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Agenda

* Positionierung = Positioning

* Gleisgeometrie - Track Geometry

 Bahnubergang - Level Crossing

* Gleisbett - Track Bed

 Zustands- und Instandhaltungsdaten - Survey Data
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Positioning

Positioning in railways must be unambiguous

Line x, kmy

lat, lon ...

Gefordert durch:

* Bundesministerium
& fiar Verkehr

Project Partners: Image Source: Railway track © Kendrew Schexnider (Source; Archive; Unsplash License)
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Positioning

Positioning in railways must be unambiguous

Line x, kmy

lat, lon ...

Gefordert durch:

* Bundesministerium
& fiar Verkehr
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Positioning

How many opti exist for modelling the location of ... e.g. a signal?

"\ln ~ .

Gefordert durch:

* Bundesministerium
& fiar Verkehr

Project Partners: Image Source: Signal in Pamplona, Spain © DaYsO (Source; Archive; Unsplash License)
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ID> 4 rail

Positioning

How many options exist for modelling the location of ... e.g. a signal?

Level of aggregation

: Micro Meso Macro
| | |
Spot Linear Area
| ocation | ocation | ocation Object
coordinate
|
| |

| |
Topologic Geographic Mileage Screen
Project Partners:

rallML org Gz # (S ERDMANN

Entity
| ocation

Gefordert durch:

* Bundesministerium
fiir Verkehr
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Positioning

How many options exist for modelling the location of ... e.g. a signal?

Object
coordinate
I I I I I
Topologic g Geographicf Mileage/km JScreen/plan

Distance along an Position expressed The distance Position on the
oriented topological ina geographical measured along 2D or 3D
element reference system. the predefined orthogonal
(position on a axis of atrack or a coordinate
graph) railway line system

Gefordert durch:

% Bundesministerium
fiar Verkehr

Project Partners:
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Gefordert durch:

% Bundesministerium
fiar Verkehr

aufgrund eines Beschlusses
des Deutschen Bundestages

Positioning

How many options exist for modelling the location of ... e.g. a signal?

Spot Location

Net entity*
location

Linear Location

Point-based location on Path-based location on
a NetElement (topology one or more

network element of

RTM)

@ FUND

@  Das Startkapital fiir die Mobilitdt der Zukunft

NetElements (topology

Area Location

Aggregated location that
comprises spot locations
and/or several linear

network element of RTM) locations in an unordered

Project Partners:
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Gefordert durch:

% Bundesministerium
fiir Verkehr

aufgrund eines Beschlusses
des Deutschen Bundestages

Positioning

How many options exist for modelling the location of ... e.g. a signal?

|
| | |
Micro Meso Macro

Track-based

Level of aggregation

Line segment-

granularity based granularity
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(aggregation of
topology inside
stations)

Project Partners:
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Line based
granularity

(aggregation of
topology outside

of stations)
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Positioning

.
(=== _rai:name -.‘.

---------- o

—(—'"—jEI—| rail3:isValid *

1.0

Gefordert durch:

* Bundesministerium
£ fir Verkehr

Project Partners:
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=
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I ql rail3:RTM_LinearPositioningSystem
[ ] [ ] [ ] PRI

QS SELESEE =

|
|
|
|
|
|
| -4 ail2: startNotation [}
|
|
|
Geférdert durch: |
|

* Bundesministerium
£ fir Verkehr |

Project Partners:
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Gefordert durch:

* Bundesministerium
£ fir Verkehr

aufgrund eines Beschlusses
des Deutschen Bundestages
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Positioning

Project Partners:

I’GlIML.org

—> rail3: screenPositioningSystem [Tt_ll]

[

—E)EH rail?:name [
.

--------- o

—(-"'—)EI—| rail3:isValid

1.0
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Mil 1 3 i ‘ 1
~ back to cover ncl)tZ?igoil '9-5 05/ 1-9'500 1,5/ 1.4'§F1 00 2,1 42,1 ? 31,5
AM=500-(-500=1000 AM=1500-1000 =500  am-Bi8-1400-700 | AM- 3500 - il - 1400
po | t | nl n Mileage -5|00 500 / |1000 1500 /| 1400 2100 /|- 3100 35Joo
SItIo g | §| | 1| "
Offset 0 100 2000 3000 4000
® " [ fl m p\ p
Exa.mpl? for a |-I near ‘ AO =1000 _'0 =1000 ‘ AO = 2000 - :UUU =1000 ‘ A0 =3000 - %000 =1000 : AO = 4000 —'3000 =1000 ‘
ositionin stem: ~ k=1000/1000=1 k =500 /1000 = 0,5 | k=700/1000=07 | - 14
p 9 Sy | k=AM/AO ke AM/ A0 kwﬁ/m kk1f2?4//1280 14
<linearPositioningSystem id="1ps01" l»'anqthi:'”'1111IEI1IEI1IEIJ“'’’’51.'.3]51:.1\%‘.:1’531.1]:e=*"’—’'.Ein'liflll{il*"’’End.li*iea'{EU.J:é="‘35'lﬁlll{)""’’III‘LJ':tE:""1.fr[1te:’t]i:‘+te-:s'“*I””’”””"”””"”73

<isValid/>

<startNotation entry="-0,5" register="RILBBL.Km"/>

<endNotation entry="3,5" register="RILB8BL.Km"/>

<anchor id="anchor01l" offsetToStart="1000" seguenceNumber="1" incomingMeasure="500" cutgoingMeasure="1000">
<incomingMileageNotation entry="0,5" register="RILBBLE.Km" />
<outgoingMileageNotation entry="1,0-500" register="RILBBL.Km" />

</anchor>

<anchor id="anchor02" cffsetTocStart="2000" sequenceNumber="2" incomingMeasure="1500" cutgoingMeasure="1400">
<incomingMileageNotation entry="1,5" register="RILB8BL.Km"/>
<outgoingMileageNotation entry="1,4+100" register="RILBBL.Km"/>

</anchor>

<anchor id="anchor03" cffsetToStart="3000" segquenceNumber="3" incomingMeasure="2100" cutgoingMeasure="2100">
<incomingMileageNotation entry="2,1" register="RILBBL.Km"/>
<putgoingMileageNotation entry="2,1" register="RILBBL.Km"/>

</anchor>

</linearPositioningSystem>

Gefordert durch:

& Bundesministerium
fiir Verkehr

csserae  WFUND rqfMLorg Gz % S eromamy

des Deutschen
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I D >< -.-= rq II rail3:RTM_AssociatedPositioningSystem ]
[
B attributes

Positioning

miDor UUID

Refers a3 positioning

 NetElement (Topology)

* <associatedPositioningSystem> is g
|
|
|
|
|
|
|

|
|
|
|
|
I | positioningSystemRef
|
|
|
|

mandatory (1..n)

* Reference to positioning system via ral3RIM IntrinsicCoordinste
@positioningSystemRef - mandatory Dowbures |

« Definition of intrinsic coordinates (at
least 1) via <intrinsicCoordinate>
* @intrinsicCoord is mandatory

 Choice: child element
<linearCoordinate> or
<geometricCoordinate> is mandatory

’—{ rail2intrinsicCoordinate

— mdaum

1.0

railZ: finearCoordinate

CEE

Gefordert durch:

* Bundesministerium
& fiar Verkehr

|
|
|
|
|
|
| ntzrval from 0 1o 1
| rail3intrinsicCoordinate [ﬁl—_@
|
|
|
|
|
|
|
|
|
|

Project Partners:
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 NetElement (Topology)

« <associatedPositioningSystem> is mandatory (1..n)
 Reference to positioning system via @positioningSystemRef - mandatory

« Definition of intrinsic coordinates (at least 1) via <intrinsicCoordinate>
* @intrinsicCoord is mandatory
* Choice: child element <linearCoordinate> or <geometricCoordinate> is mandatory

SHEtEIEnEnE i d="ne01"S Mappmg with
KassocliatedPositioningSystem id="aps01" positicningSystemBef="l1ps0l":> positioning system
<intrinsicCoordinate id="ic0l" intrinsicCoord="0">

<linearCoordinate offsetToStart="500">
<mileageNotation entry="0" register="RILBBLE.¥Km"/>
</linearCoordinate>
</intrinsicCoordinate> NetElement length is
<intrinsicCoordinate id="ic02" intrinsicCoord="1"> difference of offset
<lin?arCoordina1§e offsetToStart="3?|€}D"> values of begin and
<mileageNotation entry="3,08" reglister="RILB8BL.Km"/>

</linearCoordinate?> end
Gefordert durch: </intrinsicCoordinate>
< /associatedPositioningSystem:>
Bundesministerium
* fiir Verkehr < /netElement>

Project Partners:

des Deutschen Bundestages SOFTWAREGESELLSCHAFT MBH
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Gefordert durch:

@
@  Das Startkapital fiir die Mobilitét der Zukunft

network:

* <gpotlLocation>
e <linearLocation>
e <arealocation>

Project Partners:

I’GlIML.org

Positioning

* Each located infrastructure element shall have at least one
<*Location> element

* Location of functional infrastructure elements in the topological
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* Location of functional infrastructure elements in the topological
network:

« <spotLocation>

* @netElementRef is mandatory
* (@applicationDirection is mandatory
* <topologicalCoordinate> is mandatory

« Either: <intrinsicCoordinate> with @intrinsicCoordinate in range {0.1}

* Or: <linearCoordinate> with reference to a <linearPositioningSystem>, where
@offsetToStart equals the distance of this infrastructure element relative to the
beginning of the referenced linear positioning system

* Further <*Coordinate> is optional

Gefordert durch:

* Bundesministerium
& fiar Verkehr

Project Partners:
aufgrund eines Beschlusses G UN G Z

l v | # ‘ [ SOFTWAREGESELLSCHAFT 1BH
des Deutschen Bundestages .. Das Startkapital fiir die Mobilitét der Zukunft ra I I L -0 rg DLR
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* Location of functional infrastructure elements in the topological

network:
 <spotlLocation>

<levelCrossingls id="lcr0l1" activation="infrastructureAutomatic">

<name name="I1X Arnau-CStadt" ;anguage="en" S >

<spotLocation id="lecr0l sloc0l" netElementRef="ne0l" applicationDirection="both">
<topologicalCoordinates>
<intrinsicCoordinate intrinsicCoordinate="0.6" />
</topologicalCoordinate>

<spotLocation id="ler0l sloc02" netElementRef="ne0l" applicationDirection="both">
<topologicalCoordinates>
<linearCoordinate offsetToStart="2R00" positicningSystemRef="1ps01" />
</topologicalCoordinate>
</spotLocation>
<protection barriers="singleHalfBarrier" lights="none" acoustic="none" />

</levelCrossingIs>

Gefordert durch:

* Bundesministerium
b~ | fir Verkehr

aufgrund eines Beschlusses
des Deutschen Bundestages

Project Partners:

J!Ziﬁ!iﬁ!EZ r(]"F4lnoq; (%ﬁ! ‘3%1

Option 1: intrinsic
coordinates

Option 2: linear coordinates /
offset

Z_N\ERDMANN

; [ SOFTWAREGESELLSCHAFT MBH
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* Location of functional infrastructure elements in the topological
network:

 <linearLocation>

« <associatedNetElement> for each NetElement that is (at least partially) covered
» <associatedNetElement>@netElementRef is mandatory

« <associatedNetElement / topologicalCoordinate> is mandatory

« Either: <intrinsicCoordinateBegin> and <intrinsicCoordinateEnd> with
@intrinsicCoordinate in range {0.1}

* Or: <linearCoordinateBegin> and <linearCoordinateEnd> with reference to a
<linearPositioningSystem>, where @offsetToStart equals the distance of this
infrastructure element (begin/end) relative to the beginning of the referenced linear
positioning system

« <associatedNetElement / geometricCoordinate™> is optional

Gefordert durch:

* Bundesministerium
& fiar Verkehr

aufgrund eines Beschlusses .G ‘ L ‘ ‘ [ ra I I M G Q R D MAN N
I ‘ [ SOFTWAREGESELLSCHAFT 11BH
des Deutschen Bundestages @ Dos Startkapital fiir die Mobilitéit der Zukunft -0 rg DLR
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Gefordert durch:

* Bundesministerium
Z2> | fir Verkehr

aufgrund eines Beschlusses
des Deutschen Bundestages

rail -
Positioning

* Location of functional infrastructure elements in the topological
network:

{levelcﬂnssingls id="ler0l" activation="infrastructurelPutomatic"B

<name nam=="L¥ Arnau—CS5tadt" language="en" />

<linearlocation id="ler0l lloc0l" applicationDirection="both">
<associatedNetElement netElementRef="ne0l">

Option 1: intrinsic coordinate

<topologicalfoordinate
<intrinsicCoordinateBegin intrinsicCoordinate="0.59" />
<intrinsicCoordinateEnd intrinsicCoordinate="0.61" />
</topologicalCoordinate>
</associatediietElement>

<linsarLocation id="lecr0l 1lloc(2" applicationDirection="both">
<associatedNetElement netElementRef="ne0l">
<topologicalfoordinate>
<linearCoordinateBegin offsetToStart="2497" positioningsSystemBef="1p=s01" /=
<linsarCoordinateEnd cffsetToStart="2503" positioningSystemBef="1p=01" /=
</topologicalCoordinate> \\\\\\\\
=/associatedN=tElament> OpﬁonZ:“near
</linearlocation>

coordinate / offset

g g 0 = . g - Q
“<protection barriers="singleHalfBarrier™ lights="none" acoustic="none" />
</levelCrossingIs>

GFUND rallML org Gz # S ERDMANN

Project Partners:
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IDX 4 rail

= back to cover

Track Geometry

* Horizontal alignment
 Gradients
 Superelevation

|_raiB:rG eometry

-*: rail 3 horizontalCurves

container element for 2l
horizontzlCurve elements

container element for zll super
elevation curves

Sooopoooonanan |

contsiner elemeant for
geometry mods

container element for 2l
gradientCurve elemeants

-+ rail3:geometryPoints

Peocoocooogooan

container element for 2l
geometryPaint elemeants

|
|
|
|
i geometry E—I@E
|
|
|
|
|

Gefordert durch:

*

Bundesministerium
fiir Verkehr

GFUND raflML.org GZ 45 Serovan

aufgrund eines Beschlusses
des Deutschen

+horizontalCurve

remaved radius. For some of the elements ane
needs mare than one radius, for others no radies
iz needed. When refactoring curve descriptions

1.*

+gradientCurve

1.*

+superElew ationCurve

1.+

+geometry Paint

1.+

axsDchoices 1o @ switch the fight parameters are supposed to
CurveDescription g0 where they belong.
deftafzimuth is probably not neceszany here. Itz
o1 redundant given the other information.
1
Fom--d
eXsDoomplexTypes GeometryEntiy
HorizentalCurve aXsDoomplexTypes
GeometryCurve
uX5Dattributes =
+ az'muth_: tangleDeg [0..1] a¥SOelements
+  deftafzimuth: tangleDeg [0..1] + beginsinGeometryFoint: tElementWithl Dref [0..1]
+ length: tlengthm [0.1] +  endsinGeometryPoint: tElementithi Dref [0..1]
AN .
|
|
|
wXSDoomplexTypes :
GradientCurve i
|
uXSDattributes _ |
+ length: tlengthia [0..1] “KEDchoices |
0..1 | GradientDescription |
|
|
|
|
|
|
|
|
aXEDComMplexType s |
SuperElevationCurve |
|
aXSDattributes :
: seungtpe: ;E:g::uh:f[:'eﬂje tSupsrElevationReferance [0..1] =innerRai g '
= e i 0..1 | SuperElevationDescription :
|
|
|
|

+ o+ o+ 4+

GeometryEntity
aSDoomplexTypes e —————_———————————_—_ — — —— |
GeometryPoint
-ﬁ?attﬁbm” The specfied superelevation is to be understood fke this:
azimuth: tangleDeg [0..1]
gqu e."t: iardientper AR L1 If the reference is middle, then the specified superelevation is
A tLeng'thM 1] applied to the one rail as positive value and the other as negative.
superElevation: tLenzthMm [00.1]
superElevationReference: tSuperElzvationfeference [0..1] = innerRail

If the reference iz innerfa’, then the superElevation of the

outerRail iz specified in relation to the innerRall, If the innerfal has
3 superElevation specified at that point the specfied
superElevation is considersd based on the non-glevated innerRail.

If the reference i= outerfadl, then the superElevation of the
innerRail iz specified ke above, but vice versa.
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IDX 4 rail

= back to cover

Horizontal Curves

Gefordert durch:

& Bundesministerium
fiir Verkehr

aufgrund eines Beschlusses

aXSDComplexT. .. XS DoomplexT....
Curvelescripionare | +&7C +straight curvestraight
aXSDEttributes 1 1

+  radius: tlengthhg

des Deutschen

GFUND rqlML.q Gz 4 &

ERDMANN

‘SOFTWAREGESELLSCHAFY 148K

aXSDoomplexT.... aX}SDchoicex axSDoomplexType:s
CurveWatorek [ +watorsk CurveDescription swiener Curvewienar
1 .
1| sxsCattributes
+ aliznmentHeight: tLensthm [0..1]
CHEDIOMpIENT.... eXSDoomplexT. ..
curveHelmert | +heimert +oosinusoids | curvecosinusoide
1 1
aXSDcomplexT. .. aXSDcomplexT. ..
CurveSinusoide | +Einusoide +oubicFarabola | curvecubicParabola
1 1
aXSDoomplexT... aXSDoomplexT...
CurveClothoid || +Clothoid +ourveBloss CurveBloss
1 1
aNSDoomplexTypes
[:-3 SpiraiCurve '5:]7
aXSDattributes {:}
E:} + endRadius: tLengthid .:ﬂ
rhl--‘:h“' + startRadivs: tLengthid “':1.1

BN
It iz debatable if the radius should actually be a
curvature. Curvature is defined as 1/radius. The
benefit would be that transitional curves between
& straight fine and an arc could be described maore
easily and mathematically comredt, a5 the
curvature of 3 straight fine iz 0 while the radius of
a straight fine iz infinite.
Drawback probably is the possible lozs of
precision when working with very small floating
point numbers.
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= back to cover

- | i spotiocation B |
--a ocati
. 1 rzil3:.gradientCurve —.-I.?.I-.-_-.S:.P_?.! ___________ e r:v |
\ 1] 0. |
I
a}SDchoices | @-i 0. |
GradientDescription NN
| L-a _|§||1 networkLocation [ - :
I 4 raild E.é._}irén}.'éé;}.};i}iﬁ;}.}i & |
sarc 1 1 perbos 1 \I}PD'FT imaed 1 A | (- |
+Constan :
a}SDoomplexType a}SDoomplesType:s aXSDoomphexT. .. aXSDoomplexTy e aXS Doomplex Ty R | S il endsinGeometryPoint |
ArcGradientChange ParabolaGradientChange LinearGradientChange MixedGradientChange ConstantGradient | |
aXS0attributes | |
: + gradient: tGradientPeriilie | |
]
: | e |
| |
| | |
1
' |
"""""""" .
! e rail3:point |
: | _@3"{__’/_@:]3_ point shaped gradient change |
1
v = | = R
V | | |
aX5DoomplexTypes |
GrodientDescriptionBase TODO: Es gibt Trassierungen, bel denen einfach ein Knick |
erktLE gerechnet wird. Das solite nochmal hinterfragt werden. |
aX5Dattributes Implizite Modelizrung versus Explizite Modelierung. Prinzipis |
+  endGradient: teradientreriille kann ein Knick auch ausgedriickt werden, in dem ein endender | gradient change oury |
+ startGradient: tGradientPermille Bereich 2inen anderen Gradienten definier, als ein beginnender | ke -
Bereich. L parzbolz, |

Gefordert durch:

* Bundesministerium
fiir Verkehr

e GFUND (oML org Gz 4 Csmoman

des Deutschen
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o smmmmmmmmmmmeees -
= back to cover rail3: superElevationCurve [ﬁ]—'— 0. |
1.0 |
S l t - C : |
) wisDoomplextypes [ |
+superElevationfunve SuperElevationCurve .‘"- rail3: begmslnGeometryPomt |
L7 axspatibutes —@EH
+ length: tlengthid [o..4] I
+ superElevationReference: tsuperElevationReference [D..1] = innerfai 0.1 | SuperBlevationDescript '—-4: ___________________________

aenumerations e end of t
tsuperElevationReference
ek ---------- Should this be inner and outer or rather left and fight? This gets tricky when
. .l.rh_em.ls ieoking at overiapping ramps on both rails (Gleisschere).
middle et
outerkal -

rail2: cosinusoid |
rail 2. .doucine |

-+ =13 =4
=P

Tha s pai alsraathan uf This
o it is givin with &
supereievinor reference
of fhe oher rail. &1 this
paint Se other eail
homever lsn melevted. ;
Thea giresvanl oo fix 1
it iralion s Al |
Ireasa e g Tha
§ Enound beeel of the

) reterence il

E WA

[l

rail3: sinusoid

Left rail

rail2 wiener [+

Right rail § st

Gefordert durch:

* Bundesministerium
fiir Verkehr

e GFUND (oML org Gz 4 Csmoman

des Deutschen
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I D>< ££ rq'l HHSDFM'BE» N rail3:superElevationCurve [Tt_ll]—'— I
~ back to cover i Lo | |
|
[ ] | |
Superelevation Curves | :
| |
aXSOcomplexT... XS DoomplexTypes |
superElevationlinear| +inear +constant|  SuperElevationConstant | |
1 1| axsDattributes | |
+ zuperElevation: tlengthid | |
aEmumeEra tions | |
SuperElevationWiener Equation | ks the end of the curve |
literals axEDoomplexTypes aNSOoomplenT.... - |
Equation2 SuperElevationWiener HWiEner +hloss superElevationBloss | rail3: bloss
Equation3 = — — | |
Equations + equation: SuperElevationWienerEquation | e
Equations | coreErt e =n s |
EquationT described segment, |
| g
ocmpetyer | | S | |
| SuperElevationsinusoid | +5MLES00 +oosinUEd | superElevationCosinuesoid |
1 1 | |
P ER e |
| |
wX5DoomplexTypes aNSDomplexTypes — |
superElevationDoudne | +doudine +heimer | superelevationtelmert | - P |
: : |
| W e |
| |
| |
X SDoomplexType | rch  the wiene
4[3* SuperElevotionChonge | |
[= L1 |
[ OHSDattributes - |
k:’ + endSuperElevation: tLengthivim ‘i3 | |
Gefordertdurch: L=+ startsuperElevation: tlengthhan | L

* Bundesministerium
fiir Verkehr

coeneaee WFUND rqflML.org G2 42 S eroman

des Deutschen
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 Extending level crossing model:

Gefordert durch:

& Bundesministerium
fiir Verkehr

aufgrund eines Beschlusses

« Building authority (de: Baulasttrager)

Level Crossing

* Types of railway crossings (permission)

+eyelinoszingls

tElementWithiDandiome

aXSDoomplexTypes

o ) Common3::OrganizationalLinit
+huilding &urthority Ref

des Deutschen

1.

[——————=
| o1
|
|
tElementWithi Dondniigme | aXSDcomplexT...
FunctionalinfrestruciurcEntity a¥sDoomplesTypes 00 f—————__ ! | PublicCrossing
XSDComplexTypen +orossesElement CrossedTransportway e
XTronsportWaycrossing |, o ] +publicirozzing
- aXSDattribute
. +  buildingAuthorityRef: thef [0..1] ')‘SDCM'H%* ) ) L
M +  maximumspeed: tspeedkmpertour [0..1] FubficOrRestricted +restrictedCrossing S .
L S = o1 ' - B
+ 2 1Crossed Transportva Ext .
Rl SporiyType 1 RestrictedCrossing
a5 Dattribiste
+ ownersCanCross: boolean [0..1]
aXSDcomplexTypes Chaic=OfActivation + passengersCaniross: boolean [0..1]
LewelCrossingls " S + staffRaiwayUndertakingCanCross: boolean [0..1]
aXSDoomplexType* aXSDoomplexType*
a)EDattributes LevelCrossing Protection Lt
bazedOnTemplate: thef [0..1] ]
belongsToParent: thef [0..1] axsDelements 'LKSD!T.‘["thtE'I )
+  hasAcousticwaming: LevelCrossing ProtectionAcoustic [0..1] +  mversion: unsignedlong

+

+

+ lengthofstoppingareaBeforeLevelCrozsing: tlengthi [0..1]

+ opensCnDemand: boolean [0..1]

+ zupenvision: tLevelCrossingSupenvision [0..1]
axsDelements

+ etcslevelfrossing: LevelCrossing Etcs [0..1)

+ hazactiveProtection: LevelCrossing Protection [0..1]

+ [inkedSpeedSection: tElementWithi Dref [0..*]

___,____E}+

hazBamiers: LevelCrossing ProtectionBarmiers [0..1]
+ hazlights: LevelCnoss
+ | hasobstadeDetection: LevelCrossing ProtectionObstadeDetection [0..1]

zingProtectionlizhts [0..1]

GFUND raiMLorg Gz 4% &eromany

_________________________________________T-:}

alse

A

aXSDoomplexType
LevelCrossing Etcs

aXEDattributes
+ etcs|D: unsignedLong
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Level Crossing

 Extending level crossing model:

Gefordert durch:

& Bundesministerium
fiir Verkehr

aufgrund eines Beschlusses
des Deutschen

* Technical protection systems

aXSOoomplexTypes
LevelCrossing ProtectionBarriers

|

|

v
+ o+ o+ +

+roadside

Entityis
a)SDelement ) )
. : : +roadsideBamier
+ roadSideBamier: RoadSidestructure [0.*] | T T aNEDCoMipleR Ty e
a)&Dattributes auzen o.* EIEETIE
_____________ + type: tLevelCrossing ProtectionBamierExt [0..1] ]
aNSOoomplexTypes S aNSDattriburtes
LevedCrossing Protection - + crossingSide: tOnossingSide
+ roadside: tside
aNSDelement aXSDoomplexTypes
hasﬁm?s.t CWaming: L?f\'e \Cross] ng'ute_ct onAcoustic [0..1] +hasAcousticwarming LevelCrossingProtectionAoust
hasBarners: LevelCrossingProtectonBamers 0.l | _ _ _ _ _ _ _ _ ___ =
hasLights: LevelCrossing ProtectionLights [0..1] TESE 0.1| axspattibutes
hasObstacleDetection: LevelCrossing ProtectionObstacieDetection [0..1] + e tLem-; Crossingp onacousticEst [0 1]
+hazlights
—_— T _G_ . aXSDoomplexType:s aXSDoomplexType:s
| LevedCrossing ProtectionLights +roadsidelight Roadsidelizht
e
| uXsDelements e 0.*| axsDattributes
| + roadsidelizht: RoadSidelizht [0..*] + fadingDirection: LightFacing Direction
|
| wXSDattribute:
| + type: tlevelCrossing ProtectionlightsExt [D.. 1]
|
|
|
I oS DComplesTypes
:_ -~ LevedCrossing ProtectionObstadeetection
Tpsen -
aX}SDattributes
+ type: tlevelCrossingObstacieDetection [0..1]
a}SoomplexT...

GFUND raflML.org GZ 45 Serovan

+facing Direction

AU 1

string
aenumeration s
tside

literals
=ft
right

SEMIMEraTon »

aenumeration s
LightFading Direction

literals
FwayFrompal
towardsRal
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Level Crossing

 Extending level crossing model:
* Technical protection systems

—
| rail3:LevelCrossingProtectionAcoustic |

rail 2 activationNominal |

|
|
I " rail2:activationReverse | E atiributes
|
|

Value Annotation
bell documentation

acoustic level crossing protection with a bell
none documentation

no acoustic level crossing protection

Gefordert durch:

* Bundesministerium
& fiar Verkehr

Project Partners:
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Level Crossing

* Extending level crossing model:
 Technical protection systems

rail 2 activationNominal |

rail2:activationReverse |

Value Annotation
doubleHalfBamerdocumentation

protection of the level crossing with half barriers on entry and exit side
none documentation

no barrners
singleFullBamer documentation
protection of the level crossing with full barriers
singleHalfBarner documentation
protection of the level crossing with half barriers on entry side
turnStile documentation
turnstile access system to protect access to the rail. used for protection of footway crossings

Gefordert durch:

* Bundesministerium
& fiar Verkehr

Project Partners:

s QFUND ralML.org G & > ERoMAN

D hen Bun
des Deutschen Bundestages @ Dos Startkapital fiir die Mobilitéit der Zukunft
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Level Crossing

 Extending level crossing model.
 Technical protection systems

l______________]
rail3:LevelCrossingProtection

rail 2 activationNominal |

rail2:activationReverse |

Value Annotation

|

|

|

|

|

| ; .
| continuousdocumentation
|

|

|

|

|

visual level crossing protection with continuous light
flashing documentation
wisual level crossing protection with flashing light

none documentation
no visual level crossing protection with lights
————————————— — trathcLight documentation
Gefordert durch: Classic traffic light with lamps in green and red (at least)

* Bundesministerium
& fiar Verkehr

Project Partners:
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Level Crossing

 Extending level crossing model:
 Technical protection systems

—
[ rail3:LevelCrossingProtectionObstacleDetection

B ]
rail3:LevelCrossingProtection

=] attributes

rail 2 activationNominal |

rail2:activationReverse |

Walue Annotation
automaticdocumentation

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

obstacle detection in level crossing danger area i1s done manually (e.g. via dispatcher looking)
none documentation

there i1s no cbstacle detection taking place in the level crossing danger area

Gefordert durch:

* Bundesministerium
& fiar Verkehr

aufgrund eines Beschlusses .G ‘ L ‘ ‘ l rq l I M G Q E R D MAN N
I ‘ [ SOFTWAREGESELLSCHAFT MBH
des Deutschen Bundestages @ Dos Startkapital fiir die Mobilitéit der Zukunft -0 rg DLR
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Level Crossing

 Extending level crossing model:

rail3:tCrossingSide

 Technical protection systems 1D or UUTD v e
Kind Value Annotation
— an enumeration after
enumeration before
rail3:tSide
-
|—raiI3:I.EVEICru:ussingFrDtectiDnBarriers 12 MEIES

enumeration left  documentation

indicates the left side in erientation of the enclosing element
enumeration right documentation

indicates the right side in orientation of the enclosing element

H attributes

v rail2:hasBarriers

—E}El": rail3:mame

|

|

|

|

|

|

|

|

| roadSide
|

|

|

|

| e b
|

|

|

| Kind Value Annotation

___________ R’r o
0.
E rail3zroadSideBarrier E— ____________________
Gefordertdurch: . TEmmmmmmmmmmmmmmes D- i’f : | ;-= railZ:arealocation
. | L rrEEtnE S
* Bundesministerium H 0.
£ fur Verkehr

Project Partners:

aufgrund eines Beschlusses G FUND rq l I M L G # Q E R D MAN N
.. Das Startkapital fiir die Mobilitdt der Zukunft -0 rg DLR ( / SOFTWAREGESELLSCHAFT MBH
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Level Crossing

rraiB:RDEdSidElight
 Extending level crossing model:
 Technical protection systems

rail3:tCrossingSide
use required

Kind Value Annotation
enumeration after
enumeration before

rail3:tSide
use required

Kind Value Annotation
enumeration left documentation

indicates the left side in erientation of the enclosing element
enumeration right documentation

indicates the right side in orientation of the enclosing element

rail3:LightFacingDirection

use required

Kind Value Annotation
enumeration awayFromRail
enumeration towardsRail

R =)

s : i rail3:roadSidelight =—— E—
I R ?‘ -'-R}['%-:" | -= rail3:arealocation
* Bundesministerium D | | e i

£ fir Verkehr

Project Partners:

it e .GF UND I’GlIML. org Gz 4#;:,; £ N\ERDMANN

D hen Bun SOFTWAREGESELLSCHAFT IMBH
des Deutschen Bundestages @  Das Startkapital fiir die Mobilitét der Zukunft
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 Extending level crossing model:

Gefordert durch:

& Bundesministerium
fiir Verkehr

aufgrund eines Beschlusses
des Deutschen

 Technical protection systems

string
wEnumMEeration»

tLevelCrossing Activation

literols
infrastructureAutomatic
infrastructurehanus
none
trainAutomatic
trainhdanua

string
wENEMEration:

tLevelCrossing Supervision

liternls
infrastructuresutomatic
infrastructurehanus
none
trainfdznuz

totherEnumenstionValue totherfnumenationValue totherEnumergtionValue
XS DN WS DU * WS DU *
tLevelCrossingProtectionBarrierext tLevelCrossing ProtectionlizhtsExt tLevelCrossing ProtectionacousticExt
Senumerations Senumerations senumeration
tLevelCrossing ProtectionBarrier tLevelCrossingProtectionlizhts tLevelCrossingProtectionAcoustic
lirerols Feerols literals
doubleHalfBamer continuous e
TWOiE: flazhing TROiE:
singleFullBamier TeimE:
singleHalfBamier trafficLight

tumstile

string
aEnEmEration:

tLevelCrossingObstadeDetection

Bterols
autematic
manus
none

GFUND

rCIIIML.org Gz ‘#;ZR

Z N\ERDMANN
U ‘SOFTWAREGESELLSCHAFY 18K

aXSDoomplexTypes
LevelCrossing Protection

aXSDelement»

|
- + hasacousticwaming: LevelCrossing ProtectionAcowstic [0..1] )
— —————— ==+ hasBamers: LevelCrossingProtectionBamers fo..a] |
e +  haszlights: LevelCrossing ProtectionLizhts [0..1]

+ hasObstadieDetection: LevelCrossing ProtectionObstacieDetection [0..1]

b — o
aUzED
aNSDoomplexT...
1 1
aNSDEeguences aNSDEeqUencEs
SymmetricActivation AsymmetricActivation
aXSDelements aNSDelements
+ activation: LevelCrossing Activation + activationMominal: LevelCrossing Activation

T + sctivationReverse: LevelCrossingActivation
| T

| | |

| | |

| | |

| — |

| ausen |

| | |

| +activationtominal ||/ 1 |

| |

: +activation aXSDoomplexType» +activationReverss

_________ LevelCrossing Activation
auEeR 1
aXSDattribubes

+
+

activateDistanceFromCenter: tlengthi [0..1]
type: tlevelCrossingActivation
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Track Bed

GLEISKORPER - QUERSCHNITT

* Track bed model
(de: Gleiskorper-Oberbau)

Schiane links

Schiene rechis

Gleiskorparprofil

Eindackung

Schienenstotzelament

Schisnenbadestigung

Source: https.//de.wikipedia.org/wiki/Oberbau_(Eisenbahn) UNTERGRUND / PLANUM

Gefordert durch:

% Bundesministerium
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Gefordert durch:

& Bundesministerium
fiir Verkehr

aufgrund eines Beschlusses

des Deutschen

string
totherEnumenstionValue sEnUmEration:
RegulatoryFramework
ﬂ S Do » [:
-‘ RegulatoryFrameworkExt Fterals
= BOstrab_roadAlzned string
E’DSt'ah—SPE{:a wenumerations
+regulatory Framework ,:":"q 0.1 BOStral_unaligned Railigining
| EBC
| EBV Iiterols
| EisBEV Continuais
"LE;-‘* ESED gapped
aXSDeomplexTypes : +railigining ;":\l. 0.1
TrackBeds |
Functionalinfrastructure Entity |
ausEn
aXSDoomplexTypes |
TrackBed |
: reckagq | SDSemenes e I - - - - e
TUEERY |+ additionalRails: Additionalkai [o..*] e f— o
1+ |+ raiFastening: RailFastening [0..1] ) .
+  rails: Rails [0..1] 'XSDTH h"w;aJ S
+ trackBasze: TrackBase [0..1] * q_]“_";g' :‘" E[ B ]0 .
+ trackCover: TrackCover [0..1] Tt et ioss ]
+ trackSuperstructure: TrackSupserstnschune [0.1]
a}SDattribute s
+ documentation: anyUR [0..1]
+ regulstoryFramewark: Regulatory FrameworkExt [D..1]
r-r—-r——"">""="""""~">"=""""”""7= | I'IL;EJC T __ ______ __' ________________ T - - - - - -—-—--= 1
| [ WUEE nuEen | |
| I o1 | ot | | il
"'.lu"l +HrackSuperstructune l".lu'i HTTECROOVET |p +trackBaze o1 +rai Fg;‘tgr"rg \‘lb.- o1
ConstructedComponent ConstructedComponent COnStLCTEdComponent | Constructedoomponsnt aXSDoompkenT. .
XS DoomplexType s XS DoomMplesType® XS DoomplexType s XS DoomplexType Rails
TrackSuperstructure TrackCover TrackBase RailFastening
aXSDelements
aXSDattributes aXSDelements aXSDelements aXSDelements +  leftRail: Rai
+  ballaztType: tBallastTypeExt + designator: Designator [0..%] + designator: Designator [0..*%] + designator: Designator [0..*] + rightRal: k2
+ vibrationFreeConstriction: boolean [0..1] a¥EDattribute s aXSDattrbute s a¥SDattibute s
aXSDelement» + type: tTrackCoverTypeEst + numberofsieepers: unsignedint [0..1] + type: tRaiFasteningTypeExt

+ designator: Designator [0..*]

GFUND raflML.org GZ 45 Serovan

+ slesperiatenal: tSleepersiatenal [0..1]
+ type: tTrackBas=TypeExt

stnng
aEnumeration»

tiointsType

literals
fizhplates
gusd
weded



https://www.bmdv.bund.de/SharedDocs/DE/Artikel/DG/mfund-projekte/idx4rail.html
https://bmdv.bund.de/DE/Themen/Digitales/mFund/Ueberblick/ueberblick.html
https://www.dlr.de/TS
http://guetezert.de/
https://www.railml.org/en/
https://www.erdmannsoftware.com/

ID >4 ralil
Track Bed

* Track base (de: Schienenunterstiitzung)

| . |
| i numberOfSleepers | |
FunctionslinfrostructunsEntity | |
eXSDoomplexTypes |
TrackBed | i sleeperMaterial | |
1
| wxsDelements | |
4| + additionalRaits: AdditionalRail [0..*]
«| + r3iFastening: RaiFastening [0..1] | |
+
+ . | |
+
. | |
a}SDattriburtes |
+ documentation: anyURI [0..1]
+ regulatoryFramework: Regulatory FrameworkExt [0..1] |
_____ [ "'. .
|
ConstructedComponant |
aXSDoomplexTypes |
TrackBase
+ designator: Designator [0..%] |
a}SDattribute
Gefordert durch: + feleepers: unsignedint [0..1]
+ hatenial: tslespershiatenal [0..1]
* Bundesministerium + : tTrackBaszeTypeEst
“k» | fir Verkehr
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IDX4

Gefordert durch:

* Bundesministerium
& fiar Verkehr

aufgrund eines Beschlusses
des Deutschen Bundestages

rail

concretePlate

sleepers

ySleepers

@ FUND

@  Das Startkapital fiir die Mobilitét der Zukunft

Track Bed

* Track base (de: Schienenunterstiitzung)

aEnumerations
tTrackBaseType

literols
concretepiate

ShEEETE

yEleepars

string
aEnumMEration»
tsleepersMaterial

ongitedinalsleepers

|Il'|
||l I‘l

7

fiterols
COMposite
conaorete
stes

WDl

totherEnumenstion\ alue

WS DU »
tTrackBaseTypeExt

||l'|
A

;

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.

documentation

The rails are attached to sleepers that are placed crosswise (perpendicular) to the rails

Project Partners:

rallML.org

totherEnumenrtionlalue

S LN »
tsleepersiaterialExt

Gz

compositedocumentation
the sleepers are made from a composite material,

concrete

steel

wood

documentation

the sleepers are made from concrete

documentation
The sleepers are made from steel
documentation

The sleepers are made from wood

ERDMANN
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ID >4 ralil
Track Bed

- Rail fastening (de: Schienenbefestigungsmittel) ——————————— ]

FunctionalinfrostructursEntity
aXSDoomplexTypes H attributes

| [ type |

TrackBed |

| s=xsDelements . |
5| + additionalRais: AdditionalRail [0..*] A " |
« |+ railFastening: RailFastening [0..1] Fac - o
+ rails: Rails [0..1] |
+ trackBaze: TrackBasze [0..1] mmemmmmmmmmemmeaa—eaaa- \
+ - TrackCover [0..1] —@3~-: rail2: . constructionInfo |
+ trackSuperstructure: TrackSuperstectwre o1y —  (  tharsicaeconnecedtothe | | TR et e et i atatataet |
SKSTIkiTRRE e —@B-- rzil3: designator [+
+ documentaton:anyURI[o.1] | e T |
+ regulatory Framework: Regulatory FrameworkExt [0.. 1] lI:!I..-Jc
_____ mmmmmmmd i m—mmmm—mmmm e : |
| usE® uEe | o |
| usad
+railFastenine - " — —/ —/
Constructed Componeant
aXSDoomplexTypes
RailFastening
aXsDelements
+ designator: Designator [0.. *]
a}S0attnbutes
Gefordert durch: +  type: tRailFastening TypeEst

* Bundesministerium
& fiar Verkehr
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Z rall
Track Bed

* Rail fastening (de: Schienenbefestigungsmittel)

— baltClamp docurmentation
tRailFasteningType a bolt is used to fix the rail to the base
P chairScrew documentation
boltctamp 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)
chairSorew metal screw used to fasten a rail. (DE: Schienenschraube)
connoe continouslyGlueddocumentation
‘,g;z:.“k:_n'p The track is continously glued to the base. This is a type of fastening often used in light rail or tramways.
springSpikes gluedClamp documentation
tensignciamp used in light rail and tramways
railspike documentation
A\ 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
T {DE:Schienennagel)
_ springspikes ocumentation
B Spring spikes or elastic rail spikes are used with flat-bottomed rail, baseplates and wooden sleepers. The spring spike holds
LELLLIIC the rail down and prevents tipping and also secures the baseplate to the sleeper. (DE: Doppelspannnagel)
tRadF asteningTypect tensionClamp ocumentation
. 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
K5)

Gefordert durch:

* Bundesministerium
& fiar Verkehr
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rail
Track Bed

* Rail joints (de: Schienenverbindungsmittel)

Functionglinfrostructune Entity

aXSDcomplexTypes
TrackBed
e T— -ﬁDa-‘IL'-t" :-L‘t;;;'-:._:-:-:
| + additionalRails: Additionalrail [0..*] e
+ railFastening: RailFastening [0..1
2 g[0.1] a)s Dattributen

+ rails: Rails [0..1] + ralligining: Raloining [0..1]
+ trackBaze: TrackBasze [0..1] — "L'?I'“. ""-T.-' "LTT‘ "n [0..4]
+ trackCower: TrackCower [0..1] ’ . Lot ¥pe [
+ trackSuperstructure: TrackSuperstructure [0.. 1]

a XS Dattribustes
+ documentation: anyURI [D..1]

+ regulatoryFramework: Regulatory FrameworkExt [D..1]

rail3:trackBed [ﬁ]—:— @_i-iélig:éin:é ::‘.

---------- e

Gefordert durch:

* Bundesministerium
£ fiar Verkehr
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Z rall
Track Bed

* Rail joints (de: Schienenverbindungsmittel)

tring fishplatesdocumentation

aEnEmErations a metal connecting plate used to bolt the ends of two rails
o glued ocumentation
fiterals Indicates that the individual rails are glued together. All the gaps are filled with epoxy resin, increases the strength
+railkointsType fishplates welded documentation
Cween __t} glued Indicates that the individual rails are welded together

s WHERE

continuousdocumentation

. stng continucus welded rail (CWR), sometimes referred to as nbbon rails or seamless rails. In this form of track, the rails are welded
':E;;;::r;” together by utilising flash butt welding to form one continuous 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
literals and with less frichion
T gapped documentation
gapp; track is made using lengths of rail, bolted together using perforated steel plates known as fishplates. Small gaps which function
+railioining /| 0.1

as expansion joints are deliberately left between the rail ends to allow for expansion of the rails in hot weather, Because of these

I small gaps, when trains pass over jointed tracks they make a "clickety-clack" sound.

Gefordert durch:

* Bundesministerium
& fiar Verkehr

Project Partners:

I’GlIML.org
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des Deutschen Bundestages
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* Rails (de: Schienen)

Functionalinfrostructurs Entity

XS DoomplexTypes
TrackBed

a XS Delements
additionalRails: AdditionalRail [0..*]
railFastening: RailFastening [0..1]
rails: Rails [0..1]
trackBasze: TrackBasze [0..1]
trackCover: TrackCower [0..1]
trackSuperstructure: TrackSuperstructure [0..1]
a}SDattributes
+ dooumentation: amyURI [D..1]
+ regulatory Framework: Regulatony Framework Ext [0..1]

S

Gefordert durch:

* Bundesministerium
& fiar Verkehr
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Gefordert durch:

* Bundesministerium
£ fiar Verkehr

aufgrund eines Beschlusses
des Deutschen Bundestages

rail

* Rails (de: Schienen)

G FUND

@  Das Startkapital fiir die Mobilitét der Zukunft

Track Bed

Project Partners:
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v rail3steelGrade E—
[ ittty it S -1

rail3:Designator
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rail
Track Bed

* Rails (de: Schienen)

|

|

|
[ trackBed B
——————————|

| a1l additionalRails =i
__________________________________ Tt

Gefordert durch:

* Bundesministerium
£ fiar Verkehr
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Gefordert durch:

Bundesministerium
fiar Verkehr

aufgrund eines Beschlusses
des Deutschen Bundestages

Track Bed

* Track ballast & track cover (de: Gleisbettung)

.
v rail3strackCover

—
A—
A——
A —
— q I I
i r
FunctionalinfrostructureEntity
aXEDoomplexTyper
TrackBed
a}SDelements
+ additionalRzils: AdditionalRail [0..*]
+ railFastening: RailFastening [0..1]
+ rails: Rais [0..1]
+ trackBasze: TrackBase [0..1]
+ trackCowver: TrackCover [0..1]
+ trackSuperstructure: TrackSuperstructure [0.. 1]
wX5Dattributes
+ documentation: anyURI [0..1]
+ regulatoryFramewaork: Regulatory FrameworkExt [0..1]
[ ', wew T T T
| | usen 1
| |
lll\l"ll +trac retructure '-,'ll,n'
Constructedcomponent ConstructedOomponsnt
aXSOcomplexTypes aNSDcomplexTypes
TrackSuperstructure TrackCover
aXSDattributes ax5Delements
+ ballastType: tBallastTypeExt + designator: Designator [0..*]
+ wibrationFresConstruction: boolean [0..1] aXSDatts
axShelements + type: tTrackCovesTypeExt
+ designator: Designator [0.. 4]

@ FUND

@  Das Startkapital fiir die Mobilitét der Zukunft

Project Partners:
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rail3:TrackCover

[ attributes

DLR

| rail3:TrackSuperstructure

B attributes

i vibrationFreeConstruction I
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Gefordert durch:

* Bundesministerium
& fiar Verkehr

aufgrund eines Beschlusses
des Deutschen Bundestages

ballast

slabTrackdocumentation

rail

documentation

string
aEnumerations

tBallastType

lterols
ballast
=labTrack

||l'|
A

i

totherEnumenstion\ alue

(5 DUnion »
tBallastTypeExt

Track Bed

AENUMErations
tTrackCoverType

literols
azphalt
cobbleStone
COmMposite
Conorete
grass
TeirbE:
rubberranes

||l'|
A

;

totherEnumenrtion |\ alus

WS DN »
tTrackCoverTypeExt

* Track ballast & track cover (de: Gleisbettung)

asphalt
cobbleStone
composite  documentation
The track bed is made of a composite matenal.
concrete documentation
The track bed is made of concrete, This is often the case at level crossings.

grass documentation
The track cover is made of grass (DE: Gringleise)
none documentation

Mo track cover is in use
rubberPanelsdocumentation
The track cover is made from hard rubber panels.

"Track ballast is the material which forms the trackbed upon which railroad ties (UK: sleepers) are laid. It is packed between, below,
and arocund 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. [Wikipedia]®

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 [Wikipedial.
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rail

Survey runs
Survey findings

SUI"VGy resources

* Surveys are organized into

Survey Data

LocatedNamedSurveyEntity

«XSDcomplexType»
Survey

«XSDelement»
designator: Designator [0..*]
findingRef: tElementWithIDref [0..¥]
responsibleOrganizationalUnitRef: tElementWithIDref [0..*]
surveyResourceRef: tElementWithIDref [0..*]
surveyRunRef: tElementWithIDref [0..*]

Gefordert durch:

* Bundesministerium
& fiar Verkehr

aufgrund eines Beschlusses
des Deutschen Bundestages

+findingRefv

+ + + + + o+

«XSDattribute»
+ projectRef: tRef [0..1]
+ team: string [0..1]

timePeriod: CalendarTimePeriod [0..1]

LocatedNamedSurveyEntity

«XSDcomplexType»
SurveyFinding

«XSDattribute»
+ id:tID
+ rail: tSide [0..1]
+ severity: SeverityExt [0..1]
+ typeRef: tRef

@ FUND

@  Das Startkapital fiir die Mobilitét der Zukunft

Project Partners:

rqllML.org

0.* +surveyRunRefv 0..* +surveyResourceRef\y 0.*
tElementWithID LocatedNamedSurveyEntity
«XSDcomplexType» «XSDcomplexType»
SurveyResource
+findingRef Suve 2 +resourceRef] i
0..% «XSDelement» 0.*| «XSDattribute»
+ findingRef: tElementWithIDref [0..*] + id:tiD
+ name: Name [0..*] + resourceTypeRef: tRef
+ resourceRef: tElementWithIDref [0..*] + url:anyURI
«XSDelement»
+ recordingTime: CalendarTimePeriod [0..1]
+ section: ResourceSection [0..*]

DLR

| rail: surveyData B~ 2

rail3:5urveyData
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rail

* Survey collects header data

Gefordert durch:

* Bundesministerium
& fiar Verkehr

aufgrund eines Beschlusses
des Deutschen Bundestages

Designators

Responsible organizational units
Timeframe of the survey

Project the survey belongs to
Information on the involved team

Project Partners:

GFUND rallML.org

@  Das Startkapital fiir die Mobilitét der Zukunft

Survey Data

<organizational Units>
<prganizationalUnit id="org01">
<name language="de" name="Erdmann Softwaregesellschaft mbH"/>
<isContractor/>
</organizationalUnit=
<organizationalUnit id="8kg02">
<name language="de" name="Strallenbahninfrastrukturverwaltung"/=
<isInfrastructureManager/>
</organizationalUnit=
</organizationalUnits>
<projects>
<project id="pr01">
<name language="de" name="Messzyklus 11/2025"/>
</project=
</projects>
</common=
<infrastructure>
<surveyData=
<surveys=
*:survey projectﬁef—”pr[]‘l team="Erdmann Projekt Team">
<responsibleOrganizationalUnitRef ref="orgd1"/>
<responsibleOrganizationalUnitRef ref:“ﬂ"f}
<timePeriod from="2025-11-10" to="2025-11-14"/>
=/survey=
</surveys=
</surveyData=
</infrastructure=

DLR
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rall
Survey Data

__________ [oe T T

rail3:5urveyRuninfo

* Survey Run

|

D b h h d ll d B attributes |
escribes how the data was collecte N ¢ endDateTime |
,‘_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_ |

_________________ |

was conducted

* Allows assigning resources and findings -4 12 mame B
|. rail 2 surveyRun I:Tt_ll]—l—| i o ﬂ:-i::_'f_ -

| aind O r the

|

|

|

|

|

|

|

|

|

|
|
|
From where to where a measurement run I
|
|

|
|
|
| i startDateTime .
|
|
|

[oisinto &

1.

Gefordert durch:

* Bundesministerium —(—"EH-:E'-' railZ:info
£ fiar Verkehr |
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* Survey Resources

Gefordert durch:

* Bundesministerium
£ fiar Verkehr

aufgrund eines Beschlusses
des Deutschen Bundestages

* Descibe area and

recording time of data

 Area may be split into
several sections (helps
with segmentation of

tablebased data)

G FUND

@  Das Startkapital fiir die Mobilitét der Zukunft

rail3:surveyResource [l:l]

Survey Data

—_————

| rail3:5urveyResource
Bl attributes

resourceTypeRef

|

|

|

|

T

| .

|

|

|~ e,

| ;1 2l arealocation H]

| S O

= 4+4 il lincarlocation B
— : ____________________________________ ‘ﬂ_f T}

' 0.0

-4 railisection
———————————————————————— e

|

H attributes |
__hegin‘u'alue I
|

|

,-ﬂ: rail3: arealocation
=== szl |

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

;3EIEH_|:IHHH'|;EJ:I - l
B attributes I
from | |

eifies j |
oo |
--------- G30e 3imd |

e |

|

|

|
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Survey Data

* Survey Resources

Allow referencing external
files (resources) via
@resourcelypeRef

—_——
| rail3:SurveyResource

E attributes

rail3:SurveyData

1,00

! rail3surveyData E

rallZ:tableBasedResourceType

Gefordert durch:

* Bundesministerium
& fiar Verkehr
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Survey Data

[=] attributes

* Survey Resources

 Support for
* Binary
« DICONDE
 proprietary

binary documentation
proprietary binary file
dicondedocumentation
binary file encoded according the diconde standard.
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rail3:ResourceContentType

B attributes
columnHeader

— |
— | rail3:ResourceType
I ql = attributes

Survey Data

* Survey Resources

 Support for
e Table based

rail3 resourceType EI]

1,0

| rail3:columnDescription EI—‘—

| rail3:5tandardContentType

H attributes

r
| rail3:TableBasedResourceTypeDescription

rail 3 resourceType

rail3:.columnDescription

rail3:tableBasedResourceType [H

& umnDescription
rzil3: standardColumnDescription \J\‘

- ) J | rail3:standardColumnDescription EI—'—
|
|
|
|

Gefordert durch:

* Bundesministerium
& fiar Verkehr
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boolean documentation I
u rvey a a Walues are limited to "true" and "falze" | rail3:ResourceContentType

dateTime  documentation | -
A datetime value encoded according to 150 8601, e.g. 2025-09-03T06:28:10Z or 2025-09-02T18:28:10-12:00 ml—

duration ocumentation
e Survey Remurces a time encoded as xs:duration, e.g. PT3IM25 | | _c.allfmnHeader | )

fleatingpeointdocumentation

° Support for A floating point number with a decimal point expressed as dot
integer ocumentation
° an integer value with no separators, e.g. 1000000
Tabl'e based string ocumentation

a string value
-

Gefordert durch:

* Bundesministerium
& fiar Verkehr
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Survey Data

* Survey Resources

* Support for
» Table based rail3:resourceType BB
« CSV
* Excel
* Parquet
- SQLite

-
| rail3:TableBasedResource JypeDescription

railZ:resourceType

rail 3 columnDescription

railZ: standardColumnDescription

Gefordert durch:

* Bundesminis
£ fiar Verkehr

Project Partners:

aufgrund eines Beschlusses
des Deutschen Bundestages
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—_— . — —

| E attributes

| columnSeparator |

|-rai|3:Ta|:|IEDescriptiDn

e B
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Survey Data

* Survey Resources

 Support for

 Table based
« CSV
* Excel
* Parquet
« SQLite
* Structure of table-based resource types can be described
 Columns can be either defined by data type (string, integer, duration, ...
* Or as predefined content
* CurrentSpeed in Kmph
 OffsetDistanceloStart
* GPS lon, lat

[ ]
Gefordert durch:

* Bundesministerium
& fiar Verkehr
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* Findings

Gefordert durch:

* Bundesministerium
& fiar Verkehr

aufgrund eines Beschlusses
des Deutschen Bundestages

Allow summarizing
the results of a survey
run

Location of finding is
specified

Model is open for
custom types

Standard includes
general classification

Severity can be
specified

@ FUND

@  Das Startkapital fiir die Mobilitét der Zukunft

rail3:SurveyFinding
Drail

({1 inearlocation :

—(o 5 2 name [

ERE R ot

------ o

Survey Data

«XSDcomplexType»
SurveyFindings

«XSDelement»
+ finding: SurveyFinding [1..¥]

((Uée))
+defect\y 1.*

«XSDcomplexType»
SurveyFinding

+ + + +

«XSDattribute» |>

LocatedSurveyEntity

«XSDcomplexType»
LocatedNamedSurveyEntity

id: tID
rail: tSide [0..1]
severity: SeverityExt [0..1]

«XSDelement»
+ name: Name [0..*]

typeRef: tRef

+typeRef

tElementWithIDandName

«XSDcomplexType»
DefectType

«XSDattribute»

+ class: DefectClassificationExt [0..1]

+ domain: DomainExt
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* Findings

Gefordert durch:

* Bundesministerium
& fiar Verkehr

aufgrund eines Beschlusses
des Deutschen Bundestages

Allow summarizing
the results of a survey
run

Location of finding is
specified

Model is open for
custom types

Standard includes
general classification

Severity can be
specified

G FUND

@  Das Startkapital fiir die Mobilitét der Zukunft

Survey Data

string
OtherEnumerationValue «enumeration»
' Severity
«XSDunion»
> .

SeverityExt {> literals
operationNotimpacted
reducedSpeed
sectionClosed

operationMotlmpacteddocumentation

Mormal operation on the rail can be continued
documentation

QOperation over the rail is still possible but with reduced speed.
documentation

Section needs to be closed du to the finding

reducedSpeed

sectionClosed

Project Partners:
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Survey Data
* Defects

Referenced
from findings

rail

|_rail3:[?lvam"v?_ctT:.,r|:|E

El attributes

|. railZ: defectType [ﬁ]—'—

'I s+

—E)EF-: rail2: mame ‘
et

SRR i

| |
S—— | g e
b S |
+-
Geférdert durch: Allows 2 coarse desoription | _@ '-rEIJ"l_II'_H_E\_a[l__(_}F?i:IEn _ |
of the findinas of the surve !
: I

--------------- 'f‘r N
* Bundesministerium O SUF Ve U |
ge fiar Verkehr
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Survey Data

belgrospis acumentation
Belgrospis are periodic crack nests at the edge of the road
corrosion ocumentation
® Defects Corrosion of the rail
crossFault ocumentation
° Cross faults are cracks that run perpendicular to the direction of travel
Referenced string flaking ocumentation
fr‘om f| ndl ngs «enumel e material breakouts on the running edge of the rail in the longitudinal direction of the rail. Mot to be confused with
DefectClassificutios HeadCheck. The continuous, typical crack band of the HeadCheck rail defect is not present.
literals headCheck ocumentation
belgrospis 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
corrosion indentation ocumentation
crossiates Indentations are caused by the rolling over of foreign bodies.
laling nolefect ocumentation
headCheck
indentation Mo defect was detected
noDefect nofinding ocumentation
noFinding Mo finding available. This value indicates that no measurement was taken, possibly due to equipment failure.
reilfme railFracture  documentation
;Lpi;’:; i Rail fracture refers to the complete failure of the rail so that the track can no longer be used.
S“pWafes ripples documentation
squats Ripples are guasi-pernodic uneven running surfaces in straight tracks and track curves of larger radii with wavelengths of

Gefordert durch:

* Bundesministerium
& fiar Verkehr

around 2 to 10 cm and depths of 0.01 to 0.4 mm.

skiddingPointsdocumentation

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

OtherEnumerationValue slipWaves documentation
«XSDunion» Slip waves or short waves are periodic surface irregularities with lengths of 5 to 30 cm and a depth of 0.1-1 mm.
DefectClassificationExt squats ocumentation

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.

Project Partners:
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* Summary for Survey Data:

Gefordert durch:

* Bundesministerium
& fiar Verkehr

Focus of modelling was on extendibility

Between fixing things in the standard and keeping it open

Solution allows importing software to understand basic

structure

Data is kept out of the standard - too many different aspects
Data is kept in external resources - too much data for any

markup language
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Vielen Dank fur Ihre Aufmerksamkeit!

Institut fur Verkehrssystemtechnik WWww.idx4rail.de www.railml.org
www.dlr.de/ts

Christian Rahmig

christian.rahmig@dir.de @ info@idx4rail.railml.org 0 +49 351 47582911
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