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I. Introduction 
 

The current maintenance system is characterized by a combination of several maintenance types and 

strategies which goes from preventive maintenance to corrective maintenance. The first one is 

carried out at predetermined intervals or according to prescribed criteria and intended to reduce the 

probability of failure or the degradation of the functioning of an item, the second one is carried out 

after fault recognition and intended to put an item into a state in which it can perform a required 

function. To make significant progress on lowering maintenance-related life cycle cost (LCC), a new 

approach is required and the introduction of on-board/wayside diagnostics systems presents 

significant opportunities for reducing maintenance costs, while also having a strong positive impact 

on reliability, availability and the quality of service. 

Diagnostics systems have been used in the entire rail system for many years, including remote data 

transmission systems. Modern vehicles are equipped with on-board diagnostics systems that 

continuously generate operational data. Such technical solutions already improve the ability to 

monitor and diagnose components in the vehicle’s drive systems and running gear. This monitoring 

of vehicle systems and vehicle components enables an evolution towards the automation of 

condition based maintenance (CBM). However, until now, event data, log files and process data have 

not been used for a continuous assessment of the subsystem condition. 

The future lies in developing a CBM system, not only for vehicles but also for stationary components 

of the railway system. CBM offers important potential to achieve cost reductions, as it enables 

components to be used for practically their entire service life, while enabling improved planning and 

coordination of maintenance measures. The incorporation of automated condition-monitoring and 

analysis systems therefore enables a continuous optimization of the total maintenance costs 

(including preventive, corrective and condition-based maintenance operations). 

Data are explored at the beginning of the implementation of Smart maintenance or CBM projects, to 

find failure early stages or signatures, but also to aggregate some contexts such as the velocity of the 

train, GPS or the outside temperature. Sometimes, the possibility of exploring all data from train 

allows discovering uncharted resources. It leads to upgrade or broaden some data analysis and the 

maintenance management for example a conclusion of failures on the tracks by a persistent failure 

on the train. 

To achieve the goal of reducing the LCC for the whole railway system, a smart maintenance concept 

is needed. The monitoring capabilities used to increase CBM, data transfer and data processing must 

be implemented in the most efficient way. This smart maintenance concept should be able to avoid 

the adoption of unnecessarily complex systems, by establishing simple orientations to follow from 

the design phase of any new monitoring system. To obtain a common definition of new monitoring 

systems and to establish common cooperation rules between infrastructure, rolling stock and control 

command system (CCS), all the combinations between vehicles/infrastructures should be considered. 

Moreover, this cooperation has an enormous potential in the definition of the essential parameters 

and threshold values in the interfaces between infrastructure, rolling stock and CCS. 

Modern vehicles and stationary components are already equipped with diagnosis systems that can 

be used and are capable of gathering huge volumes of various data. However, so far, these 

monitoring systems have been implemented in an independent way, and this has had an influence 

on the way operators have made use of their potential: separately and without any system point of 
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view. Yet, the data from one subsystem often contains huge amounts of relevant information 

regarding other parts of the Railway System, for instance:  

 

• Rolling stock monitoring data contain information about infrastructure assets and 

components status, their usage and level of physical solicitation. 

 

• Infrastructure monitoring data contain information about rolling stock state of degradation 

and dynamic behavior.  

 

In addition, operating trains (including commercial – freight / passengers – and others) could be seen 

as data providers for future needs of rolling stock CBM, and “moving devices” for the sake of the 

infrastructure managers.  

For ending, current rolling stocks and infrastructure assets present mainly first but limited remote 

monitoring devices, integrated by design. This induces that current maintenance policies integrate 

human inspections, required for observing and measuring certain variables and detecting possible 

anomalies. A wider coverage of the by-design remote monitoring solutions is the main issue for an 

effective CBM, as this shall limit the amount of physical maintenance inspections during the 

operating life of these systems.  

To achieve a maximum efficiency, approaches and concepts for smart and condition-based 

maintenance need to be harmonized between the five IPs. 
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II. A common vision of Smart Maintenance 

1. WP 6 Smart Maintenance  
 

The goal of WP6 is to introduce relevant targets, needs and requirements to define a shared and 

common vision of smart maintenance for a more competitive and sustainable railway system. 

To define what is needed on-board and on the wayside, the classification of CBM activities is 

distributed in the following four categories: 

- Vehicle monitors infrastructure 

- Infrastructure monitors vehicle 

- Vehicle monitors itself 

- Infrastructure monitors itself 

 

 

Figure 1: The four quadrants of smart maintenance 

 

WP6 is divided into three topics, each with specific objective: 

• Smart maintenance concept for the whole railway system  

 

The main objectives of this task are the development of a common vision of a smart maintenance 

concept and to propose some guidelines for rolling stock, infrastructure and CCS according to all CBM 

activities concerned by S2R projects and within the companies of the S2R partners involved in WP6. 

This task will be carried out in close cooperation with TD3.6 (Dynamic railway information 

management system demonstrator), TD 3.7 (Railway Integrated Measuring and Monitoring System), 

TD3.8 (Intelligent System Maintenance Engineering and Strategies), TD 5.1 (Freight Electrification). 
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WP6 will seek to define the criteria applicable for condition assessment in order to enable condition-

based monitoring for both safety and non-safety-relevant maintenance actions. The corresponding 

data sampling and assessment requirements will also be described, as well as the organizational 

aspects, like in which format and how often the transmission of diagnostic data has to be performed.  

• Condition based maintenance for passenger trains (double-deck coaches and EMU, high 

speed EMU and suburban trains) 

In the case of rolling stock smart maintenance, the focus lies on further developing the maintenance 

system for case “Vehicle monitors itself” concerning passenger trains. In order to avoid special 

software and hardware development for each vehicle platform and entity in charge of maintenance 

the main objective of this topic is the standardization of the data structures in cooperation with WP 

3.6 (Dynamic railway information management system demonstrator) and CCA WA 4.2. 

• Integrated infrastructure & rolling stock data management for smart maintenances 

For integrated infrastructure & rail-vehicle data management for smart maintenances, the aim is to 

facilitate the share of monitoring data between IP1 and IP3. Also to define standards concerning 

inputs/outputs (physical interfaces, data flow and format, physical data transmission infrastructure, 

on-board rolling stock software and databases), to facilitate innovative data analysis and modelling 

approaches dissemination into IP1 and IP3 datacenter activities (e.g. TD 3.6). 

 

WP6 is organized over the following tasks: 

 

Task 6.1 led by DB: Scope definition 

The goal of this task is to define the scope of the WA in cooperation with all partners of this WA and 

other Smart Maintenance activities within S2R. 

 

Task 6.2 led by SNCF: Smart maintenance concept 

The goal of this task is the development of a common maintenance concept and to produce a 

deliverable that should be a guideline including a cross-fertilization of data-driven methods and 

approaches for CBM strategies/policies for rolling stock, infrastructure and CCS taking into account 

all CBM activities concerned by S2R projects. 

 

Task 6.3 led by DB: Data collection and formatting 

The goal of this task is to collect and format data of vehicle modules and components, that can be 

used to monitor the condition of the modules and components and to develop CBM-routines for 

condition based maintenance activities. 

 

 

Sub-Task 6.3.1 led by DB: Data collection and formatting for regional EMU 

Collecting and formatting data of some modules of a regional EMU. This requires the collaboration 

with the project “PINTA” (TD 1.1 Traction) with respect to data support.  

 



 

 

  
 

 

A  7 7 7 5 1 3  P a g e  12 | 71 

Sub-Task 6.3.2 led by BT: Data collection and formatting for passenger double-deck coaches and 

EMU 

Collecting and formatting data of some modules of double-deck passenger coaches and EMU 

manufactured by Bombardier Transportation. The formatted data is shared between the sub-task 

participants. Module data, its structure and management is provided by BT, maintenance experience 

is provided by DB. 

 

Sub-Task 6.3.3 led by SAG: Data collection and formatting for high speed EMU 

Collecting and formatting data of some modules of a high speed EMUs (ICE 3 and ICE T). The 

formatted data is shared between the sub-task participants. Module data, its structure and 

management is provided by SAG, maintenance experience is provided by DB. 

 

Sub-Task 6.3.4 led by CAF: Data collection and formatting for suburban EMU trains 

Collecting and formatting data of some modules of suburban EMU trains. The formatted data is 

shared between the sub-task participants. 

 

Task 6.4 led by DB: Data analysis and pattern recognition 

The goal of this task is to analyze hidden patterns in huge sets of condition data by IT experts in 

cooperation with experts from industry, railway undertakings and maintenance workshops. This task 

requires the contribution of the complementary call S2R-OC-CCA-01-2017, where statistical analysis 

of failure mechanism of modules are carried out and routines for failure prediction are developed.  

 

Sub-Task 6.4.1 led by DB: CBM for regional EMU 

Data analysis and pattern recognition for some modules of a regional EMU is carried out. This 

requires the collaboration with the project “PINTA” (TD 1.1 Traction) with respect to CBM-activities 

for traction components and data support.  

 

Sub-Task 6.4.2 led by BT: CBM for passenger double-deck coaches and EMU 

Data analysis and pattern recognition for some modules of double-deck passenger coaches and EMU 

manufactured by Bombardier Transportation is carried out. 

 

Sub-Task 6.4.3 led by SAG: CBM for high speed EMU 

Data analysis and pattern recognition for some modules of a high speed EMUs (ICE 3 and ICE T) is 

carried out. 

 

Sub-Task 6.4.4 led by CAF: CBM for suburban EMU trains 

Data analysis and pattern recognition for some modules of suburban EMU trains is carried out. 

 

Task 6.5 led by DB: Integration into maintenance plan 

The goal of this task is to optimize maintenance plans with respect to the step from scheduled to 

condition based maintenance. 

 

Sub-Task 6.5.1 led by DB: Integration into maintenance plan for regional EMU 

The optimization of maintenance procedures with respect to CBM is carried out for some modules of 

a regional EMU. This requires the collaboration with the project “PINTA” (TD1.1Tracion” with respect 

to CBM-activities for traction components and data support.  
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Sub-Task 6.5.2 led by BT: Integration into maintenance plan for double-deck passenger coaches 

and EMU 

The optimization of maintenance procedures with respect to CBM is carried out for some modules of 

regional double-deck passenger coaches of Bombardier.  

 

Sub-Task 6.5.3 led by SAG: Integration into maintenance plan for high speed EMU 

The optimization of maintenance procedures with respect to CBM is carried out for some modules of 

a high speed EMUs (ICE 3 and ICE T). 

 

Sub-Task 6.5.4 led by CAF: Integration into maintenance plan for suburban EMU trains 

The optimization of maintenance procedures with respect to CBM is carried out for some modules of 

suburban EMU trains.  

 

Task 6.6 led by STS: Information identification 

For all railway assets, data sources and data transfer paths necessary for CBM are identified. 

 

Task 6.7 led by DB: Standardization 

Definition of common standards for CBM data collection and transfer for all railway assets 

(infrastructure, rolling stock and CCS) in close collaboration with all partners of WP 6 and activities 

within other S2R projects (e.g. In²Smart – WP7). The standardization is carried out for common data 

semantics for alignment and interoperability of vehicle condition data across the industry.  

 

2. Global concept of Smart Maintenance for the whole railway system 

 

Smart Maintenance (SM) consists in the use of condition monitoring, relying in the “internet of 

Things” and in “computerized analysis technologies” in order to influence the maintenance of 

systems and thus improve safety, reliability, availability and reduce the overall cost of the railway 

system. 

 

This concept goes further than just condition based maintenance, as it must be able to integrate any 

new technological development as well as any evolution of the railway system and its stakeholders. 

In order to improve the safety, reliability and availability as well as reducing the overall cost to the 

system. This improvement and cost reduction must also be assumed by any SM subsystem or project.  

 

The optimization should include the SM system itself, which should always consider the possibility 

and advantages of monitoring from each of the quadrants.  

 

The continuous improvement of the safety, reliability and availability and the reduction of the overall 

cost to the system can only be achieved by a SM that remains open to evolution.  

 

As an open concept, SM must always be evolving, so that it would be able to work as a lighthouse 

and a drive the continuous development of the railway system. 
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The imperative evolution of the concept will lead to its virtually impracticability, and so it must 

always guarantee the highest degree of retro- compatibility, allowing the operation of any SM 

subsystem of previous design “not so aligned” with the concept. 

 

The concept of SM is based on immutable pillars, on the basis of which the essential objectives must 

be pursued. These pillars can take on different technological solutions, locations and degrees of 

integration: 

 

• Data acquisition based in reliable sensors that may have processing power and embedded 

intelligence; 

• Fast and secure, data transmission; 

• Data post processing to identify deviations and trends; 

• Crossing with maintenance plan, operational and management information or other, for 

maintenance decision.  

 

These pillars form a system that captures raw data, somehow related to the condition of the 

monitored items, transmits and processes this data to obtain information about the condition of the 

items and finally relates to other information to establish decisions for the maintenance, constituting 

the value chain of smart maintenance. 

 

The need to define all the value chain of smart maintenance, from data acquisition to maintenance 

decision support, is a key to develop common requirements and guidelines. This data value chain is 

presented on the following figure. 

 

 

Figure 2: Smart maintenance data value chain 
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For the system to work, it is necessary to ensure the adequacy, accuracy, reliability and credibility of 

data and information transmitted through the system. The adequacy of data, including the definition 

of the accuracy of the sensor devices, should be ensured through the close collaboration between 

design and maintenance. The accuracy of data should be ensured by certifying the equipment and 

monitoring systems, which should encompass calibration programs designed to ensure reliability. 

The reliability of data must be ensured through sensor calibration programs and/or maintenance of 

characteristics throughout the lifetime. The credibility of data should be ensured through the 

certification of the entities involved, as well as the methodologies of "security" and "safety" that can 

ensure that the information flows throughout the entire system without suffering changes or losses. 

 

• Identifying the entities and their responsibilities 

 

To ensure a suitable SM system, it is important to identify the different entities/actors and their 

responsibilities: 

 

Manufacturer: Responsible for designing and integrating sensors, monitoring and transmission 

equipment in a system.  Also, vehicle and components manufacturers are responsible to provide 

accurate Physical modeling of the degradation processes of an asset.  Once a degradation model for 

a component/system is given, its integration in the “Smart maintenance data value chain” ( Fig. 2) 

would be much easier for all other entities from the list below. Otherwise it often requires reverse 

engineering or field tests (during regular operation) which are often futile, whereas each 

manufacturer knows his design at best and can perform bench tests.  

Condition monitoring provider: This type of entity is proposed to be responsible for ensuring data 

transmission and monitoring from the source to the data warehouse.  Its responsibility is to ensure 

that the system always has the objective of optimizing the railway system globally, always taking into 

account the entire railway system and ensuring a vision of the four quadrants in permanence. This 

entity, which can in one of the limited cases be unique to the whole railway system, may be broken 

down by entities dedicated to each of the systems to be monitored, which should maintain a 4-

quadrant view. 

Data analyst and system expert: Responsible for different kind of analysis, depending on the amount 

of the information in the data, such as direct analysis of fault/state, condition monitoring of a system 

or predictive maintenance. Also, if physical modeling of the degradation processes of an asset is not 

provided by the manufacturer, highly specialized technical institutions are required too to help 

developing Smart Maintenance Analysis. 

Visualization tools designer: Responsible for developing and designing visualization tools for decision 

help support. 

 

Maintenance planner: Responsible for scheduling maintenance operations, dealing with 

maintenance plan integration and modification. 

 

Maintenance operator: Responsible for executing maintenance operations and failures takeover. 

 

Safety authority: Responsible for the supervision of the entities/actors of the value chain ensuring 

that the monitoring condition of assets is safe and adequate. This may require specialization and 

certification, under SM, of manufacturers, condition monitoring providers, data analysis providers 

and maintenance providers. 
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• Identifying the value for the railway system 

 

The gain for the railway system and its stakeholders of any SM project is the improvement of safety, 

reliability and availability as well as reducing the overall cost to the system. It is essential to quantify 

the potential gain of a SM project, but it is also important that this gain can be perceived by the 

various actors of the railway system. Thus, a simple method must be provided to evaluate the 

benefits of any SM project. This evaluation may be simple and qualitative or may achieve more 

accurate and quantitative information whenever possible. 

Of course, there will only be influence arising from a particular project when it has repercussions on 

maintenance, in particular by changing the maintenance plan. It is important to start identifying the 

areas that are impacted by a project and then to dig in detail only on area that are impacted by the 

SM project. The monitoring of a train asset can lead to the elimination of periodic tasks, which are 

then executed under condition, but this has no repercussions on infrastructure asset, so the added 

value perceived by the infrastructure is null. On the other hand, the permanent monitoring of the 

rolling stock wheels may dispense periodic measurement tasks and determine the correction of the 

wheel geometry under condition, allowing limiting the efforts on the rails and that is therefore 

noticeable by the infrastructure manager. 

The value for the railway system and its stakeholders of any SM project is the improvement of the 

safety, reliability and availability as well as reducing the overall cost to the system. 

Having in mind that what you get from a system is what you measure, it is essential to measure the 

relevant benefits that are pursued by SM: safety, reliability, availability and reduction of cost. 

A simple method must be provided to evaluate the benefits of any SM project. This evaluation may 

be very simple and qualitative in a first approach, but whenever possible should achieve more 

accurate and quantitative information. 

For each case, the added value of a SM project must be evident and perceived by the various 

"Stakeholders” of the railway system. 

Consider an evaluation matrix for the first approach of the added value, as the following example: 

 

 Added value perceived 

(Project for toilet monitoring and CBM maintenance) 

Stakeholders Security Reliability  Availability  Reduction of cost 

National Safety 

Authority 

no no no no 

Infrastructure 

Manager 

no no no no 

Railway 

Undertaker 

no yes yes yes 

End User no yes yes no 

Figure 3 : Added value perceived matrix 
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After the first approach, a more accurate evaluation may be performed by each stakeholder 

identified as “perceiving added value”, followed by the integration of all assessments, giving rise to 

the identification of the overall benefit for the rail system. 

A simple way to evaluate the influence on the entire rail system of each new project of SM, even if 

very crude, is of the utmost importance, because its implementation will promote the improvement 

of the own way of evaluating. 

Of course, there will only be influence arising from a particular project when it has repercussions on 

maintenance, in particular by changing the maintenance plan. 

The evaluation matrix can be used for the initial identification of the areas that are influenced by the 

project under analysis, after which the most detailed analysis will focus only on these areas. As an 

example, the monitoring of a rolling stock door can lead to the elimination of periodic tasks, which 

are then executed under condition, but this has no repercussions on the infrastructure, so the added 

value perceived by Infrastructure is null. On the other hand, the permanent monitoring of the 

ovalization of the rolling stock wheels may dispense periodic measurement tasks and determine the 

correction of the wheel geometry under condition, allowing limiting the efforts on the rails and that 

is therefore noticeable by the infrastructure manager. 

III. Literature study 

1. Definitions: Smart Maintenance, CBM, Predictive Maintenance 

 

The quality of the railway infrastructure plays a fundamental role in railway transportation 

availability, reliability and safety. Therefore, railway systems need substantial maintenance activities 

aiming at guaranteeing the best possible performances at any time. 

Railway maintenance can be distinguished between corrective maintenance (see Reactive 

Maintenance), and preventive maintenance (encompassing condition-based maintenance, 

preventive planned, and predictive maintenance).  

Reactive Maintenance - with reactive maintenance, assets are maintained when they are broken. 

Basically, there are two kinds of reactive maintenance. On the one hand, the concept of “run to 

failure“, where assets will be replaced after breaking down. For example components of the signal 

system are renewed after failure. On the other hand, the routine maintenance activities: Small 

failures will be repaired when they appear, e.g. potholes are patched every spring to restore 

pavement smoothness. To apply reactive maintenance, only few information about the assets are 

necessary, but the failure will occur unexpected.   

Condition-based Maintenance (CBM) - In condition-based maintenance, failures or break-down will 

be avoided by maintaining the assets when they show signs of decreasing performance or upcoming 

failure. Therefore, the assets have to be monitored continuously to see condition changes in time, as 

shown in the following figure. As soon as monitoring shows that the condition is below the given 

trigger values (dashed line in the figure), maintenance is requested and executed, resulting in a 

condition improvement. It is necessary to define trigger values for the measures that initialize need 

for maintenance. Thereby, the time between two condition measurements, as well as the time 

between maintenance request and execution, has to be considered to ensure punctual maintenance. 
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Also the best maintenance activity should be defined in advance. Decision support in resource 

allocation can help to reduce the time between maintenance request and execution. Then, trigger 

values can be higher and the maintenance effort can be reduced. 

 

 

Figure 4: Condition-based Maintenance 

 

Preventive planned maintenance (PM) - is characterized by regular maintenance activities to 

improve the assets. Often this is done in predefined time intervals, but it is also possible to do 

preventive maintenance depending on usage triggers, for example after a certain number of trains 

pass a track. Aim of preventive maintenance is to extend life-time, to increase asset performance and 

to avoid unexpected break-down. In the following figure the progress of preventive maintenance is 

shown: in a predefined interval, maintenance activities are executed and the track condition is 

improved in order to do not fall down a certain condition limit (dashed line). To apply preventive 

maintenance, time intervals or usage trigger values have to be defined, which can be done based on 

expertise, historical data or scientific results. Many degradation models for railway tracks and road 

pavement have been described. The big advantage of the procedure is the high planning ability. The 

upcoming maintenance activities are known in advance and can be scheduled with renewal and 

construction in mind. 

 

 

Figure 5: Preventive Maintenance 
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Predictive Maintenance - is an approach that requires continuous monitoring and a fine grasp for the 

deterioration process. The principle the Preventive Maintenance is based on is to predict asset 

condition in order to plan in advance condition-based maintenance. In the following figure, the 

progress of predictive maintenance is shown. The blue line represents the expected track condition, 

the red line the real condition. If the prediction reaches the condition limit (dashed line), 

maintenance will be executed to improve the condition. Thereby, the real condition can be worse or 

better than predicted, but with a model close to the real deterioration the perfect time for 

maintenance can be approximated. Predictive maintenance has the advantages in respect to 

condition based and preventive maintenance.  To apply predictive maintenance, a deep 

understanding of the underlying deterioration process is essential. To underpin the results of the 

degradation models, historical data is necessary. If a good and reliable degradation model exists, 

asset condition can be predicted with a small variation and maintenance can be planned in advance. 

The resulting maintenance plans should be robust against uncertainties like unexpected 

deterioration or unforeseen events which requires extraordinary maintenance. 

 

 

Figure 6: Predictive Maintenance 

 

All of the above policies may be combined together, e.g. to request for maintenance if quality falls 

below the defined condition trigger but not later than after a predefined time without maintenance. 

Policies require maintenance triggers of different types: 

• Condition trigger: Condition-based and reactive maintenance is based on condition triggers. 

This can be the achievement of a certain measure value, a dropping below a needed quality 

level or the occurrence of a failure. Predictive maintenance also will be based on condition 

triggers. In difference to condition-based maintenance, planning starts when the trigger is 

predicted and not just when it is reached.  

• Break-down trigger: A special kind of condition trigger, because the trigger value is “break-

down”. Only usable for uncritical assets in terms of safety and reliability.   

• Time trigger: Preventive maintenance is repeated in predefined intervals. This intervals can 

be defined by time (e.g. once a year). 

• Usage Trigger: Preventive maintenance can also be triggered by usage (e.g. every 100,000 

switching operations). Triggering by usage has the advantage that for assets with changing 
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workload the definition of a time trigger can be hard. But a usage trigger requires a usage 

measurement, which leads to a higher implementation effort. Furthermore, usage trigger 

can shorten the planning period of preventive maintenance. Planning will start when the 

usage limit is reached or the time, when it is reached, can be expected.  

 

• Event trigger: Some maintenance activities are triggered by external events, e.g. winter 

maintenance is triggered by sub-zero temperatures.  

 

If the trigger is reached - thus a time period without maintenance is elapsed, the measured condition 

falls below a critical value, the asset has broken, or a certain number of trucks or trains passed the 

section - a predefined maintenance activity is requested. The selection of the maintenance policy, 

the definition of trigger values and the selection of resulting maintenance is part of strategic 

planning. 

 

Connected technologies are widespread in many areas and allow applications in railway, especially 

on improving the railway maintenance. Connected items or native data-transmitting trains are 

providing data in order to inform engineers and maintenance workers about the real-time 

operational state of trains or infrastructures. The knowledge of such information about railway 

applications is a key to develop smart maintenance.  

 

To summarize, Smart maintenance can be defined as all the process and information made to 

improve taking over connected trains, freight or items. Condition Based Maintenance (CBM) can be 

defined as maintenance actions based on real-time operational state obtained from tests, 

operating and condition measurements. According to this common definition [Mitchell, 1998], 

maintenance actions should be based on the actual condition, with an objective evidence of need, to 

be executed only at a time not to suffer a breakdown or a malfunction. The knowledge of the real-

time operational state can be assessed using different degree of automation, from human visual 

inspections to fully automated systems. To clarify matters, CBM clearly differs from predetermined 

maintenance where maintenance actions are only scheduled in time and not dynamic. 

2. Literature review of Smart Maintenance activities 
 

In this literature study, recent developments and possible future applications CBM activities in 

railway industry are investigated based on scientific articles/papers. 

In this literature study, recent developments and possible future applications about condition based 

monitoring (CBM) activities in railway industry are investigated. Scientific articles/papers are the 

focusing source for it.  

According to search results, condition based monitoring activities are carried out on several 

subtopics. Most of the studies are related with the three interconnected questions given below and 

answering one or several of these questions due to study’s interested area. 

• Which physical components are monitored in railway industry? 

• How can these components be monitored or checked in order to obtain degradation status? 

• How can degradation status be assessed in order to achieve successful monitoring system?  
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Monitoring is automated in Condition monitoring so human inspection requirements reduce. Also, 

the faults are detected before they escalate so maintenance activities reduce, too. On the other hand 

safety and reliability increase by condition monitoring.  All these factors are vitally important for the 

development, upgrading, and expansion of railway networks [5].  

 

The importance of effective management of rail infrastructure is emphasized by Ollier [4] in his study 

about “Intelligent Infrastructure’’ and condition monitoring is determined as one of the key parts of 

management in [1]. A summary of literature search is presented below. 

Atsushi Yokoyama (2015), from East Japan Railway Company, overviewed the proposed “the Smart 

Maintenance Initiative (SMI)” by The Research and Development Center of JR East Group. SMI is 

determined to compose 4 key parameters including: 

 

 Achieving CBM  

  Introduction of Asset Management  

  Maintenance Work Support by AI  

 Integrated Database 

 

 

Figure 7: Smart maintenance data value chain 

 

Achieving CBM: the aim is to change the basis of maintenance from time-based maintenance (TBM) 

to condition-based maintenance (CBM).  

In TBM system, inspections are made periodically, for example every three months for conventional 

line track to obtain data on track irregularity. Maintenance decision is given by using this data and 

maintenance regulations.  

The basis of CBM is monitoring big amounts of data and the speed of deterioration can be identified 

by analyzing the data. Detects are monitored and the deterioration of structures and infrastructure 

are identified before causing a disturbance and hindering rail operations [5].                                            
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Figure 8: Cycle of Maintenance Work 

 

The cycle above is followed dynamically. For the smarter decision making process in infrastructure 

maintenance more and more data accumulation is needed.  

 

Under the MAXBE, EU-funded project, Cecilia Vale (2016) et al. has focused on detecting axle bearing 

failure modes at an early stage by combining new and existing monitoring techniques and on 

characterizing the axle bearing degradation process. They developed several monitoring systems. It is 

emphasized that hot box detectors have not provided healthy results because of late alarm 

temperature registration where axle bearings have already degraded critically. Starting from this 

problem, on-board monitoring and wayside monitoring systems were developed by using group of 

components; GPS, RFID, data acquisition systems and data processor units. Measuring both 

temperature and vibration levels are the proposed actions in the system for detection of failure.  

Victoria J. Hodge et al. (2015): At the center of all monitoring applications, sensors are vital 

components which are used for measuring working parameters of the system. Victoria J. Hodge et al. 

(2015) summarized which sensor devices are used and what they are used for in railway industry; 

advantages and disadvantages of their usage due to different facilities were examined. Also 

discussion of the design and range of sensor devices were included. Not only focusing on sensor 

components Victoria J. Hodge et al. (2015) reviewed but also the wireless sensor networks for CBM 

in railway industry. Article analyses the network topology and transmission methods.  

Railway infrastructure such as bridges, rail tracks and track beds can be monitored by using wireless 

sensor networks.  
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Figure 9: Railway condition monitoring with wireless sensor networks [5] 

 

A table detailing the sensor devices used in railway condition monitoring is presented in this study. 

The sensor devices used in track and track infrastructure monitoring can be seen in the table below.  
 

Object Monitored Measurement Sensor 

 

 

Track  

Crack/Fatigue Detection Acoustic Emission 

 

Out of Round Wheel 

Acoustic Emission 

Accelerometer 

Stresses 

Strain Gauge 

Piezoelectric Strain Gauge 

Fiber Bragg Strain Gauge 

Vibrations ( Dynamic Load) 
Accelerometer 

Fiber Bragg 

Settlement and Twist Inclinometer 

Incline Inclinometer 

         

Track Infrastructure 

Pressure Piezo-resistive pressure sensors 

Strain Fiber Bragg Strain Gauge 

Displacement Magnetic 
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A. Benedetto et al. (2017) study was about ballast component. The ground-penetrating radar (GPR)-

based assessment of railway ballast which was progressively ‘‘polluted” with a fine-grained silty soil 

material was investigated in the paper. In the presence of pollutants especially fine-grained material, 

ballast track bed quality is affected negatively. Voids between the aggregates can cause critical 

degradation that is hard to detect. In order to examine this effect which is defined as fouling, 

experiment series were designed. A square-based methacrylate tank was filled with ballast 

aggregates in the laboratory environment and then silty soil (pollutant) was added in different 

quantities. In order to simulate a real-life scenario within the context of railway structures, a total of 

four different ballast/pollutant mixes were introduced from 100% ballast (clean) to highly-fouled 

(24%).  

GPR systems equipped with different air-coupled antennas and central frequencies of 1000 MHz and 

2000 MHz were used for testing purposes. Several processing methods were applied in order to 

obtain the dielectric permittivity of the ballast system under investigation. The results were validated 

using the ‘‘volumetric mixing approach” (available within the literature) as well as by performing a 

numerical simulation on the physical models used in the laboratory. It is important to emphasize the 

significance of the random-sequential absorption (RSA) paradigm coupled with the finite-difference 

time-domain (FDTD) technique used during the data processing. This was proved to be crucial and 

effective for the simulation of the GPR signal as well as in generating synthetic GPR responses close 

to the experimental data.  

KH Kim Hung LEE and Dennis Kong Wan CHAU (2012) presented the railway applications of CBM 

which have been developed and implemented in the metro system of Hong Kong since 1989. The 

article focuses on Radio Frequency Identification Device (RFID) which is a new innovative CBM 

Application introduced in rolling stock maintenance.  

It is important to highlight that in order to energy necessity for monitoring devices, in recent years, 

energy harvesting has been investigated intensely by researchers. Track-mounted and bogie-

mounted energy harvesters have been used by the railway industry. Researchers have developed 

systems and components benefited from solar energy, vibration energy, magnetic energy and kinetic 

energy. In the two following paragraphs, inspiring and up to date studies are given in energy 

harvesting. 

Mingyuan Gao et al. (2017) introduced a new local energy generation system by using magnetic 

levitation harvester which are mounted to rail with parallel configuration connection method. 

Development of underground railway transport in China was article’s motivation because of usage of 

sensors increase. Proposed smart monitoring includes three subsystems; an electromagnetic energy 

generator with a DC-DC boost converter, a rail-borne wireless sensor node with embedded 

accelerometers and temperature/humidity sensors, and a data processing algorithm based on the 

Littlewood– Paley (L-P) wavelet.  

Xuejun Zhao et al. (2017) presented a kind of self-powered triboelectric nano vibration 

accelerometer (TEVA). The research put forward large amount of kinetic energy generation during 

the train passage on the rail. It harvests the low frequency vibration (beneath 10 Hz) energy and 

convert it to electrical power to operate monitoring system. In general frame, the electric energy 

generation process can be explained by the coupling between triboelectric effect and electrostatic 

effect. To achieve the triboelectric effect, two different film materials were introduced as substrates 

placed opposite to each other with a gap and substrates are connected with springs. The gap is a very 

important parameter to the design of the TEVA because it has a direct influence on the quantity of 
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the electricity and the sensitivity to vibration signals. Kapton and aluminum nano-structures were 

used as substrate structures. 

 

[1] V.Hodge et al., “Wireless Sensor Networks for Condition Monitoring in the Railway Industry: A 

Survey”, IEEE TRANSACTIONS ON INTELLIGENT TRANSPORTATION SYSTEMS, VOL. 16, NO. 3, 2015, 

pp. 1088-1105. 

[2] A. Yokoyama, “Innovative changes for maintenance of railway by using ICT -To Achieve Smart 

Maintenance”, Procedia CIRP   38, 2015, pp.24-29. 

[3] C. Valle et al., “Novel efficient technologies in Europe for axle bearing condition monitoring – the 

MAXBE project”, Transportation Research Procedia   14, 2016, pp. 635-644. 

[4] B. Ollier, “Intelligent infrastructure—The business challenge: Railway Condition Monitoring,” in 

Proc. IET Int. Conf. Railway Condition Monitoring, Birmingham, U.K., 2006, pp. 1–6. 

 

[5] A. Benedetto et al., “Railway ballast condition assessment using ground-penetrating radar – An 

experimental, numerical simulation and modelling development’’, Construction and Building 

Materials, Volume 140, 2017, pp. 508-520. 

 

[6] K. Lee, D. Chau, “ Condition Based Monitoring in Railway”, Journal of International Council on 
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[8] X. Zhao et al., “Self-powered triboelectric nano-vibration accelerometer based wireless sensor 

system for railway state health monitoring”, Nano Energy, Vol. 34, 2017, pp. 544-555. 

 

[9] Shift²Rail, IMPACT 2 project, Deliverable 6.4 - CBM results for rail vehicles  

 

Although there are numerous activities related to data based maintenance described in literature, 

these activities mainly deal with either isolated solutions or specific technical issues. But they do not 

consider a holistic approach in a complex system as the railway system with several interacting 

assets. Currently, Smart Maintenance implementation is focuses on one quadrant at a time. Therefor 

it’s necessary to have a holistic view on the whole railway system to identify the opportunities, new 

approaches, synergies as well as the necessary standardizations and dependencies in such a system 

approach.  
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IV. Overview of existing/ongoing CBM-activities 
 

The following information (paragraph 2) has been gathered from all the partners of this task 6.2. The 

paragraph 1 is concerning the other relevant CBM activities within Shift2Rail. 

1. Within Shift2Rail 
 

In the task 6.2, we have to work in close cooperation with all the TDs and WA that include CBM 

activities. The followings are the ones which are CBM related: 

• TD3.7 RIMMS focuses on asset status data collection (measuring and monitoring) and 

processing and data aggregation producing data and/or information on the 

measured/monitored status of assets. 

• TD3.6 DRIMS focuses on interfaces with external systems; maintenance-related data 

management and data mining and data analytics; asset degradation modelling covering both 

degradation modelling driven by data and domain knowledge and the enhancement of 

existing models using data/new insights. 

• TD3.8 IAMS concentrates on decision making (based also but not only on TD3.6 input); 

validation and implementation of degradation models based on the combination of 

traditional and data driven degradation models and embedding them in the operational 

maintenance process based upon domain knowledge; system modelling; strategies and 

human decision support. Work on planning tools: Planning in a dynamic and real-time 

context, allowing the user to adapt and update maintenance planning comprising current 

information and asset status. Current information and asset status should be read like 

condition. We call it CRMP, Condition and Rik based Maintenance Planning. 

• WA4.2 provides data to maintenance workers for locomotives and infrastructure or people 

who will create the timetable for trains. The data provided are data achieved from IP1, IP3 

and IP5. 

• TD5.1 focuses on Freight Electrification, Brake and Telematics 

• TD5.3 focuses on Wagon Design 

2. Within the companies of the S2R partners involved in WP6 
 

The following Chapter outlines a selection of CBM related activities within the companies involved in 

the work package “Smart Maintenance”. 

 

• STS 

 

In the context of CBM, but also with a focus on predictive capabilities, Hitachi Rail STS (STS) has 

developed a first prototype related to signaling systems and to track circuits in particular starting 

from the experience of the IN2RAIL and IN2SMART research projects.  
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One of the main issues related to track circuits is the false track occupancy phenomena due to 

malfunctions or external conditions that may affect the correct behavior. The STS system is already 

able to cover the analytic process: field data acquisition, data preparation, data analytics and finally 

extraction of knowledge to support CBM and pave the road to prescriptive maintenance solutions. 

The approach has implemented anomaly detection and asset status forecasting methodologies using 

as input shunt level and variance from the circuits, traffic and weather information. 

The main expected benefits are: earlier/timely identification and correction of critical defects and 

mitigation of risks of critical defect occurrence; efficient usage of track access times, thus increasing 

track availability; optimized Asset Management plans based on the correct estimation of current and 

future infrastructure conditions. 

STS is currently expanding this first prototype to other types of it’s systems to increase the 

monitoring of such systems performing CBM and, in the near future, prescriptive maintenance. 

 

• Bombardier 

 

Bombardier Transportation (BT) has projects running for the research on vehicle monitors itself CBM 

implementation. The double-deck coach and EMU we are investigating on for S2R IMPACT-2 was not 

designed for CBM as such. The vehicle has no specific sensors built onto the train, no remote access 

to diagnostic, no Integrated Vehicle Health Monitoring and no Automatic Visual Inspection System 

(AVIS)). Therefore BT checks in WP6 which potential lies within the chosen components for CBM 

implementation for these vehicles. 

Other projects at BT dealing with CBM implementation are: 

• ETR 1000 (a.k.a. Zefiro Italy): built in sensors (part of customer ITT) 

• Crossrail in UK: aiming at optimizing the maintenance plan – in combination with AVIS 

• NAT in France: CBM implemented on specific systems (Doors, HVAC for instance) 

 

• DB 

 
No Short title Scope of application Potentials for CBM 

Vehicle monitors infrastructure 

1 

 

On-board 

inspection of track 

geometry quality 

using regular ICE 

services 

Operation monitoring on behalf of DB Netz AG on 

lines where the max. Permissible speed > 160 

km/h.  

With a high number of equipped ICE trains, it’s 

possible to achieve a quasi-continuous inspection 

regime with meeting the requirements of EN 

13848-2.  

Measurement is a “by-product” of 

regular train operation, automatic 

data storage, prediction of defect 

development, reduction of service 

breakdown and costs.  

2 
Overhead line 

inspection systems 

Fault diagnosis based on the contact wire dynamic 

measurements, inspections with desired operation 

speed up to 400 km/h.  

Measured parameters are meeting the 

requirements of the EN 50317 (contact forces, 

accelerations, position and displacement of the 

contact wire).  

Automated fault detection (including 

prioritization), easy combination with 

the on-board inspection of track 

geometry.  
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3 

Non-contact optical 

catenary measuring 

system 

Non-contact optical measuring system for position, 

thickness and uplift of the overhead contact wires, 

capable of operating at desired line speeds as 

standard up to 400 km/h; high speed diagnosis 

offers efficient diagnosis in short times.  

Working principle is based on a triangulation 

method. Measuring quantities are similar to the 

dynamic measurement systems (overhead line 

inspection systems).  

Non-interference measurement 

system delivering condition data 

during normal operation  

4 
Digital video unit for 

catenary 

Main use of the video measurement system:  

- localizing and classifying defects found by other 

pantograph measurement systems  

- visual inspection of catenary and pantograph 

since it is nearly impossible to see abnormalities at 

regular inspection speed (in Germany the catenary 

is inspected every year at playback speed 40 km/h)  

Non-interference inspection system,  

possible for combination with the on-

board inspection of track geometry 

and overhead line inspection systems  

5 

Condition 

monitoring of 

turnouts and frogs 

The aim of this system is to detect in an early stage 

damages and changes to tracks or frog points in 

order to get an indication about required 

maintenance activities.  

Use of 3D profile data and the contact mechanical 

analysis allows condition monitoring whenever an 

equipped vehicle runs over the turnout.  

Condition measurement during 

normal operation of regular trains  

Infrastructure monitors vehicle 

12 Hot axle boxes 

Track side system, which aims at monitoring the 

temperature of axle boxes 

Alarms can lead to stopping trains, due to the risk 

of axle breaks 

Automatic fault detection (alerts and 

alarms), data are currently gathered 

by IM for operating purposes 

13 
Wayside Monitoring 

systems 

Track side vehicle diagnostics - condition data of 

vehicles are collected by the infrastructure with 

use of track-installed sensors / measuring devices 

(i.e. video-based, acoustic, laser, wheel forces).  

Monitoring of various vehicle 

components during regular operation  

14 

Systems for 

detecting eccentric 

wheels 

Detection and thus targeted correction of the 

following wheel failures: flat spot, hard facing, 

tread damage, polygon. Additionally used as a 

dynamic track scale to measure wheel loads and 

unbalanced load.  

Automatic data feed into the 

maintenance system of DB  

15 

System for 

monitoring of wheel 

cross profile 

Recording of cross-sectional profiles of wheels on 

track, minimization of downtimes due to the 

elimination of measurements in the workshop.  

Condition measurement during 

normal operation  

16 

Train identification 

and initial wheelset 

examination system 

Automatic train identification with TAGs, 

concentricity and flat spot measurement via 

sensing rollers, laser light section for profile 

measurement, diameter determination and 

automated wheel set diagnostic system.  

Measurement during slow rolling into 

the workshop and direct data 

collection.  

Vehicle monitors itself 

19 CBM for vehicles 

Transition from an interval-based to a condition-

based maintenance (CBM) based on dynamic 

interpretation of field data and with focus on all 

railway vehicles except freight wagons.  

Maintenance modularization is a major part of this 

project and a precondition to CBM.  

Dynamic handling of field data, 

decisions on maintenance actions 

made on the basis of actual condition 

of components  

20 

On-board 

diagnostics for 

locomotives 

Generation of condition information from vehicles 

and their operation. The system collects data from 

various DB Cargo locomotives (around 1025, 

transmits it to a cloud and then analyses it.  

Failure transmission and 

determination of operational 

restrictions, pattern recognition of 

failures  
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21 

Dashboard – 

Visualization 

platform for 

diagnostic data 

With use of open source software a visualization 

platform for CAN data, failure codes and operating 

data from locomotives and railcars is being 

developed. The vehicles are equipped with data 

boxes with transmission on the land side.  

Complete value-added chain for 

transmission of condition data  

Infrastructure monitors itself 

23 
CBM for 

infrastructure 

Collection of condition data with focus on field 

elements (e.g., CCS control command and 

signaling, point heater) and technical facilities 

(e.g., railroad crossings, elevators)  

Condition information should prompt 

CBM, about 9000 points connected 

so far  

24 

Remote monitoring 

of track sections 

and engineering 

structures (i.e. 

bridges, tunnels). 

The measurement of the following variables 

enables depiction of a transparent system 

condition: wheel forces, rail base edge stresses, 

pore water pressure, accelerations, inclination of 

the supporting structure  

Safe operation of engineering 

structures and continuous inspection 

between maintenance intervals  

Overarching 

27 
DSR Digital Situation 

Room 

Graphical presentation of key performance 

indicators (KPIs) for the dimensions of punctuality, 

quality, productivity, customer satisfaction and 

traveler information.  

On-line monitoring platform for 

entire fleets with regard to 

performance  

28 

Asset Intelligence 

and integrated data 

platform 

Equipping of vehicles and infrastructure features 

with sensors, telematics and reliable positioning 

systems for recording and transmission of relevant 

condition data incl. matching of infra and vehicle 

data formats.  

Acquisition and transmission of 

relevant condition data, integrated 

data platform (IoT based)  

29 Data analytics 

Provision and push of solutions and methods for 

custom data analytics for the implementation of 

different digital use cases, for different bus. areas.  

Development of data analytics for 

CBM  

30 

AMD – 

Asset and 

Maintenance 

Digitization 

Program 

Bundling of individual digitization projects into a 

holistic condition-based maintenance concept 

incl.:  

- digital fleet control,  

- pattern recognition in case of failures,  

- maintenance ”rulebooks 4.0” - transfer of the 

maintenance regulations into digital form,  

- CBM - utilization of condition-related findings in 

the maintenance planning and execution.  

Management model for digitized 

assets in the digitized environment  

31 

MBSE -  

model based 

system 

development with 

knowledge storage  

Developing a generic functional vehicle structure 

according to DIN EN 15380-2 on a MBSE platform. 

Creation of digitized and automated networking 

between ECM functions and technical support with 

provision of asset data from operation for analysis, 

optimization and monitoring of locomotive and 

wagon fleets with integration of sensor data and 

pattern recognition (predictive monitoring).  

Complete value-added chain for 

operation, maintenance and 

technical support within the 

standardized processes with focus on 

CBM.  
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• EMEF 

 

- Verification of insulation capacity of power transformer oil. This task is included on our 

maintenance plan and further actions according to result analysis can trigger oil change or 

regeneration, depending on condition and evolution given from the analysis results. 

- Verification of vacuum tube insulation capacity/vacuum grade. Replacement of tube is only made 

when necessary, not systematically. 

- Wheel profile wearing tool used for prediction/planning of preventive lathe operations as well as 

life expectancy of Monobloc wheels. 

- Monitoring of high pressure faults in HVAC system launches a warning to verify possible gas leaks or 

recharge of gas on the system. 

- Remote online monitoring. This allows the technical team to support the driver to solve technical 

problems. 

- Other inboard monitoring, namely boogie instability, as an indicator for equivalent consistency. 

- MAXBE project – Interoperable monitoring, diagnosis and maintenance strategies for axle bearings 

(in collaboration with partners). 

These above mentioned verifications, will lead to an on request preventive maintenance task, 

included in the maintenance plan. 

 

• CAF 

 

Area CBM type Components 

Rolling stock 

 

Failure prediction for specific components 
Batteries, air compressors, HVAC, Doors, 

Brake system and Traction units 

Degradation analysis and system condition assessment 

Wheels 

HVAC (compressor, condenser fan, etc.)  

Brake system components 

Generic train conditions 

Pantograph 

Circuit breaker 

Doors 

Compressors 

  Hardware systems 

  Bogie 

  Energy consumption 

Infrastructure 

 

Failure prediction for specific components Building HVAC break prediction 

Degradation analysis / estimation of remaining useful life 

  

Track geometry 

Building HVAC 

Power supply monitoring (substations and 

feeders) 
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• TCDD 

 
Infrastructure monitors itself 

Wheel Profile 

Monitoring System 

 

Forces between wheel and rail are collected. Loads and load 

distributions are monitored by this system. Recognition and 

localization of wheel flats are determined analyzing the data. 

Monitoring of wheel imperfections during 

regular operation 

Heated Bearings, 

Heated wheel & Tight 

Brakes Detecting 

System 

The heating of the outer and inner bearings, the wheels and 

the brakes are detected and monitored by infrared detectors 

installed on sleepers. 

Detection of heating of vital elements during 

regular operation 

Vehicle monitors itself 

SICAS- Hot box, Hot 

wheel Monitoring 

System 

The heated bearings and also deviated lateral acceleration are 

monitored by CAF 65001 High Speed Train Integrated System 

Thermocouples on gear box and thermistors on the axle 

heads. 

Condition measurement during normal 

operation of regular trains 

 

Infrastructure monitors itself 

Rail Switch Electrical 

Motor’s Current 

Monitoring System 

Measurements are taken during the movement of switches to 

detect if there is fluctuation in current. Measurement and 

monitoring of current changes are provided.   

Condition monitoring of safety critical 

components during operation 

Crossing Barrier 

Motor’s Current 

Monitoring System 

Crossing barriers working is being checked by monitoring the 

current of the electrical motors. 
Condition monitoring of safety critical 

components during operation 

 

 

 

 

• Siemens 

 

Area CBM type Components 

Rolling stock 

 

Failure prediction for specific components 
Bearings, Gearboxes, Traction motors, Fans / 

Ventilators, HVAC, Doors and On board units 

Degradation analysis / estimation of remaining useful life 

Wheels 

Brake pads / brake shoes 

Couplers 

Pantograph 

Collector shoe 

Compressors 

System condition assessment 
Bogie diagnostics incl. All subcomponents 

Flat spot analysis after emergency breakings 

Signaling 

 
Failure prediction for specific components 

Interlockings, Points, Signals, Cabling, Track 

circuits and Termination racks 

Infrastructure 

 

Failure prediction for specific components Rail break prediction 

Degradation analysis / estimation of remaining useful life Stray current monitoring 
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  Catenary 

Rail surface analysis / quality 

Broken rail detection 

 

• SNCF 

 

Rolling stock 

All CBM activities are structured according a system technology based on the open system 

architecture for condition based maintenance (OSA-CBM) which is an open and well-documented 

standard [Thurston, 2001]. A CBM solution has been developed for the maintenance of regional 

trains in the suburbs of Paris. SNCF is currently working on specific cases such as doors, steps, 

compressor, heating and air-conditioning. CBM is performed in case of “vehicle monitors itself”: data 

sent to the ground are processed and analyzed through different modules, according to the OSA-

CBM architecture, to obtain the operational state in real-time. Moreover, a presentation module 

(dashboard) has been developed for decision support. The validation procedure for further 

integration among scheduled maintenance is currently in progress.  

Infrastructure 

 

Railway infrastructures present a huge variety of assets types, technologies and generations. This can 

be explained by the number of different functions assumed by the infrastructure assets, and the 

historical expansion and improvements of national Railway Systems. 

This section provides complementary information regarding DB Netze description of CBM practices, 

resources and IT tools. 

Logics and approaches implemented for Infrastructure CBM: 

Heterogeneity of assets along the Network induces different types of anomalies, defects and faults to 

be controlled and managed over time: 

• Different ageing and degradation behavior and trends, 

• Different possible influent factors, 

• Different levels of accessibility to marks of ageing and/or factors correlated to them. 

 

This leaded to adapt tools and devices used for supporting CBM processes, which have been kept as 

generic as possible (whatever could be the type of assets). They can be summarized as 2 groups of 

activities:   

• Survey of assets status and anomaly detection: mainly done thanks to human resources, 

measurement trains and/or monitoring systems 

• Management of anomalies, degradation and, more globally, ageing assets: 

o Under a minimal threshold, operational maintenance planning is not modified   

o Between a minimal and a  maximal threshold, operational maintenance planning is 

adapted in order to control and inspect anomalies (inspections are performed more 

frequently, inc. detailed technical visits) 

o Above a maximal acceptable threshold : repairs or disposals / renewals 

 

Criteria used for dimensioning preventive maintenance effort and support decision-making are 

mainly UIC groups (representing traffic density and types), Train speed and technical characteristics 
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of the assets. For several technical domains, assets are partially / totally monitored 

continuously/frequently thanks to dedicated devices and/or measurement trains. 

 

Impact on SNCF Réseau IT tools for Maintenance:  

 

• Data warehouses defined per type of data (measurements, anomalies, …) 

• IT tools and applications for operational maintenance, which aims at supporting one or few 

structural operational maintenance processes 

• IT tools and analytics for supporting Maintenance Management and Engineering, 

• Data transmission, distribution and integration layer, which include routines and data 

processing enabling a relevant (re)modelling and integration of Data within the  whole 

Information System 

 

IT tools and applications for operational maintenance are generally associated to one type of assets 

(rails maintenance, S&C …). This enables an adaptation to maintenance policies and practices, to the 

degradation phenomenon, the failure modes and anomalies, and the way information are gathered.   

Further steps and improvements - Monitoring and Data-driven approaches: 

 

Deployment of monitoring systems, new way-side and on-board devices (such as IoT) are expected to 

be major contributors for next improvement steps within Maintenance processes: 

• Direct benefits, based on a more adapted survey and the processing of these new data along 

the whole processes, 

• Medium term expected benefits, based on a better monitoring of the maintenance process 

and the effectiveness of maintenance operations, 

• Medium and long terms expected benefits, as these improvements will enable to trigger 

maintenance operation based on risks of faults / significant events. 

V. Potential CBM use-cases 
 

The following table presents different potential use-cases for CBM that are still on project stage, 

comprising the four categories mentioned earlier. 

 

No Short title Scope of application Potentials for CBM 

Vehicle monitors infrastructure 

1 Speed control beacons 

Beacons located in the Track which aim at transmitting 

speed limits (and restrictions) to each train 

Wrong and missing messages are already detected on-

board for safety purposes (ETCS, KVB) 

Fault detection and/or loss of asset 

performances based on internal on-board 

C&C system (missing or wrong speed 

messages sent by the beacons) 

2 
Platform beacons in 

stations 

Missing beacons, faults or wrong messages can be 

detected by the On-board C&C system 

Wrong and missing messages are already detected on-

board for safety purposes (ETCS, KVB) 

Fault detection and/or loss of asset 

performances based on internal on-board 

C&C system (missing or wrong messages 

sent by the beacons) 

3 Communication 

network – 
Continuous measurement of the quality and 

Automatic detection of “shadow areas” 

and continuous monitoring of the quality 
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Train/infrastructure performances of the network/connection (radio, GSM-R) 

 Strong safety issues 

through the network 

4 Digital video unit   

Video monitoring of the infrastructure assets (Signaling, 

cables, Track components..) and  their surroundings 

(Vegetation, animals in Track) 

Additionally, integration of specific devices (infra-red) can 

enable monitoring of specific degradation. 

On-line visual (and/or thermal) 

monitoring of the degradation of assets 

and their surroundings (Vegetation, 

detection of gauging anomalies) 

5 

 

On-board inspection 

of track geometry 

quality using regular 

ICE services  

Operation monitoring on behalf of DB Netz AG  

On lines where the max. Permissible speed > 160 km/h.  

With a high number of equipped ICE trains, it’s possible 

to achieve a quasi-continuous inspection regime with 

meeting the requirements of EN 13848-2.  

Measurement is a “by-product” of regular 

train operation, automatic data storage, 

prediction of defect development, 

reduction of service breakdown and costs.  

6 
Overhead line 

inspection systems  

Fault diagnosis based on the contact wire dynamic 

measurements, inspections with desired operation speed 

up to 400 km/h.  

Measured parameters are meeting the requirements of 

the EN 50317 (contact forces, accelerations, position and 

displacement of the contact wire).  

Automated fault detection (including 

prioritization), easy combination with the 

on-board inspection of track geometry.  

7 

Non-contact optical 

catenary measuring 

system  

Non-contact optical measuring system for position, 

thickness and uplift of the overhead contact wires, 

capable of operating at desired line speeds as standard 

up to 400 km/h; high speed diagnosis offers efficient 

diagnosis in short times.  

Working principle is based on a triangulation method. 

Measuring quantities are similar to the dynamic 

measurement systems (overhead line inspection 

systems).  

 

 

Non-interference measurement system 

delivering condition data during normal 

operation  

8 
Digital video unit for 

catenary  

Main use of the video measurement system:  

- localizing and classifying defects found by other 

pantograph measurement systems  

- visual inspection of catenary and pantograph since it is 

nearly impossible to see abnormalities at regular 

inspection speed (in Germany the catenary is inspected 

every year at playback speed 40 km/h)  

Non-interference inspection system,  

possible for combination with the on-

board inspection of track geometry and 

overhead line inspection systems  

9 
Condition monitoring 

of turnouts and frogs  

The aim of this system is to detect in an early stage 

damages and changes to tracks or frog points in order to 

get an indication about required maintenance activities.  

Use of 3D profile data and the contact mechanical 

analysis allows condition monitoring whenever an 

equipped vehicle runs over the turnout.  

Condition measurement during normal 

operation of regular trains  

Vehicle provides data concerning infrastructure usage and solicitation 

10 
Weight and number of 

passengers 

On-line assessment of the weight of the loading (and 

related balance), and number of passengers in the case 

of passenger trains, based on suspension monitoring, 

delivers important information for infrastructure 

maintenance 

 Loading is a major degradation factor for 

Loading is one of the key inputs for 

infrastructure CBM, and can contribute to 

adapt maintenance to each asset / short 

Track sections.   
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infrastructure assets 

11 

Pantograph – force 

and pressure in 

direction to catenary 

wire 

Force and pressure applied for ensuring pantograph / 

wire contact is continuously monitored by on-board C&C 

system 

These data would enable efficient 

adaptation of maintenance policies for 

critical catenary wire sections. This would 

only concern overhead line. 

11 
Energy demand and 

consumption 

Energy demand and consumption are both monitored 

continuously by on-board C&C system 

These data would enable efficient 

adaptation of maintenance policies for 

critical catenary wire sections and Energy 

distribution station.  

11 
Train speed, braking 

and accelerations 

Speed, braking and acceleration are key factors for 

understanding and monitoring the degradation of 

numerous infrastructure assets (same as loadings) 

These data would enable efficient 

adaptation of maintenance policies for 

critical assets (e.g. closed to stations). This 

would mainly concern Track assets and 

overhead line. 

Infrastructure monitors vehicle 

12 Hot axle boxes 

Track side system, which aims at monitoring the 

temperature of axle boxes 

Alarms can lead to stopping trains, due to the risk of axle 

breaks 

Automatic fault detection (alerts and 

alarms), data are currently gathered by IM 

for operating purposes 

13 
Wayside Monitoring 

systems 

Track side vehicle diagnostics - condition data of vehicles 

are collected by the infrastructure with use of track-

installed sensors / measuring devices (i.e. video-based, 

acoustic, laser, wheel forces).  

Monitoring of various vehicle components 

during regular operation  

14 
Systems for detecting 

eccentric wheels  

Detection and thus targeted correction of the following 

wheel failures: flat spot, hard facing, tread damage, 

polygon. Additionally used as a dynamic track scale to 

measure wheel loads and unbalanced load.  

Automatic data feed into the 

maintenance system of DB  

15 
System for monitoring 

of wheel cross profile  

Recording of cross-sectional profiles of wheels on track, 

minimization of downtimes due to the elimination of 

measurements in the workshop.  

 

Condition measurement during normal 

operation  

16 

Train identification 

and initial wheelset 

examination system  

Automatic train identification with TAGs, concentricity 

and flat spot measurement via sensing rollers, laser light 

section for profile measurement, diameter determination 

and automated wheel set diagnostic system.  

Measurement during slow rolling into the 

workshop and direct data collection.  

17 
Wheel Profile 

Monitoring System 

Forces between wheel and rail are collected. Loads and 

load distributions are monitored by this system. 

Recognition and localization of wheel flats are 

determined analyzing the data. 

Monitoring of wheel imperfections during 

regular operation 

18 

Heated Bearings, 

Heated wheel & Tight 

Brakes Detecting 

System 

The heating of the outer and inner bearings, the wheels 

and the brakes are detected and monitored by infrared 

detectors installed on sleepers. 

Detection of heating of vital elements 

during regular operation 

Vehicle monitors itself 

19 CBM for vehicles  

Transition from an interval-based to a condition-based 

maintenance (CBM) based on dynamic interpretation of 

field data and with focus on all railway vehicles except 

freight wagons.  

Maintenance modularization is a major part of this 

project and a precondition to CBM.  

Dynamic handling of field data, decisions 

on maintenance actions made on the 

basis of actual condition of components  



 

 

  
 

 

A  7 7 7 5 1 3  P a g e  36 | 71 

20 
On-board diagnostics 

for locomotives  

Generation of condition information from vehicles and 

their operation. Currently around 1025 locomotives 

equipped with telematics. The system collects data from 

various DB Cargo locomotives, transmits it to a cloud and 

then analyses it.  

Failure transmission and determination of 

operational restrictions, pattern 

recognition of failures  

21 

Dashboard – 

Visualization platform 

for diagnostic data  

With use of open source software a visualization 

platform for CAN data, failure codes and operating data 

from locomotives and railcars is being developed. The 

vehicles are equipped with data boxes with transmission 

on the land side.  

Complete value-added chain for 

transmission of condition data  

22 

SICAS- Hot box, Hot 

wheel Monitoring 

System 

The heated bearings and also deviated lateral 

acceleration are monitored by CAF 65001 High Speed 

Train Integrated System Thermocouples on gear box and 

thermistors on the axle heads. 

Condition measurement during normal 

operation of regular trains 

 

Infrastructure monitors itself 

23 CBM for infrastructure  

Collection of condition data with focus on field elements 

(e.g., CCS control command and signaling, point heater) 

and technical facilities (e.g., railroad crossings, elevators)  

Condition information should prompt 

CBM, about 9000 points connected so far  

24 

Remote monitoring of 

track sections and 

engineering structures 

(i.e. bridges, tunnels).  

The measurement of the following variables enables 

depiction of a transparent system condition: wheel 

forces, rail base edge stresses, pore water pressure, 

accelerations, inclination of the supporting structure  

Safe operation of engineering structures 

and continuous inspection between 

maintenance intervals  

25 

Rail Switch Electrical 

Motor’s Current 

Monitoring System 

Measurements are taken during the movement of 

switches to detect if there is fluctuation in current. 

Measurement and monitoring of current changes are 

provided. 

Condition monitoring of safety critical 

components during operation 

26 

Crossing Barrier 

Motor’s Current 

Monitoring System 

Crossing barriers working is being checked by monitoring 

the current of the electrical motors. 

 

 

 

Condition monitoring of safety critical 

components during operation 

Overarching 

27 
DSR Digital Situation 

Room  

Graphical presentation of key performance indicators 

(KPIs) for the dimensions of punctuality, quality, 

productivity, customer satisfaction and traveler 

information.  

On-line monitoring platform for entire 

fleets with regard to performance  

28 

Asset Intelligence and 

integrated data 

platform  

Equipping of vehicles and infrastructure features with 

sensors, telematics and reliable positioning systems for 

recording and transmission of relevant condition data 

incl. matching of infra and vehicle data formats.  

Acquisition and transmission of relevant 

condition data, integrated data platform  

(IoT based)  

29 Data analytics  

Provision and push of solutions and methods for custom 

data analytics for the implementation of different digital 

use cases, for different bus.  

Development of data analytics for CBM  

30 

AMD –  

Asset and 

Maintenance 

Digitization Program  

Bundling of individual digitization projects into a holistic 

condition-based maintenance concept incl.:  

- digital fleet control,  

- pattern recognition in case of failures,  

- maintenance ”rulebooks 4.0” - transfer of the 

maintenance regulations into digital form,  

Management model for digitized assets in 

the digitized environment  
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- CBM - utilization of condition-related findings in the 

maintenance planning and execution.  

 

31 

MBSE -  

model based system 

development with 

knowledge storage  

Developing a generic functional vehicle structure 

according to DIN EN 15380-2 on a MBSE platform. 

Creation of digitized and automated networking between 

ECM functions and technical support with provision of 

asset data from operation for analysis, optimization and 

monitoring of locomotive and wagon fleets with 

integration of sensor data and pattern recognition 

(predictive monitoring).  

Complete value-added chain for 

operation, maintenance and technical 

support within the standardized processes 

with focus on CBM.  

 

 

 

 

 

 

 

 

 

 

 

 

VI. Requirements for Smart Maintenance 
 

One of the main purposes of the task 6.2 is to list in detail the requirements for smart maintenance, 

being as exhaustive as possible. Those requirements are classified in two categories: in technical 

terms and in terms of maintenance, written jointly by WP6 partners. 

 

1. In technical terms  

 

The best strategy is to integrate smart maintenance during design phase according to LCC (Life Cycle 

Cost) /Availability targets. This will allow having natively data transmitting trains/infrastructures and 

avoid posterior and costly installation of new sensors or IoTs (Internet of Things). Moreover, it is 

important to design trains that allow modifications with as less constraints as possible in order to 

follow new technological breakthrough in improving existing trains (i.e. future evolutions of 

telecommunication systems). This would also ensure the relevance of the choice of these devices, 

and related monitored variables, as well as their localization within the system. 

Establish agile developments and output results to demonstrate the capabilities of smart 

maintenance by measurable and achievable goals are interesting options. 



 

 

  
 

 

A  7 7 7 5 1 3  P a g e  38 | 71 

The following table presents a list of highest issue requests concerning the integration of on-board 

remote monitoring system to perform smart maintenance: 

Topics Description 

All the topics Standardization of data collection, processing and analysis systems ( Del.6.3 Standardization) 

Data gathering 
Unanimous definition of technical requirements and necessary on-board equipment for smart 

maintenance. 

On-board Data Processing 
• Scalable and affordable hardware and software architectures. 

• Train control unit (TCU) shall have access to the signals where CBM is applied  

• Subsystem data must be available from control unit 

Data Transmission 

• The standardization of data transmission systems and data formats. 

• Train to Wayside enabled and appropriate knowledge communication procedures between 

the experts in rolling stock and its components and the experts on data engineering and 

science in order to run code as far or close from the train component as it is needed 

• Target proper technologies for data transmission and geo-localization. In order to achieve a 

maximum efficiency and to prevent obsolescence. 

IT Data Processing • Wayside systems to handle data. 

• Scalable and affordable hardware and software architectures. 

Indicators and Information 

dissemination 

Determination of analytic tools for: 

• Pattern recognition (failure prediction). 

• Determination of relevant parameters. 

 

2. In terms of maintenance processes 

 
In order to develop a complete smart maintenance strategy, it is essential to consider the 

maintenance plan and try to reshape it regarding these new data sources and related information 

assessment performed by analytics platforms. Without this consideration, the LCC of the engine or 

the infrastructure will not be improved. First, it is important to identify the maintenance tasks that 

can be mitigated/optimized (and so even before any analysis development) in order to target the 

most cost-effective systems. To do so, it is obviously needed to improve rules and regulations that 

allow adjusting maintenance plans and protocols to introduce smart maintenance activities. The 

following points are non-exhaustive propositions of improvement: 

• Safety by design: smart maintenance needs to fulfill the same basic requirements as for the 

classical interval based maintenance.  

• Define clear guidelines for implementation of processed condition data into interval based 

maintenance programs incl. its validation : Processed condition data must be adequate for 

each case, so it must have a specification that assures its validation. 

• Identify non safety / redundant systems where smart maintenance can be used with no 

particular restrictions and have no effect in availability. 

• Identify safety related systems where smart maintenance may be used together with a 

scheduled maintenance plan, with the objective of increasing the safety or reducing the 

frequency of scheduled maintenance plan.  

• The technical and organizational specifications and maintenance manuals should be made 

transparent. For example the flowcharts of the maintenance activities should be evaluated 

and updated. 

• Raw data generated should always property of the vehicle owner and should be 

contractually settled between the vehicle owner and operator or any other party interested 

in having access to data. Operators and maintainers should have open access to the data 

that the different subsystems and components generate on their assets, in order to improve 

maintenance tasks: support for diagnostic and root-cause analysis, post processing for 

maintenance policies improvement and so on. 
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• Embed smart maintenance based decision support systems into the classic maintenance 

procedures. 

• New qualifications for the maintenance staff especially for the Maintenance Development 

function ECM 2 as well as the Maintenance Delivery Function ECM 4 regarding all data 

related issues are necessary 

• Dynamization of the whole process of maintenance delivery in the workshop due to an 

increasing volatility of necessary maintenance actions based on real conditions of assets 

components. 

• Development of support tools for the maintenance management process within the 

workshop (scheduling maintenance staff, organization of work orders, quality control, 

readiness message and release to service) 

 

 

 

VII. Data security related to Smart Maintenance 
 

1. Background 

 
Although data-driven strategies for smart maintenance are at the nascent stage, both quality and 

quantity of those data are going to increase and railway systems are moving towards more intelligent 

and connected systems, which offer new opportunities to attackers and cyber-criminals. Therefore 

data security becomes a serious issue because of increase in computer abuse, cyber-attacks, or 

espionage based attacks that steal data and information.  

 

Railway is a collaborative business where information is shared between different partners. 

Balancing the goals of collaboration and security is difficult in this environment since collaborative 

systems often focus on building useful connections among people, systems and information while 

security seeks to ensure the availability, confidentiality and integrity of information while providing it 

only to those with proper authorization. Protection of contextual information and resources in such 

systems, therefore, requires addressing several issues not rose by traditional single-user systems, 

due in part to the unpredictability of users and the unexpected manners in which users and 

applications interact in collaborative sessions. One of the important areas of security under 

consideration for collaborative systems is authorization or access control because such systems may 

offer open access to local desktops or networked resources.  

 

The security has to be considered in the transport domain for the protection of operators, for 

economic aspects and for the security of citizens. The transport domain faces many challenges. First, 

there is no specific European law on Cyber Security for transport and is still confronted with a low 

level of awareness. Railway stakeholders have difficulties to dedicate a budget for this specific topic. 

The use of heterogeneous technologies and software solutions leads to very varied and disparate 

data sets. From an information security perspective, the main concern for the railway sector is to 

reduce the risk of potential data loss and ensure steady and stable rail operation. In case of problem, 

important consequences can appear, such as train stop, negative economic effects and loss of 

confidence and accidents. Protection measures against cyber-attacks in the Railway sector are not 

yet fully developed. There is a lack of awareness of new risks and the risks are not quite considered 

due to the high level of safety in the railway domain. 
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Moreover, to reduce the overall cost, data owners outsourced their data to the cloud that provide 

access to the data as a service. However, by outsourcing, owners lose control over their data as the 

cloud provider is generally a third party, thus they must be aware of the security risks caused by 

outsourcing such as data leakage, miscellaneous insiders or account hijacking. 

In future maintenance, the decision making process will be increasingly based on several kinds of 

data. Maintenance itself shall provide safe, reliable, available and quality conformed assets. Thus all 

the data used in the maintenance processes have to keep to minimum standards of data reliability, 

availability and quality (safety of data) as well as data protection against possible cyber-attacks (data 

security).    

 

2. Data Safety 
 

In this task it is important to distinguish between aspects of data safety from aspects of data security. 

Data safety mainly deals with quality of data which needs to be reliable and free of errors. To do so, 

it is important at the beginning of a project to define the different aspects of the data quality such as 

sampling of the variables or sampling of the sending. 

 

3. Data Security 

 

Data security mainly deals with protection against cyber-attacks but moreover about the insurance of 

making CBM calculator unable to be remotely modified. 

 

4. Recommendations 

 
First, security recommendations related to data definition and data transmission have to be clearly 

specified to manufacturers. Depending on the system to maintain, these recommendations have to 

take into account the balance between goals of collaboration and security. The goal is to keep a safe 

and secure dataflow between the source and the storage, without any loss. 

 

Once data have been transmitted and stored, it is essential to consider the following four principles 

that are absolutely needed for any trusted engagement: 

 

• Data transmitted or stored are private, to be viewed only by authorized persons. This is the 

principle of Confidentiality. 

• Data transmitted or stored are authentic, free of errors made in storage or in transit. This is 

the principle of Integrity. 

• Data transmitted or stored are accessible to all authorized individuals. This is the principle 

of Availability. 

• Data transmitted or stored are of indisputable authenticity, when supported by acceptable 

digital certificates, digital signatures, or other explicit identifiers.  
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VIII. Smart maintenance requirements through the four quadrants for the 

collection of data 

 
1. Introduction 

 

The need to define all the value chain of smart maintenance is a key to develop common 

requirements and guidelines. Before defining a global concept of smart maintenance, the value chain 

is first detailed quadrants by quadrants. Then, for each quadrant, common principles and aspects had 

been gathered in the followings paragraphs in order to highlight common smart maintenance 

concepts and requirements. The following pictures present a macro level diagram of the data flow in 

a smart a smart maintenance structure for each quadrant of smart maintenance: 

 

 
Figure 10: Data value chain for all quadrants 

2. Vehicle monitor itself 
 

Differences between technological levels of trains induce different approach in the maintenance 

process. On old generation trains, only corrective and preventive maintenance steps can be realized. 

Numerous possibilities are available to upgrade old generation trains such as connected sensors for 

example and as to be led with a good knowledge of return on investment.  New generation of trains 

are natively fully equipped with sensors and a huge amount of data is circulating through several 

networks inside the train. Collecting those data in real-time allows the optimization and the 

development of smart maintenance strategies. 
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Through the example of passenger access, all the data value chain which can be used for smart 

maintenance will be detailed, from data transmission to the implementation of a smart maintenance 

strategy (Fig.7). 

 

Figure 11: Smart maintenance data flow for vehicle monitors itself 

 

2.1. Data acquisition and transmission: 

 

The passenger access system is composed of doors and steps and equipped with many sensors to 

measure logical and analogical data such as current, voltage, position, fault/state codes and 

associated context. All the inputs/outputs information of a system are processed and recorded 

through a control unit and then data from each system is transmitted to the train network and 

gathered into a file. Once the data from each system is gathered, a package of data (as a file or a 

compressed archive) is transmitted to the wayside on a physical/cloud server.  The exhaustive list of 

logical and analogical data that are sent on the wayside has to be available to monitor the integrity of 

data (by request to the train or directly sent in a separated file as the same time as the data).  

 

Triggers can be used to focus on specific events such as an opening/closing cycle for instance. Pre-

processing data before sending data to the wayside can be an option, however raw data must be 

always available (directly transmitted or available on request). In addition, a specific number of files 

must remain stored on board as a backup in case of transmission problems. 

 

Concerning analogical sensors, the sampling rate should be high enough to make any analysis as 

relevant as possible. Indeed, this is a main issue as a wrong sampling rate could limit significantly 

value and benefits related to the monitoring system. For each system, the sampling rate has to be 

defined during design phase for monitoring solutions provided by the train manufacturer or and has 

to be based on functional/dysfunctional knowledge of the system. Moreover, it should remain 

configurable if a new need emerges during operational phase. 

 

2.2. Data analysis:  

 

Once raw data have been transmitted to the wayside, a decoding process may be implemented and 

should be easy to handle (depending on data formatting). Then different kind of analysis can be 

operated, depending on the amount of the information in the data.  
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The first aspect concerns corrective maintenance, deals with the direct analysis of fault/state codes 

and their associated context. This step can be defined as digging the first layer of information. By 

setting specific equations and filters, it becomes possible to catch failure alerts but also health status 

and to plan appropriate corrective maintenance actions. For example, if an obstacle is detected 

during the door closing cycle, it can be due to a passenger action. However, if an obstacle is detected 

few consecutive times a door closes, this can be the signature of a specific door failure. Another 

example can be given by the information provided by counters. The number of opening/closing 

cycles of a mobile step is a function of the train lines and the number of cycles can vary by a factor of 

two and thus the maintenance steps can be adapted. In addition, all the gathered codes and their 

contexts will provide a huge amount of data, as a source for maintenance feedback and RUL 

computations. 

 

The second aspect concerns the condition monitoring of the system to prevent a failure and to 

lighten the maintenance plan. This step can be defined as digging the second layer of information. 

For this step, both logical and analogical data sent by the train are gathered and analyzed. As each 

subsystem is characterized by specific properties during its nominal operating cycle, comparison can 

be made between times series to detect deviation, abnormal behavior or remarkable points using 

expert systems. For each systems/subsystems, indicators can be computed and classified in several 

levels of criticality to attest the degree of degradation of the system. Besides, each indicator is 

associated with a context concerning the train (door reference, train reference, train station 

reference, date time, operational mission, GPS position and others) and stored in a database. Using 

those indicators and their related contexts, a health status of a system can be computed and used to 

delay or delete a preventive maintenance step. Moreover, when a health status is considered too 

bad, alerts can be created to short-term repairs (scheduled maintenance). For example, in the figure 

12, a deviation can be observed and attributed to a loose belt. Digging the second layer of 

information is essential to move from preventive maintenance to condition based maintenance. 

 

 

Figure 12: Normal (green) and abnormal (blue) curves of the door’s motor current 

  

 

The third aspect concerns predictive maintenance. This step can be defined as digging the third layer 

of information. In this case, all the available data can be used for adjusting maintenance planning to 

the real operational behavior of the system (e.g. early detection of first signs of significant 

degradation, pattern recognition, failure prediction, RUL computation) and for supporting the 

optimization of the maintenance downtime (e.g. diagnostic support and root-cause analysis). In this 

step, more elaborate solutions are used, such as neuronal network or machine learning. In case of 

passenger access, expert systems can be conceived using machine learning to match a specific failure 

and its signature on motor voltage/current curves. 

 

2.3. Maintenance operations and management system:  
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In order to develop a complete smart maintenance strategy for a specific system, it is essential to 

consider the existing maintenance plan and try to reshape it regarding opportunities highlighted data 

analysis. Also, never forget that a new maintenance strategy must to fulfill the same basic 

requirements as for the classical interval based maintenance. 

 

Preventive scheduled maintenance is often organized as shown in figure 13: From delivery to 

decommission, inspections are realized with a frequency determined by the number of operating 

days and/or the travelled distance. Each inspection being composed of several maintenance tasks. 

 

A smart maintenance strategy must combine preventive scheduled maintenance and condition based 

maintenance, with the objective of increasing safety, availability, reliability and reducing the 

frequency of scheduled maintenance plan.  Indeed, some preventive scheduled maintenance tasks 

cannot be suppressed as it requires a human intervention, such as lubrication or visual inspection. 

This also concerns components, functions and failure modes which are not concerned by the 

monitoring system (or which trend cannot be deduced from existing indirect monitoring Data). 

 

 

Figure 13: organization diagram for preventive scheduled maintenance 

 

First, it is important to identify the maintenance tasks that can be executed, delayed or purely 

suppressed using real-time monitoring such as measuring the distance between door panels during 

the opening or checking the belt tension. Once the maintenance tasks are identified, condition based 

maintenance can be performed to optimize the maintenance.  For the other tasks, reliability 

centered maintenance (RCM) can be performed (Figure 14).  
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Figure 14: example of organization diagram for smart maintenance 

 

Then, the maintenance plan should be reshaped to gather maintenance tasks which can be 

performed using time monitoring on one side and the others on the other time. Thus, a “connected” 

traceability can be performed as shown in figure 15, where four tasks of a maintenance visit are 

gather in case of passenger access. On this example, only 13 interventions are needed on a six-car 

train, instead of 48 systematic inspections and interventions is needed. 

 

 

Figure 15: Connected traceability with validated maintenance operations (green check) and non 

validated maintenance operations (red cross). 

 

This kind of connected traceability offers few possibilities: 

 

- Preventive maintenance steps could be delayed or replaced by condition based 

maintenance. For example, if the whole traceability is green just before a visit, there is no 

need to take over the train and the visit could be postponed. 

 

- Preventive maintenance steps could be kept, but the maintenance operation time will be 

reduced as only non-validated operations need to be taken over. For example, during a visit, 

only non-validated tasks (red cross on figure 15) have to be executed. 

 

- Corrective maintenance operations can be done during other maintenance operation 

(opportunity maintenance). For example, during a visit concerning another system, a 

dedicated operator can make a quick intervention only on primary or urgent tasks. 
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To help management process, all post processed information must be gathered and presented in a 

visualization tool for decision help support. An example is given in figure 16, where a whole fleet 

presented with specific patterns and color codes. Each square of the figure represents a train, the 

color code refers to the criticality level of passenger access systems and the size of the square is 

related to the operation time needed to fulfill a specific maintenance visit. 

 

 

Figure 16: Example of visualization tool for decision help support 

 

Monitoring systems also offers opportunities for reducing the time duration between deep 

improvements of maintenance plans and policies. Whereas major improvement steps need several 

years to be scheduled with RCM, smart maintenance approaches enable closest improvement steps 

and facilitate adjusted and partial improvements (e.g. per groups of maintenance tasks). 

Furthermore, direct maintenance performances and effectiveness monitoring can be performed 

based on additional/specific processing of monitoring data. 

 

3. Infrastructure monitor itself 
 

In the quadrant of Infrastructure monitors infrastructures, an important feature for the safety and 

operability of the railway network is represented by monitoring and maintenance activities on track 

circuits. The aim is to increase their monitoring and optimize their calibration, management and 

maintenance, improving the availability of the infrastructure and reducing the maintenance costs. 

 The Audio Frequency Track Circuit (AF-TC) is one of the components of the computer based 

interlocking system (CBI), providing both train detection and transmission of digital cab signaling data 

for the train management functions. Track circuits served by this system can include mainline, station 

areas, turnouts, crossovers, storage yard and highway crossing zones. A key function of the AF-TC is 

to detect the presence of a train in the monitored track circuit; this information is processed by the 

Interlocking system that generates the vital messages. Train detection is accomplished in the AF-TC 

by measuring the amplitude of the digital track signal used to deliver data to the vehicle’s cab signal 

equipment.  One of the main issues for track circuits is therefore the false track occupancy, which 

means that the track is erroneously considered in occupied state due to natural variations of the 

current levels in the track circuits. These variations, that may affect the correct behavior of the Track 

Circuit producing malfunctions, are caused by degradation phenomena and by the influences of the 

surrounding environmental conditions. The false track occupancy is a critical failure for the railway 

line because it has relevant consequences for the train’s circulation. This event usually implies the 

interruption of the service or the alternating one-way use of the line.  
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The mitigation of these critical events is possible by increasing track circuits monitoring and by 

optimizing their maintenance. In particular, the aim is to shift from a corrective or routine cyclical 

maintenance strategy to a predictive risk-based maintenance policy (Fig.17). 

 

Figure 17: Smart maintenance data flow for infrastructure monitors itself 

 

3.1. Data acquisition and transmission: 

 

To achieve the objectives mentioned in the previous point, we need to acquire both data from the 

track circuit system and data from other sources. The most important collected data are: 

 

- Track circuits log file: collection of data on track circuits currents. Four main parameters are 

taken into account: Shunt Level (SL), Variance, Receive Level, Raw Signal Level. The SL and 

Variance are the most significant parameters.  

 

- Computer Based Interlocking log files: for each specific Track circuit all the related “Alarms” 

and “Events”, failures occurred in the past, most recurrent problems are defined. 

 

- Traffic Management data: data related to the usage of the track, and consequently of the 

trains passed over the track circuits, collected from the Traffic Management System, which 

can identify other phenomena i.e. mechanical stress due to persistent transits of trains. 

 

- Maintenance activities reports: for each specific track circuit, all the data on the related 

“Corrective” and “Scheduled” maintenance activities and past maintenance interventions 

with the related time of interventions. 

 

Other collected data are: 

- the losses caused by the failure and the most critical lines sections derived from expert 

knowledge 

- the position of the asset and of the depot derived from the line scheme 
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- the availability of maintenance and the speed of maintenance teams for moving along the 

network provided by maintenance experts 

- the available train-free sub-intervals for maintenance provided by Traffic Manager 

- Weather data 

 

The next figure 2 summarizes the data acquisition phase: 

 

 

Figure 18: Available source of data   

 

3.2. Data analysis and maintenance planning process 

 

Based on the data acquisition phase introduced in the previous section, we developed a model for 

the detection of anomalies of track circuits and a data-driven method for predicting the occurrences 

of false track occupancies. Before introducing the model, some concept on the current planning of 

maintenance activities on track circuit. 

 

Current planning process 

Currently, the monitoring applications already let the user assess the status of Track Circuits current 

signals, shunt level and variance, and the generation of alerts are set in order to be triggered when 

signals go beyond specific set thresholds. These thresholds are based on the technicians’ 

consolidated experience and set in order to guarantee an absolute system safety. 

The current planning consists in a routine-based maintenance on a monthly basis and a corrective 

maintenance in case of failure, triggered by the alarms received from the diagnostic system. 

Currently the anomalies that occur at track circuit level are traced in the log files and these events 

can be accessed and visible in the HMI: these logs are checked periodically and alarms are notified to 

the operator in real time, and they could also be specifically consulted in case of issues happening 

along the line itself. Nevertheless, the failure is managed only once it has occurred and the alarm 

triggered: the system is not able to prevent the decay of AF-TCs in advance due to the lack of a 

predictive logic.  
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The Decision Support System for Predictive Maintenance 

The new maintenance strategy is proposed in order to implement predictive maintenance 

functionalities using data-driven techniques. The general idea is to provide a tool to maintainers in 

order to assess in advance whether an AF-TC needs a recalibration so to prevent false track 

occupancies. In this scenario, the anomaly is represented by a particular TC status in which the asset 

is characterized by some malfunction but still not affected by false track occupancy phenomena. 

Thus, the proposed anomaly detection system should be able to allow predicting in reasonable 

advance if a TC will go in a false occupied state. 

The model makes possible to identify anomalies, to have an assessment of track circuits status and a 

prediction of the future status, driving the recalibration and maintenance of track circuits. The 

probability that the fault occurs, instead, is given by the complementary use-case developed within 

IN2SMART WP8, which provides a tool in order to assess in advance whether an AF-TC needs a 

recalibration so to prevent false track occupancies. For this purpose, WP8 developed an anomaly 

detection data-driven model for the detection of anomalies of track circuits and a data-driven 

method for predicting occurrences of false track occupancies.  

Thus, the WP8 anomaly detection system should be able to predict in reasonable advance if a TC will 

go in a false occupied state by analyzing these different parameters.  

The concept of Remaining Useful Life (RUL) is introduced, that is the necessity of the calibration 

intervention is estimated by nowcasting and forecasting data-driven models and is used as input for 

the maintenance planning. 

The decision/planning problem to be solved is the scheduling of the calibration interventions and the 

allocation of the maintenance activities to the available night time-windows (without interferences 

with trains circulation) and to the available maintenance teams.  

The false track occupancy is a critical failure for the railway line because it has relevant consequences 

for the trains circulation. This event usually implies the interruption of the service but, in some cases, 

a rerouting of the trains is possible thanks to an alternating one-way use of the line. This means that, 

in order to prioritize the maintenance interventions, there is the need to identify which track circuits 

are more critical for the performance of the railway. 

The predictive maintenance approach that will be developed is focused on a service disruption 

mitigation. 

The deadlines for planning the intervention before the anomaly occurrence are set considering the 

estimated RUL thus introducing some stochasticity in the planning model (Stochastic planning). 

Moreover, the thresholds related to assets status are based on the technicians’ consolidated 

experience and are not deterministic values. 

The model should be able to deal with these stochastics aspects providing a good solution for a 

confidential interval of the RUL. 

The planning model considers also the risk associated to the failure event for each asset. Analyzing 

the collected historical data and considering the expert knowledge, it is possible to identify the most 

critical assets and lines sections, identifying the most recurrent problems for each asset and the 

related consequences for the system based on the relations between assets and components. 
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The data on the interventions executed in the past allow the evaluation of the time necessary for the 

execution, the speed of maintenance teams and the cost of interventions. 

Finally, the Traffic Management data allow knowing which the time-windows where the 

maintenance activities can be performed. 

 

Which decisions will be taken to obtain a solution? 

 

The main decision to be taken is the prioritization of maintenance interventions according to assets 

status forecasting and assets criticalities. Indeed, the predictive maintenance approach that will be 

developed is focused on a risk-based approach. 

The criticality of the track circuit is evaluated taking into account the consequences that its failure 

has on the system performance, considering the relation between its different components. 

For this reason, the optimization problem is based on the risk minimization, according to ISO 55000 

guidelines, and risk thresholds are evaluated and become constraints of the MILP (Mixed Integer 

Linear Programming) problem. 

According to the general risk definition for a generic asset � and for a given time� � ��, the risk is 

expressed as the product of the probability that the fault occurs in �, ℙ���|� � ��	, for the 

consequent losses 
�, that is, 

����, ��� � ℙ���|� � ��	
� 

 
 

This implies to consider also the damages and the impact of the failure on the considered 

infrastructure. The experts knowledge from the field and the past maintenance data are fundamental 

for understanding the expected damages and the criticality of the asset. 

The probability that the fault occurs, instead, is given by the complementary use-case developed 

within IN2SMART WP8, which provides a tool in order to assess in advance whether an AF-TC needs a 

recalibration so to prevent false track occupancies. As already mentioned, WP8 developed an 

anomaly detection data-driven model for the detection of anomalies of track circuits and a data-

driven method for predicting the occurrences of false tracks occupancies.  

In particular, the analyzed input are data on Track Circuits currents, in particular Shunt Level and the 

related variance, but also other factors such as traffic Management data related to the usage of the 

tracks (i.e. mechanical stress due to persistent transits of trains) and  maintenance data on the past 

failures and interventions. 

Therefore, taking into account these results, and considering the relation in Eq. 1 , we will be able to 

plan the maintenance tasks according to the forecasted condition of the track circuit and according 

to the criticality of that track circuit for the system performance.  

Given a maximum tolerable risk ��� for the asset �, it is possible to determine the hard deadline as the 

instant at which the maximum tolerable risk ��� is reached and a soft deadline as the instant at which 

an high but still tolerable risk is achieved. 

In this way, the deadlines for planning the interventions, before the anomaly occurrence and 

according to their criticality, are set considering the risk threshold.  



 

 

  
 

 

A  7 7 7 5 1 3  P a g e  51 | 71 

The problem is then expressed as a MILP problem in which the risk thresholds become one of the 

constraints. In this way, the main problem decision related to the prioritization of the maintenance 

activities can be taken. 

The other main decisions are related to the allocation of the maintenance interventions to the 

available maintenance teams and to the available time windows. 

The allocation to the maintenance teams is decided according to the working and travelling speed 

and the position of the maintenance team.  

The allocation to the time windows is evaluated considering that the available time for maintenance 

is the night period, in which trains circulation is forbidden, and that these time limits cannot be 

exceeded. 

Summing up, the main results/outcomes from the planning are: 

• the prioritization of inspections and maintenance interventions according to asset 

status forecasting and asset criticalities; 

• the allocation of maintenance interventions to maintenance teams; 

• the optimization of maintenance teams paths along the line; 

• the allocation of inspections and maintenance intervention to time windows. 

 

The detailed description of the mathematical model is provided in IN2SMART Del. 9.1. 
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4. Vehicle monitor infrastructure 
 

Since the telecommunication technology opens up new ways to transmit data throughout different 

systems, a combination of sensors on regular rail vehicles for the monitoring of infrastructure 

becomes an increasingly common practice. The usage of regular trains fitted with condition 

monitoring systems saves maintenance efforts and greatly enhances track availability since the 

frequency of dedicated inspection runs will reduce.   

Adequate data infrastructure is a central component in that system and plays a key role in the 

modification process of maintenance procedures for the infrastructure. 

Through the example of the DB on-board track monitoring system, all the data value chain which can 

be used for smart maintenance will be detailed, from data transmission to the implementation of a 

smart maintenance strategy (Fig.15). 

 

Figure 19: Smart maintenance data flow for train monitors infrastructure 

 

 

4.1. Data acquisition and transmission: 

 

The example presents an on-board monitoring system of track longitudinal level using regular ICE 

services operated by Deutsche Bahn. Scheduled trains equipped with track monitoring sensors run 

daily measurements while in service. This enables complementary inspection to regular checks by 

track recording cars, which provide complete range of track geometry and vehicle responses. 
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System highlights: 

 

- in service since November 2004 

- more than 5 000 000 km (approx. 1440 km per day) 

- no disruption of scheduled passenger services. 

 

Continuous monitoring of the track geometry and concise preparation of the measurement results 

provide asset officers with quasi-continuous information about the technical conditions along the 

line. At the same time, passenger comfort will be analyzed, thus identifying infrastructure or vehicle 

errors. 

 

Working principle:  

 

- autonomous system, redundant measuring system 

- two instrumented bogies with acceleration sensors (Y, Z measurement directions) and in the 

car body for the passenger comfort measurements 

- signals are gathered by an on-board data logger and transmitted via a GPS/LTE antenna to 

the land side 

- system is operable by remote control (remote monitoring of the measurement system, 

transmission of track failure data, etc.) 

 

The application was approved by DB Netz AG, as required by the EN 13848-2 standard. The system 

can be adapted to different vehicle series. No additional maintenance on trains will occur besides an 

annual metrological test.  

 

4.2. Data acquisition and transmission: 

 

In the conventional approach, the assessment of track geometry results from the inspection service 

of measuring cars, which provide condition checks at regular intervals. Every single inspection run 

generates data taken at a discrete point in time. This allows plotting of critical behaviors over time, 

however, in low resolution and with considerable delay.  

 

Figure 20: Example: high-speed lines v > 160 km/h - “conventional approach” 
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Figure 21: Example: high-speed lines v > 160 km/h - “smart approach” 

 

Once it’s known, when the alert limit has been reached, the infrastructure manager can take 

appropriate actions well on time and reduce the need of conventional inspection runs, thus making 

the rail network safer, more available and less cost-intensive in the maintenance. Once the frequency 

of data sampling raises, the indication of track condition becomes quasi-continuous, which in turn 

allows more precise degradation analysis and pattern recognition.       

By applying of pattern recognition and continuous monitoring in the maintenance process, for which 

the high quality and dense data collection is of primary concern, the preventive strategy can be 

realized in a much more efficient way. The better knowledge of the actual status and higher 

prediction abilities of degradation patterns, the bigger the chance that the transition from a 

conventional corrective approach to predictive and preventive will succeed.   

Looking for a smart factor in the case of continuous track monitoring, one can say that a data-driven 

approach greatly enhances all major efforts towards smart utilization of the infrastructure. This 

involves in the first place safety, higher availability and lower maintenance and operation costs.  

After all, the condition status of infrastructure affects the operation ability of trains. On the other 

side, the traffic intensity has an impact on the condition of infrastructure. Like for rail vehicles, a 

smart maintenance concept for infrastructure would need broader implementation of continuous 

monitoring solutions (e.g. onboard systems) so that the coordination between operation and 

maintenance works in the network reaches its optimum.         

Contrary to the rail vehicles, where lots of data are available and the degradation models mostly 

depend on operational values (operating hours, mileage or energy consumption), for the 

infrastructure finding solutions for a continuous or a quasi-continuous monitoring counts currently 

the most.  
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Figure 22: Display view of the DB track condition monitoring. (red and yellow flags alert about the 

excess of allowable limits for longitudinal level). 
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Figure 23: Detailed analysis of single data sets representing single track sections. (red and yellow 

limits alert about the excess of allowable values for longitudinal level).   

 

Collected data and performed analysis within the described system certainly bring the maintenance 

process to a higher level. To reach a conclusion on a smart maintenance concept, a classification of 

different layers of condition information in the system can be attempted:  

 

- first layer of information: is the traffic-light indication of the track condition incl. alerts for 

urgent maintenance needs (corrective measures)  

 

- second layer of information: data analysis, condition determination and planning of 

maintenance actions when it’s optimal instead of evidently needed (preventive measures)  

 

- third layer of information: long term analysis, failure propagation analysis, statistical 

observations and identification of “hot spots”, prediction patterns and advanced 

maintenance scheduling (predictive) 

 

The conclusion is that digging the first layer of information is essential to move from corrective to 

preventive maintenance. Regarding the matter of condition based maintenance of infrastructure, the 

preventive maintenance already implies prerequisites for CBM, such as predictive analytics. 

Therefore, the borderline between the second and third layer of information is not that distinctive as 

it is in the case of vehicles.     
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4.3. Integration into the maintenance process 

 

In terms of maintenance modification, basically one major change to the “conventional” scheduled 

inspection plan can be observed, namely, besides the regular use of measuring cars, there has been a 

dataflow from regular ICE trains integrated into the system. 

     

Hence, the system comprises the following elements:  

- track geometry inspections every three months (= four inspections a year)  

- measurement of track geometry parameters using the RAILab track measuring car  

- around 1800 high-speed ICE train runs occur between two RAILab inspections  

 

 

Figure 24: Infrastructure inspection on lines where the max. Permissible speed > 160 km/h. 

 

If a number of ICE trains are equipped with measuring instrumentation, important track geometry 

parameters can be recorded quasi-continuously, i.e. with much shorter intervals between 

measurements, and the utilization of measuring cars can be reduced. Moreover, a number of 

incentives for the modification of conventional maintenance can be derived from the following 

compilation.  

  

Present situation and motivation: 

 

- track inspection with special recording cars causes a lot of logistic and economic effort 

- inspections are carried out in fixed time periods 

• the condition of the infrastructure is not respected 

• sudden defects will be undetected until the next inspection 

- prediction of development of defects are difficult 

- it is not possible to assign reasons for service breakdowns 

(Rolling stock vs. infrastructure). 

 

Advantages and modification incentives for the maintenance process:  

 

- higher safety 

- improvement of maintenance management 

- reduction of costs 

- verify the quality of repair efforts (close control loop) 

- reduction of service breakdown and delays by early detection of defects 

- measured data are automatically stored in the maintenance database 

- prediction of defect development (more frequently measurements) 

- measurement is a “by-product (spin-off) of train operation” 

- from “Find and Fix” to “Predict and Prevent”. 
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4.4. Maintenance execution 

 

In order to develop a complete smart maintenance strategy for a specific system, it is essential to 

consider the existing maintenance plan and try to reshape it regarding opportunities highlighted data 

analysis. Also, never forget that a new maintenance strategy must to fulfil the same basic 

requirements as for the classical inspection. 

 

Scheduled maintenance is often organized as shown in figure 3: from commissioning to 

modernization, inspections are realized with a frequency determined by time periods. Each 

inspection is possibly being followed by a number of corrective maintenance tasks.  

 

A smart maintenance strategy must combine preventive scheduled maintenance and condition based 

maintenance, with the objective of increasing safety, availability, reliability and reducing the 

frequency of corrective maintenance plan.  

 

 

Figure 25: Organization diagram for scheduled inspections and corrective maintenance 

 

First, it is important to find the condition indicators that can be involved for real-time monitoring 

such as measuring the track geometry with the use of regular trains. Once the condition indicators 

are identified, condition based maintenance can be realized to optimize the process. 

5. Infrastructure monitor vehicle 
 

The ripping of catenary have major financial and traffic regularity impacts, partly because of the 

necessary repair work but mainly due to transport planning disruptions. Catenary defects correspond 

to the 2nd most important cause of delays due to infrastructure events along the French Railway 

network. 

The substantial constraints imposed on pantographs lead to breaks while significant wear can cause 

the over-degradation and the ripping of overhead lines. To prevent such incidents, SNCF Réseau 

started in 2015 to develop an innovative system for detecting defective pantographs based on 

Machine Learning and IA approaches. 

Such internal research and develop activities have been motivated by: 
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- The lacks of  relevance of the detection performed by the existing systems, 

- The price of these systems totally incompatible with the large Railway network  

- The constraints induced by their integration within the infrastructure (weight and size, 

energy, data transmission, etc.) 

 

The system aims at performing automatically 4 main analyses, illustrated by the figure below: 

 

Figure 26: System for detecting defective pantographs 

 

The system provides 2 key outputs:  

- The ID number for each Train 

- The number of pantographs 

- Information concerning the detection of potential defects on its pantographs  

After a positive proof of concept, several prototypes have been developed and are currently tested in 

Track (see next sections). The information gathered continuously is used for pursuing the learning 

and improvement of the Machine Learning modelling at the very heart of the system.  

The outputs of this system are valuable information for different railway stakeholders: 

- Train Operators 

- Train Maintenance teams 

- Train Owners 

- Infrastructure Catenary Maintenance teams 

- Infrastructure Catenary Asset Managers 

These ones can contribute to improve decision-making and planning processes. Even if the system is 

still under testing, these points are detailed and discussed in the next sections. 
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Developments are also pursued and aim at extending automatic anomaly detection for other types of 

assets (Track, rolling stock, etc.). SNCF activities within In²Smart – WP8 (Automatic detection of 

earthworks status change) contribute to this. The next sections present information regarding 3 main 

topics depicted below: 

- Data acquisition and transmission, 

- Data analysis, 

- Integration within Maintenance and Asset Management processes. 

 

5.1.  Data acquisition and transmission 

 

The system is composed of two cameras, which perform: 

- The acquisition of pictures in Track, based on an optical block, 

- The on-line analysis of these pictures, based on hosted computing abilities. 

Data is transmitted to a central application via a HTTP/MQTT interface few seconds after the train 

being analyzed by the cameras has passed through. Alarms identified by the system are 

systematically confirmed or denied by an agent.  

All information transmitted to the Central software is stored locally for one week to avoid any loss of 

data in the event of a network failure. This software allows installation, control and operation of 

measurements made by the cameras installed on the railway network. As such, it is an essential 

element of the system. The functionalities offered by this application allow agents to: 

 

- To consult the characteristics of the systems (location, software version, status, etc.), 

- To consult the measurements made by the systems, 

- To process alerts, 

- To improve learning,  

- To disseminate new learning. 

 

 

 

Figure 27: Data flow between central IS and cameras 
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The system transforms the data transmitted by the cameras into an alert (minor, major or critical) 

based on configurable thresholds. Alerts are not issued automatically; an operator consults them via 

a HMI and communicates them if necessary to the railway undertaking owning the offending 

equipment. A standardized interface to the standard described by UIC allows railway companies to 

retrieve all the data concerning them. 

In brief, after a train has passed through a site equipped with a system, the central system must 

receive: 

- An image of the front face of the train and the number identified on this front face, 

- At least one image of each pantograph on the train, with the rank of the pantograph in 

question, 

- Where applicable, any defect detected and its measurements (this defect will then be 

qualified by the central IS according to the said measurements), 

- An image of the rear faces of the train and the number identified on this rear face (note that 

it may differ from the number on the front face, especially in the case of multiple trains). 

 

Optional: Carbon strip thickness measurements (1 to 3 carbon strips per pantograph) for each 

pantograph except copper pantographs. For performing relevant pictures, the system is installed on 

signaling poles as illustrated below: 

 

  

Figure 28: Systems on signaling poles 

 

This allows gathering pictures for trains circulating until 160 km per hour. At the end of the 

acquisition phase, 2 classes of images are considered: 

 
Figure 29: Picture of pantographs 
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Figure 30: Picture of train identification items 

 

These images are transmitted to central IT system for consolidating historical image portfolios and 

making them available for any SNCF use case.  Beside this, as mentioned above, image analysis is 

performed locally and information about potential detected pantographs defects is transmitted to 

operational short-term decision-making processes. In both cases, images and data are transmitted 

via 4G wireless network. 

 

5.2. Data analysis 

 

Different machine learning approaches can be tested and benchmarked, such as the implementation 

of convolutional neural networks (CNN). 

 

Convolutional neural networks therefore have a methodology similar to of the one implemented by 

traditional supervised learning methods. At first they receive input images and detect the 

characteristics (called features) of each of them. In a second step they deal with the classification.  

 

This approach provides 2 main contributions for the automatic detection of pantographs defects: 

 

- As a first step, CNN is used for recognizing and isolating objects of interest within the pictures 

(i.e. pantographs ) 

- As a  second step, CNN is implemented for each recognized pantograph in order to detect 

potential defects 

 

 

5.3. Maintenance planning and asset management issues 

 

The current system has been developed based on a target for a suitable integration within processes. 

The figure below illustrates the targeted process, where Data and Images management is seen as a 

loop. 



 

 

  
 

 

A  7 7 7 5 1 3  P a g e  63 | 71 

 

Figure 31: Targeted process 

 

 

As mentioned in introduction section, several decision-making processes, related to different 

stakeholders and with specific issues / objectives, have to be considered here. The table below 

presents a first list of contributions of the system regarding these issues:  

 

Processes Rolling Stock Infrastructure 

Operating 

Monitoring of pantographs status for each train 

Adapting  fleet management, and rolling stock 

booking (for potential maintenance cost savings) 

Adapting operating decisions dynamically, for 

avoiding potential incident 

Operational Maintenance Condition based Maintenance planning 
Catenary condition based Maintenance planning 

(better insights regarding catenary wire usage) 

Owners and Asset 

Managers 

Fleet Management 

Improving rolling stock renewal and disposal 

decision-making rules and criteria 

Monitoring of maintenance performances 

Prioritizing catenary renewal needs 

Consolidating CAPEX and OPEX trajectories 

 

 

Until now, activities and testing focused on the technical management of the devices and the 

machine learning routines. Next steps will enable to a go a step further and propose a first 

integration of the information gathered by the system within these processes. 

 

 

 

 

 



 

 

  
 

 

A  7 7 7 5 1 3  P a g e  64 | 71 

6. Common principles and aspects of the entire railway system 
 

Differences between technological levels of systems induce different approach in the maintenance 

process. On old generation systems, only corrective and preventive maintenance operation can be 

realized. Numerous possibilities are available to upgrade old systems, such as connected sensors for 

example, but this has to be led with a good knowledge of return on investment.  New generation of 

systems can be natively fully equipped with sensors and a huge amount of data can be extract from 

it. Collecting those data in real-time allows the optimization and the development of smart 

maintenance strategies. According to the four quadrants, common requirements and focus areas for 

the entire railway system can be identified: 

 

Data acquisition and transmission 

- Legal aspects for data access, possession of data, sharing data : ownership of data needs to 

be defined to prevent unjustified prices from the manufacturers to access the data, also, any 

railway asset data should be accessible to its operator 

- Access to raw data (before any preprocessing or filtering step) 

- Specific guidelines for manufacturers and maintenance providers (for the data provision) 

- Harmonized/normalized data structure 

- Acquisition of maintenance data  

- Make a distinction between brand new systems and existing/modernized ones  

- Take into account data transmission obsolescence during the system conception step 

- Implement remote connections to the system for modifying acquisition parameters (type, 

sample rate and frequency of data transmission +  data trigger definition) 

- Facilitate data transmission between all partners in the railway sector 

- Secure the whole data flow to avoid any  breakdown or black out 

 

Data analytics and user interface 

- Functional structure of the failure of an asset must be known 

- Data specification must be known 

- Determine precisely the criticism of a failure, according to specific domain experts 

- A specific data flow architecture for each specific use case 

- Enable correlation of digital data with maintenance data   

- Ensure data quality and reliability 

- Special requirement to ensure the safety of related data 

In order to develop a complete smart maintenance strategy for a specific system, it is essential to 

consider the existing maintenance plan/task and try to reshape it regarding opportunities highlighted 

data analysis. A new maintenance strategy must fulfill the same basic requirements as for the 

classical scheduled maintenance and ensure the same level of security. A more flexible maintenance 

plan should improve the capacity to implement smart maintenance while keeping the same level of 

security. 
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Maintenance management and development system 

- Maintenance management and development specs 

- Secure and flexible modification procedures  

- Smart maintenance management platform (for planning and guidelines)  

- Accompanying  the change from classical maintenance management system to smart 

maintenance system 

 

Smart maintenance implies better anticipation of work : It is more difficult to evaluate the necessary 

time of each inspection/task, so the maintenance execution needs to be able to adapt their schedule 

according to the work that has to be done. Good communication within the whole smart 

maintenance process can prevent such case by analyzing the failure before the maintenance task 

operation through web interfaces that gather all information.  

 

Maintenance execution: 

- Smart interaction with the whole smart maintenance process : be more agile 

- New maintenance system implies better anticipation of work, but in the same time difficult 

to know the time needed for execution 

- Maintenance service providers 

- Digital tools for execution and reporting of maintenance works 

- Always have the possibility to switch back to the classical 

- Ensure operators existing skills over time 
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IX. Strategic Guidelines for Smart Maintenance 

 
1. Scope 

 
Since the present "deliverable" presents an extensive description of projects and investigations in the 

framework of "smart maintenance", with the objective of documenting the development prior to this 

concept proposal, with which some of these developments may not be fully aligned, and also 

because some of these studies present a more advanced level of development than TRL2, the strict 

response to the objectives established for the "Task 6.2" is expressed in chapters II. 2. and IX. 

Thus, the present "Guidelines" aim at establishing major steps and topics to be dealt with when 

starting implementing the proposed concept of "smart maintenance" described in Chapter II. 2. 

2. Goal 

 
The following points have been taken into account when establishing these guidelines, and should be 

considered to enable further developments and to focus on the objectives expressed in the Grant 

Agreement 777513, as well as on additional objectives identified as part of the development of the 

concept of "smart maintenance": 

-It should always be sought to obtain a positive balance in the joint improvement of safety, reliability, 

availability and Quality of Service and the reduction of the overall cost to the railway system. 

 

-Monitoring of condition indicators, including their definition, should be done in the most efficient 

and effective manner, considering the available technologies and all possible quadrants. 

 

-The analysis of monitoring data intended to influence maintenance plans should be done in the 

most efficient manner and the results must have associated information on their statistical 

representativeness and relevance, as well as on the accuracy of data provided by monitoring 

systems.  

 

Seek to answer the guiding questions set for the IMPACT-2 project: 

 

-How much can the reliability of the railway system be improved by condition based maintenance? 

 

-Which data are required? 

 

-Which algorithms allow a confident and robust enough prediction of component status? 

 

- How shall related changes within maintenance strategy, policies and practices be managed over 

time? 

 

Based on the principle that what is obtained is what is measured, we also seek to establish some 

guidelines on ways of evaluating and monitoring the whole process. This aims at making evident the 

benefits of each action, and also at identifying the location/impact of these benefits within the Rail 

System. 
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3. General Methodology 
 

The guidelines will help to ensure that any development under "Smart maintenance" seeks to align 

with the principles established in the concept. 

 

In the context of monitoring, included in 4-quadrants landscape, so that technical and technological 

choices shall focus on the most effective technical solutions and vectors choices. 

 

The impact assessment shall be performed in a holistic way, i.e. at the entire Railway System level. 

4. Priorities within functions, subsystems, equipment and failure modes 
 

One of the most important key of success, when shifting towards Condition Based Maintenance, is to 

focus improvements on top priorities. These ones are specific for each organization, and rely on (not 

exclusive) Costs, Performances, Reliability and/or Availability expected benefits. 

 

Quick wins shall be launched in parallel with actions requiring more Maintenance engineering work 

and studies. As well, in order to launch the dynamics, focusing at first on not safety related issues 

could be fruitful for performing fast organizational changes. 

5. Selection of condition indicators 
 

The condition indicators are intended to report information on the status of the equipment, 

subsystem or system to be monitored in order to allow the early identification of the predictable 

failure modes. These ones shall be established taking into account the related physical model and 

kinetics.  

Indicators that are directly or indirectly (but sufficiently enough) related to each of these predictable 

failure modes will be preferably used. 

Any indicator that only reports information regarding the quantity of operations performed, 

accumulated route or service time of an equipment or system, cannot be considered a condition 

indicator. 

6. Accuracy of data provided by the monitoring system 

 

Any monitoring system shall be based on requirements defining explicitly the confidence and the 

accuracy of the data expected for supporting Maintenance decision-making. These requirements 

shall be allocated, with the help of providers of monitoring systems providers, in order to specify the 

expected accuracy of the equipment intended to capture the variables to be monitored, including 

their initial calibration and throughout their life time. 

The minimum accuracy to be ensured in the data intended to monitor the condition must be defined 

in such a way that the margin, between the acceptable limit value and the closest fault condition 

value is sufficient to ensure an early detection. 
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7. Collection, transfer, storage and visualization of monitoring data 
 

The entire chain of transmission of data covers all the items, objects and processing contributing to 

the chain. This covers from the pickup equipment to the storage of data within a "database", 

including any derivations or parallel paths for visualization and/or local treatment. These 

contributors must be designed and maintained in order to ensure the integrity of the information 

along the whole chain. In any case, information integrity shall be measurable and checked in order to 

enable any change within Maintenance processes. 

The integrity of the information must be ensured by means of security and safety methods 

appropriate to the level of safety of the systems to be monitored. This shall include Maintenance 

process as a whole, meaning that Maintenance operators shall have alternative practices to be 

implemented in case of troubles during the transmission of data like applying back the current 

Systematic Maintenance process. 

 

8. Data analysis 
 

The analysis must be based on all the information that presided at the choice and specification of the 

condition indicators, including the physical model of the equipment or system to be monitored. 

In addition, the analysis should also consider the information concerning the quantity of service 

carried out, namely the amount of operations carried out, accumulated usage of the equipment / 

subsystem (e.g. mileage, cumulated tonnages, Maintenance interventions or time of service) It is also 

advisable to consider, whenever available, information about the operational context. 

 

9. Changes within the maintenance plan 
 

Two strands can be considered initially: 

- The first, simplest and immediate modification shall take into account the information resulting 

from the monitoring system, and may change the way to trigger maintenance interventions (e.g. 

fixing threshold adapted to this information).  

- The second is the influence of continuous monitoring of the condition and the historical knowledge 

that results from the predictable evolution of equipment and systems. 

In either case, the validation of the changes in the maintenance plan must be based on the 

knowledge of the validity, statistical representativeness and accuracy of the monitoring information 

that is at the basis of these changes. 

Whereas systematic maintenance policies are usually updated, and frequencies reevaluated, every 5 

to 10 years, system monitoring could enable more frequent changes. The management of these 

updates shall be reasonable enough in order to limit unexpected disturbances within Maintenance 

processes.  

As illustrated and mentioned by [9] (see section 5.1.6), any change proposed within Maintenance 

plans has to be validated from a safety management point of view. 

This validation aims at ensuring that those changes would not disturb risks management, and do not 

lead to an unacceptable risks level. 
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10. Optimizing monitoring through the 4-quadrant approach 
 

As presented in section X.1, projects of monitoring a particular equipment or system should always 

consider the possibility of monitoring through any of the 4 quadrants (and/or any combination of 

them). 

 

If the possibility of monitoring is identified through more than one quadrant, the advantages and 

disadvantages of the option for each quadrant should be carefully identified. 

 

11. Impact on the Rail System 
 

The impact assessment in the rail system presents a key importance and should seek to identify the 

influence at the level of safety, reliability and availability and the reduction of the overall cost to the 

railway system, so as to allow evidence of alignment with the objectives of "smart maintenance". 

The assessment shall take into account two strands: 

 

– Direct impact resulting from the installation of the monitoring system. 

 

– Subsequent impact resulting from changes that the monitoring system will induce within the 

related maintenance processes. 

 

The impact arising from the installation of the monitoring system will only focus on the location 

where it will be installed, typically rolling stock or infrastructure. The initial impact must be assessed 

carefully, due to the related costs of installation and possession.   

The impact of the induced maintenance changes may have repercussions on any contributor within 

the rail system. Thus, it is of the utmost importance that a method can be established that allows the 

initial evaluation of the predictable impact of changes induced in maintenance, as well as its 

subsequent, periodic or continuous revaluation. 
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Figure 32: Smart maintenance process 
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