
Safety-related data 
collection and 
manipulation

politics, methods, and rules at Infrabel

Nicolas Gatez

11-13 June 2025



ing. Nicolas Gatez

Key Data Scientist Signalling

Data acquisition specialist

Constructions engineer, chartered surveyor

27 years at Infrabel

nicolas.gatez@infrabel.be

+32 525 32 65

About myself

Safety-related data collection and manipulation at Infrabel

mailto:nicolas.gatez@infrabel.be


3

Infrabel is the main Infrastructure Manager of Belgium.

9533 employees

6551 km of main tracks

13000 signals

8300 switches

Who’s Infrabel

Safety-related data collection and manipulation at Infrabel



ETCS Deployment



5

ETCS Deployment

ETCS deployment : motivator

Following a series of deadly accidents, 
ETCS expansion was mandated by law,
To cover 99% of the risks for end 2025
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ETCS Deployment

ETCS deployment : Roll Out Master Plan

Ambitious Master Plan
Each Project takes 2-3 years preparation
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ETCS Deployment

ETCS project happens in brown field. 

- Missing documentation

- Inaccurate plans

- Situation changed

- …

ETCS project : Assessment of the existing situation

Measurement needed
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Constraints and requirements

Constraints and requirements

SAFETY
SPEED
SCALE
COST

No COTS available : we had to design new processes and tools
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Cost of quality : 

The importance of defining your

quality goals. 

In terms of : 

- Accuracy

- Precision

- Completeness

- Timeliness

How to measure : 
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Measure what? 

Everything that can impact the braking distances!

- Positions and curvilinear distances between signalling objects.

- Tolerance ±50 cm

- Gradient of the track.

- Tolerance ±1 ‰

- Absolute position (X,Y,Z) 

- Tolerance ±1.8m2

- Undetected error rate :
less than 1/100.000.000

ETCS critical dependencies

Images : EEIG ERTMS Users Group, ERA

Constraints and requirements
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Independent safety assessment (ISA)

2.2 System under assessment

The object under assessment is the Measurement Campaign 

Process introduced in § 2.1, which aims at acquiring 

topographical data to be used for a safe configuration of  the 

CCT components of  the Infrabel network. 

2.3 Safety requirements

The Measurement Campaign Process shall be SIL 4. 

Constraints and requirements
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f) application data tools that produce or 
maintain data which are required to define 
parameters and to instantiate system 
functions e.g. function parameters,[…],alarm 
and trip levels, […], geographical layout.

Normative constraints

gradients, distances between objects,…

measurement tools

DB

tool class T3

generates outputs which can directly or 
indirectly contribute to the executable code 
(including data) of the safety related system.

(new norm 50716 – with unchanged requirements)

Constraints and requirements

Safety-related data collection and manipulation at Infrabel



14

The objective for the development of 
application data is the correct deriving of the 
data from the given installation and the check 
of the intended behaviour, followed by an 
assessment of the used development process 
for that application data

measurement campaign process

geographical data

Normative constraints
Constraints and requirements
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Continuously validate data during the project

Dataprep

Census

• Avoid delay

• Avoid costs

ETCS V-cycle

Constraints and requirements
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Most important : People

Tools

Dedicated team

• 4 Engineers

• 4-6 Operators

• 2 Surveyors (part time subcontractors)

Support : 

Safety, quality, drivers, mechanics, …

Safety-related data collection and manipulation at Infrabel
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6 link to OBMT

Tools
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Sensors

1

2

INS-GNSS1

2 DMI

3

3
Profil
(2D lidar)

4

4
Left + right + center:
Topographic cameras

4

5

5 ‘3D’ lidar

5

1

EM202

6 Fast, inserts in traffic, 
mass acquisition. 
Great for main lines

Depends on free tracks, 
Not great in yards 
(shunting process)
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• measure known points before/ after

• issues at borders and with config 
RTK

Handheld GNSS

Very accurate, independent from shunting

Slow, needs protection 

Safety-related data collection and manipulation at Infrabel
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• measure each rail

• max difference on site: 1m

• max distance: 250m

Measurement wheel

Light, cheap, minimal formation needed

Slow, short range, not very accurate, 
only measure lengths, needs protection

Safety-related data collection and manipulation at Infrabel
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Orthorectified aerial images

• not all information possible (panel 
values, slopes, …)

• Only ground level information 
usable

• even internal sources often 
unreliable – unprecise data 
processing or zoom level issues

• Google Earth and similar – not 
approved

Safety-related data collection and manipulation at Infrabel
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Tools

Each sensor’s accuracy is 
carefully assessed and verified 
on a regular basis

This includes : 

- Sensor itself

- Human aspects

- Data manipulation

- Manual measurements on 
those data

Accuracy Assessments for sensors
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Processes

FMEA and risk quantification for each step

Process design : Risk assessment

Goal : undetected error rate < 10-8.

Introduction of risk mitigation 
measures where needed.

Safety-related data collection and manipulation at Infrabel
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Processes

Key factors : 

- No time pressure

- Well trained operators

- Well documented operations and procedures

- Easy to use tools ("job aids"), alerts, ...

- Good and structured communication 

Aiming for a 10-4 Human failure rate

source : Human Error Probabilites (HEPs) for generic tasks and Performance 
Shaping Factors (PSFs) selected for railway operations

By Jacob Thommesen, Henning Boje Andersen

https://orbit.dtu.dk/en/publications/human-error-probabilites-heps-for-generic-tasks-and-performance-s
https://orbit.dtu.dk/en/publications/human-error-probabilites-heps-for-generic-tasks-and-performance-s
https://orbit.dtu.dk/en/persons/henning-boje-andersen


27

Processes

• Well documented process

- Prepare didactical material.

- Prepare work instructions.

- Continuously inform them 
for procedural changes.

- Maintain competency matrices.

Operators continuous training

Safety-related data collection and manipulation at Infrabel
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Processes

(and how to measure them)

Creation of a reference dictionary 
for surveyors/operators

Symbology for maps and reports

Unambiguously define the objects to measure

Safety-related data collection and manipulation at Infrabel



29

Processes

Rule of thumb : two 

- At least one of those :

- Two sensors 

- Two software

- Two operators

- Two datasets

- Compare and investigate the differences

(each branch should be assessed to have a 10-4 failure rate)

Process design : Mitigation measures

Safety-related data collection and manipulation at Infrabel
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Processes

A) For each INS : Post Process with CORS 
RINEX, Compare GNSS and smoothed IMU 
(slope)

• Detects direction errors

• Detects IMU misalignment

• Validates noise removal

• Validates IMU internal coherency

B) Compare track layout from two sources

• Detects source malfunctions/errors

• Validates slopes

• (validates 3D geometry as well)

Slopes : 

INS 1 

GNSS

IMU

Validated 
INS 1

C

INS 2 

GNSS

IMU

Validated 
INS 2

C

C

Validated 
slopes

A

Survey

Plan

B

Validated 
Layout

(one path)

Safety-related data collection and manipulation at Infrabel
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Processes

C) Validate camera or LIDAR position with a 
validated INS

D) Measure object positions 
(stereophotogrammetry, GNSS or LIDAR)

E) Compare two sources for each position

• Validates the object position

Objects positions

Validated INS

Camera
LIDAR

Object 
Position

GNSS

Plan
Object 

Position

Object 
Position

C
Validated 

Object 
Position

C

D

E

Safety-related data collection and manipulation at Infrabel
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Processes

F) Project on the track and 
compute distances with each 
software

G) Compare distances between 
objects

• Validates distances and slopes 
between objects

Distances

Validated INS

Validated 
Object 

Position

Software 
1

Distances 
and slopes 

1

Validated INS

Validated 
Object 

Position

Software 
2

Distances 
and slopes 

2

C
Validated 
Distances 

and slopes

F

G
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Processes

Each step of the process has to be logged

- Check lists

- Operator name

- Sensors used

- Input/output files signatures (sha256)

- Parameter files

Each verification has to be approved by 
two operators

Found to be needed

Traceability and documentation

Safety-related data collection and manipulation at Infrabel
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Processes

Validation using AI

Dataprep

Census

ETCS V-cycle

Existing data is considered one validated source
New measurement runs with simplified process
AI detections and measurements (Photo + LIDARs)
Detection of differences

But : 
- Not as reliable as a human operator 
- Automation difficult to maintain

Safety-related data collection and manipulation at Infrabel
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Processes

High Data Volume

500GB / measurement day

3-5 GB / ETCS project deliverables

Most data to be kept during 
the lifecycle of the installation.

Other point to take into consideration

Safety-related data collection and manipulation at Infrabel
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Return on 10 years of experience

Since 2015 : 

60.000 km runs

300.000 objects measured

Results

- Process has been constantly evolving.
- Simpler at the start, heavy process has been proven necessary. 

- Errors still occurred, only to be detected later 
in the on-site testing or during design.

- Costly rollbacks had to be done.
- Documentation helped to find impacted projects 

and find out where mistakes were done.
- Documentation helped improve the process.

Safety-related data collection and manipulation at Infrabel
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(as of 24/04/2025)

ETCS deployment : Current state km
In service

km
foreseen in 
Master Plan

Return on 10 years of experience
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- Photographic evolution of the network

- 3D scans of the network

- Accurate track axis measurement

Used in the maintenance to reduce
on-site visits (ballast, vegetation, catenary, …)

Used to assess the condition of assets

Interesting byproducts

Return on 10 years of experience

Safety-related data collection and manipulation at Infrabel
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