

 

 

Level crossings are complex infrastructures where the train must share space with other non-railway 
elements, which involves the occurrence of several problems derived from such interaction. 

Usually level crossings are protected using automatic systems, fixed signals, acoustic and light signals 
and barriers, but none of these elements can avoid certain type of accidents. 

One of the most dangerous situation in a level crossing occurs when a vehicle stops over the railway 
at the moment of train arrival. Traditional level crossing protection systems are not able to detect that 
kind of situations, despite there is time to alert the train. 

To solve this problem, some decades ago an obstacle detector for railways based on magnetic field 
detection was developed. It was created to detect a by a big mass of metal moving across the LC. 

This technology has been used by some Railway Infrastructure Managers but it didn’t have a great 
success mainly because it has three problems: very invasive installation, difficult and expensive to 
maintain and not very reliable. 

Nowadays, there are several groups worldwide working in different approaches to solve this problem. 
The technologies that are being used are mainly three: LIDAR, RADAR and VCA (Video Content 
Analisys). 

In this context, BEGIRALE developed in 2014 a first version of an Obstacle Detector based on VCA that 
was proven to be reliable and effective. By mid 2018, the third version of the systems is installed and 
working in several level crossings of different countries. 
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2 General description 

begiCROSSING is a system based on computer vision and computer intelligence technologies for 
detection of security events at level crossings caused by obstructions in the transit area or by a failure 
of any of the level crossing’s protection elements. 

 

 

The software is installed in a processing unit connected to a video camera; both, the camera and the 
processing unit, are situated in the level crossing area. It works in real time, using as input the video 
stream from the camera pointing to the level crossing, and generating immediate information 
regarding incidents. 

begiCROSSING can communicate risk situations both to the level crossing protection system and/or 
signaling system, so the train will be alerted, and also to the railway traffic control center. 
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2.1 Functionalities 

2.1.1 Obstacle Detection 

begiCROSSING’s main function is to detect obstacles on the crossing area of the level crossing (the so-

called risk zone). For that reason, begiCROSSING classifies every situation on the risk zone in one of 

these 4 groups: 

- Large object: big enough to compromise the security of the train. Mainly motor vehicles. 

- Medium size objects that don’t represent a risk to the train: People, animals, bicycles, scooters … 

- Free or with small objects 

- Train 

The definition of obstacle depends on the policy and the security protocols of the railway 

infrastructure manager. Generally, only the large objects are considered obstacles, but the system can 

be configured to include into that group also the medium size objects. 

2.1.2 Barrier Detection 

In the case of level crossings secured with barriers, begiCROSSING can detect the state of those 

protection elements. This information can be very useful to detect anomalies or malfunctions of the 

level crossing. 

Since begiCROSSING normally uses only one camera which is placed in a particular position, the system 

controls the barriers of just one side of the LC. Therefore, the events related with “not visible” barriers 

will not be detected. 
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2.1.3 Events identification 

Based on the Obstacle Detection and Barrier Detection capabilities, begiCROSSING can identify the 

following events:  

EVENT TRIGGERS 

Obstacle and closed level crossing Closed level crossing (Barriers down) 
Obstacle on the crossing area 

Obstacle and open level crossing – short Obstacle stopped  
Open Level Crossing (Barriers up) 

Time to be defined (e.g. 60 seconds) 

Obstacle and open level crossing – long Obstacle stopped  
Open Level Crossing 

Time to be defined (e.g. 2 minutes) 

Damaged barrier  Different state of the two barriers 
Time to be defined (e.g. 25 seconds) 

Sequence error Open level crossing – closed level 
crossing – open level crossing and no 

train detected 

Barriers not working Barriers up and train detected 

 

2.1.4 Video recording of infractions 

begiCROSSING system is prepared to support another video camera with recording purposes. This can 

be very useful for the identification of vehicles that damage the level crossing or create dangerous 

situations. A proper position and adjustment of this camera will allow a later identification of the 

license plate of the offender. 
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2.2 Logic architecture and components 

begiCROSSING includes two main conceptual block modules. The first one contains the Processing 

Unit, where the functions and operations relative to the capture and analysis of the video are 

implemented, as well as the connection to the signaling or the level crossing protection system. The 

second block module contains the database and management and supervision modules, where the 

information and alarms are received, stored and distributed. 

 

 

 

 Streaming manager. It receives the camera signal, supporting both analogical and digital systems, 
and normalizes it before delivering it to the computer vision algorithms. 

 Processing Unit. This module is responsible of the real-time execution of the algorithms to detect 
anomalous events from the captured video streaming. Typically, this module requires two additional 
ones: 

o Scene calibration, calibrating intrinsic and extrinsic parameters of the camera and removing 
the distortions inserted by the lens.  

o Training and learning classifiers for the statistical modeling of the events to detect. 

 Obstacle Detector. It delivers to the signaling system the status of the level crossing regarding 
obstacles (Free/Obstacle). 

 Communication manager. It performs the communication between the Field Elements and the Back 
Office. Fiber, cable or wireless communications are supported. 

 System database. It is the core of the back office elements and interacts with the rest of the modules.  
Among the main tasks performed are the following: 

o It receives and stores the information sent by the processing unit and makes it accessible by 
the back office modules. 
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o It receives and stores the information provided through the administration module and 
sends and applies it to the processing units. 

o It stores all the information of the system including: users, lines, level crossings (network 
information, configuration parameters, alarm parameters, system availability, alarms 
occurred) . 

 
 

 Monitoring. It receives alarms and events, manages, classifies and sends them to different outputs. 
It works in real time and updates every changes in the state of the events and alarms. Additionally it 
also receives the status of hardware and software resources that require monitoring. 

 Administration. It allows to add, delete or modify locations, cameras, lines, regions, events, users. 
Through the REST services, parameters of the video analysis system can be modified, such as alarm 
activation times. 

 Integration. It allows to send and receive information to/from other systems. 

 

2.3 Physical Architecture and field elements 

The following figure describes the architecture of a typical installation of begiCROSSING. 

 

Every Level Crossing is equipped with a camera connected to a processing unit. This unit is connected 

both to the signaling system/level crossing protection system and to a virtual private network (VPN). 

The VPN enables communication between the system in each level crossing and begiCROSSING server, 
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which contains the database of the system and allows access for monitoring and/or administration 

purposes from the control centre and/or any other location connected to the network.  

2.3.1 Standalone installation 

In the case of locations where external communication in unavailable, begiCROSSING can be installed 

in standalone mode. In that situation, the system works just as a conventional Obstacle Detector and 

the processing unit only communicates with the signaling/level crossing protection system. 

 

 

2.3.2 Field elements 

The main elements of an installation of begiCROSSING are shown in the next figure: 
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Video camera 1: Camera for analysis 

The video streaming of this camera is used for analysis of the risk zone and the barriers. Usually the 
camera is situated approximately at a height of 3 meters and 5 meters away from the road. Basic 
characteristics of this equipment are: 

Focal-lenght From 2,8mm to 8mm (standard) 

Resolution 1280x1024 pixels 

WDR Yes 

FPS 20 

Certification IP66 case 

Video Streaming H.264, MJPEG 

Other 
Infrared light. Depending on the operation conditions of the level 
crossing and the lighting conditions of the location. 

 

 

Processing Unit 

Industrial PC running the application begiCROSSING. Minimum requirements are: 

Processor Intel Core i5 

Operating System  Microsoft Windows 7 64bit 

RAM 8GB 

Hard Disk Space  200GB SSD 

Special Characteristics 

Wide temperature range 
Anti-shock 
Fanless 
Digital I/O port 

 

 

Switch 

Computer networking device that allows connection between the different field elements.  

Characteristics 

4 x LAN (Ethernet), 1 x WAN (ADSL) 
Wide temperature range 
Anti-shock 
Fanless 
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Interface with signaling 

Provides two different signals through the Processing Unit’s Digital I/O port: System availability and 
Free/Obstacle signal.  

Characteristics 
This interface varies depending on the signaling technology. 
Normally the interface is based on Relays or PLC but it supports 
any other protocol. 

 

 

Router 

It allows bidirectional communication between the Back Office modules and the Processing Unit and 

Video Cameras. 

Connectivity 

2 x LAN (Ethernet), 1 x WAN (ADSL) 
3G/4G (Sim Port) 
WIFI 802.11b/g/n 

VPN client 
NAT 

Characteristics 
Wide temperature range 
Anti-shock 
Fanless 

 

 

Videocamera 2: Camera for infractions 

The video streaming of this camera is used for identifying vehicles that make infractions. Usually the 

camera is situated in one of the poles of the level crossing warning lights. Basic characteristics of this 

equipment are: 

Focal-lenght From 2,8mm to 8mm (standard) 

Resolution 1280x1024 pixels 

WDR Yes 

FPS 20 

Certification IP66 case 

Video Streaming H.264, MJPEG 

Other 
Infrared light. Depending on the operation conditions of the level 
crossing and the lighting conditions of the location. 
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3 Success Case: begiCROSSING at ETS 

First installation of begiCROSSING was tested in January 2015 in the Basque Railway Infrastructure 

Manager, ETS. Since then, begiCROSSING systems have been installed in different level crossings of 

different railway infrastructure manager entities.  

ETS manages an extensive rail network with more than 100 level crossings, 50 of them automated. The 

system is being deployed on the basis of the level of risk associated with each Level Crossing and the 

annual budget available. The level crossings are classified according to their potential dangerousness 

based on AxT factor (the number of vehicles multiplied by the number of trains that cross the Level 

Crossing) and other data, such as location (urban area), speed, route, number of tracks, visibility, and 

the number of incidents that have occurred at them. 

 

The next figure shows a screenshot of the begiCROSSING management application with a synoptic 

view of the level crossings where the system has been installed, classified by railway line: 

 

 
 

The details of each implemented level crossing, including the risk areas defined, are shown in the 

following pictures: 
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AMOREBIETA ROAD TO LEMOA 

Line: Amorebieta – Bermeo  KP: 0/485  Type: C (4 barriers) 

 
 

 

 

AGUINAGA 

Line: Bilbao – Donostia  KP: 96/971  Type: C (2 Barriers) 
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AMOREBIETA ROAD N634 

Line: Amorebieta – Bermeo  KP: 0/806  Type: C (4 barriers) 

 
 

 

 

ASUA 

Line: Lutxana – Lezama  KP: 2/507  Type: C (4 barriers) 
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BERRIZ 

Line: Bilbao – Donostia  KP: 36/725  Type: C (4 barriers) 

 
 

 

 

GERNIKA CRUZ ROJA 

Line: Amorebieta – Bermeo  KP: 13/881  Type: C (2 barriers) 
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ERRENTERIA 

Line: Donostia – Hendaia   KP: 9/150  Type: C (2 barriers) 

 
 

 

 

GALTZARAPE 

Line: Amorebieta – Bermeo  KP: 11/728  Type: C (2 barriers) 
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GERNIKA ROAD TO MARKINA 

Line: Amorebieta – Bermeo  KP: 14/833  Type: C (4 barriers) 

 
 

 

 

HENDAIA 

Line: Donostia – Hendaia   KP: 21/127  Type: C (4 barriers) 
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URBI 

Line: Bilbao – Donostia  KP: 6/250  Type: C (4 barriers) 

 
 

 

 

GERNIKA VEGA STREET 

Line: Amorebieta – Bermeo  KP: 14/370  Type: C (2 barriers) 
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The following picture shows begiCROSSING management application in the Operation Centre of ETS; 

the alarms are received at that center and the operators handle the situations according to the defined 

protocol using the information provided by the system and the live video of the Level Crossing. 

Afterwards, the supervisor can access to the registered alarms and recorded videos for analysis. 

 

 

The following table has been extracted from the Action Protocol of ETS in in case an alarm event is 

fired. 

TYPE OF ALARM ACTION PLANNED 

M
A

J
O

R
 Obstacle on the track and level 

crossing closed 

Warn the driver of the train concerned to 

stop at the level crossing 

Obstacle on the track and level 

crossing open 

Check whether it is still on the tracks 5 

min. before the train passes 

M
IN

O
R

 

Fault affecting the barrier Notify maintenance 

Sequence error Notify maintenance 
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3.1 Results Analysis 

In order to extract conclusions about the performance and reliability of begiCROSSING, an extensive 

analysis was made by ETS during 9 months. The main conclusions extracted from this deep analysis 

are the following: 

 

 

 

 

 

 

 

    

  SAFETY CONCLUSIONS   MAINTENANCE CONCLUSIONS 

 

 

 

 

REGISTERED DATA 

 Registered period: May 2017-August 2018 (485 days) 

 165,000 trains have crossed Level Crossings in this period 

 1,047 incidents/alarms detected 
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The following pictures show some of the situations detected by the system during the analyzed 

period: 
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