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Who's Infrabel

Infrabel is the main Infrastructure Manager of Belgium.

9533 employees

6551 km of main tracks
13000 signals

8300 switches
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ETCS Deployment

ETCS deployment : motivator
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ETCS deployment : Roll Out Master Plan

Ambitious Master Plan

Each Project takes 2-3 years preparation 3.973
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ETCS Deployment

Approach and roll-out status
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ETCS project : Assessment of the existing situation

ETCS project happens in brown field.
- Missing documentation
- Inaccurate plans

- Situation changed

‘ Measurement needed

Safety-related data collection and manipulation at Infrabel
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Constraints and requirements
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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

Safety-related data collection and manipulation at Infrabel



How to measure : H0ET

TOTAL COST
OF QUALITY

Cost of quality :

s.
.~-—---

The importance of defining your

quality goals.

In terms of :

- Accuracy FAILURE COST PREVENTION+
APPRAISAL COST

- Precision

- Completeness

- Timeliness 100% QUALITY LEVEL 0%
DEFECTS DEFECTS

Cost versus Quality Level according to the PAF Model (adapted from Kazaz et al., 2005)
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Constraints and requirements

ETCS critical dependencies

——————————

Measure what?

Everything that can impact the braking distances!

Positions and curvilinear distances between signalling objects.

- Tolerance 50 cm E . {

Gradient of the track. il

Hsa/‘e(vv d) = Abmke sa[e(”) + Aqrudt‘em(d)‘

- Tolerance 1 %o

Absolute position (X,Y,Z)
- Tolerance £1.8m2

F=m g sinip)

Undetected error rate :
less than 1/100.000.000

Figure 3: Influence gravity on a train

Safety-related data collection and manipulation at Infrabel Images : EEIG ERTMS Users Group, ERA 11



Independent safety assessment (ISA)

Y &

belgorail

Railway Certification Body
Notified Body 1615

File: 121005IN

Document: 121005IN_MSR-CMP_RAP-EVAD-ISA-3X
28/09/2021

Assessment plan: 121005IN_MSR-CMP_PLAN-EVA-ISA_5X
11/05/2021

Client: Infrabel Camp-Mesure - Marché TR330389
30/11/2015

MEASUREMENT CAMPAIGN - GENERIC PROCESS
INDEPENDENT SAFETY ASSESSMENT (ISA)

(121005IN_MSR-CMP)

ASSESSMENT REPORT

FINAL ASSESSMENT

S.A. BELGORAIL N.V. - Rue Joseph Stevensstraat 7 — B-1000 Bruxelles-Brussel — www.belgorail.be
Tel : + 32 2 897 90 01 — Email : info@belgorail.be
RPM — Bruxelles — TVA/BTW BE: 0 865 739 846
Banque : ING IBAN BE77 3101 8023 1342 BIC : BBRUBEBB
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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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Normative constraints

Constraints and requirements

EUROPEAN STANDARD EN 50128 (new norm 50716 — with unchanged requirements) measurement tools

NORME EUROPEENNE
EUROPAISCHE NORM June 2011

ICS 35.240.60: 45.020: 93.100 Supersedes EN 50128:2001
English version
Railway applications -

Communication, signalling and processing systems -
Software for railway control and protection systems

Applications ferroviaires - Bahnanwendungen -

Systémes de signalisation, de Telekommunikationstechnik,

télécommunication et de traitement - Signaltechnik und

Logiciels pour systémes de commande et Datenverarbeitungssysteme -

de protection ferroviaire Software fur Eisenbahnsteuerungs- und
Uberwachungssysteme

This European Standard was approved by CENELEC on 2011-04-25. CENELEC members are bound to
comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this European
Standard the status of a national standard without any alteration

Up-to-date lists and bibliographical references conceming such national standards may be obtained on
application to the Central Secretariat or to any CENELEC member.

This European Standard exists in three official versions (English, French, German). A version in any other
language made by translation under the responsibility of a CENELEC member into its own language and
notified to the Central Secretariat has the same status as the official versions

CENELEC members are the national electrotechnical committees of Austria, Belgium, Bulgaria, Croatia,
Cyprus, the Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, lceland,
Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, the Netherlands, Norway, Poland, Portugal, Romania,
Slovakia, Slovenia, Spain, Sweden, Switzerland and the United Kingdom.

CENELEC

European Committee for Electrotechnical Standardization
Comité Européen de Normalisation Electrotechnique
Européisches Komitee fur Elektrotechnische Normung

Management Centre: Avenue Marnix 17, B - 1000 Brussels

©2011 CENELEC - All rights of exploltation in any form and by any means reserved worldwide for CENELEC members.

Ref. No. EN 50128:2011 E

NBN EN 50128 (2011)

Safety-related data collection and manipulation at Infrabel

1

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.

1

gradients, distances between objects,...

tool class T3

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

Normative constraints

EUROPEAN STANDARD EN 50128

NORME EUROPEENNE geogra phical data
EUROPAISCHE NORM June 2011

ICS 35.240.60: 45.020; 93.100 Supersedes EN 50128:2001

The objective for the development of

Railway applications -
Communication, signalling and processing systems -

Software for railway control and protection systems application data iS the Correct deriVing Of the

Applications ferroviaires - Bahnanwendungen -

Systémes de signalisation, de Telekommunikationstechnik, d a a fro e ive n i n S a a i O n a n e C e C
télécommunication et de traitement - Signaltechnik und t I I l t g t t t

Logiciels pour systémes de commande et Datenverarbeitungssysteme -

de protection ferroviaire Software fur Eisenbahnsteuerungs- und

Dpervachungesysem of the intended behaviour, followed by an

This European Standard was approved by CENELEC on 2011-04-25. CENELEC members are bound to
comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this European

assessment of the used development process
Up-to-date lists and bibliographical references conceming such national standards may be obtained on p p

application to the Central Secretariat or to any CENELEC member.

This European Standard exists in three official versions (English, French, German). A version in any other ° .

language made by translation under the responsibility of a CENELEC member into its own language and O r t a t a I Ca t I O n a ta

notified to the Central Secretariat has the same status as the official versions

CENELEC members are the national electrotechnical committees of Austria, Belgium, Bulgaria, Croatia,

Cyprus, the Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, lceland,

.
o T T . P, . Fomane measurement campaign process

CENELEC

European Committee for Electrotechnical Standardization
Comité Européen de Normalisation Electrotechnique
Européisches Komitee fur Elektrotechnische Normung

Management Centre: Avenue Marnix 17, B - 1000 Brussels

©2011 CENELEC - All rights of exploltation in any form and by any means reserved worldwide for CENELEC members.

Ref. No. EN 50128:2011 E

NBN EN 50128 (2011)
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Continuously validate data during the project

* Avoid delay

Dataprep

 Avoid costs

Safety-related data collection and manipulation at Infrabel

Constraints and requirements
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Our data acquisition tools




Most important : People

Dedicated team
* 4 Engineers
* 4-6 Operators

e 2 Surveyors (part time subcontractors)

Support :

Safety, quality, drivers, mechanics, ...

Safety-related data collection and manipulation at Infrabel

Tools
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Sensors

Safety-related data collection and manipulation at Infrabel

@ INS-GNSS
@ o

Profil
(2D lidar)

Left + right + center:
Topographic cameras
@ ‘3D’ lidar
@ link to OBMT

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

Depends on free tracks,

Not great in yards
(shunting process)

Tools

s ff



Handheld GNSS

* measure known points before/ after

* jssues at borders and with config
RTK

Very accurate, independent from shunting

Slow, needs protection

Safety-related data collection and manipulation at Infrabel



Measurement wheel

* measure each rail
* max difference on site: 1m

e max distance: 250m

Light, cheap, minimal formation needed

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

Safety-related data collection and manipulation at Infrabel



Orthorectified aerial images

* not all information possible (panel
values, slopes, ...)

* Only ground level information
usable

e 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



Tools

Accuracy Assessments for sens

Ojet 2 BKS L2 (8)

wchy 2
Mean 10889918

Each sensor’s accuracy is - IS

Standard Deviation  0.358311794
Sample Variance  0.128387342

Cet ctyet 3 668 choms pour 53 omme rangulaine e présentant pas fmbIQUAS & SRS uant au paint

L] L] Kurtosis 627158355
Skewness 0 046958839 Les 55 mesures efeciudes S0t Sans ks 10MMaNced (vor feulle de cascul (3] DOur s Ootas)
carertu assessed ana veririe . — N—
Mo 138W765) mesusée par Hyparicn en 2021 (Pas de pont de corkrtie TUC Ral pour cet cbjet
Sum 2 41265€-14 v -
Count 22154 = + v
I b . :

This includes :

Les 55 mosures scet dars 1a toiarance orescrte
Udcart de dintance eucicienne svec i rédérence est de 10,3 om avec un dcart fype de 6 cm

ensor itself

00M33 001961 0006017 00142 -0.00122 pous oo oo
0332136 0.26663 0.08572 0267736 0.00%13 Bs7y 020071 0284
092462 0830% 01752 07865 -0.02734 Josss 088289 03¢

2% 026741 016769 0.00853 017438 -0.00629 SIOONE S U OO NS 0T TSI OO N0 1575 011819 .16
- SO% 00330 -0.03039 0.005144 0.00023 -0.00145 0.003106 0.030511 0.00285 -0.00027 0.01S817 -0.00651 -0.01053 612605 -0.00087 001404 0.00722 0.038IN -0.00064 0.023415 0.058836 001034 0.01¢
75% 013865 0.083955 0.013594 0180478 0001676 0.01065 0277504 0.048305 00281 0.150509 0.199681 0.16613) 001047 0006557 0.2080%3 0230144 0218613 0.00K08 0217411 027614 014017 0.207

065189 0.758088 0242838 0331022 0,0MO9 O.MI797 0.971597 OASING 020108 03528 O.HMSS76 O.726316 0.152656 0061998 0720898 O.75254 Q.916065 O.AZ1S71 OTRITSH 0.97MI2 O.046208 075

B O.137715 0803208 00M&4 0178732 137642 0250065 07574 083079 1150691 0.970183 0.070075 0.068634 0.90%38 0.908477 0.779237 0.065858

87105638 o.62masa 0.5)

- Data manipulation

- anual measurements on
those data

Safety-related data collection and manipulation at Infrabel 23
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Processes

Process design : Risk assessment

Infragis -8 / INFGIS-96

Step 08: Load INS log file

# Edit  QAddcomment  Assign More v

FMEA and risk quantification for each step

v Details
Type: [ story Resolution: Done
Priority: ~ Meadium Fix Version/s: Atlans Pri
Affects Version/s: None
Labels: None

L'étape
d'extraction induit [_ﬁ
82,01 Smlfng (0200 A Ebud Sarvey 02.63 8 Serv. Survey o
une erreur i . !ﬂ, [ l Traceability | Safety FMEA Assessment
Iindétectable par la
SLite i process. Safety FMEA In Progress
Assessment:

Safety Failure mode 1 N/A
Done while supposed
not to be:

Safety Effect 1: No Safety impact

Uerreur indite par Safety Failure mode 2 v Wrong reading of data and wrong verification:

les 2 extractions est L'extraction des Celaaisn aey dondnas Not done whila The consequence of that will be that at the last step the will be result in a crush of the process.
laméme pourles 2 donénes traitées 3 A z . is wi i
traitées 3 partir des supposed to be: This will result in a loss of time
&
fichiers de mesures pantir des données el '
(sinon elle est brutes via le module vt 4 Safety Effect 2: Availability impact
détectée) POS PAC est NOK module RELPHINS est
Safety Measure 2: ~ FMEA_iNFGi5-9% adapted test: INFGIS-112
R Safety Failure mode 3+ Wrong reading of data and wrong verification:
Done in a wrong way: The consequence of that will be that at the last step the will be result in a crush of the process.
This will result in a loss of time
Safety Effect 3: Availability impact
Safety Measure 3: ~ FMEA_tNFGi5-9%: adapted test: INFGIS-112

La projection de
Reference Rit
Position est Nok
(sachant que Ingut
est0K)

l«,..,.g l -
s ) Goal : undetected error rate < 10°8.

st derectée via la control NOK

comparaison)

(ETCS Toolbox)
NOK

comparer Nok

104

104
x4 estimer

Introduction of risk mitigation
measures where needed.

Safety-related data collection and manipulation at Infrabel 25



Processes

Aiming for a 10* Human failure rate ..

l‘l'me scription HEP References
0. Human perfor-  |Highest obtainable reliability (minimal error rates). 1E-4 (single) (Kirwan 1994)
mance limit 1E-5 (team)
1. Simple routine S|r.nple, familiar and.frequent task ) lE-4 HEART,
skill-based or rule-based, for which procedures are available (Hickling 2007)
. (0.00014-
ey 1acCtors o0)
.
2.Nontrivial familiar [Familiar, relatively frequent task, requiring knowledge- 1662 HEART,
based performance and judgment. . |(Hickling 2007)
o (Normal tasks involving a deviation from planned opera- (0.012-0.028)
No time pressure -
-
p 3. Communication, [Familiar content routinely conveyed, and where at least a 6.3 (Kirwan et al.
[routine limited template for communication is available, and error : |2004;Kirwan &
capture and correction is possible. |Gibson 2007)
- We t ra I n e O p e ra t O rS 4. Communication, Unfpreseen, novel Fontept, where no template — oronly a 362 (Kirwan 1994)
nonroutine rudimentary one — is available.
5. Eme.rgency Task characterized by some urgency a.nd stress due to 1E1 (Kirwan 1994)
iscenarios - known  [safety or production concerns, for which a plan of action (a
. template, a script) and relevant information are available. |
- We O C u I I l e n te O e ra t I O n S a n ro C e u re S |6. Emergency 'Task characterized by high degree of urgency and stress due |3E-1 (Kirwan 1994)
scenarios - to safety or production concerns, where no adequate plan
| - e Py o Iy S TN S Yy Y __A_..ant
Shaping Factors
. . Caution for
1] 1] s “double
- daSy 10 use 1tooIS oD alds ), alerts eresen Gl i
) ) °°¢ Tasks, PSFs

1. Supervision|Having a supervisor who monitors or who is in the| .5 |(Dickinson &
background or on call will generally improve reliability and Lowe

thus reduce the error rate. 2007;Weber
1992)

L] .
- Good and structured communication
and reduce the error rate. E.g. a checklist to support 2004)

imemory; alarm to direct attention; a fixed format for
communication  may  reduce  omissions  or
misunderstandings

3.Task com- [Error rates increase when an operator must performmore| 6 | (Cullenetal | PSF4
petition than one task at the same time, e.g. when being distracted 2004)
by other tasks and thus ferced to prioritize

4. Time pres- [Error rates increase when operator is under time pressure | 11 | (Williams | 5:6; PSF 3
lsure 1986)

By Jacob Thommesen, Henning Boje Andersen
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Operators continuous training

 Well documented process

Hyperion post
processing

Training : Hyperion’s acquisition system

. . . INFR/ABEL
- Prepare didactical material. oy ! g
uTU,cRA".' L
- Prepare work instructions. .
- Continuously inform them Mesmaremens Syseans B
for procedural changes. o ernnton o EY
Cegelec) oy

- Maintain competency matrices.

ADCIS
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I
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Processes

Unambiguously define the objects to measure

INFR/ABEL

(and how to measure them) ,
INFRABEL AT

1-B.1

2.2.49 Platform boundary

Creation of a reference dictionary
for surveyors/operators

INFRABEL

2242 Sign “H" - end of piatform
examples y

Reference point__| Front of the pole, projected o rach

Mandatory — Source andlor quality indic

attributes

Recommended = photo

attributes Reference point_| Front of the pole, projected to track axis

Optional atributes - Mandatory - Source andlor quality Indication position
attributes - Name (case sensitive - ‘'unknown' allowed as value)
Recommended - photo

2243 Brake test attributes

[examples | Optonal attibutes ~ Onentation (protrusion to lef or fight). track side, biue disk

Presence phone/box with white stripe, speed indication, regime change

Reference point Front of the pole, projected to track [ 222  Main Announcement Signal

‘Mandatory ~ Source andlor quality indic | examples
attributes

Recommended — pholo

attributes

Optional atiributes | - _track side, biue disk

B @A) s [ - E £ 2 @ =

ApproachingBes  AVG-IOTbmp. Balisebmp BAPanelbmp  Begin EICSbmp  Blockbmp BrakeTestbmp CATbmp CatenanySection.  ChangeDfCountr  ChangeOfTiactio  ControPointbm  Crossing.ome
nVoltage.bmp ®

n

W

2.2.44_Announcement sign for a croco
examples

N B

3
=

4l P,
X @ ws O Y] W 9 W I ™
ET
CrossSwitch. b Desdfndlrackt  ElectricalPanelb  ElectricalPanel End ETCS br EndOfCate b EndroneGSM-Rb  End-Zonef120 G EndZonePanelGr  EndZonePanelYel ETCS.b H Lbr HPM.br t.be Reference point Front of the pole. projected lo track
resSuitchbmp  Desdind ad i ke RSy dOfCHmayhs i MZene 2 Endlensbaelr  indionetnll mp panelmp mp Jeint g Vandaiay — Sourcs endior qualiy B8 4
p N ,) :‘:w“ == = ;:::“"' it Reference point_| Front of the pole, projected to rack axis
K o w® | o= . _ i
@ = t point where platform is close and parallel to track [Gptional atiibutes ~_ track side, blue disk
: i P51 M5y 2) Topo Data Froviion SALS 13 £ docx
R R - i SRR SRS i i centre, projected to track axis__ E P—
mentSgrak-come - comertedmp mp onected2.omp P bmp nAnn5mo nExec.omp Source and/or quality indication position 2
credbm

examples

photo

' u & 6 sTtOP ‘& (] @

i SOPbmp  StoppingSignfor  Seitchbmp b TiactionC ]
WithStripe bimp gralbmp bmp mentPznel binp. Shunting bmp mp reak-offinn.bmp  reak-offExec bm
3

E&@

PantogrephUphs  Penonbme

o .xo
3
3 £
N i

ToctionCurrent?  UnknownBoxCob  Unknowmobject.  VngeRuimécbalk. PSI{MSR y.2) Topo Data Provision SR S 1.3 E docx
bmp bp.

Save date: 201102021
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Processes

Process design : Mitigation measures

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 failure rate)

Safety-related data collection and manipulation at Infrabel 29



Slopes :

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)

Safety-related data collection and manipulation at Infrabel

Processes

Validated
INS 1

Validated
INS 2

B

Validated
slopes

Validated
Layout
(one path)

o [f



Objects positions

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

Safety-related data collection and manipulation at Infrabel

|

Processes

Validated INS

Object
Position

Object

Position

C Camera
LIDAR

Object
Position

Validated
Object
Position

s ff



Distances

Processes

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

G) Compare distances between

objects

* Validates distances and slopes
between objects

Safety-related data collection and manipulation at Infrabel

Validated INS :
. Software Distances
Validated 1 and slopes
Object 1
Position
Validated INS
Distances
Validated and slopes
Object 2
Position

Validated
Distances
and slopes

2 [f



Processes

[ N KJ o
Smoothed | -
Soluion
st
Frocessing
INFR/ABEL Measurement Train Mission Log
‘
Date 13 jeq | 395 Operator R
BNX Woathor ~ Fa— ”H‘é’a. | e " . ;
| neniaz v — C— |
Each step of the process has to be Iogged T e i |
| cmreows | s o= e
Com.n® bom REFTTRTE
user T —
Antennas fivsa! G0
L ax E
- eCK IISTS S O vy o]
WL crecomechec | z
7( Cam. name File & Folder R (X Cam.name File & Folder 5
‘ N Focus Operator )5 i@ Focus Operator I
Gomarated v orsTools V10027
operstor WSIEToW 7601
- Operator name
Started X PosViewused RO Operation report L“ |
|
parameters
S e A 1, doy 1, tar 1 Vsion A
[ sewr W crec [T
Disksot < X Started [Axe Ovenview_101_to_112
Source(s)
- 2D clawnedt & images b M \Projects-ETCS-2024 ETCSILS L15 O smocthed
OMicleaned® & 2DUdar point count g e M Projects ETCS 2024 ETCSILS L15 O SHA2568784 74

INFRABEL B 1N

FB1 (LS L15 OSHA256 d8daedsT

122

IS L15 0 smocthed

- Input/output files signatures (sha256) | ey

* atrike through 115.0 zmacthad
283585727937 360636
— CAMPAIGN L
Project : ETCS1-FS_SE_L165 3_Athus_AW1 — | I Gassciscro
° Measurement Campaign ID - . —
- = ;
Areato measure 1167, Athus station, ¥ Autelbas e . u el
export_20250205113333 + missing_list_ETCS1-FS_SE i
Deliverable -
3 Athus_RWZLxlsx T W R 336415 168505159
Date of delivery 05/02/25 — =~
L ol . - u
it sowce hasEmor ObjectiD | Project Team - L 81
101401 1 1 —
foLA01 1 | Function Name : | _simien ) -
101401 1 1390753 - p— -
101801 1 : ; B = =
Sy H P - e |
0LAD 1 1390632 1
c—: " . p—
e e i ot P - 0 ] Project Engineer cédric it -
two O pe rators e —— w1 —
s s, B A &1, i 3 The use of thi e ity of the user
st ones e 101401 . B = .
. 101401 1 a APPROVAL of THIS MEASUREMENT CAMPAIGN
b o . i 3 — - = | “m
: o 101401 1 1330687 - - ol “ | Bt
. 101401 1 1 n
¢ AN L 05/02/25 - ing List e (deli 13333) where only one source is
: AR . 1 Data Provider | ] 102/ Whssing List 333)
; 101401 1 1350675 - -
ssri 101401 1 1300679
= S - Cr— -
prt S A t LM o1 (1SR y,2) Data Provision Chek List TPL 1L —
. 101801 1 1 - -
s s 101701 1 1 o
I 101401 1 -1 1715996 loint o0z o et .
v 101401 1 1330392 172010.6 Main Stop Signal cuzs —Tr— o
s son sy 101401 1 -1 1720137 Balise Balise
o 101 A 01 1 4 172017 Balise Balise HOPLAM -0.0374 | i -
s 101401 f 1 1721159 Balize Balise JOPLAM 0.
¢ 101401 1 -1 1721189 Baliss Baliss FOP1_AM 0p34sd6 R it -
101401 1 -4 17252 KP kP11 WU T | Iy T [N [ —— -
10140 1 -1 1722815 Unknown abject Panneaus masqués LJOPLAM 099155
= B¥bion Cher st TPL1 1 Seve cate 1105 2001
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Validation using Al

Existing data is considered one validated source

Census il
New measurement runs with simplified process

Al 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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Other point to take into consideration

High Data Volume
500GB / measurement day
3-5 GB / ETCS project deliverables

Most data to be kept during
the lifecycle of the installation.
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Return on 10 years of experience
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Return on 10 years of experience

Results

Since 2015 :
60.000 km runs
300.000 objects measured

- 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.
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ETCS deployment : Current state
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Return on 10 years of experience

km km
In service  foreseen in
Master Plan

ETCS1IFS 2.478 2.783
ETCS2FS 1.614 2.361
ETCS1LS 1.105 1.113
ETCS1+2 FS 142 142

........................................

Tota(a)l 5.339 6.399

(as of 24/04/2025)
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Interesting byproducts

- 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

Safety-related data collection and manipulation at Infrabel
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Questions ?
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