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B

removed radius. For some of the elements one
needs more than one radivs, for others no radivs
= needed. When refactoring curve desoriptions

Track Geometry -

axsDchoice s to a switch the right parameters are supposed to
CurveDescription gowhere they belong.
deftaszimuth iz probably not neceszary here. It
o1 redindant gven the other information.
_____ H
;
aXSDoomplexTyper GEomeTryEntty
+horizontalCurve HD ar SHSDCOMplEATYpe*
Geometr pCurve
. . 1 | eXSDattributes rl-::}
= Horizontal alignment s geoes .4 ——
+  deftzAzimuth: tangiebeg [0..1] + beginsinGeometryPoint: tElementwith| Dref [0.1]
+ length: tlengthi [0..1] + endsinGeometryPoint: tElementwithiDref [0, 1]
n
» Gradients ho
[ adSDoomplexTyper
= Superelevation T e
p L+ ]
a}5Cattributes o
+  length: tLengthia [0..1] e
0..1 | GradientDescription

rail3:Geometry
==+ rail3:horizontalCurves
R R LT R e aXSDoomplexTyper
i container element for all +superElevationCurve superElevationCurve
i horzontzlCurve slements ;
! L. aXEDattributes
S - + length: tLengthi [0..1] -
-: FEIB.S-IIPETEIE"U'MK)II{:IIWES + supserElevationfeference: tsuperElevationkeference [0..1] = innerRal 0.1 | supe - N i -
--------------------------- rElevationDescription

| |
| |
| |
| |
gl teee |
| |
| |
| |
| |
| |

h
|
contziner element for el e GeometyENty
peometry model ==+ rail2:gradientCurves +zeometryFoint e I
F P gttty IercT\r_ e
i container element for all 1+ SELLE LT
H gradientCurve slements R [,
, "}G[?atm . The specified superelzvation i to be understood lke this:
V[ TTTTTTTTmmmmmmme ST + azimuth: tAngleDeg [0..1]
o -:_ _r? I_|§'_g_ - _“_llﬁt_r!!:.?_l _____ * g':fi'enttl:-etG;:';n[toPE;;H' =[0-1] If the reference is middle, then the spedified superelevation is
+ radius: tlen o - o .
- - applhed to the one rail az thve valve and the other as ative.
COntaine: ElE_r'E”T for all +  superElevation: tLengthhm [0..1] e pe "=E
geometryPoint elements + superElevationkeference: tsuperElevationkeference [0..1] = innerfail If the reference is innerRail, then the superElevation of the
Y

e owterRall is specified in relation to the innerfRzil. If the innerfall has
& superElevation specified at that point the specified
zuperElevation iz considered bazed on the non-glevated innerRail.

i If the reference iz guterRail, then the superElevation of the
C. Rahmig & M. Hoffmann, 16.04.2026 innerRal it specfied ke above, but vice versa.




Horizontal Curves
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HEDompleT. . aXSDoomplexT...
CurveDescripionArc | +30C +straizht K
MIponA = g Curvestraight
|
aXSDattributes L 1
+  radius: tlengthig
XS DoomplexT. ... aNSDchoice» aXsDComplexTypes
CcurveWatorek ﬁamrek CurveDescription +wiener CurveWwiener
o —
1
1| axsDattributes
+ alignmentHeight: tLengthi [0..1]
XS DoomplexT. ... XS OComplexT. ...
curveHelmert _:'E_E"WE” +oosinuscide | curyeCosinuscide
|
1 1
XS DoomplexT.... XS OComplexT. ...
curvesinusgide | +sinuscide +cubicFarabola | curvecubicParabola
"
|
1 1
a5 DoomiplexT.... a5 DoomiplexT . ..
curvediotheid | +Ciothoid +ourveBloss curvebloss
<
|1 1
xS DoomplexTypes
D SpiralCurve {:]7
a)5Dattributes “:]
+ endRadivs: tLengthid
= + startRadius: tLengthha =]

[N
It i5 debatable if the radius should actually be 3
curvature. Curvature is defined as 1/radius. The
benefit would be that transitional curves between
a straight line and an arc could be desoribed maone
eazily and mathematically comedt, as the
curvature of 3 straight line iz 0 while the radius of
a straight line i infinite.

Drawback probably is the possible loss of
precision when working with very small floating
peoint mumibers.




Gradient Curves

rail3:.gradientCurve [ﬁ]—]—

l.=
with a gradientCurve the
zsgent and descent of & rack

can be desoribed,
axsDchoicew
GradientDescription
1 -
+arc 1 y+Hparabaola +point sried
: W \-V 1?/ +oonstant 1
XS DoomplexTypes a5 Doomuphex Ty pe aX}SDoomplexT ... xS DoomplexTypes a}EDoomplexType*
ArcGradientChange ParabolaGradientChange uimearGradientChange MixedGradientChange ConstantGradient
axsDattribubes
: + gradient: tGradientPeriiilie
1
]
1
1
1
1
|
1
________________ -

V

a S Doomuphex Ty P
GrodientDescriptionBase

aXEDattribute s
+ endEradient: tEradientPeridille
+ stantGradient: teradientPerMille

C. Rahmig & M. Hoffmann, 16.04.2026

TODO: Es gibt Trazsiernmngen, bei denen einfach ein Knick
punktuell gerechnet wind. Das solite nochmal hinterfragt wenden.
Imiplizite Modelienng versus Explizite Modelierung. Prinzipiell
kann ein Knick awch ausgedrickt wenden, in dem ein endender
Bergich einen anderen Gradienten definiert, als ein beginnendar

Beneich.

odboooa

reference to a Alt;peometry Pointiat; that
marks the begin of the curve

“-4 rail3:endslnGeometryPoint

____________________________ I}

reference to a Bltigeometry Pointigt;

rail3:arc

zrc shapad gradient changs,
either concave or convex

rail3::.constant

rail3:point

point shaped gradient change

rail3:mixed

used to desaribe a gradient
charge whoss details are not
availzble for description,

ail3:;parabola

gradient change awrve
wihiose shape s defined by 2

|
|
|
|
|
|
|
|
|
|
|
|
|
that marks the end of the curve |
|
|
|
|
|
|
|
|
|
|
|
|

parsbolz,



rail3:superElevationCurve [ﬁl—'— 0.0

Superelevation Curves

;-1 railitbegi
i reference to a Blgeometny PointAgt; that |
1 marks the begin of the curve

nsinGeometryPaint

+zuperElevationCurve

-
L aNsDattributes

+ length: tLengthm [00.1]
+ superElevationReference: tsuperElevationReference [0.. 1] = innerfai

S-s il endsinGeometryP

refarence to a Bltigeometny Pointlgt;
that marks the end of the axve

uenumeration»
tsuperElevationReference railZ::bloss
B ---------- Sheouid this be inner and outer or rather left and fight? This gets tricky when
e - looking at overapping ramps on both rails (Gleizzchere). rail 2 constant
middle super elevation remains
stermal constant at the given kevel
s for the length of the

rail 2 cosinusoid

rail2:.doucine

rail3::helmert

: The i i elsrad 1o il Thi
) Peintis given with o
§ Supere Bvnn relerarnoe

rail2:linear

§ O the oaner ral AT this

1 potnt e cther sl

I howewer also = elevnind

U Thea grosn sl loe the

¥ guignat stz sabwars
eEsUred agein i

describes z linear chamge of
super elevation a5 often
used when designing super
elevation over a clothoid
shaped horizontal curve

super elevation ourve the
precise equation s indicated

§ Eround bresl of the

§ meference il R N .

l‘\\; rail2: sinusoid
Lefail )

' | indicates that the wiener

. . . = bogen was used o czkoulate

Right rail | 1 ! Fomm the ack geometry int eh

: : specified section, With the

1 1

i i
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| described sagment.

that was used for the
caloulation of the amrve,



N rail3:superElevationCurve [ﬁl—'— 0.0

Su pere levation Curves N = o T arilcrton B

aXSDoomplexT ... S DoomplexTypes
SuperElevationlinear| +inear +oonstant SuperElevationConstant

;-1 railitbegi
i reference to a Blgeometny PointAgt; that |
1 marks the begin of the curve

nsinGeometryPaint

1 1| axspattributes
+ superElevation: tLengthii

senumerations S-s il endsinGeometryP

SuperElevationwienerEquation

refarence to a Bltigeometny Pointlgt;
that marks the end of the axve

Ftemls XS DoomplexTypes aNSDoomphexT. ..
Equationz SuperElevationWiener FwEner +biozs | syperElevationBloss
Equationd == ——
Equationd. “UEE | axsDattributes : s
Equations +  equation: SuperElevation\WienerEquation
Equations
Equation?

!

rail2: bloss

)
[+]

rail2:consta

super elevation remains
constant at the given kevel
for the length of the

| described sagment.

XS DoomplexType: XS DoomplexTypee

SuperElevationsinusoid | +=inusoid +oosinussid | syuperElevationCosinusoid rail2::cosinusoid

rail2:.doucine

|
|
|
|
|
|
|
|
|
|
_@3-1{'5?:]3_ rail3:helmert I
|
|
|
|
|
|
|
|
|
|

a XS DoomplexTypes aXSDoomplexType rail2:linear

SuperElevationDoudne | +ioucine +heimert | syparElevationHelmert

describes z linear chamge of
super elevation a5 often
used when designing super
elevation over a clothoid
shaped horizontal curve

1

=4
{+]

rail2: sinusof

rail 2:awrie

!
[+

XS DoomplexTypes
SuperElevationChange

indicates that the wiener

bogen was usad to caloulate

the ack geometry int eh
specified section, With the

super elevation ourve the

precise equation s indicated

that was used for the

caloulation of the amrve, J
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a}SDattributes
+ endsupserElevation: tLengthiving
+ startSuperElevation: tLengthmbd

??Vl
JAVAYAY




Level Crossing GFUND

Das Startkapital fiir die Mobilitdt der Zukunft D L R

= Extending level crossing model: |
» Building authority (de: Baulasttrager) ——

Commond:sOrganizationalLUnit
+huilding A uthorityRef

. . . . [—————==
» Types of railway crossings (permission) |
|
|
tElementWithi Dondiame | aXSDoomplexT...
Functionglinfros tructurs Entity oxsDoompleTyper 0 b — e e ] | PublicCrossing
a5 DOOMpIENTY e * +oroszesElement CrossedTransportWay : .
nsportWayCrossing +publficCrossing
e TS L 0" uxspattributes =
+  bulldingauthorityRef: thef [0 1] aXSDchvioer i
+  maximumspesd: tSpeedkmPerHour [0.. 1] PublicorRestricted +restrictedCrossing
+  type: tCrossedTransportWayTy EJ-.‘t[ : 0.1 =XSDoomplexTypes
i e 1 RestrictedCrossing
a}SDattributes
+ ownersCancross: boolean [0..1]
aXSDoomplexTypes ] P + passengersCanCrocs: boolean [0..1]
- Choice Of A ctivation
ﬂGDmrrq:le:uT‘rpe- LevelCroszing |5 7 + staffRaiwayUndertakingCanCross: boolean [0..1]
XS DoomplexType:* a}XSDoomplexTypes
+HeveltrossinglS | yspattributes LevelCrossingProtection e
Lo + bassdOnTemplats: tRef [0..1] !
" |+ belongsToParent: thef [0..1] aXEDelements 'IXSDEH'_bLtE'I )
+ lengthofStoppingAreaBeforeLevelCrossing: tLengthi [0..1] + hasAcousticWaming: LevelCrossing ProtectionAcoustic [0...1] +  mversion: unsignedlong
+ opensCnDemand: boolean [0..1] T ———— ==+ hasbamem: LevelCrossing ProtectionBamiers [0..1]
+ supervision: tlevelCrossing Supervision [0..1] s + haslights: LevelCrozsingProtectionLizhts [0.1]
aXSDelements + hasObstadeDetection: LevelCrossingProtectionChstadieDetection [0..1]
+  etoslevelCrossing: LevelCrossing Etes [0..1] aXSDoomplexTypes
+ hasActiveProtection: LevelCrossingProtection [0..1] LevelCrossing Etcs
+ linkedspeedsection: tElementwithl Dref [0 *]
e a)EDattributes
TSR + etcslD: unsignedlong

ID><# rall

C. Rahmig & M. Hoffmann, 16.04.2026




Level Crossing 1 GFUND 4#7

rail3:LevelCrossingProtection
Das Startkapital fiir die Mobilitdt der Zukunft

rail3:activationNominal

|
I
» Extending level crossing model::
= Technical protection systems :

I

|

|

|

rail

:-- : .-F:: . I D ><
C. Rahmig & M. Hoffmann, 16.04.2026




Level Crossing

= Extending level crossing model:
= Technical protection systems

none

1
v railZrhasBarriers

riDUte mes

LION IS oL KMo

turnStile

| rail3:LevelCrossingProtectionLights ‘.-.-falue

Value Annotaticn
bell documentation

acoustic level crossing protection with a bell
none documentation

no acoustic level crossing protection

Annotation

doubleHalfBamerdocumentation

protection of the level crossing with half barriers on entry and exit side
documentation
no barriers

singleFullBammier documentation

protection of the level crossing with full barriers

singleHalfBarner documentation

protection of the level crossing with half barriers on entry side
documentation
turnstile access system to protect access to the rail. used for protectior

Annotation

| continuousdocumentation

El attributes

flashing
none
missing attribute means that | trafﬁcLight
ation is not known 0.
- - - - _  __  __  __  __  _1
-_—

| rail3:LevelCrossingProtectionObstacleDetection

Value Annotation

____________________________ | [ atiributes

automaticdocumentation

manual documentation

none documentation

visual level crossing protection with continuous light
documentation

visual level crossing protection with flashing light
documentation

no visual level crossing protection with lights
documentation

Classic traffic light with lamps in green and red (at least)

obstacle detection in level crossing danger area is done automatically (e.g. via radar)

obstacle detection in level crossing danger area is done manually (e.g. via dispatcher looking)

there is no obstacle detection taking place in the level crossing danger area

C. Rahmig & M. Hoffmann, 16.04.2026



Level Crossing QFUND

Das Startkapital fiir die Mobilitdt der Zukunft D L R

l_raiIE:RCnadSidelight

H atiributes
= Extending level crossing model:

|
|
|
. . | el
= Technical protection systems |
rail3:tCrossingSide I ]
|
|
|
|
|
|
|

I | E aitributes
use required roadSide | |
Kind Value Annotation dicates on = of | the file-internal ID of the
enumeration after i 3_5' ] bamer 5 | | ohisct
enumeration before =
| facingDirection | | | —
rail3:LightFacingDirection | |
e (o5 sl name [ || [rosssise
Kind Value Annotation 0. | o .
enumeration awayFromRail " | - :::= f: _'-F N f:r_
enumeration towardsRail SRR | allod, e
{5 rail3:dsValid | e
S || s g T
_I?I|3_[ﬂa[_|§ldl_‘:‘|_.ll_]|:lt[£||— 0.0 | | —E;EF rail3:name [
e === === == =11 o _____ | ___________________ R‘—r -1
D..z | -| rail?:arealocation [ ‘ | | 0.
______________________________ e . _[:E \ rail2 isValid [ j
| e
el Side |21 roadSideBarrier [ L=
userequired o TemmmemmmmmmmREaEs .|i -m | -.- -|-a_| I-Q- :a-n-?.-a-l_;c:a-t-lt;r-l-i
Kind Walue Annotation | | ;i -;?-

enumeration left documentation

indicates the left side in orientation of the enclosing element F—
enumeration right documentation -_=
indicates the right side in crientation of the enclosing element ——— I q

C. Rahmig & M. Hoffmann, 16.04.2026




a¥sDoomplexType [T T T T 7 .
LevelCrossing Protection
n
Level Crossin e
+ hasAcousticwaming: LevelCrossing ProtectionAooustic [0..1] A
— ————— — == + hasBamiers: |evelCrocsingProtectionBamers 0.2 |
an + haslights: LevelCrossing ProtectionLizhts [0 1] a
+ hasObstadeDetection: LevelCrossing ProtectionCbstadeDetection [0..1]
| ==
I
L] L :
= Extending level crossing model:
Xendin \Y r IN : |
|
. . |
» Technical protection systems |
|
|
string tOtherEnumeration\alue totherEnumerationl/alue tOtherEnumengtion\alue |
CELLIERELT axSDunion* aXSDunion® WS DU b Cueen
tlevelCrossing Activation tLevelCrossingProtectionBarrierExt tLevelCrossingProtectionlizhtsExt tLevelCrossingProtectionAcousticExt
literals v
infrastructureAutomatic aXSDoomplexT. ..
infrastructureianual Choice Ofactivation
TeE:
traindutematic
trainbdznual
string SEnUMEration SENUMEraTIon» wEMUMEration*
tLevelCrossing ProtectionBarri tLevelCrossingProtectionlizhts tLevelCrossing Protectionacoustic
CEMUMETATIon* —
- doubletalfgamier continuous bl L i
B B noine flashing neoine:
infrastructureAutomatic singleFullEamier o AN DEEqUENCE R AN DEEqUENCER
infrastructureManual singleHalfEanier trafhicLizht SymmetricActivation AsymmetricActivation
- tumstie
trainhdznual adSDelements a¥shelements
+ activation: LevelCrossing Activation + activationMominal: LevelCrossing Activation
T + actvationReverse: LevellrossingActivation
| ) I
i |
SENUEMETTIon® aemumeration | I |
tlevelCrossing ObstadeDetection tlevelCrossing Activation | —_ i
I sE» I
litergls +iype Etermls : o ) : I
?;":E“‘ T _::i' infrastructure Automatic | Factvatonhiomnal /4 :
- infrastructure Manual : +activation wXSDoomplexTypes +activationReverse
nane - LevedCrossing Activation - :
trainAutomatic e L 1 uuses
trainhanual aX5Dattributes
+ activatelistanceFromienter: tlengthid [0, 1]
C. Rahmig & M. Hoffmann, 16.04.2026 +  type: tlevelrossingActivation




Switch G FUND ‘#;L:

Das Startkapital fiir die Mobilitét der Zukunft

a}sDoomplexType» @ -———————————————— — — — — — — -
Frog

_________________:ff'g axsDelements :
= auses ol profile: Designator [0..*] |
|
I

eeoent s Lo = (einfache) Weiche

uXSDoomplexTypes w:ef:dzde 0. e '-wio * .
e =t W = Kreuzungsweiche
+chac“§;|. +mr.:.agmm:n: tlengthMm [0..1] m;:em:sm
r______'LEE:____;_' aXSDelements Designator

+ |profile: Designator [0..*]

+profile WS Dattribute
+ steslErade: Designator [0..%] F ‘ N

]
B
£l
[=]
*

. ________HEE: _____ D_' + negister: sinng
TrackNode eXSDoomplexTypen aenumeration:
aXSDoomplexTypes SwitchLocationReference - cePaint
Switchi5Base +ocationkefersnce he e e e e e T literals
—_————— — — — — T7m{  aXSDattributex AUsER 1 switchBegin
aXSDelements iR C..1| + referencefoint: SwitchReferencePoint e
+ checkkail: CheckRail [0..*] + tangentlength: tLengthi
+ frog: From [0..1]
+ locationReference: SwitchLocationReference [0..1]
+EWitchis Y| f1..*
aNSOEEqUEntEs
BranchesOfSwitch
aysDelements
0.1 |+ leftBranch: SwitchCrossingBranch - = — — — — — == XS DoomplexTypes
+ rightBranch: SwitchCrossingBranch fussr +eftaranch 1 SwitchCrossingBranch
auzen +rightBranch 1
= uXSDattribute»
+ branchingSpeed: tSpeedkmPerHour [D..1]
+ joiningspesd: tSpeedkmPertiour [0..1] exSDcomp -
wXEDsequences switchCrossingBranchBase

f BranchesOfswitchCrossing

! aXSDattributes

. aXsDelements ~ + length: tLengthma [0..1]

! +  staightBranch: fressingranch2] |- —-—-—-—-—-—-—-—- - - oo - - oo oo oo +  netRelationRef tRef [0..1]

0.1 . XS DOOMplEXTY|
+  Temingeranch: Crossingeranch [1..2] o rEemEEn 2 = L |+ redustenzimo.q]
Modelied as choice = TOSEmERT
e +tumningBranch 1.2 i
. axsOattributes
C. Rahmig & M. Hoffmann, 16.04.2026 +  =pesd: tSpeedkmPertour [0..1]

f



Switch

-

. @FUND 4%

Das Startkapital fiir die Mobilitdt der Zukunft

|

|

|

|

. . |
= Weichen-Gleise |
= FUr einfache Weichen fji””‘*“B{“""‘_i_L el I
|

|

|

|

|

|

» Fur Kreuzungsweichen oo v | 'ﬁ;;,;;.;.‘.;gg,‘,;;..;';

rail2: straightBranch

I
o
ST ]

2

| e | {ienaih |
FEIP swrtchIS = e ength of the switch branch | 7
\ g
| i_ joiningSpeed ! | ——— | |
'- masimiem spesd for jo | netRelationRef | |
S N railZ:leftBranch * | FFic given in lm | |
| reference to the netRelation |
mmoe E_':'-f Dt = e that defines the navigshiliny |
T e :,=.‘ " | rail3:straightBranch [ﬁ] at this switch branch |
DR \SPphcaton o ="_':|"__ | —|_ _________ |
Al
—_— 2 ' radius |
railZ:rightBranch * anhs For sy - | s
] s radis of the sv bra
right branch of the switch as e | given in mete | |
R |

1.2

| .
1
| 1
1 0]
] ! sean from switch beain
= k :. 1]
| ! SPPICE00n GEmechon
0 v 4,
1
1
| i

]
=1
1
]
=)
I
11

e o D> % rail
C. Rahmig & M. Hoffmann, 16.04.2026




Switch

= Weichen-Typ

» Einfache Weiche

* I[nnenbogenweiche

» Aullenbogenweiche

» Einfache Kreuzungsweiche
» Doppelte Kreuzungsweiche

Kreuzungsweichen-Teil

C. Rahmig & M. Hoffmann, 16.04.2026

totherEnumengtionlalue

5 DO #
tswitchTypeExt

\/

SEVUNWEra tion »

tswitchType

Rterals
doubleswitchCrossing
switchCroszing Part
insideCurvedswitch
andinarySwitch
outsideCurvedswitch
zingleswitchCrossing

G FUND -

string L J Das Startkapital fiir die Mobilitdt der Zukunft
aEnumerations
tCourse

doubleSwitchCrossingdocumentation

switchCrossingPart

insideCurvedSwitch

ordinarySwitch

outsideCumvedSwitch

singleSwitchCrossing

It is @ point where two tracks cross each other and enable trains to move from one track to the other. It
is used to guide a train from one straight track to another as well as going straight across. It allows
going in eight directions.

documentation

a switch being a part of a switch crossing

documentation

has two curved branches directing in the same direction (either left or right) with one branch having a
bigger radius than the other.

documentation

a switch with a straight branch and a curved branch.

documentation

has two curved branches directing in different directions (left and right). The value of the radius may be
similar with both branches.

documentation

It is @ point where two tracks cross each other and enable trains to move from one track to the other. It
is combination of a simple crossing, switch and connecting tracks used to guide a train from one
straight track to another as well as going straight across. It allows going in & directions.



Switch

GFUND &

Das Startkapital fiir die Mobilitdt der Zukunft

= \Weichen-Herzstuck

rail3:Designator

El attributes

Usad to desoribe information
about the frog point

|
|
|
|
|
|
|
|
|
i railZsteelGrade E—'—

-..:l__ ¥

1

C. Rahmig & M. Hoffmann, 16.04.2026 . T/ rq I I




Switch

GFUND &

Das Startkapital fiir die Mobilitdt der Zukunft

= Radlenker

rail3:Designator

El attributes

| rail3:CheckRail

| Hl attributes
|

|
|
|
|
|
|
|
|
|
i railZsteelGrade E—'—

C. Rahmig & M. Hoffmann, 16.04.2026 . T/ rq I I




Track Bed G FUND ‘#;ZR

L Das Startkapital fiir die Mobilitdt der Zukunft

GLEISKORPER - QUERSCHNITT

» Track bed model (de: T ——
Gleiskorper-Oberbau)

Schiene rechis

Gleiskorparprofil

Eindackung

Schienenstotzelament

Schisnenbadestigung

UNTERGRUMD/ PLANUM

https.//de.wikipedia.orqg/wiki/Oberbau (Eisenbahn)

ID><# rall
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https://de.wikipedia.org/wiki/Oberbau_(Eisenbahn)

string
totherEnumergtionalue EEnUMErations
RegulatoryFramework
rack Be oo |
RegulatoryFrameworkExt Iiterals
BOstrab_roadAbzned string
LEZint st aEnEmeration
+regulatory Framewark JIT\I. 0.1 BOstrab_unaligned Railioining
| EBC
i EEW litergls
I EisBEW COntinsuE
"USIFE'* ESBD gapped
aXSDoomplexTypes : +'3-Jﬂ-l1-l1gJ"T\l. 0.1
S - | string
F ! ! uuslex TEnumMeration:
a}shoomplexTypes I tointsType
Tracksed '
Itenols
1 i i n}GDa:tﬁbu‘heGreupu _____ :E_JTET?_;, fishplates
EE + additonalRails: AdditionalRail [0..*] - wmer o]  Bved
1 +|+ refFastening: RaiFastening [0..1] i v welded
+ rails: Rails [0..1] T ——
+ trackBaze: TrackBasze [0..1] * ﬁ_llh_lnlrﬁ. !u:_'"g[ B ]n .
+ trackCover: TrackCower [0..1] +  mailloni=Tjpe b=y
+ trackSuperstructure: Tracksuperstructure [0.. 1]
S Dattributes
+ dooumentation: anyURI [D.. 1]
+ regulatory Framewaork: Regulatory Framework Ext [0..1]
T I we T e T TTTTTTTTTTC T i
| | o1 | o1 | | +rails
'.Illll.'+t'acksup-e-~5t"uctu'e '-,Ill,-' ATATkCTvE '-,Ill,-' +rackBaze o 4rai Fagten;?g l".l."' 0.1
ConstructedComponent ConstructedComponent ConstructedComponsnt ConstructedComponent X5 DoomplesT. ..
XS DoamMplEsTypes oS DeomplexTypes aXSDoomplexTypes axSDoomplexTypes Rails
TrackSuperstructure TrackCover TrackBase RailFastening
a)sDelements
axsDattributes axSDelements axSDelements aXSDelements +  leftRail: Radl
+ ballastType: tEallastTypeExt + designator: Designator [0..*] + designator: Designator [0..*] + designator: Designator [0..*] +  rightRail: Rail
+  vibrationFreeConstruction: boolean [0..1] axEDattrbutes AN Dattributes aXEDattribute
wXSDelements + type:tTrackCoverTypeEst + numberofsleepers: unsiznedint [0 1] + type:tRalFasteninsTypeExt
+ designator: Designator [0..*] + sleeperiaterial: tSleepersiaterial [0..1]
+ type: tTrackEBaseTypeExt

D><Z ral
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» Track base (de: Schienenunterstutzung)

Functionglinfrestrictuns Entity

XS DoomplexTypes
TrackBed

Knometer

a)EDelements
additionalRails: AdditionalRail [0..*]
railFastening: RailFastening [0..1]
rails: Rails [0..1]
trackBase: TrackBase [0..1]
trackCowver: TrackCover [0..1]
trackSuperstructure: TrackSuperstructure [0..1]

a5 Dattributes

+ doousmentation: anyURI [D..1]
+ regulatory Framework: Regulatory FrameworkExt [0..1]

-

+ o+ 4+ 4 4+

————— Ir- WEEH ooy i | |
| 0.1 FE L= | —@EI~-: rail3:constructioninfo |
) e g s |
1
ConstructedCompanent | _E)E"': railZ designator [t -
______________________________ o
aXSDOoMple Ty e | 0.0 |
TrackBase | Allows specifing the exact |
type of base vsed, E.g. m
axSDelements | be used to provide ke, |
+ designator: Designator [0..%] ::;_ _i';-__:z: onme
a) s Deattribirte s I e J
+ numberCfslespers: unsignedint [0..1]
+ slesperdatenal tsleepersMatenal [0..1]

s ID> % ralil
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Track Bed

» Track base (de: Schienenunterstutzung)

String
aEnumerations AEnNUMEeration»
tTrackBaseType tsleepershmaterial
livrolz literals
concretepiate composite
ongitudinalsleepers concrets
SEILEE EES
iseepes wood
totherEnumenstion\ alue totherEnumenrtionlalue
WS DU » S LN »
tTrackBaseTypeExt tsleepersiaterialExt
i £}

concretePlate documentation
The rails are attached to a concrete plate. This is typically the case for high speed railways.
longitudinalSleepersdocumentation
The rails are attached to beams that are placed along the direction of the rail. This is a type of construction that is often
used in light rails and trams.
sleepers documentation
The rails are attached to sleepers that are placed crosswise (perpendicular) to the rails
yaleepers

C. Rahmig & M. Hoffmann, 16.04.2026
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compositedocumentation

the sleepers are made from a composite material,
concrete  documentation

the sleepers are made from concrete

steel documentation
The sleepers are made from steel
wood documentation

The sleepers are made from wood

IDX4

ral



Track Bed m FUND

Das Startkapital fiir die Mobilitdt der Zukunft D L R

» Rail fastening (de: Schienenbefestigungsmittel)

|_raiI3:Rai|F.astvs_-ning

Functionglinfrestrciuns Entity

eXSDComplesTypEs | El attributes |
TrackBed |
|
i sHSDelamants Allows prowiding |
; + additionalrails: AdditionalRail [0..*] | stegorizatio far the us=d
« |+ raiFastening: RaiFastening [0..1] | sten |
+ rais: Rails [0..1]
+ trackBaze: TrackBaze [0..1] | |
+ trackCover: TrackCower[0.l]  f
+ trackSuperstructure: TrackSuperstructure [0.. 1] . E]_‘_
. e ; aild: f?'_'f'??‘_‘?'_“_"ﬁ!__
a}SDattributes = |
—— —
+ docsmentation: anyURI [0..1] o D_E::: ; -_=.-—=. o the
+ regulatoryFramework: Regulatory FrameworkExt [0..1] wwack base, o - |
_____ ——————l e e e |
| TUEE S S~ |
| |
+railFastening
i |
Constructedoomponent
a¥S DoomplexTypes |
RaillFastening I
aysDelements
+ designator: Designator [0..*]
aXSattribute:
+ type: tRailFastening TypeExt

C. Rahmig & M. Hoffmann, 16.04.2026
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» Rail fastening (de: Schienenbefestigungsmittel)

AENUMErations
tRalFastening Type

fiterols
bodtClamp
chairsorew
continoushyGiued
gluedClamp
raiispike
springspikes
tensionClamp

T
A

totharEnumenstionalus

WS DN »
tRalFastening TypeExt

3

baltClamp

chairscrew

documentation

a bolt is used to fix the rail to the base

documentation

A chair screw (also known as coach screw [16]) is a large (~6 in or 152 mm length, slightly under 1 in or 25 mm diameter)
metal screw used to fasten a rail. (DE: Schienenschraube)

continouslyGlueddocumentation

gluedClamp

railspike

springspikes

tensionClamp

C. Rahmig & M. Hoffmann, 16.04.2026

The track is continously glued to the base. This is a type of fastening often used in light rail or tramways.

documentation

used in light rail and tramways

documentation

A rail spike (also known as a cut spike or crampon) is a large nail with an offset head that is used to secure rails
(DE:Schienennagel)

documentation

Spring spikes or elastic rail spikes are used with flat-bottomed rail, baseplates and wooden sleepers. The spring spike holds
the rail down and prevents tipping and also secures the baseplate to the sleeper. (DE: Doppelspannnagel)

documentation

The foot of the rail is fastened to the track base using a tension clamp that is bolted to the base. (DE: Oberbau W/Oberbau
K3)

IDX4

DLR
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|_raiI3:Trar:|ccl3|:e|:.| |

» Rail joints (de: Schienenverbindungsmittel) s

Functiongalinfrostriactune Emtity

aXSDoomplexTypes
TrackBed |
a}sDelements w5 DattributeGnomps
; + additionalRails: AdditionalRail [0..*] aTrackbed
« |+ railFastening: RailFastening [0..1] i B
+ rails: Rails [0..1] e
+ trackBase: TrackBasze [0..1] — L
+ trackCover: TrackCover [0..1] + raillointsType: tointsType [0..1]
+ trackSuperstructure: TrackSupserstriscture [0..1]
a}EDattributes

+ documentation: anyURI [0..1]
+ regulatoryFramework: RegulatoryFrameworkExt [0..1]

means of f :l"“'";E'-'."-:iE
from parts & used

3
- railZ:mame
(=2 ol mame | )

|
|
|
|
|
|
|

+ railloining: Railloining [0..1] |
|
|
|
|
|
|
| o
|

= [t il isValid 'i
FEIF* trackBed [T;‘] ------------------------

' IDX4ral
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» Rail joints (de: Schienenverbindungsmittel)
string fishplatesdocumentation
e a metal connecting plate used to bolt the ends of two rails
e L= glued documentation
Fterols Indicates that the individual rails are glued together. All the gaps are filled with epoxy resin, increases the strength
+railkointsType fishplates welded documentation
—————=>  gived Indicates that the individual rails are welded together
e Ol welded
: continuousdocumentation
) g continuous welded rail (CWER), sometimes referred to as nbbon rails or seamless rails. In this form of track, the rails are welded
e VLT3 T

aning together by utilising flash butt welding to form one continucus rail that may be several kilometres long. Because there are few

Joints, this form of track is very strong, gives a smooth ride, and needs less maintenance; trains can travel on it at higher speeds
fipzrsls and with less friction

continuous gapped documentation

gapped track is made using lengths of rail, bolted together using perforated steel plates known as fishplates. Small gaps which function
as expansion joints are deliberately left between the rail ends to allow for expansion of the rails in hot weather, Because of these
small gaps, when trains pass over jointed tracks they make a "clickety-clack" sound.

+railkoining |\ 0.1
|

C. Rahmig & M. Hoffmann, 16.04.2026 I D ><
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» Rails (de: Schienen)
— — e aXSDoomplexT... + E-f'tli::a:El Constructedoomponsnt
- WSS 1 S DoomMpERT Y pe
XS DoomplesType +Hrais pail
TrackBed . == axsDelements i
Oy efRglipa | t“_ Ea} a}5Dattributes
HHE-I:E_H_E[‘IIEI‘IT:*_ B ] +  rightRail: Rail ausE 1|+ hascheckrail: boolean [0..1]
+ additionalrails: AdditionalRail [0..*] + inzulatedRailloints: boolean [0..1]
+ railFastening: RailFastening [0..1] + rollMark: string [0..1]
+ rails: Rails [0..1]
+ trackBaze: TrackBase [0..1] IE'D{I "i'f“’ IRai! . [::} - Imii}:.ré;?gnam. [0..*]
+ trackCower: TrackCowver [D..1] +additionalpaik - EEG:“E. Dt nat;' [0..%]
+ trackSuperstructure: TrackSuperstrsctune [0, 1] L — ] ) £ i
) aug_+ | “NSDattributes ! i
R + belongsToTrackGauge: thef : |
+ documentation: anyURI [0..1] +  side: toide | i
+ regulatoryFramework: Regulatory FrameworkExt [0..1] I | +|:l-':lf='L1|:|F:-'-3l .
| :
| | | .
| | i DwesignaiorBass
| tuzes | ! a NS DooniplexT. ..
50 helonesToTrackGause 'I.Ill.l' 1 "'5"5'5"“_? '3,_:_; Generic3::
string FunctionalinfrostructureEntity “g..* .
HEHUEt e aNSDoomplexTypes a}sDattributes
TrackGauge + register: string
literols
et a} s Dattributes =

fight + walee: tLengthid I D ><
C. Rahmig & M. Hoffmann, 16.04.2026
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» Rails (de: Schienen)

|
|
|
|
|
|
|
|
|
|
|
|
—}- rail3:constructioninfo |
|
|
|
|
|
|
|
|
|
|
|
|

§

£ rall
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» Rails (de: Schienen)

rail

::_:._;,_;:FE:. I Enury C3n ::_:_;,_;:F SU0r enary” C3in I ><
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» Rails (de: Schienen)

C. Rahmig & M. Hoffmann, 16.04.2026

I
|
|

|. rail3:trackBed I:Tt_ll]—l—

1.0

the wpper part of the railway

construction. It consists of
the ballzst superstructure,
the skeepers and the raiks,

'
L-A

Drescoribes the mataniz| of the upper
laer of the trackbed which s what
the raiload is tied to, also known as
track ballzst, Typically crushed stone

Drescribes the hase the rzik
are fastenad wpon, In hesvy
railways typically skepers
a2 used,

Used to describe the upper
mst layer of the railway
track, In heavy railways this
i often not used, However
in light rails and trams often
the upper layer 5 actualby
the road bed or grass.

Describes by what means
the rails are connected to the
track base.

Allows describing the
individual rails of the track.

E rail 3 additionalRails [+
Vrmmmmmm = - - S -1

Allows to desaibe additional
rzils that realizes additional
trackgauges on the track

Allows to desoribe additional
rzils that realzes additionz|
trackgauges on the wack

i rail 3:.additional Rails E—

Indicatas that thers i 2
check rail installed along the
rail,

Specified i an insartion is
made which guarantees
electrical separation of 2 rail
section for signal and safety
purposes

DE: Walzeichenf 2D,
B=uln

& mark embedded into the
steel of the rail to entify its
grade, manufacturer and

other info about its origin,

| belongsToTrackGauge

Referance to the additional track
gauge that is realized with the
additional rail

Indicates which rail of the
additionally realized rack
gauge is represented by the
enclosing element,

________________________

Information on the construction,

in particular when it was buik
and who was doing it. This
element ko zliows desoribing

when maintanznce was done on

the enclosing entity and who
was responsible for it,

Allows identifying the rail

an entry from the register
EM 13574,

L-4 raill:steelGrade j

s el

Steclgrade, Typically

defined with referance to EN

13674

profile. Most commanhy with

—_—
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|
» Track ballast & track cover (de: Gleisbettung) : ballastType
| ==

Functionglinfrestrictuns Entity :
v vibrationFreeConstruction |
a}sDoomplesTypes ' b

TrackBed

a}EDelements
additionalRails: AdditionalRail [0..*]
railFastening: RailFastening [0..1]
rails: Rails [0..1]
trackBase: TrackBase [0..1]
trackCowver: TrackCover [0..1]
trackSuperstructure: TrackSuperstructure [0..1]

a}SDattributes
+ dooumentation: anyURI [D..1]

MM On the ConsTnCTrn,

+ o+ 4+ 4 4+

N parhouisr wWinen it wa

+ regulatory Framework: Regulatory FrameworkExt [0..1] |
:_ __________________ Ir- TLEE e s wisE |
| |
, 0.1
l".l."' +rackSuperstructure 'n,I‘I,r HTTACKCOVES
Constructed Component ConstructedComponsnt |
XS DoomplexTypes NS DoomplesTypes |
TrackSuperstructure TrackCover |
aXSDattribute s uxsDelements |
+ baliastType: tBallastTypeExt + designator: Desiznator [0..*]
+ vibrationFresConstruction: boolean [0.. 1] aXSDattributes |
aXSDelements +  type: tTrackCoverTypeEst
+ designator: Designator [0..*] |
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» Track ballast & track cover (de: Gleisbettung)

- asphalt
SEMnmEraton»
tTrackCoverType cobble5Stone
string P composite  documentation
":'FLWE"?T'“"“ asphatt The track bed is made of a composite matenal.
S cobblestone concrete documentation
literals composite The track bed is made of concrete, This is often the case at level crossings.
ballast conorete )
qrass documentation
slabTrack grazs ; . .
nane The track cover is made of grass (DE: Gringleise)
rubberFanel none documentation
] ] Mo track cover is in use
rubberPanelsdocumentation
The track cover is made from hard rubber panels.
totherEnumenstion\ alue totherEnumenrtion |\ alus
W5 DR # WS DN »
tBallastTypeExt tTrackCoverTypeExt
T T

ballast documentation
“Track ballast is the material which forms the trackbed upon which railroad ties (UK: sleepers) are laid. It is packed between, below,
and around the ties. |t is used to bear the compression load of the railroad ties, rails, and rolling stock; to facilitate drainage; and
keep down vegetation that can compromise the integrity of the combined track structure. Ballast also physically holds the track in
place as the trains roll over it. Not all types of railway tracks use ballast. [(Wikipadia]®

slabTrackdocumentation
A ballastless track or slab track is a type of railway track infrastructure in which the traditional elastic combination of sleepers and
ballast is replaced by a rigid construction of concrete or asphalt [Wikipedia.

C. Rahmig & M. Hoffmann, 16.04.2026 I D ><
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container elament for
topology model

contziner element for
geomatry model

contziner elemeant for 2l railway retl.-'.-n'ks
functional infrastructure elements

container element for all
phrysical railway infrastruchore
facilities

1 rail3infrastructure El—r@zf ------------------------
root element forrzilML3 00000 | pmeeieeieieseieeseeieneeseaeese
This s the top level element for

rzilML3 phyysical facilities
infrastructure model, It is
currenthy empty, but allows for
specific extansions, in particular
extensions that focus on BIM
relsted content, In a later
wersion BIM relsted content may
be added here as part of the

Stamcand,

container root element fo
data related to survey uns
and data collection on the
state of the infrastructure

R e e e

container root element for all data
relzted to maintenznce plans
- - - - _ _

5

B

2

: . :
y a s i

H

Ea

£ rall
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= Surveys bestehen aus
= surveyRuns [J Messfahrten
» surveyFindings O gefundene Fehler
» surveyResources [ Messdaten

ar
=f types of defects |
S

- e —
C. Rahmig & M. Hoffmann, 16.04.2026 I D >< rq II




Survey Data G@FUND 4#7

Das Startkapital fiir die Mobilitdt der Zukunft

<organizational Units>
<prganizationalUnit id="org01">

u Su rvey Sam melt Meta-Daten <name language="de" name="Erdmann Softwaregesellschaft mbH"/>

<isContractor/>
- i i </organizationalUnit>
Designators (Bezeichner) ZorgomizationalUnit id="BREUE">
<name language="de" name="Strallenbahninfrastrukturverwaltung"/=

Verantwortliche Organisationseinheit disinfrastructureManager/>

. </organizational Unit>
Zeitrahmen der Messfahrt ﬁmrggnizatimnalumts.}
. <projects>
Projektbezug <project id="pr01">
. . <name language="de" name="Messzyklus 11/2025"/>
Informationen zu beteiligtem Team </project>
</projects>
</common=
<infrastructure>
<surveyData=
<surveys>
<survey projectRef="pr01" team="Erdmann Projekt Team">
<responsibleOrganizationalUnitRef ref="orgd1"/>
<responsibleOrganizationalUnitRef ref:“ﬂ"f}
<timePeriod from="2025-11-10" to="2025-11-14"/>
</survey=
ﬁ'}mgr}
</surveyData=
</infrastructure=

C. Rahmig & M. Hoffmann, 16.04.2026 I D ><
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Survey Data

|
|
a | |
A  —_
r-4 railiname [ l_rail3:5urueyﬁunlnfn |
n - S |
Survey Run — 5urveyﬂun[ﬁ] ' . :.-.:.-E:s's"'a | : E attributes |
= beschreibt wie die Daten | = | | e | | | [ endDatelime |
aufgenommen wurden deah et oty | e === |
. messrarae | -4 rol5 findingRef ] | |
- OrtSbezug Von WO b|S WO | A — 0 : | | . l-aII“.arJE--aL«:l«l:atwmr:v ‘ |
wurde eine Messfahrt | = : | o
) railinfo & R S
aufgenommen : T | [zinto B3 B "mtmg,v |
---------------------------------- R;' 4, 0 s ]
. . . |
= Verweist auf die | o o s L spotlocaton B
. | ZiEl Imiiz | '''''''''''''''''''''''''''''''''' LA
Ressources und die | encising survey | O
gefundenen Fehler | —(BFH clinfo B | —(==—JF}+i_rail2:endPoints [

T —

Allows providing information
zbout from where to where

C. Rahmig & M. Hoffmann, 16.04.2026




| rail3:5urveyResource

| . R
S D t | ml— | | rail3:CalendarTimePeriod |
urvey bata | | [Eewes] |
| e | | (i |
|| [ resourceType | | speches he sar dote nd | |
L[] e |  roirecordingTime B— oo coveen | |
| of e | Used tospecfy whenthe || U0 ] |
= Survey Resources | ] L] | I o™ ||
| I:_,EF';;:LJE g to the achus |
= Messdaten... | | e—— ot
|
|
1

|

= Beschreibt Ort und eeat Ji -.;,. |
i R o e
Zelt der | B ———y— [TE_I'] —@ET 1rr_a_||?_ll_'.ﬂ:lr_L?‘:_“a_t'-ul, | |—rall3:ResnurceSectlon |
Datenaufnahme - : - 0= | m |
. . sed to reference survey ::: -- -r-a-| 2: ;- otlLocat -I(;[-l- E |
» Ort kann in Sektionen = e B W‘L““ﬂ [ : : |
unterteilt werden — | |
. (== 52name ] endValue |

(unterstatzt ] T e s |

5 |

Segmentierung

RS |

Tabellen-basierter ] '? Iii |
—|:|:|-+ - rail3: linearLocation

Daten) : ________________________________ E ::;_;,‘ I
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Hl attributes

Survey Data
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URL pointing to the actus

» Referenzierung externer
Datenbestande via
@resourceTypeRef

L | railZ:surveyResource I:Tt_ll]
ra||3 SurveyData | !

|
|
|
|
|
|
= Survey Resources |
|
|
|
|
n

1.

Used to reference survey dats

files
=
; with the informaticn whidh
- anguage is use

A resounce Type 5 SOmetning

—| rail3::customResourceType

A custom resource type is a kind of
resource that is not
description of the fo
-

= [ the resource is not in

ENCI0SING COOUMENT 3Nd NESs 1D De

| il surveyData E

refemad 1o esawhane,

—| rail3:tableBasedResourceType

the desoibed resowrce follows a table based
Spproach, The nesouwnte My oo

thain omne tahke DUL 5 essentisin

NESOLINDES,

Dased,

= _|_ Mame and desoription 'J"’f"E
| rail 2zresourceType I:Tt_ll] enclosing element. slona

within the resounce that can
be mapped to the wrack
netwiork, Uiksing this it is
possible to desoribe naon
mear distribution of

MESSANEMENTS INTILMEEE 1N

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| the resowrce, This i Typca
Lelp A T=s for table based

NESOUNDES,

Allowss specifying sactions |
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Fl attributes

= Survey Resources

= Unterstutzung far

iu

=""'D="T xoin

Laive

; the file-intemnal 1D of the | railZ;customResourceType rESRLTE Lsst
object
u Blnary _ A custom resowroe type is & kind of
= DICONDE (o2 eimame B | e B
0,.00
g € ement, Sio binary documentation
" j;aj " proprietary binary file

dicondedocumentation
binary file encoded according the diconde standard.

—| rail3customResourceType

& custom resource type is 2 kind of

|
|
|
|
|

_ |

. proprletary | rail3:resourceType [ﬁ]—'— r;"i;:_:a,:?-:r :'"E

| with th which
|
|
|
|
|
|
|
|

§

£ rall
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jbtoolean documentation _——
Values are limited to "true" and "false" rail3:ResourceContentType

Bl attributes

| columnHeader

Specifies the column header
a5 It 3ppears in the nesounpe

datelime  documentation

S u rve D ata A datetime value encoded according to 15O 8601, e.g. 2025-09-03T06:28:107 or 2025-09-02T18:28:10-12:00
y duration documentation

|
|
a time encoded as xs:duration, e.g. PT3M25 I
|

floatingpointdocumentation
A floating point number with a decimal point expressed as dot

| sequenceNumber |

integer documentation
an integer value with no separators, e.g. 1000000 .
naCates the onoer or

string documentation |
a string value

- Survey Resources |rai|3::re50urce'l'3rpe-[ﬁ]i—
. . I rail3::.colummBlescription :i'—
= Unterstutzung far
= Table based

1.=

| Drescribes the used uwnit of
measure 25 LCUM definition

| (hittps:/ fwoum,org/)

rail3:5tandardContentType |

El attributes

| columnHeader

Specifies the cohemin header
| rail3:resourceType as it appears in the resource
| sequenceNumber |
- = s
rail2:tableBasedResourceType I;L]J—(—"-— railZ:columnDescription | Indicates the order of
the desoribed resource follows = table bassd | Usad to cesoribe colemins of a table | r.aiI3:stan:lar|l{:ulumnDE5|:riptiun coksmins in the re

applicable. Colemns with 2
lovier sequenceMNumber
appaar before those with 2

higher seouente number,

SppnoCh, e NESOn0e My CONVLaan mone
thain one tabe DUt 5 essentially taie

Dasad,

basad resource that are not |

ISP L] LS allows specifying standard o ns of z tzble

standard ColumnDescription based resource pes that are typical to
/ DOOUE IN 3 STy e, .

rail2:standardColumnDescription [/

. | S 1 Ty §

scamce if |

S
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| .
o Survey Resources _________ Hl attributes I
|

) . | rail3:TableResourceTypeDescription railzisCsv [ | | columnSeparator |
= Unterstutzung fur | I— —

rail2:resourceType E]—L(—"E}:El—
= CSV | — rail3:isParquet | m— :
= Excel [ tableldentifier | |
|

- Parquet /- |\ _

= SQLite

|
|
| _ -
. Table based | i_railE:MultiTableDescriptiDn-l
|
|
|

railZ: isSqlite

r -
0o . —
| rail3:TableBasedResourceTypeDescription | rail3:MultiTableDescription -|

| Hl attributes |

| tableldentifier | |

railZ: resourceType

il3:isSqlite [
rail3:tableBasedResourceType E]J_(_“._ railZ: isSqlite

railZ: columnDescription

'
S 0T @ Tabe

the decribed resounie ToloWws 2 tale Dased
SpprocCh, the NESOUInce My OONL3In More
thain one tabe DUt 5 essentially taie

Dasad,

|
|
|
|
|
|
L
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= Survey Resources

= Unterstutzung fur

= Table based
= CSV
= Excel

= Parquet
= SQLite

= Struktur tabellen-basierter Messdaten kann spezifiziert werden
= Spalten konnen durch ihren Datentyp angegeben werden (string, integer, duration, ...)
» QOder als vordefinierter Inhalt:
= CurrentSpeed in Kmph
= OffsetDistanceToStart
= GPS lon, lat

C. Rahmig & M. Hoffmann, 16.04.2026 I D >< rq II




SurveyData m FUND 4#7

. Das Startkapital fiir die Mobilitdt der Zukunft

|
|
G |
- - the identifier of the object | aXS DoomMples Ty pe Locoteds ureVERLity
* Findings il | i i
) : -_=- T P | Hofed aXSDattributes 4| — mléed}uumumzy-fxnﬁry
[ Zusammenfassu ng ght rail is affect - ;r - | : _“:59_:-:1?_:_:? + -=:.tlg_ o - - -
rd defect, if applicable + rail: tSide [0.. B L= L
der Messfahrt- — [ severiy | | e -
Ergebnisse . | o
o | i : tElementWithiDondioms
= Ort des Fehlers ypeRel | L ] e
ategory of | e L theers edType
. | 1« ribirte»
- MOd el I Ieru n g . | +EEverity "-,l,-"c'--l + xf[a:':t I::'-:IEI-ftE{tS aszificationExt [0..1]
e rwe ite rba r Pro rt | |rDmerEnumemtia.r.".r':.lue| +  domain: DOTEEES

» Klassifikation von (o1l finding &

H i -] E- - -E '''''''''''''''''''''''''''''''''' "{r x |

Fehlern baSIerend :_3:_5_?__:25_1'1:%5_:_3-3: i _______________ II? ':G_D__ |

auf Standards | R midinearlocation B I
: 0.

= Fehler-Schwere
(severity) can |
angegeben werden (2 2l mame B I

L _________ J I D ><
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aXSDoomplexTypes
SurveyFinding

* Findings | e :

: ;tlgn e [0..1]
= Zusammenfassung ¢ sy Comatoraimpaces 0.
der Messfahrt- N
Ergebnisse N
= Ort des Fehlers [
+55fv9"tg.-'l.lll.l'-:l..i

u M Od e I I i e ru n g totherEnumerstionlialue

a5 DhLnion »

erweite rbar OperatonallmpactExt

= Klassifikation von
Fehlern basierend
\/
d Uf Sta n d d rd S string operationNotlmpacteddocumentation

aEnuEmerations

. Mormal operation on the rail can be continued
OperationallmpactEmum

. Fehler'SChwere reducedSpeed documentation
lterals Operation over the rail is still possible but with reduced speed.

(Seve rlty) Ca n ?E:Eu'::::eﬂmpam sectionClosed documentation
sectionClosed Section needs to be dosed du to the finding
angegeben werden
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rail3:DefectType

= Defects

= Referenziert
von Findings

|. rail3:defectType [ﬁ]—'—

1.2 |
Used to specih ses of
efects used e enclos |
OOUTEN,

| e
- rall3:mame
R

---------- o

rail3: finding El————— :
: ..
1o | | —— i oo |
WS 3 DDarse eSO _@ I -‘ _rl?l_l - _I_I'_.??[I:?‘-:?!En ' |
thy mgs of the
' |

F the sureeny | | """"""""""""" -
' '
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= Defects

= Referenziert
von Findings

C. Rahmig & M. Hoffmann, 16.04.2026

DefectClassification

string

«enumeration»

literals
belgrospis
corrosion
crossFault
flaking
headCheck
indentation
noDefect
noFinding
railFracture
ripples
skiddingPoints
slipWaves
squats

OtherEnumerationValue

«XSDunion»

DefectClassificationExt

belgrospis
COrmosion
crossFault

flaking

headCheck
indentation
noDefect
nofinding
railFracture

ripples

GFUND &

Das Startkapital fiir die Mobilitdt der Zukunft

documentation

Belgrospis are periodic crack nests at the edge of the road

documentation

Corrosion of the rail

documentation

Cross faults are cracks that run perpendicular to the direction of travel

documentation

material breakouts on the running edge of the rail in the longitudinal direction of the rail. Mot to be confused with
HeadCheck. The continuous, typical crack band of the HeadCheck rail defect is not present.

documentation

Head checks are fine surface cracks that occur at a distance of 2-7 mm, which occcur at a 45° angle to the direction of travel
documentation

Indentations are caused by the rolling over of foreign bodies.

documentation

No defect was detected

documentation

Mo finding available. This value indicates that no measurement was taken, possibly due to equipment failure.
documentation

Rail fracture refers to the complete failure of the rail so that the track can no longer be used.

documentation

Ripples are guasi-pernodic uneven running surfaces in straight tracks and track curves of larger radii with wavelengths of
around 2 to 10 cm and depths of 0.01 to 0.4 mm.

skiddingPointsdocumentation

slipWaves

sguats

Skidding points occur when drive wheel sets start to skid during start-up. The resulting heat converts the pearlite in the steel
into martensite.

documentation

Slip waves or short waves are periodic surface imegularities with lengths of 5 to 30 cm and a depth of 0.1-1 mm.
documentation

Squats are depressions on the rail head that are initially visible as small, black dots, but then enlarge and form a semi-circular

or V-shaped crack, with the ocpening of the mould pointing towards the running edge.

=ral
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—rH———_— Y _— _— —_— — — —

» Zusammenfassung Survey Data:
» Fokus der Modellierung ist auf Erweiterbarkeit

» Modellierung setzt Fixpunkte im Standard, erlaubt sonst
eine sehr offene Umsetzung

» Importierende Software muss grundlegende Struktur
des Messdaten-Konzepts verstehen und umsetzen

» Messdaten sind nicht Teil des Standards! (zu viel
verschiedene Auspragungen...)

= Daten werden in externen Ressourcen verlinkt und nicht
In der Beschreibungssprache re-modelliert

'
' desaribing survey n

: ' |
L e e e I R T R R
' .

r==orails :SIJWE']I'RESGIJTCE'S
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| rail3:Infrastructure —l ®  Das Startkapital fiir die Mobilitéit der Zukunft

r-- rail3:topology

container elament for
topology model

contziner element for
geomatry model

-+ rail3:functionallnfrastructure

__________________ ]

state,

contziner elemeant for all railway network’s
functional infrastructure elements
- rail3:physicalFacilities
container element for all
phrysical railway infrastruchore |_
_____________________ . facilities rail3:MaintenanceData |
1 rail3infrastructure El—r@zf
oot element for railML3 | o [ R, RS AR
rirastructore mode This s the top level element for container element for different types of |
';;"“'D phrysical fECIirrtE ________________________ maintenanoe operations, Thess ane reuszhle |
infrastructure model, It s Ui Ty ad types for operations describing what 5 being
v rail2:maintenanceData YPEs e 2 2
omrenthy empty, but allows fer L ] done and which area of 2 railway infrastrechure
specific extansions, in particular container root element for it affects |
extensions that fr_:chs on BIM relzted to maintenance plans
relsted content, In a later - N |
wversion BIM relsted content may railZ:maintenancePlans
be added here as part of the 5 : |
- contziner element for maintenance
plans - plans that desoribe actions
e . that are zimed on kesping the |
-2 rail3 surveyData infrastruchre in an operational |

container root element for
data related to survey runs
and data collection on the
state of the infrastructure

contziner root element for 2l datz =
relzted to maintanznce plans =
R = ralf

& !
2.
A
:
3!
‘H:
7
g
S
3
g |
=
=
et

C. Rahmig & M. Hoffmann, 16.04.2026




Maintenance Data GFUND 4#7

Das Startkapital fiir die Mobilitdt der Zukunft

» |nstandhaltungsplan

rail3:maintenancePlan I:Th_ll]

e e—

C. Rahmig & M. Hoffmann, 16.04.2026




e _ 71, rildesignator E |
| rail3:MaintenanceOperation | 0.
M - t D t Exle DEmLmoaon :'3 = |
aintenance Data | w1 | . |
... I BT Vo
object {:I..m
:‘:l:" _.=":l="':‘-5 :l\ -"; 3- ] :
_____________________ | |
| rcauiredtquipment > strig -1 21 responsibiityino ()
= |nstandhaltungsplan A I e s |
= Operation = g . f: |,E:FE.D¢T ________ |
: | type » Referenz au
Malnahme im Plan clows referencings Instandhaltungs- |

|
|

|

|

|

|

|

|

|

I — . maknahme ity B—HCo (B R
B AT N N B et
| .E:.
|

|

|

|

|

|

|

|

|

r=il2: periodBitmask

Ty s rail 2:weekDayPeriod [+ |

0..00 Allowes specifying when the
| EIE -] 10 take place |
(o e svalid ) | |
'I]..m | |
i areatocation B | | i i attectedintrastructure B
|ttt i | ' 0.
: 0.2 | ,
N | A :u_-.j s a:_ iz ; e
_@B+ 1 rail3:linearlocation [} | maintenznce operation
Qe o | | e—
' 0 | | -1 21 operationallmpact ]
________________________________ fhedl Inipact o
| rail3:AffectedFunctionallnfrastructureEntityRef | et

rail: operation —|— e | (B attributes
i [ﬁ] i rail 3 affectedinfrastructure E—I—

1 =] | Y- m - mmm - m - m - m-m - - - - - - - S -1
COntamer eEment ":l e _@ ﬂum |
erations CONSES - - b
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» |nstandhaltungsmal3inahme

| rail3:MaintenanceOperationType |
electrificationdocumentation

H attributes | Maintenance of the electrification facilities

| rails documentation

Maintenance of the rails themsehes

| signalling  documentation

| maintenance of the signalling equipment

trackBed documentation

| maintenance of the trackbed. that means parts of the railway infrastructure below the rails themselves, such as sleepers, rail

|

|

|

|

fastening, the track superstructure and so on.

. rail 3 :maintenanceQperationType [Tt-;] cleaning documentation

1.

A maintenance operation Ty Desribes wWinat
WIOIK Neads 10 De O

r
T raillwaty” T3S

— cleaning of the infrastructure
\'\‘ repairing documentation
_____________ repairing of the infrastructure
—@E} i railZ:name ‘
el

replacingdocumentation
replacement of parts of the infrastructure

b
i
i

IDX4

rail
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IDX4RAIL — KONSOLIDIERUNG UND
STANDARDISIERUNG DER INFRASTRUKTUR-  __ ,.........
DATENMODELL- UND ~SCHNITTSTELLEN- | e
LANDSCHAFT IM STRASSENBAHN- UND
STADTBAHNBEREICH ——

Vielen Dank fur lhre Aufmerksamkeit! Institut fur
Verkehrssystemtechnik
www.dlr.de/ts

=_ Christian Rahmig
g christian.rahmig@dlIr.de
rq l (0531) 295-3461
Lilienthalplatz 7
DLR

38108 Braunschweig
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