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Foreword: THE ‘SMART STUDIO’, entity within OUR SNCF DIGITAL TEAMS

• SMART studio’s aim is to  improve the railway knowhow 

taking advantage of new technologies. Safety is on top of the file.

The ‘Smart Studio’ uses New technologies for data analysis to contribute to bring the 
digital features to the whole railway domain knowhow : 

+ Smart Language : Automated Processing of text data in Natural Language (NLP)

+ Smart Maintenance : Collection and data analysis to feed predictive maintenance   
software tools 

+ Smart Certification : Information Storage and Exchange in a secure way (Blockchain)

On-going
projects

Internal 
customers 
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 Conclusion

SNCF explains here how the records from

the past safety events can now be efficiently

used to improve the analysis and make

appropriate investment decisions for safety,

with all the required justifications - with

a new tool using a semantical approach 

and Machine learning principles.
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APPLICATION CONTEXT AND IDENTIFIED NEEDS

In-house archives have been initially created to address an ‘administrative’ traceability requirement to record the events and all useful details.

As long as the record is filled in, there is legal compliance, even if poorly filled-in. Free text zone is proposed as incentive to build record.

We are all now familiar with 
browser’s use in our everyday life...

We are now frustrated not having the 
same feature for parsing our safety events! 

Records are useful and in-house tools are efficient to retrieve all information relative to /one precise event /with matching key words.

Main application is to retrieve data for judiciary purpose, or to perform in-house detailed analysis on root causes on specific event.

Tool’s HMI is less efficient when a transverse need requires to make sure to parse all relevant records which may contain different key words.

Difficult to establish statistics and cost-efficiency ratios over complete archives, for instance to prepare and justify safety investments.

Issue also comes from the fact that records contain free text (unstructured data), while Tools only propose filtering with predefined set of words.  

Records are filled-in with various formats, texts, scans of handwriting, pictures, diagrams – filters are not enough powerful to parse in them all.
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SNCF SAFETY EVENT DATABASES : ISCHIA & CAPRERA

- Currently, information can only be accessed via limited 
predefined filtering criteria or via the safety event tag number

- Free-chosen key words can not be provided as filtering seed

➔ Stakes : optimise the use of data, switching from a customised 
research mode to a multi-purpose / multi-criteria request mode

-More than 10 years of railway safety events for 

[SNCF RESEAU] - Infrastructure Manager side & 

[SNCF VOYAGEURS] - Pssgr Train Operator side



Interne SNCF Réseau

I R S C  2 0 2 2
I N T E R N A T I O N A L  R A I L W A Y  S A F E T Y  C O U N C I L

S E V I L L A ,  O C T O B E R  1 6 - 2 1 ,  2 0 2 2

(is it possible to...) IMPROVE SAFETY EVENT MANAGEMENT – with archives?

« THAT’S THE WAY IT WAS, STILL IS » ...

▪ A rather difficult access to the existing databases

▪ Expensive / sweating enquiries, they are time-consuming    
for their process and need ressources 

▪ Seldom or no true use once the reports are published 

during and following the enquiry period.

▪ No real internal benefits for the knowhow improvement

and  no detection or deduction of local / regional exceptions

NO...THERE ARE « USEFUL STEPS » TO PROGRESS THE MATTER

• Reinforce the access then the quality of the information databases

• Perform more targeted analysis from one or several

given historical contexts to progress on root causes and potential barriers

• Provide assistance to decision making by stakeholders (investments)

• Guarantee efficiency and post-incident management

Yes, it’s possible to make much better use of the events from the past

to fully understand and better invest / anticipate / avoid Railway Safety Events
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IMPROVE SAFETY EVENT MANAGEMENT – with archives thanks to MACHINE LEARNING!

To achieve this, SNCF has decided to explore and take advantage from Natural Language Processing (NLP) 

It takes advantage of all the techniques which use computers to analyse data, determine the semantical similarity between words and 
translate between languages. It applies to written languages but also to speech.

It can lead to Machine Learning or automated learning, a « concept which makes a machine able to learn from its own experiences »

Semantical Analysis consists in determining the exact meaning of words or a set of words by a detailed analysis of the 

combination of words and the context, it can help machine to consider by itself all other words with similar meaning.

- Usual application contexts of Machine Learning and Semantical analysis: 

Research programs / Text contraction / Automated translation, Statistics, Analysis & Decisional tools

- This domain is associated to concepts such as: ‘Corpus’ of data / ‘Thesaurus’ / ‘Lexicon’ / ‘Labels’
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01 02 03

IMPROVE SAFETY EVENT MANAGEMENT – launch of a proof of concept (POC)

Data mining aiming 

at all useful archives

➢ > Collect useful data to obtain 
from tool expected deliverables

Analysis and Processing 

of extracted data

+ > Semantical analysis     

Production of forecasts

and interpretation

+ > Machine Learning

+ > Data visualisation

A RELIABLE STATISTICAL TOOL

> Authorised employee provides as  
input some contextual elements and 
receives as output the potential root 
causes of accident, as well as their 
weight in archives

> Identified target Users : eg. Regional 
managers willing to decide and 
prioritise maintenance investments.

A DECISION ASSISTANCE TOOL

> After the safety event: Identification of low noise signals 
and assistance in solving long time pending enquiries

> In real time :  Authorised employee provides as input 
contextual elements and receives as output the potential 
root causes of accident.

> Identified target Users : eg. Local Safety Managers, 
Enquiry managers, Overhead line event specialists, entities 
at all level within Infrastruture Manager.

TWO NEW FUNCTIONALITIES

> Identified target Users : Authorised 
employee has standard access to data, 
either standardised or displayed as if

standardised.

> Obtain Automated filled-in safety 

reports (standardisation)

> Make good use of a

Smart search engine

Technical approach - 3 successive Work Packages
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Design a smart search engine to ease searches in order to...

To feed the Proof-of-Concept (POC) ns demonstrate efficiency of the proposed strategy

• More than 1300 documents have been extracted from Databases for testing purposes

• Functionalities: Search is launched with one or more key words / Synonym analysis / additional filtering possible 

• Evolutive releases (filters, results display, results downloading...)
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...➔ understand better data contents, identify potential safety strategy improvements 

Improve existing Bow-ties

Find out
[cause & cause]

Improve existing Bow-ties

Find out
[consequence & 

consequence]

Improve existing Bow-ties
Create new Bow-ties

Find out [cause  
& safety event]

Improve existing Bow-ties
Create new Bow-ties

Find out 
[safety event & 
consequence]

It offers some prediction opportunities

• type of event (precise set of root causes)
• Identification of cumulative consequences
• Risk control measures to prevent or mitigate root cause
• RCM to prevent or mitigate consequence
• Type of rolling stock with the type of cause / of consequence
• Location of incident (regional, local) with root cause
• Impact of safety event given the root cause
• Type of signal passed at danger given the root cause

[Non-structured data] are now also taken into account

• Safety event context (circumstances)
• Root causes
• Consequences
• Risks
• Risk Control Measures (RCM) decided and set
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...➔ help at all stages with this [search / statistical / decision-making] assistance tool

LOCAL SAFETY MANAGERENQUIRY MANAGER 

AUTOMATED SAFETY EVENT  
CHECK-LIST FILL-IN

EASE THE COLLECTION 

OF ALL DATA

Provide thanks to the tool all 
contextual information to describe 
the safety event

- semi-automated fill-in of the check-
list immediately after the safety 
event

ASSISTANCE TO THE 
IMMEDIATE SAFETY REPORT

MAKE GOOD USE OF THE

DATA  FROM THE PAST

Look for former situations similar 
event in order to : 

+ Suggest some protective 
actions 

+ Identifiy who should be called

PRELIMINARY FILL IN 
OF THE EVENT RECORD

EASE THE PARSING

Based upon the Immediate 

safety report

+ automated fill-in of 

the event description and 

protective actions set

ASSISTANCE TO THE 
FINAL SAFETY REPORT

ASSISTANCE TO SAFETY 
DOCUMENTS WRITING

+ Wrap-up of details noticed / 
conclusions approved by local 
safety manager

+ Prédiction of the root causes of 
event on the basis of what has 
been collected in the past

+ Preliminary fill-in of final report 
document aligned with 
company template

1 2 3 4
TOP LEVEL SAFETY MANAGERS

INVESTMENTS

5

DECISIONS

+ Justified and

documented

investments

for safety
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ROADMAP of the Proof Of Concept

M

Analysis of Railway Documents stored

Deduction of the first useful semantical rules

M+1

Improvement of analysis

workshops with professionals to 
build-up more accurate semantical rules

M+2

Prototyping

Design of the first statistical interface 
based  upon Professional knowhow

M+3

Prototype testing

Adjustment of the statistical tool in 
close cooperation with the users

M+4

Development of the solution

Design of the decsion assistance tool

M+5

Solution testing

• Customisation of the tool and 
adjustements with the expertise

• Launch of other topics of  
digitalisation

REQUIREMENT free access to (the usually restricted access) data stored in safety databases (obtained)

REQUIREMENT budgets for a more robust design of the tool applied to all data, derived from the POC (obtained)

Both did require some internal lobbying to convince high level management and official approval (➔ non-technical aspects)

(in months)
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WORK PERFORMED DURING POC

Step 1 : Exploring data and processing the safety reports

There is a stong need to analyse a set of reports to extract:
• Structured text zones: 

Date, location, Line number, Track, Train type, …
• Free text zones : story telling, context, consequences, 

risks, risk control measures ...

Step 2 : Setting rules of semantical analysis

• Definition and construction of a Thesaurus
• Identification of key words, relevance ranking level

Step 3 : Include requirements for the Python script

• Documents pseudo-cleaning and data import
• Language multiple feature analysis
• Transfer of all useful (railway) concepts

Step 4 : Perform iterations for AI and Machine Learning
• Automatic classification
(monitored learning, multiple tag classification )

• Statistics and Predictions relative to each event

Step 5 : Data display
• Display of data to reveal difference and feed decision  
• Delivery of automatic tailored predictions

Note

• Experts should to be involved as soon as step 2 in 
order to obtain validation of the semantical choices

• Afterwards, the items that could be predicted have 
to be defined together with the end customer,  
sponsor of the project.
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BEST EFFORT WITH MINIMAL DATA

Note
During the POC:, it has not been planned to:

• Process the complete set of files (only the amount required to demonstrate the feasibility and the quality of the process) 

• Set up a thesaurus as large as possible to address all possible topics of analysis.

It has however been absolutely necessary to optimise the analysis of all the available data once the newly extracted data were copied into a

distinct data field. The results of the POC did depend on the amount of data extracted from database on which the tool will be applied later on...

This analysis has enabled to :

• Collect a reliable well structured and non-structured information out from the any kind of files available 

• Set up a mechanism to tag with index the extracted content to initialise and feed a Thesaurus, customised for the types of expected analysis

• Demonstrate feasibility of enhancing each safety event file with additional  information thanks to the thesaurus (and file classification)

• Demonstrate feasibility of performing multicriteria investigations from existing safety event files, taking advantage from information 
obtained by algorithm and also parsing through free text

• process data with selection of analysis topics, to be defined given the set of data    to be used for the analysis.
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EXAMPLE OF AVAILABLE DOCUMENTS AS INPUTS

Extract from typical Root cause analysis reports. 
Chartered (‘structured’) document and also any kind of (‘as is’, ‘unstructured’) files, attached to it
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Detail view of the extracted structured fields

During the feasibility demo:, it is not planned to:

• Process the complete set of files (only the amount required to demonstrate the feasibility and the quality of the process) 

• Set up a thesaurus as large as possible to address all possible topics of analysis.

Structured data extraction
• :

• Document number
• Date of safety event
• Where event took place :

region, department,
kilometric point

• Train operation mode
• Train number
• Track type
• Type of power car/engine
• Use
• Line number / Kilometric point
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Detail view of the extracted non-structured fields

During the feasibility demo:, it is not planned to:

• Process the complete set of files (only the amount required to demonstrate the feasibility and the quality of the process) 

• Set up a thesaurus as large as possible to address all possible topics of analysis.

Acquisition of non-structured data

• Safety event context (circumstances)
• Causes, root causes
• Consequences
• Type of risk(s)
• Decisions made, actions to be taken
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Indexation - Classification

During the feasibility demo:, it is not planned to:

• Process the complete set of files (only the amount required to demonstrate the feasibility and the quality of the process) 

• Set up a thesaurus as large as possible to address all possible topics of analysis.

Extracted content is tagged with index
• All the words contained in the extracted data are used to build 

up a Thesaurus specific to the company / railway activity. 
• For each meaningful word, one string or more is associated to it, 

this enables obtaining efficient results with parsing algorithms 
« by analogies / synonyms ».

• The complete set of words is extracted and used to build a 
thesaurus for one or two topics to be chosen.

• Any type of data such as weather data, objects found on track, 
radio communications related to the safety event context could 
be used … 

Files classification and multiple criteria research
For the files classification,

• The whole set of files which have to be considered for the study, is 
classified according to the various categories defined in the thesaurus 
(thanks to analogies / synonyms).

• The design team performs a first analysis to check the consistency of 
the resultts obtained. Then, an expert is required to check the results 
and delivers final validation.

For the multiple criteria research, a set of requests is defined to be submitted 
to the enhanced data base.

These requests will use:

• The structured data extracted for the purpose of the study;

• Classification categories appropriate for research;

• Key words to be found (including miss spelling, but without invoking 
the set of synonyms).

These requests are partly built  « blindly », without any access to the content 
of the existing files.

Note

• This steps requires the contribution of experts to help add things that 
would be wrong or miss then provide validation of the initialised 
Thesaurus.

• The thesaurus is « blindly » built,  which means not having access to 
the source PDF document, forbidding access to the whole context of a 
given incident, which could introduce some bias in the content of  the 
thesaurus  which would artificially the performance of the processing.
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Predictions and Statistics

During the feasibility demo:, it is not planned to:

• Process the complete set of files (only the amount required to demonstrate the feasibility and the quality of the process) 

• Set up a thesaurus as large as possible to address all possible topics of analysis.

Additional work to refine the predictions and statistics

From the extracted data, tagged with index then classified, the algorithm produces :

• Statistics : by cross comparing or numbering the amount of identified structured data
• Predictions : by cross comparing identified non structured data, taking advantage of the preliminary defined thesaurus.

Types of relevant safety events  / root cause 

• Identification of cumulative consequences

• Cross comparing actions taken relative to the safety event cause

• Cross comparing actions taken relative to the consequences

• Cross comparing rolling stock type with the root cause(s) / the consequences

• Cross comparing location of safety event (regional, local) with the root cause

• Cross comparing impact of the safety event with the root cause

• Cross comparing the type of signalling with the root cause

Examples of predictions opportunities / expert required to provide validation
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The proposed tool will improve the access and the quality of our safety data

It provides to railway domain analysts an easier access to the safety data without modifying them, 
with two dedicated efficient parts of the tool : 

- a powerful search engine, similar to a browser, to parse and filter efficiently the existing safety 
event reports

- an automated process to fully implement the new safety event reports, to obtain complete and 
standardised (structured) safety reports, while reducing the work load.

T hi s  to o l  i s  a pp l i c a b l e  wh at eve r  m a y  b e  the  f o rm a t  o f  sa f e ty  
re p o r t  a rc h i ve s ,  d at a ba se  o r  f l a t f i l e .  I t  c o u l d  be  yo u r  t o o l  to o . . .  

I t  o n l y  re qu i re s  s o m e  co nf i gu ra t i o n  f o l l ow i ng  the  c o n tex t  a na ly s is
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Obtain figures, check safety facts, find new ones

The user of tool provides as input in natural language all the 
useful and known details he wants, can refine the and obtains in 
return all the available data,  and also links between root causes, 
safety event, damage consequences.

Various benefits can be obtained, for top and middle managers :

- Explore data to get hints, good ideas, relevant assumptions

- Dig in the data collected from the field to confirm the 
assumptions

- Update existing bow-tie models, suggest new bow-ties 
deduced from true occurrence on the field

- Establish cost/benefit ratios to compare solutions

- Define and justify priorities for safety investments, and 
deployment of appropriate risk control measures.
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Example of 
compared analysis obtained

established with a sample of 150 files
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Example of efficiency for parsing
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