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EXECUTIVE SUMMARY

The purpose of deliverable is to provide the semi-formal modelling and specification related
to the digital map logical block of GoA3/4 autonomous train. This includes the logical
architecture, its interfaces, and the collection of track plan data which are required for ATO
(up to GoA4).
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Al
ATO
APM
DM
GoA
TAURO
MD
OE
PER
REP
SCv
TCMS
D

Artificial Intelligence

Automatic Train Operation
Automatic Processing Module
Digital Map

Grade of Automation

Technologies for the AUtonomous Rail Operation
Mission Data

Operational Execution

Perception

REPository

Signal Converter

Train Control and Monitoring System
Train Data
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1 SEMI-FORMAL MODELLING AND SPECIFICATION OF DIGITAL MAP

1.1 INTRODUCTION

In the context of X2Rail-4 project, one of the main objectives is to deliver a semi-formal
standard specification (in terms of logical architecture) for GoA3/4 autonomous train (ATO
over ETCS up to GoA4). As a complementary project, WP4 of TAURO project aims to
upgrade the semi-formal specification of GoA3/4 autonomous train considering the use of
ATO on non ETCS area. Particularly, WP4.2 aims to provide a semi-formal specification of
the digital map module for GoA3/4 autonomous train.

Figure 1 shows the logical architecture of the signaling system supporting the ATO (up to
GoA4)'. In this logical architecture, the REP building block is collecting, from trackside, all
data required by the on-board building blocks. The categories of data that shall be available
from the trackside are:

- MD: Mission Profile Data probably delivered by the RU operating the train unit
(hereafter defined as MP);

- TD: Train Data probably delivered by the RU operating the train;

- OE: Operation Execution containing the Journey Profiles probably delivered by the
IM operating the line;

- DM: Digital Map containing the digital infrastructure representation probably delivered
by the infrastructure manager operating the line.

The DM contains the Track Plan Data which are needed to operate the train according to
the Operation Execution Data (e.g., Journey Profiles). The Track Plan Data are split in
segments containing the required data. The Segment Profiles defined here are not “stricto
sensu” the same as the ones used for GoA2 in the SUBSET-126 from the TSI 2022. The
Segment Profiles application for ATO (up to GoA4) contain additional data comparing to
GoA2 version. Those segments data are extracted from the Digital Map.

The purpose of this deliverable is to provide a semi-formal modelling and specification of
the DM building block, its interfaces, and exchanged data, with the support of Capella
modelling tool.

" This Figure 1 refers to the architecture as it is currently defined in SRS 0.1.4 which is still in the process of
development.
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Figure 1: ATO (up to GoA4) logical architecture.
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1.2 LAYERED ARCHITECTURE FOR DM

In this section, we propose a layered architecture for the DM, structured around 5 principal
layers. Each layer represents a profile description from a given use-case perspective.

1.2.1 DM architecture

Figure 2 depicts the main five layers of the DM. Here below, a succent description of each
layer is provided (from down to top).

Layer 1: Common Topology Profile

This layer allows for a topological description of train guidance made up of segments of track
identified by unique identifiers. Notice that all infrastructure elements must be located from
the beginning of the corresponding track segment to ensures the uniqueness of the
positioning reference.

Layer 2: Geometry Profile

This layer describes the track layout geometry. Each track segment is represented by into
straight lines (polylines) with track vertices sampling used for navigation and positioning.
These points are generally described by 3D geometric coordinates.

Layer 3: Environment Profile

This layer describes the infrastructure areas of interest such as tunnels, level crossings, and
bridges, etc [see X2RAIL4 Track Conditions]. It is used for perception and environment
monitoring.

Layer 4: Driving Profile

This layer provides an infrastructure description (intended for the ATO) by extending the
Subset 126 format. Such a layer is intended for the ATO and is necessary for the train driving
operations in GoA4.

Layer 5: Signaling Profile

This layer describes the line side signaling components (fixed and mobile signaling). Such
a layer is mainly related to the function of detection and interpretation line side signaling
information. It could contain also virtual signaling information.
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Figure 2: DM layered architecture.

1.2.2 REP data structure

The REP building block (see Figure 1) has the function of acquiring, collecting from the
trackside and maintain all updated data required by the on-board building blocks involved in
ATO up to GoA4. The data that shall be available from the trackside are mainly coming from
the following building blocks:

- MD: Mission Profile Data probably delivered by the RU operating the train unit
(hereafter defined as MP);

- TD: Train Data probably delivered by the RU operating the train;

- OE: Operation Execution containing the Journey Profiles probably delivered by the
IM operating the line;

- DM: Digital Map containing the infrastructure digital description probably delivered by
the IM operating the line.

Figure 3 represents a class diagram showing the data structure collected and maintained
by the REP logical block. It includes the Mission Profiles, the Journey Profiles, the Train
Data Sets, and the 5 profiles related to the Digital Map.

Each profile related to the Digital Map includes a Static Part and a Dynamic Part. The static
part contains the data to be extracted from the Digital Map; while the Dynamic Part contains
the current state of the objects (elements) defined in the Static Part.

For example, the Static Part of the Signaling Profile defines the fixed and mobile signals;
while the corresponding Dynamic Part determine the current state of those signals.
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Figure 3: REP data structure.

Figure 4 provides a schematic representation of the data flow between trackside and on-
board subsystems. “AT” is the acronym of “Autonomous Train” and represents several on-
board sub-systems. DM provides static data through output services. Each service is
dedicated to one layer. However, the dynamic data is provided by OE. All these data are
then integrated in REP and transmitted to the on-board building blocks. Note that DM, OE,
and MD shall be consistent with the common topology profile.
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Figure 4: Data flow between the logical building blocks.

1.2.3 Data specification

The data contained in each profile of the DM needs to be specified. Table 1 provides a first
attempt to represent and specify the data related to the Geometry Profile.

Table 1: Data specification — case of Geometry Profile.

Level n Variable n Type ﬂ Length ﬂ Description n
1 Header sum<=5 byte: contains required information to identify and interpret transmitted packet
1 NID_PACKET INT 8 bits ID of packet
1 L_PACKET INT 13 bits Length of packet
1 Q_GEOREF INT 2 bits Geographic Coordinate System for absolute coordinates (WGS84 by default
1 Q SCALE_OFFSET INT 2 bits Unit for diatance/offset (e.g. cm)

1 Q_SCALE_LEN INT 2 bits Unit for length (e.g. cm)

1 N _SEGMENT INT 5 bits Mumber of segments in packet

2 Data per segment for each N_ITER_SEGMENT : <=5bytes  Contains all the segments of the topology that are transmitted in the packet
2 SEGMENT(Segment.ID) INT(UUID) 32 bits Unigue id of referenced segment

2 N_ITER_POINT INT 5 bits Mumber of points on segment

3 Data per elemnet »=11bytes containsthe data per element

3 TrackVertices_ID INT 32 bits Unigue id of Track Vertice

3 Ref_Segment REAL 15 bits Offset/distance to define the relative start position of the point

3 Position INT 5 bits Position of the referenced point along track polyline

3 Latitude INT 2 bits Absolute latitude of the point acoording to the geographic coordiante syste|
3 Longitude INT 2 bits Absolute longitude of the point acoording to the geographic coordiante syst
3 Altitude INT 2 bits Absolute altitude of the point _J
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1.3 SEMI-FORMAL MODELLING AND SPECIFICATION OF DM

This section provides the semi-formal modelling for DM building block and its interfaces. It
also provides a specification of the exchanged data.
1.3.1 Environment of the Digital Map

In its role of providing infrastructure map data to concerned building blocks, the DM interacts
with several components through different interfaces. These interfaces are listed in Table 2,
and showed in Figure 5.

Table 2: Interfaces related to the DM building block.

Building block Interface
REP C34
OE C6
SCV C26 via REP
APM C28 via REP
ATO-AV C22 via REP
Localization C60 via REP

O 0 o
o:[,,
| = @wo x Dosaiastior
&
1] D
__08a saﬂ_—zla @—08c¥
-0 - 9 oA O

Figure 5: DM Environment.
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1.3.2 Functions allocated to DM building block

The Digital Map executes several functions in order to deliver the required mission. The
main functions (depicted in Figure 6) are:

- Manage Map data request.

Once the REP block has identified the segment id from the Journey Profile, it sends a
request to the DM to get the map data of the identified segment. The DM the manage the
received request and proceed to gather the related data of the identified segments before
sending them back to the REP. The data gathering functions are:

- Gather Signaling data for identified segments.

- Gather track geometry data.

- Gather related Driving profile data.

- Gather Environment data.
After gathering the related data, the Digital Map sends the data to the REP (as shown in
Figure 6) using the function:

- Provide infrastructure database.

{L]om

D=l Map data request _]_
L D=2 Environment Profil data request

= @ Manage Map data request
D=1 Bignaling Profil data request

M-Seometry Profil data
request

¥} V] V] ¥}
Gather Signaling data @ Gather track geometry ® Gather related Driving ® Gather Environment
for identified segments data Profile data data

lyl lyl i
Driving Profile data Environment Profil data
D= Signaling Profil data Geometry Profil data
— \i i\ Y] i
e e e mm . s
); p © Provide infrastructure database
i 2
.............. (P . i ANy =
TR R o .c

......
‘‘‘‘‘
~~~~~
<23

iyl

Driving Profil
data request

Figure 6 : DM functional allocation.

1.3.3 Allocated functions to related buildings blocks

The functions allocated to the building blocks which interact with the DM are presented in
Figure 7 and listed in Table 3.

Table 3: Functions related to the building blocks in interaction with DM.

Components Functions

DM - Manage Map Data request.
- Gather Signaling data for identified Segments.
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- Gather track geometry data.

- Gather related Driving Profile data.
- Gather Environment data.

- Provide infrastructure database.

REP - Read and synchronize the infrastructure database.
- Request map data for identified segments.
- Determine Segment id from JP.
- Acquire JP and MP.
- Manage reporting.
- Map REP with route.
- Provide train parameters.

SCV - Receive Signaling infrastructure data.
APM - Receive Environment data.

ATO-AV - Receive Driving data.

Localization - Receive track geomelry data.

OE - Determine/verify and transmit JP data.
- Transmit Dynamic data.

Legical System

Lom
D=1 Map data request
L D3] Environment Profil data request
@ Manage Map data request
D=)signaling Profil data request = =
eometry Profil data Driving Profil
b otz
LY v 7 7
Gather Signaling data @ Gather track geometry © Gather related Driving © Gather Environment
for identified segments data Profile data data
D1 Driving Profile dat D=51 Envi Profil d:
D3 signaling Profil data D8 Geometry Profil data S nirenment frofil data
_ Y] V) V) V]
L R e
S @ Provide infrastructure database
DHch | ==
.............. vy | Ay n_ g
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SRIiSgee
e D=
g 5
for : Lol ; 0%
¢ D=r CLEY
. LJRE?  _awmn3% ER=Y
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D=1 Segmgnt id
7y Iyl Iyl Y]
- DS s L® Determine Segment ' DIAC60
_ -~ | D3 envirory

id from JP !
=
wirorinent Profile > '[fﬂ 7 B';';[ S
oo 2 D5 Driving Profile =N s
[2=: IS -
; 3 DACET ST

@_Dgt_ermine/verify and

transmit JP data - D3lp olcos

S
{050 o S @aoay | L0 cmtzation
Receive Signaling Dl e © o ) 7
Pl s Receive Environmentdata | [€eseesb - - ____ - ... :
© infrastructuredata | | | T osie g2l @ Receive Driving data Fersess @ Receive track geomety
- - data
0-9-3-8-0-0 o E 03
o2 D2} o
@ o
&

Figure 7: Logical functions in interaction with DM functions.

TAURO D4.2 Appendix B Page 15 of 20 18/09/2023



»TAURD

Contract No. H2020 — 101014984

1.3.4 DM data specification

The data exchanged by the D

layered architecture.

1.3.4.1 Driving profile

=urope'’s -

M is specified according to each profile considered in its

Driving profile contains the set data that is provided from the DM to ATO-AV. In the current
work, only static data from the driving profile is specified.

Figure 8, 9 and 10 show the data dictionary used by the driving profile. The data are sent
through interface C34 to REP.

B current Limitation Start
__ Allowed current
5 consumption : M_CURRENT
k) (Ampere)

E Gradient start

Value of the new gradient at the

5 beginning of the Segment Profile :
G_New_Gradient (k)

—5 Qualifier for gradient siope. :
Q_GDIR (k)

—5 Velue of the new gradient:
G_New_Gradient (k,J)

—5 Qualifier for gradient slope :

QGDIR (k1)

E Gradients change

—5 Number of iterations of gradient
changes : N_ITER_ATO (k)

__ Location of the gradient change

TG relatively to the beginning of the
SP: D_Location (k) (centimetres)

Other Specific SSP - If [ Q_DIFF == Other
specific category, replaces the Cant

& peficiency SSP or Q_DIFF == Other specific

category, does not replace the Cant
Deficiency SSP]

g Cent Deficiency - [QLDIFF == Cant
Deficiency specific category ]

— Cant Deficiency SSP category:
INC_CDDIFF (k,1)

5 Other specific SSP category : NC_DIFF (k,1)

— Absolute Positive Speed associated to 3

~train category. : V_DIFF (k1)

—5 Cant Deficiency S5 category:
NC_CDDIFF (k,,m)

B tunnel

—5 Number of iterations of tunnels:
N_ITER_ATO (k)
5 Tunnel Specifier : Q_Range (k1)
—5 Category of the Tunnel :
Q Tunnel_Category (k,I)
Location of the tunnel start relatively to the

E current timitation Change

& static Speed Profile Start

Number of iterations of allowed
5 current consumption changes :
N_ITER_ATO (k)
Location of the allowed current
— consumption change relatively to
the beginning of the SP:
D_Location (k) (centimetres)
— Allowed current consumption :
M_CURRENT (k,I) (Ampere)

& satises
— Total number of balise(s) in the
group : N_TOTAL (k1)
5 Position in Group : N_PIG (k,,m)
__ Location of the balise relatively to
5 the beginning of the SP.:

Basic Static Speed Profile speed
—5 2t the beginning of the
Segment Profile : V_STATIC (k)

(Km/n)
Qualifier for validity end point
of profile element : Q_FRONT (k)

ATO-TS Contact Information - If

Q_ATOTS. Contact_Info_Dir == ATO-TS contact
& info for nominat direction follows or

QATOTS_Contact_Info_Dir == ATO-TS contact

info for reverse direction follows ]

—5 Identity of the ATO-TS's country or region :
NID_C_ATOTS (k)
—5 Identifier of the adjacent ATO-TS :
NID_ATOTS (k)
— Identity of the SP's country or region :
C

— 5P identity of the first segment in the
adjacent ATO-TS area : NID_SP ()

D beginning of the SP: D_Start_Location (k1) D_Location (kI m) (centimetres)
(centimetres)

_ Location of the tunnel end relatively to the

Gbeginning of the SP: D_End_Location (k)

B saiise Group
Number of iterations of balise groups : N_ITER_ATO

E specific ssp
— Number of iterations of Specific Static

_ Qualifier to indicate if NID_C of this balise group is

TS following or the NID_C of the SP is valid for this
balise group : Q NEWNID_C (x,1)

5 Identity of the BG's country or region : NID_C (k1)

5 Identity number of the balise group : NID_BG (k. )

Other Specific SSP Change - If [ Q_DIFF
== Other specific category, replaces the
B cant Deficiency 5P or Q_DIFF == Other
specific category, does not replace the.
Cant Deficiency SSP ]
— Other specific SSP category : NC_DIFF
~“wim
— Absolute Positive Speed associated to
2 train category. : V_DIFF (kI,m) (Km/n)

2 Speed : N_ITER_ATO (k)
—5 Qualifier for specific SSP categories.
'Q_DIFF (k1)

(centimetres)

B curves change

— Number of iterations of curve

changes : N_ITER_ATO (k)

Location of the curve change
Drelatively to the beginning of the SP
) Location (k) (centimetres)

—5 Curve category:

Q_Radius_Category (x,l)

& static Speed Profile Change

— Number of iterations of Static Speed
Profiles changes : N_ITER_ATO (k)
Location of the Staic Speed Profile

5 change relatively to the beginning of
the SP: D_Location (k) (centimetres)

—5 Basic Stafic Speed Profile speed :
V_STATIC (k,1) (Km/n)

— Qualifier for validity end point of
profile element : Q FRONT (x.)

E specific P Change

— Number of iterations of Specific Static
Speed Profiles : N_ITER_ATO (&,

— Qualifier for specific SSP categories. :
'Q_DIFF (k,,m)

— Cant Deficiency SSP category :
NC_CODIFF (k,lm)

B Power Voitage Change

—5 Number of iterations of voltage
changes : N_ITER_ATO ()

__ Location of the voltage change

Grelatively to the beginning of the SP:
D_Location (k,]) (centimetres)

— Traction System voitage : M_VOLTAGE

==

— Country identifier of the traction
system: NID_CTRACTION (k,1)

[ Segment Profile Details - [Q_SP.Status <>
Invalid ]

—5 Identifier of the segment profile version :
M_SP_Version (k)

—5 Length of the segment of railway covered by
the SP: L_SP (k) (centimetres)

— Distance to stop the train before an EoA:
D_EoA _Offset (k) (centimetres)

— Offset to 2dd to the UTC time in order to
calculate the local time : Q UTC_Offset ()
Altitude at the beginning of the SP.

5 Considering ETRS89 as reference :
M_SP_Altitude (k) (centimetres)

—5 Qualifier indicating another ATO-TS's contact
information : Q_ATOTS_Contact_Info_Dir ()

B curve start

& segment profile status

__ Curve category at the
S beginning of the Segment
Profile : Q Radius_Category (k)

—5 Number of iterations of SPs in the
packet : N_ITER_ATO

—5 Identity of the SP's country or
region : NID_C (k)

5 SPidentity : NID_SP (k)

5 Status of the Segment Profile :
Q_SP_Status (k)

Figure 8: Driving profile (part 1).
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[ Axte Load Speed Profile B Timing Points & Timing Point Name [ power voitage start B piatform Area
5 Number of iterations of Axle Load Speed Profiles : N_ITER_ATO (k) —= Number of iterations of Timing Points : 5 LTEXT: LTEXT (.I) —; Traction System voitage : M_VOLTAGE =5 Number of terations of Platform Areas
5 Ade Load Speed Profile Specifier: Q_Range (k) ILITER 1O ) =5 Name of the TP: X_TEXT (kL m) ® + NITER_ATO (k)
- " — TPidentity. The NID_TP is unique within B — Country identifier of the traction 5 Platform Area Specifier : Q Range (k,)
5 Axle load category : M_AXLELOADCAT (k,I) sy -0 S z ¥
s Sz 5 3NID_C: NID_TP (k. system: NID_CTRACTION () Location of the platform start relatively
— Speed restriction to be applied if the axie load of the train imi i iy — el i
= Location of the Timing Point relatively Do the beginning of the SP:
=M AXELONCATR.): V- New: Speed Leve ) ) Bto the beginning of the $P: D_Location _Start Location ) centimetres)
= O.ualn!m for validity end point of profile elementz Q_FRONT (k,I) (3] (ogqtqmeﬁres) __ Location of the platform end relatively
—_ mqtuqn of the Axle Load Speed Prpme start relgnveiy to the __ Required stopping !oleran:erto use —Dto the beginning of the SP:
beginning of the SP; D_Start_Location (I} (centimetres) —Owhen the TP is a Stopping Point : D_End_Location (k,l) (centimetres)
— Location of the Avie Load Speed Profile end relativelyto the Q Stop_Location_Tolerance (k,J) -
beginning of the SP: D_End_Location (k,I) (centimetres) __ Distance froma Stopping Point to
G consider it as reached : Q_STP_Reached
&D [ permitted Braking Distance
E Switch Off Eddy Current Brake '—ot:“l‘T":tﬂA% n‘t:]mtlons of Permitted Braking Distance areas :
=5 Number of iterations of Switch off eddy current brake for 5 Permitted Braking Distance area Specifier : Q Range (k,I)
service brake areas : N_ITER_ATO (k) o Permitted Braking Distance value : D_Permitted_Braking_Distance (k,
— Switch off eddy current brake for service brake area Specifier 1) (centimetres)
: QRange (/) — Specifier Whether the permitted braking distance is to be achieved
__ Location of the Switch off eddy current brake for service with the Service Brake or Emergency Brake : Q_PBD_SBEB (k)
—0 brake area start relatively to the beginning of the SP: 5 Asingle gradient value applicable for the calculation : G_PBD (k,I)
D_Sta!t_Le(a(lon (k,]) (centimetres) . 5 Direction of the gradient : Q GDIR_PBD (k,)
__ Location of the Switch off eddy current brake for service — Location of the Permitted Braking Distance area start relatively to the
—0 brake area end relatively to the beginning of the SP: S < : 5
D.End_Locati 1) (centimetres| beginning of the SP: D_Start_Location (k) (centimetres)
End_Location (k) (centi ) — Location of the Permitted Braking Distance area end relatively to the
beginning of the SP: D_End_Location (k) (centimetres)
E Switch Off Regenerative Brake
Switch Off Eddy Current Emergency Brake Tterati i h
[ switch Off Magnetic Shoe Brake 8 i e {5 Unprotected Level Crossing Stop o Mnfierot eretion: Of Saikh off Regnereie
- — Number of iterations of Switch off eddy current brake ke areas : N_ITER_Al "
— Number of iterations of Switch off Magnetic Shoe Brake areas : for emergency brake areas : N_ITER_ATO (k) — Number of iterations of stopping locations for — Switch off Regenerative Brake area Specifier:
—“N_ITER_ATO (k) i s ~2 unprotected level crossings : N_ITER_ATO QRange ()
LITER / — Switch off eddy current brake for emergency brake area unpros crossings : N_ITER_ATO (k) 5 X < s
5 Switch off Magnetic Shoe Brake area Specifier : Q_Range (k1) = Specifier: Q_Range (k,) Location of the stop in rear of an unprotected level __ Location of the Switch off Regenerative Brake
__ Location of the Switch off Magnetic Shoe Brake area start __Location of the Switch off eddy current brake for —5crossing if the valid travelling direction of the SP s —Darea start relatively to the beginning of the P :
Grelatively to the beginning of the SP: D_Start_Location (k,I) "G emergency brake area start relatively to the beginning of nominal : D_UnprotectedL_Stop_Nominal (x,I) 0_start Location k.1 (centimetres)
{centimetres) the SP: D_Start_Location (k1) (centimetres) (centimetres) . __ Location of the Switch off Rt_ﬂet'm"{f hs?
__ Location of the Switch off Magnetic Shoe Brake area end __ Location of the Switch off eddy current brake for _ Location of the stop in rear of an unprotected level —O?)"E‘ :"f;::_"“'y o m'“.”g'""'"g GRIGE
Drelatively to the beginning of the SP: D_End_Location (k1) 5 emergency brake area end relatively to the beginning of Barossing if the valid travelling direction of the SP s reverse )_End_Location (k,I) (centimetres)
(centimetres) the SP: D_End_Location (k,l) (centimetres) + D_UnprotectedLx_Stop_Reverse (k,) (centimetres)
Figure 9: Driving profile (part 2).

[ session Termination Packet (SESSTerm) & oriving Profile (OP) | B Handshake Acknowledgment (HSACK)
= Quahhen: indicating the reason (or the 5 Driving Profile Status : Segment Profile Status 5 ATO-TS identity : NID_ATOTS
—°‘°’;"“”_""‘:“°“;°55'°“ termination : 5 Driving Profile Details : Segment Profile Details - If [ Q_SP_Status <> Invalid ] =5 ATO version : M_ATO_Version
-~ %TO";“"‘: i) __ ATO-TS Contact Information : ATO-TS Contact Information - If [ 5 ATO-TS's country ID: NID_C
=0, caceys Eeatey B QATOTS_Contact_Info_Dir == ATO-TS contact info for nominal direction follows or — Min ATO repeat time : T_Timeout_ATOTS_Response

Q_ATOTS_Contact_Info_Dir == ATO-TS contact info for reverse direction follows ] = (Seconds)
5 Static Speed Profile Start : Static Speed Profile Start 5 Reporting time cycle : T_Reporting_Time (Seconds)
=5 Specific SSP : Specific SSP 5 ATO Header : Packet_Header
5 Cant Deficiency : Cant Deficiency - If [ Q_DIFF == Cant Deficiency specific category ]
__ Other Specific SSP Change : Other Specific SSP Change - If [ Q_DIFF == Other
| [ status Report Acknowledgement Packet (STRACK) B specific category, replaces the Cant Deficiency SSP or Q_DIFF == Other specific
Date of the timestamp of the Status Report Packet (see 7.2 ATO - category, does not repjace the Gan{ Deficlency SSe)
B Header) for which ‘::’ aanowudgemﬂﬁ is providef! : 75 Static Speed Profile Change : Static Speed Profile Change B Handshake Request (HSReq)
T_STR_Reference_Timestamp_Date 5 Specific SSP Change : Specific SSP Change 5 ATO-OB iteration number : N_ITER_ATO
__ Seconds of the timestamp of the Status Report Packet in UTC __ Otner Specific SSP Change : Other Specific SSP Change - If [Q_DIFF == Other g sl
—0 (see 7.2 ATO Header) for which the acknowledgement is provided G specific category, replaces the Cant Deficiency SSP or Q_DIFF == Other specific =2 system verslon s MUTO VeSO )
: T_STR_Reference_Timestamp_Seconds (Seconds) category, does not replace the Cant Deficiency SSP] —0 ATO Header : Packet_Header
__ N_Packet_Counter of the Status Report (see 7.2 ATO Header) for T35 Gradient Start : Gradient Start

B which the acknowledgement is provided :
N_STR_Reference_Packet_Counter
5 ATO Header : Packet_Header

75 Gradients Change : Gradients Change
5 Curve Start: Curve Start

5 Curves Change : Curves Change

5 Power Voltage Start : Power Voltage Start 5 SP requested number of iteration :
5 Power Voltage Change : Power Voltage Change __ob;igicﬁo-::? identity : NID_C ()
5 Current Limitation Start : Current Limitation Start 2 S

[ operation profile Request (SPReq)

] status Report Packet (STR) 5 Current Limitation Change : Current Linitation Change = i::;::;ye; ?;':j:g:ﬁw
=5 Status Report Details : Status Report Details 0 Balise Group : Balise Group
5 STR Sending Location : STR Sending Location 0 Balises : Balises
5 Previous TP Information : Previous TP Information =5 Timing Points : Timing Points : =
— Accurate Stopping : Accurate Stopping - If [ =5 Timing Point Name : Timing Point Name ‘ B randsnake Reject (iSRe)
il gpass_stop_oegan == Tra_in »stopped at t!ne T_P] 5 Platform Area : Platform Area 75 Reason of rejection : Q_Reject_Reason
f Timing Point Estimation : Timing Point Estimation =5 Tunnel : Tunnel 5 ATO-TS identity : NID_ATOTS
5 ATO Header : Packet_Header 5 Axle Load Speed Profile : Axle Load Speed Profile 75 ATO-TS's country 1D : NID_C

5 Unprotected Level Crossing Stop : Unprotected Level Crossing Stop 5 ATO Header : Packet_Header

5 Permitted Braking Distance : Permitted Braking Distance

75 Switch Off Regenerative Brake : Switch Off Regenerative Brake

5 Switch Off Eddy Current Brake : Switch Off Eddy Current Brake

=5 Bsrvav;tch Off Eddy Current Emergency Brake : Switch Off Eddy Current Emergency
e

5 Switch Off Magnetic Shoe Brake : Switch Off Magnetic Shoe Brake

5 ATO Header : Packet_Header

Figure 10: Driving profile (part 3).
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1.3.4.2 Geometry Profile

Contract No. H2020 — 101014984

(=

Zurope’s

The Geometry Profile regroups the data set transmitted to the Localization module to
improve the localization function. Figure 11 shows a list of the data related to the Geometry

Profile.

NID_PACKET(Loc)

L_PACKET (Loc)

Q_GEOREF (Loc)

Q_SCALE_OFFSET (Loc)

[ Q_SCALE _LEN (Loc)

N_SEGMENT (Loc)

|

SEGMENT (Segment.ID) (Loc)

N_ITER POINT (Loc)

Track_Vertces | Ref_Segment (Loc)

Altitude (Loc)

~ D (Loc)

Longif (Loc)

l Position (Loc)

Latitude (Loc)'

l

’ E Heather (Localization)

=5 1D of packet - NID_PACKET(Lac)

=l

<1_PACKET floch
lingte ; Q_GFOREF {16}
1: Q_SCALE_OFFSET (Loc)

== G

S u

= U QSCAIELEN ilac)
5 Number of segment in packe

1 N_NAY_SEGMENT {.ac]

1.3.4.3 Signaling Profile

(Localization)

Data per NAV segment for each N_ITER_ SEGMENT

E pata per element (Localization)

~iLoch

— Unigue id of referenced segment : SSGMENT {NavSegment. D)

5 Number of points 01 segment : N ITER POINT iLoc)

E Geometry Profile 1

5 Header of the packe:: Heather (Localization)
— Segments of the topology - Data per NAV segment for each

— N_ITER_SEGMENT iLocalizas

5 Daza per cloment : Data pol « {Localization)

Figure 11: Geometry profile data.

Fned>
Pasition of referenced poi
Absolute latitude of the poi
5 Absolute langitude of the o

TLILILILIETD

L
£

The Signal Profile regroups the data set transmitted to the SCV module in order to enhance
the detection and conversion of trackside signals [see SCV specification in TAURO WP4.1].
Figure 12 shows a list of the data related to the Signal Profile.
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Contract No. H2020 — 101014984

" g Signaling Profile ]

B 0. Virua niormator ints VP

H SIGNAL FRAME

B uiGHT sienat

Bwp

=5 Frame type id : NID FRAME TYPE

— Frame ret point longitude:
M_FRAME_LONGII UDE

— Frame ref paint atitude :

— Frame ref point altitude :
M_FRAME_ALTITUDE

® M_FRAME_LATITUDE =

=5 Mean of acquisition : Q_ACQUIRE

5.4 Signal Frame : SIGNAL FRAME

— 11.%] Possible Signal aspect : POSSIBLE SIGNAL
~asprct

hsigra visiiig ares G111 SGNAL VISIITTY

5 1l ared SN ITE ARIA

[0..1] Light Signal Class : LIGHT
SIGNAL
=5 Pasition in 5P : Reterence Point
= 1] Virll ETCS Telogra™:

Virtual E7CS TE_EGRAM

o

[= POSSIBLE SIGNAL ASPECT

=3 Signal Vector : <undefined>
[1..°] Associated Virlual FTCS

5 Telegram : ETCS TELEGRAM
ASSOCIATED WITH SIGNAL ASPECT

B uGHT sionaL visiBILITY AREA

— light signal visibiity area start location :
D_Start_Location {k.j {centimetres)

— light signal visibility end location :

~ b_knd_Location ik.J) (centimetres)

— light signal area visibility specifier:
QRange (k)

H Reference Point

E Virtuol ETCS TELEGRAM

=5 Number of ETCS data : N_TOTAL
= Position of FTCS Data : N_PIG
=5 ETCS Data: ETCS Datz

=] ETCS TELEGRAM ASSOCIATED
WITH SIGNAL ASPECT

— Possible signal Aspect : POSSIBLE
" SIGNAL ASPECT
=5 ETCS data infill/nen_infill : Q_INFILL

=5 Data validity Direction qualifier : Q DIR
— Distance from begianing of Segment :
D_Location k) {centimetres)

B ivFire area

5 infll area visibilty specifier : Q_Range k.
{centimotras)

{centimetres)

o infill area start location : D Start Location (kI

— infill area endiccation : D_knd_Location tkl)

Figure 12: Signaling profile data.

1.3.5 Creation and allocation of exchange items

(=

Zurope’s

( [=] FIXED VIRTUAL ETCS
TELEGRAM

Using the semi-formal modelling tool Capella, the exchanged data by the DM are created in
a library. The library is referenced in the model to allow the allocation of exchange items?
(See Figure 13). they are created in the model and their types correspond to the data classes
from the library are shown in the Figure 14. The exchange items are then allocated to the
interfaces through which the data are distributed.

w (=5 GoA34_20220407
~ [8] *ABB.aird

v 5] GoA3d 20220407
7 Operational Analysis
H System Analysis
7 Logical Architecture
3 Physical Architecture
4 EPBS Architecture

~ DigitalMapLibrary

H Operational Analysisi

7 System Analysis

3 Logical Architecture
HH Physical fArchitecture
8 EPBS Architecture

Figure 13: Library referenced.

2 An "item" in Capella refers to a specific element in a system model (component, data, etc.).
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[ Signaling Profile data

P

3

'3

H signaling Profile

‘ 5 (1.4 Virtual Information Points : VIP

Contract No. H2020 — 101014984

[ Geometry Profile data

'
'
'
'
1GP
'
'
'
'

v

=] Geometry Profile

Header of the packet : Heather (Localization)

Segments of the topology : Data per NAV

segment for cach N_ITER_SEGMENT

{Localization)

— Data per clement : Data per element
Localization)

b

kl

™ Driving Profile data

R e

=urope’s

8 Driving Profile (DP)

Driving Profile Status : Segment Profile Status

Driving Profile Details : Segment Profile Details  If [ Q_SP_Status <> Invalidi ]

ATO-T$ Contact Information : AlO-1$ Contact Information - 1f | Q ATOTS. Contact Info_Dir - ATO-1$ contact info for
nominal direction follows or Q ATOTS Contact Info_Dir —— ATO-TS contact info for reverse direction follows |

5 Static Speed Profile Start : Static Speed Profile Start

5 Specilic SSP : Specific SSP

Cant Deficiency : Cant Deficiency - If | Q DIFF == Cant Deficiency specific category |

— Other Specitic SSP Change : Other Specific SSP Change - It [ Q_DIFF == Other specific categary, replaces the Cant
" Deticiency SSP or Q_DIFF == Other specitic category, does not replace the Cant Deficiency SSP ]

5 Static Speed Profile Change : Stalic Speed Profile Change

75 specific SSP Change : Specific SSP Change

Other Specific SSP Change : Other Specific SSP Change - It [ Q_DIFF == Other specific category, replaces the Cant
Deliciency SSP or Q_DIFF == Other specilic calegory, does nol replace the Cant Deficiency SSP |

Gradient Start : Gradien! Starl

Gradients Change : Gradients Change

Curve Start : Curve Start

Curves Change : Curves Change

Power Voltage Start : Power Voltage Start

|6l bl Bl

blb

Power Voltage Change : Poveer Voltage Change
Current limitation Start : Current limitation Start
Current Limitation Change : Current Limitation Change
8alise Group : Balise Group

Balises : Balises

bILIGI LB BIBIGIGL 6L b b

5 Timing Points : Timing Points
=5 Timing Point Name : Timing Point Name

=5 Platform Area : Platform Area

5 Tunnel : Tunnel

=5 Axle Load Speed Profile : Axle Load Speed Profile

5 Unprotected Level Crossing Stop : Unprotected Level Crossing Stop.
5 Penmitted Braking Distance : Permitted Braking Distence

=55 Switch Off Regenerative Brake : Switch Off Regenerative Brake

5 Swilch Off Eddy Current Brake : Swilch Off Eddy Current Brake

5 switch Off Eddy Current Emergency Brake : Switch Off Eddy Current Emergency Brake
5 Switch Off Magnetic Shoe Brake : Switch Off Magnetic Shoe Brake

5 ATO Header : Packet_Header

Figure 14: Exchanged items.

To access the entire diagrams and data, please refer to the Capella model (see the

Appendix B).
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