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1 Executive Summary 

This document is focused on functional architecture and interfaces specifications for on-board train 

integrity, as output from Task 4.3, and candidate technologies selection, as output from Task 4.4. Also 

train length determination is addressed as output from Task 4.6.  

Section 6 describes OTI functional architecture for passenger and freight scenarios in relation to OTI 

Product Classes defined in D4.1.  

Section 7 addresses interface specification at application level, protocol level and physical level. At 

application level the interface specification is derived from the OTI functional requirements. A detailed 

description is provided for each proposed input/output in relation with target scenario and OTI 

functionality specified in D4.1. At protocol stack level four alternative solutions have been evaluate. An 

high level analysis have been considered about applicability of communication solutions defined in 

Adaptable Communication Services and FRMCS for OTI context in freight applications. Communication 

over new generation TCMS has been explored in relation to passenger scenarios. Solutions from 

DEWI/SCOTT projects are considered in relation to freight context. Finally the applicability of euro-radio 

protocol is evaluated. At physical level different alternatives are considered both about peer-to-peer 

communication or network oriented solutions.  

Section 8 focuses on ETCS backward compatibility scenario ensuring full compliancy to CR940 with a 

unidirectional communication between OTI and ETCS limited to train integrity status consisting in three 

possible values: unknown, confirmed or lost.  

Section 9 includes an analysis of candidate technologies as output of Task 4.4. A qualitative comparison 

analysis among defined OTI product classes is reported in relation to overall life cycle including 

installation impart and maintenance implications. Wireless technologies are evaluated and possible 

options for applicability to OTI context are provide. Finally general guidelines for energy harvesting 

application to freight application domain are provided. 

Section 10 contains the conclusions for overall topics specified and analysed. 

Appendix A includes OTI contribution to system level analysis. 

Appendix B includes an example for Virtual Coupling Applicative Messages in relation to assumption 

reported in D4.1. 

Appendix C refers to redundancy for OTI DEVICES. 

Appendix D includes the results of communication analysis respect to EN50159. 

Appendix E reports the traceability matrix between the requirements specified in D4.1 (Ref. [1]) and 

requirement specified in this document D4.2. 
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IMU Inertial Measurement Unit 

ISO International Standards Organization 

IP Internet Protocol 

IPs Innovation Programmes 

IPsec Internet Protocol Security 

MQTT Message Queuing Telemetry Transport 

MVB Multifunction Vehicle Bus 

OBU On-board Unit 

OCN On-board Communication Network 

OCP  On-board Communication Protocol 

OTI On-board Train Integrity 

OTI-I Module for on-board train integrity monitoring 

OTI-L Module for on-board train length determination 

OTI-M On-board Train Integrity Master Device 

OTI-S On-board Train Integrity Slave Device 

PDU Protocol Data Unit 

QoS Quality of Service 

RBC Radio Block Centre 

RCS Radio Communication System 

RFID Radio Frequency Identification 

RSSI Received Signal Strength Indicator 

SFM Safe Functional Module 

SoM Start of Mission 

TCMS Train control and monitoring system 

TCP Transmission Control Protocol 

TDs Technical Demonstrators 

TMS Traffic Management System 

TIU Train Interface Unit 

UDP User Datagram Protocol 

WMC Wayside Maintenance Center 

WSN Wireless Sensor Network 
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4 Background 

The present document constitutes Deliverable D4.2 ñFunctional architecture & Interfaces specifications 

& Candidate technologies selectionò in the framework of the Project titled ñEnhancing railway signalling 

systems based on train satellite positioning, on-board safe train integrity, formal methods approach and 

standard interfaces, enhancing traffic management system functionsò (Project Acronym: X2Rail-2; Grant 

Agreement No 777465).   
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5 Objective 

This document contains description of: 

¶ Functional Architecture Specification for On-Board Train Integrity based on the  application 

scenarios (e.g. Passenger and Freight) defined in D4.1 [1] 

¶ OTI Interface specification, including  ETCS - OTI interface based on functional requirements 

defined in D4.1 [1]; 

¶ Candidate Technologies selection 

Scope of Work for X2Rail-2 WP4 is to define requirements for On-Board Train Integrity and train length 

determination functionalities.  

ETCS rules to manage train integrity information inside Position Report messages and RBC rules to 

manage the received train integrity information is out of the scope of WP4. 

In general the operational rules, as example managing emergency situations in case of loss of integrity, 

are out of the scope of WP4. 
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6 Functional Architecture Specification 

This section contains the functional architecture specification based on the functional requirement and 

application scenarios defined in the D4.1 [1] (i.e. passenger scenarios and freight scenarios). 

Functional architecture described in the following takes into account the most relevant differences 

among OTI product classes defined D4.1 [1]. As example ñwiredò or ñwirelessò is remarked in the 

considered on-board communication networks for classes 1 and 2. Presence of ETCS at both train 

cabins is considered for class 1. Specific implementation choices for definition of physical architecture 

are part of product specification in D4.4 [45]. 

 

6.1 Functional Architecture for OTI Product Class 1 

This section depicts examples referred to OTI Product Class 1 with train integrity criterion consisting in 

liveliness of the communication between OTI Master and OTI Slave. 

An example for functional architecture in passenger scenario application is depicted in Figure 6-1. Main 

features for this configuration consist in: 

¶ fixed train composition; 

¶ ETCS equipment available in front cabin and at train tail (e.g. high speed trains); 

¶ OTI Master and OTI Slave modules implemented as external devices, located respectively in 

front cabin and at train tail and connected to the ETCS equipment. 

¶ wired on-board communication network for communication between OTI Master in front cabin 

and OTI Slave at train tail; 

Configuration/Maintenance Operator depicted in Figure 6-1 refers to diagnosis, configuration and 

maintenance functionalities (see D4.1 section 6.2.4.11). 
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Figure 6-1: Functional Architecture for Passenger Scenario 

Another example for functional architecture in passenger scenario application is depicted in Figure 6-2, 

referring to central ETCS (e.g. urban/sub-urban). Main features for this configuration consist in: 

¶ fixed train composition; 

¶ one central ETCS equipment to manage front cabin and train tail; 

¶ OTI Master and OTI Slave modules implemented as external devices, located respectively in 

front cabin and at train tail and connected to ETCS equipment. Note that OTI role (Master or 

Slave) depends on active cabin. 

¶ wired on-board communication network for communication between OTI Master in front cabin 

and OTI Slave at train tail. 

Configurator/Maintenance Operator interfaced with OTI devices is also depicted in Figure 6-2. 
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Figure 6-2: Functional Architecture for Passenger Scenario in Central ETCS configuration 

An alternative example includes peer-to-peer connection between ETCS and OTI-M and between ETCS 

and OTI-S that can change their role depending on active cabin. 

Another example for functional architecture in passenger scenario application is depicted in Figure 6-3. 

Main features for this configuration consist in: 

¶ fixed train composition; 

¶ ETCS equipment available only in front cabin;  

¶ OTI Master and OTI Slave modules implemented as external devices, located respectively in 

front cabin and at train tail. Only OTI  Master is connected to ETCS equipment; 

¶ wired on-board communication network for communication between OTI Master in front cabin 

and OTI Slave at train tail; 

Configurator/Maintenance Operator interfaced with OTI devices is also depicted in Figure 6-3. 
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Figure 6-3: Functional Architecture for Passenger Scenario with ETCS only in front cabin 

Another example for functional architecture in passenger scenario application is depicted in Figure 6-4 

referring to high-speed applications with OTI functionality hosted inside ETCS platform, independent 

from ETCS core. Main features for this configuration consist in: 

¶ fixed train composition; 

¶ ETCS equipment available in front cabin and at train tail (e.g. high speed trains); 

¶ OTI Master and OTI Slave modules implemented as SW module hosted inside ETCS platform. 

¶ wired on-board communication network for communication between OTI Master in front cabin 

and OTI Slave at train tail. 

Note that even though OTI functional module is physically hosted in the ETCS platform, it is 

independent and external respect to ETCS core. 
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Figure 6-4: Functional Architecture for Passenger Scenario with OTI hosted in ETCS platform 

Another example for functional architecture in passenger scenario application is depicted in Figure 6-5 

referring to passenger applications with OTI Master functionality hosted inside ETCS platform, 

independent from ETCS core, and OTI Slave as external device located at train tail. Main features for 

this configuration consist in: 

¶ fixed or variable train composition; 

¶ ETCS equipment available only in front cabin; 

¶ OTI Master functionality implemented as SW module hosted inside ETCS platform;  

¶ OTI Slave device implemented as external device located at train tail; 

¶ wired on-board communication network for communication between OTI Master in front cabin 

and OTI Slave at train tail; 

Note that even though OTI functional module is physically hosted in the ETCS platform, it is independent 

and external respect to ETCS core. 

Note that in new generation trains the intentional coupling/uncoupling events provided by the rolling 

stock is equivalent for OTI-M to START command that triggers OTI system reconfiguration for a new 

train composition. This event avoid further driver involvement to generate manually the START 

command after completing a new train composition. In this case the functional architecture block 

diagram includes also interface between OTI and rolling stock. 
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Figure 6-5: Functional Architecture for Passenger Scenario with OTI-M hosted in ETCS platform 

 

6.2 Functional Architecture for Product Class 2 

This section depicts examples referred to OTI Product Class 2 with train integrity criterion consisting in 

comparing kinematic data from OTI Slave at train tail and kinematic data from OTI Master at front cabin. 

An example for functional architecture in freight scenarios is depicted in Figure 6-6. Main features for 

this configuration consist in: 

¶ variable train composition; 

¶ only one ETCS equipment available in the front cabin; 

¶ wireless on-board communication network by using the technology available in the market as 

COTS or as output from other TDs or already selected in other TDs or IPs; the verification of the 

suitability of this technology for implementing the OTI functions will be carried out in the context 

of the OTI development; 

¶ OTI Master device implemented as external device, located in front cabin and connected to 

ETCS equipment; 

¶ OTI Slave device present at least at train tail or optionally also in all waggons and connected to 

OTI Master device by means of wireless on-board communication network.  

¶ Kinematic sensors used by OTI Slave at train tail to acquire train tail movement status, provided 

to OTI Master for comparison with front cabin movement. 

Configurator/Maintenance Operator and Wayside Maintenance Centre interfaced with OTI devices are 

also depicted in Figure 6-6. 
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Note that OTI Slave devices are also connected to a TAIL sensor to identify position inside the train. 

This sensor is not optional and is relevant for pairing process between OTI Master and OTI Slave at 

train tail, as described in D4.1 [1]. 

In OTI Product Class 2, the train integrity monitoring criterion consists in verifying train tail kinematic 

data to check that last waggon is regularly advancing in a coherent way respect to the front cabin.  
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Figure 6-6: Functional Architecture for Freight Scenario with OTI Product Class 2 

Note that: 

¶ waggon / cargo diagnostic sensors are not part of the OTI slave device. In general also the 

TAIL sensor is an external sensor, however the possibility to integrate TAIL sensor inside OTI 

is part of product specification phase  

¶ further options for cargo/waggon diagnosis consists in including direct radio link between OTI 

Slave and OTI Master in case of unavailable on-board communication network 

¶ development of radio technology is outside the scope of the TD 2.5 ï On Board Train Integrity. 

Note that freight application domain is also addressed by OTI Product Class 1 with wired 

communication. In this case, Figure 6-6 is based on a wired communication network.  

Note that functional architecture in Figure 6-6 depicts a case with an OTI device for each waggon. 

Another case for consists in OTI Slave device only at train tail.  

As remarked in D4.1 [1], installing an OTI device in each waggon implies a higher investment cost 

respect to the installing only an OTI device at train tail and in front cabin. Therefore to increase the 

interest of the freight operator, also waggon/cargo diagnostic functionalities have been considered in 

connection with a Wayside Maintenance Centre. 
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Note that above considered example addresses old generation freight waggons without any train line. 

In case wired communication is available and ETCS is present in both train cabins, the OTI Product 

Class 1 can be applied to freight applications. 

 

6.3 Functional Architecture for OTI Product Class 3 

On-board configuration Product class 3 is composed of an OTI device in front cabin with Master role 

connected to ETCS and an OTI device in each waggon with Slave role. OTI devices communicate over 

a wireless on-board network. In this case, the train integrity criterion consists in communication liveliness 

and separation detection between adjacent waggons. Network topology discovery techniques are used 

to determine train composition both for train integrity monitoring and train length determination. 

Interaction with trackside is considered to mitigate the risk of errors in train composition determination 

that would results in partial monitoring of train integrity (e.g. OTI fault in an intermediate waggons would 

prevent discovering the subsequent waggons). For this reason the train composition is also acquired by 

trackside and compared with discovered train composition with confirmation procedure that involves 

also the train driver on a dedicated OTI dashboard. 

An example for functional architecture in OTI Product Class 3 is depicted in Figure 6-7Figure 6-6. Main 

features for this configuration consist in: 

¶ variable train composition; 

¶ only one ETCS equipment available in the front cabin; 

¶ wireless on-board communication network;  

¶ OTI Master device implemented as external device, located in front cabin and connected to 

ETCS equipment; 

¶ OTI Slave devices present in all waggons and connected to OTI Master device by means of 

wireless on-board communication network;  

¶ separation sensor for each waggon to detect separation between adjacent waggons. 
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Figure 6-7: Functional Architecture for OTI Product Class 3 

 

6.4 Functional Architecture for ETCS backward compatibility 

ETCS backward compatibility is intended as compliancy to ETCS BL3 R2 specified in [2][3][4]. In this 

case OTI provides to ETCS only train integrity status and train length. Other information needed to OTI 

device are managed independently from ETCS-OTI interface.  

An example for functional architecture suitable for ETCS backward compatibility is depicted in Figure 

6-8. Main features for this configuration consist in: 

¶ OTI Master device implemented as external device, located in front cabin and connected to 

ETCS equipment; 

¶ Interface with an OTI Dashboard to managed the interface with the driver (i.e. lamps for Train 

integrity status and OTI device status; buttons for Start/reset commands): 

¶ Interface with the rolling stock to acquire the cabin status, necessary to define the OTI role (i.e. 

master or slave). 

Configurator/Maintenance Operator interfaced with OTI devices is also depicted in Figure 6-8. 
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Figure 6-8: Functional Architecture for ETCS backward compatibility 

 

Note that OTI dashboard and Vehicle Interface are introduced in relation to ETCS backward 

compatibility scenario described in details at section 8. As example OTI dashboard shows OTI status 

and includes start/reset buttons for train composition phase. Vehicle interfaces provides cabin status for 

OTI role assignment. 

Note that also the wireless communication is applicable to ñETCS backward compatibilityò scenario. 
 

6.5 Relations between Train Integrity and Train Length 

In general, train integrity monitoring function is referred as OTI-I and train length determination function 

is referred as OTI-L. These two functions interact for the following three aspects: 

¶ OTI-L provides the train length to the ETCS and to OTI-I; 

¶ OTI-I may use train length from OTI-L as input for train integrity criterion (e.g. Product Class 2); 

¶ OTI-I provides train integrity information after that OTI-L provided train length (i.e. train length is 

used as trigger event to enable OTI-I communication to ETCS). 

General assumption is that OTI-I and OTI-L are hosted within same equipment and OTI-L / OTI-I 

communication is referred to internal to the same equipment. 

Sequence diagrams reported in the following depicts examples for basic interface (i.e. for ETCS 

backward compatibility) and enhances interface.  
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6.5.1 Examples for basic interface 

Sequence diagrams reported in this sections refers to existing ETCS interface that includes acquisition 

of the following information: 

¶ Train length 

¶ Train integrity status 

Additional information (e.g. OTI status, start/reset commands) are managed by an external OTI 

dashboard as described at section 6.4 for ETCS backward compatible scenario. 

In the following sequence diagrams OTI-I refers to train integrity monitoring functional blocks and OTI-

L refer to train length determination functional block.  

Example depicted in Figure 6-9 refers to a nominal case with OTI-L an OTI-I working regularly. The OTI 

dashboard is used to generate start command and to show OTI status. Determined train length is shown 

to the driver and confirmed. 
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Figure 6-9: Example 1 for basic interface 
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Example depicted in Figure 6-10 refers to a faulty case with OTI-L not working regularly. The OTI 

dashboard is used to generate start command and to show OTI status. In this case OTI-I evaluates train 

integrity independently from train length value that driver has entered with ERTMS/ETCS data entry 

procedure. Note that considered situation is an exception that is managed by the driver according to the 

operation rules of each Infrastructure Manager.  
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Figure 6-10: Example 2 for basic interface 
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Note that train composition determination may be used by OTI-L or OTI-I to determine train length or 

train integrity status, depending on OTI Product Class. In following examples OTI-I does not use train 

composition to evaluate train integrity status, therefore OTI-I interaction with OTI Dashboard is not 

required. 

Example depicted in Figure 6-11 refers to an exceptional situation with train driver changing, within 

ERTMS/ETCS data entry procedure, the train length value provided by OTI-L. In this case the driver 

overrides the OTI-L that need to be disabled with a RESET command. Note that considered situation is 

an exception that is managed by the driver according to the operation rules of each Infrastructure 

Manager. 
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Figure 6-11: Example 3 for basic interface 
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Example depicted in Figure 6-12 refers to a nominal situation with OTI-L providing train length to ETCS 

and train driver confirming train length values proposed during the ERTMS/ETCS data entry procedure. 
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Figure 6-12: Example 4 for basic interface 
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Example depicted in Figure 6-13 refers to an exceptional situation with train driver changing, within 

ERTMS/ETCS data entry procedure, the train length value provided by OTI-L. In this case the driver 

overrides the OTI-L that need to be disabled with a RESET command. 
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Figure 6-13: Example 5 for basic interface 
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6.5.2 Examples for enhanced interface 

Sequence diagrams reported in this sections refers to a new ETCS interface managing the following 

information: 

¶ Train length 

¶ Train integrity 

¶ Status of Train Length functional block (OTI-L) 

¶ Status of Train Integrity functional block (OTI-I) 

¶ Start and Reset commands 

In general, OTI with enhanced interface does not requires interactions with the driver (e.g. start/reset 

command are managed by ETCS; OTI status is provided directly to ETCS). An exception is train 

composition confirmation on OTI dashboard. 

Note that train composition determination may be used by OTI-L or OTI-I to determine train length or 

train integrity status, depending on OTI Product Class. In some cases, to mitigate the risk of errors in 

train composition determination, the OTI dashboard is also depicted for a confirmation. In following 

examples OTI-I does not use train composition to evaluate train integrity status. 
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Example depicted in Figure 6-14 refers to a nominal case for enhances interface with START command 

generated by ETCS. In this case OTI-L determines train length that is confirmed by the driver during the 

ERTMS/ETCS data entry procedure. 
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Figure 6-14: Example 1 for enhanced interface 
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Example depicted in Figure 6-15 refers to a fault in OTI-L functionality and train driver entering manually 

train length during the ERTMS/ETCS data entry procedure. 

 

ETCS
OTI

Dashboard
OTI-L OTI-I

Determine
Train Length

Determine
Train Integrity

Data Entry

Driver INSERTS
Train Length

 

Figure 6-15: Example 2 for enhanced interface 

 

 

 

 

 

 

 

 

 

 



 

GA 777465   Page 35 of 217 
 

Example depicted in Figure 6-16 refers to an exceptional situation with train driver changing, within 

ERTMS/ETCS data entry procedure, the train length value provided by OTI-L. In this case ETCS 

overrides the OTI-L that need to be disabled with a RESET command. 
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Figure 6-16: Example 3 for enhanced interface 
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Example depicted in Figure 6-17 refers to a nominal situation with OTI-L providing train length to ETCS 

and train driver confirming train length values proposed during the ERTMS/ETCS data entry procedure. 

Examples considered in Figure 6-17 and Figure 6-18 manages the train composition confirmation on a 

separate OTI dashboard. Optionally this aspect could be managed by ETCS within ETCS DMI, however 

the impact on existing specifications would be relevant. 
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Figure 6-17: Example 4 for enhanced interface 
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Example depicted in Figure 6-18 refers to an exceptional situation with train driver changing, within 

ERTMS/ETCS data entry procedure, the train length value provided by OTI-L. In this case ETCS  

overrides the OTI-L that need to be disabled with a RESET command. 
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Figure 6-18: Example 5 for enhanced interface 
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6.5.3 Examples for train joining/splitting 

This section described train joining/splitting procedures. In considered examples, the rolling stock (e.g. 

new generation trains) generates intentional coupling/uncoupling events equivalent to START command 

that triggers OTI system reconfiguration for a new train composition thus avoiding further driver 

involvement to generate START command (see par 7.2.1 and Table 7-1). Note that only OTI Slaves 

answer to identification request messages generated by OTI-1. OTI-3 changes its role later on, when 

the train driver set as non-active the ETCS-2 cabin. The scope of the diagram is to show the events 

triggered by coupling event. Note that examples reported in Figure 6-19 and Figure 6-20 are applicable 

to basic and enhances interface, whereas Figure 6-21 and Figure 6-22 refers to enhances interface. 
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Figure 6-19: Example for trains joining 
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Figure 6-20: Example for train splitting 






































































































































































































































































































































































