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1 Preamble
1.1 RCA Terms and Abstract Concepts

Terms, abbreviations and definitions are available in the RCA Terms and Abstract Concepts.

1.2 References

# | Description Document ID| Revision
2| CSM-RA (EU) 402 2013
Railway Applications - The Specification and Demonstration of
3| Reliability, Availability, Maintainability and Safety (RAMS) - Part | EN 50126-1 | 2017
1: Generic RAMS Process
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2 Introduction
2.1 Purpose

The purpose of this document is to define the scope of the RCA system regarding various
aspects. That includes:

3 Definition of the system objectives
# System description, including the following aspects
#8 Definition of the system boundary and the actors interacting with the system
# Definition of the system functions which are necessary to achieve the system
capabilities
# Definition of the system capabilities and how the system functions are used to
achieve them

# Scope of the operational context in which the system is embedded, including different
modes of operation like operation and maintenance.

3 Application conditions and limitations

# Safety measures

# Known limitations and assumptions

This document is currently only valid for a subset of all the foreseen capabilities, and this subset
is defined in the system capabilities section. Furthermore, not all possible features related to the
system capabilities are currently in scope of this document. The definition of features will be
part of the next release.

2.2 Instructions for reading

The diagrams in this documents are following the ARCADIA method and the syntax of the
Capella modelling language. Details on the interpretation of the diagrams are explained herein
in a later version of this document.

System definition, 2022-04-26, RCA.Doc.35, Version 0.4



- None -

3 System objectives

Content for this chapter will be added later.
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4 System description
4.1 System boundary

In this chapter, the system boundary is defined by the following aspects:

F A system context diagram, showing the system, all actors and the interfaces between
system and actors.
& Enumeration of all actors, definition of the attributes of each actor.
¥ Interface context diagrams of all interfaces showing:
# The functions allocated to system and actor relevant for this particular interface.
# The functional exchanges between these functions allocated to this particular
interface.

8 Tables with attributes for each interface

>]Operations Manager
J D=l HMI_OperationsManager P ¢
>
Defli_DateTimeReference DHIDMI_TrainDriver
g D3 Prysicaramont hysical Train Unit (PTU)
< !
Environment >
DEllI_Environment
Collective Warning
System RCA > {>]
U D=3ll_CollectiveWarningSystem | System
Planning System - ]
Defli_PlanningSystem <l SR { Eurobalise (EUB)
urobalise
Infrastructure Manage =] g:éi:t?é:?;ztg:,:;
(M) D=l HMI_InfrastructureManager DHlI_PhysicalTrainUnitOperationSystems (PTU-0S)
Point Machine
o

Figure 1: Context of System RCA

4.1.1 Actors
4.1.1.1 Collective Warning System
Attribute Content
Name Collective Warning System

Collective Warning System represent the devices which actuate the required
warning state provided by System RCA to the track workers. Warnings are
Description | given audibly and optically. The warning devices are located at the track and
are forming one collective warning system to cover the respective warning
area.

Type External system

Collective Warning Systems are widely established in the railway domain and
the actual design and functionality of the warning devices of the Collective
Rationale Warning Systems will not change with RCA. Only the control of the activation
and warning state will be optimised within RCA. Hence, the collective warning
system has been defined as an actor.

Isr;"gtjtlevnﬁd 66.1: Start warning authorised trackside persons of approaching train unit

capabilities 66.2: Stop warning authorised trackside persons of approaching train unit
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Attribute Content

Allocated C I+E h . for all ine devi ithi .
actor ontrol+ Execute the warning state for all warning devices within one warning
functions area

Interfaces |_CollectiveWarningSystem

4.1.1.2 Date Time Reference

Attribute Content

Name Date Time Reference

Description Date Time Reference is the system/organization that provides reference of
date and time to System RCA.

Type External system

By definition, the date and time must be provided by an official source like a
Rationale metrology institute, which cannot be part of the system. Hence, Date Time
Reference has been defined as an actor.

Involved system

capabilities None

Allocated actor _ '

functions Provide date and time reference
Interfaces |_DateTimeReference

4.1.1.3 Environment

Attribute Content

Name Environment

Environment represents the external physical environment the System RCA
operates in. It is a source for enviornmental conditions, localisation
references like landmarks or dedicated electromagnetic signals and also for

Description possible obstacles impeding the railway operation.

Type External system

Rationale By definition the environment cannot be part of the system. Hence, it has
been defined as an actor.

Involved 15: Respond autonomously to object on or near the line

system

capabilities 85: Provide navigation data of train unit

Allocated actor| Contains physical objects

MTELETE Has physical dimensions and limits

Interfaces |_Environment
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4.1.1.4 Eurobalise (EUB)

Attribute Content

Name Eurobalise (EUB)

Description A transponder, mounted on the track, which can communicate with a train
passing over it, compliant to the ERTMS/ETCS specifications.

Type External system
The current assumption is, that the Eurobalise (EUB) will be used primarily

Rationale for location references and will be conceptually unchanged. Hence, it does
not need to be inside the development scope of RCA and is defined as an
actor.

Involved

system 85: Provide navigation data of train unit

capabilities

Allocated actor i . . .

functions Transmit eurobalise static information

Interfaces |_Eurobalise

4.1.1.5 Infrastructure Manager (IM)

Attribute Content

Name Infrastructure Manager (IM)
Infrastructure Manager means any body or firm responsible for establishing,
operating, and maintaining railway infrastructure, including the management of

Description all relevant infrastructure data, traffic management, and control-command and
signalling in alignment with key term definition in Directive 2012/34/EU. The
functions of the Infrastructure Manager on a network or part of a network may
be allocated to different bodies or firms.

Type Human Actor

Rationale The infrastructure manager as an organisational role cannot be part of the
system. Hence, the infrastructure manager has been defined as an actor.

Involved

system 87: Activate map data

capabilities

Allocated Provide map data - STUB

actor

functions Command the authorisation of one version of map data

Interfaces | HMI_InfrastructureManager

4.1.1.6 Operations Manager

Attribute

Content

Name

Operations Manager
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Attribute Content
The Operations Manager represents a person responsible for the railway
operation of the System in a given geographic area. This person is part of the

Description | |nfrastructure Management entity. The Operations Manager supervises the
normal operation performed automatically by Planning System and manages
specific actions that cannot be executed automatically.

Type Human Actor

Rationale The Operations Manager as a human actor role cannot be part of the system.
Hence, the Operations Manager has been defined as an actor.

Involved

system 01: Set point to position required by mission

capabilities

Allocated

actor Observe the state of the railway - STUB

functions

Interfaces

HMI_OperationsManager

4.1.1.7 Physical Train Unit (PTU)

Attribute Content
Name Physical Train Unit (PTU)
Description Physical Train Unit (PTU) is physically existent, driveable and made up of
a single or an ordered sequence of Physical Consists coupled together.
Type External system
The physical train unit represents the physical aspects of a train unit, that
Rationale are defined as not being part of the development scope. Hence, this entity

is defined as an actor.

capabilities

Involved system

09: Move one train unit
11: Prepare departure of train unit

85: Provide navigation data of train unit

functions

Allocated actor

Actuate+Plant movement behaviour of one train unit

Actuate+Plant behaviour of all doors of one train unit

Interfaces

|_PhysicalTrainUnit

4.1.1.8 Physical Train Unit Operation Systems (PTU-OS)

Attribute

Content

Name

Physical Train Unit Operation Systems (PTU-0S)
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Attribute Content
Physical Train Unit Operation Systems represents all on-board subsystems not
in RCA and OCORA scope, including the Train Control and Management
Description | System (TCMS) and hard-wired electrical and electronical components that
are necessary for the operation of the Physical Train Unit, but are not likely to
change due to the development of System RCA or OCORA.
Type External system
Rationale As the PTU-OS intentionally represents technical components outside of the
RCA scope, it has to be an actor.
09: Move one train unit
Involved 11: Prepare departure of train unit
system
capabilities | 15: Respond autonomously to object on or near the line
85: Provide navigation data of train unit
Control the sounding state of horn
Control the traction and brake effort of one train unit
::(I:It%(;ated Sense+0Observe the state of all doors of one train unit
functions Control the required state of all doors of one train unit
Observe the train integrity state of one physical train unit
Observe the movement direction relative to the front end of the train unit
Interfaces | | PhysicalTrainUnitOperationSystems

4.1.1.9 Planning System

Attribute Content
Name Planning System
Planning System provides functionality for preparing and optimising the entire
schedule within an Area of Control. This schedule will be represented by
Description Missions for Train Units. Missions are provided to System RCA where they
enable command and control of traffic operations. System RCA provides the
current operation state to the Planning System as feedback.
Type External system
Depending on the individual needs of IMs, planning systems can be vastly
different regarding functional scope and complexity. Therefore, it is not
Rationale

possible for RCA to define exactly one planning system fulfilling the entire
bandwidth of requirements of all IMs. Hence, the planning system is
intentionally excluded from the development scope and is defined as an actor.

System definition, 2022-04-26, RCA.Doc.35, Version 0.4

12



- None -

Attribute Content
01: Set point to position required by mission
09: Move one train unit
11: Prepare departure of train unit
Involved P P
system 65.1: Create warning area
capabilities
66.1: Start warning authorised trackside persons of approaching train unit
85: Provide navigation data of train unit
87: Activate map data
Control the plan for all missions in one area of control
Control the plan for warning areas over time for all tracks in one area of
actor
functions Control the life-cycle of map data - STUB
Control the plan for restriction areas over time for all tracks in one area of
control - STUB
Interfaces |_PlanningSystem

4.1.1.10 Point Machine

Attribute Content

Name Point Machine
Point Machine is a device, which can drive movable parts of field elements

Description (e.g. point blades) to a required position. Such a field element may be
equipped with more than one Point Machine.

Type External system
The movement of point switch rails is already provided by long-established

Rationale technologies and is not going to be significantly changed due to the
automation of the railway operation and is not part of the development
scope. Hence, this entity has been defined as an actor.

Involved

system 01: Set point to position required by mission

capabilities

Allocated actor
functions

Exert force on one switch rail actuation mount point

Sense+Observe the position of switch rail on one point machine

Interfaces

|_PointMachine

4.1.1.11 Train Driver

Attribute

Content

Name

Train Driver
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Attribute Content

A person capable and authorised to drive trains, including
locomotives, shunting locomotives, work trains, maintenance railway vehicles
or trains for the carriage of passengers or goods by rail in an autonomous,

Description
responsible and safe manner.
Source: Directive 2007/59/EC of the European Parliament and of the
Council

Type Human Actor

Rationale The Train Driver as person cannot be part of the system. Hence, the Train
Driver has been defined as an actor.

Involved 09: Move one train unit

system

capabilities 11: Prepare departure of train unit

Command the requested state of all doors of one train unit

Allocated actor , o
functions Authorise the departure of one train unit

Decide about intervention into train unit movement

Interfaces DMI_TrainDriver

4.1.2 Interfaces

This chapter defines the interfaces between System RCA and the actors. Each interface is
defined by an allocation of functions to the system and to the actor as well as the functional
exchanges crossing over this interface.

4.1.2.1 DMI_TrainDriver

System RCA
Display the grade
® of automation of - —
one train unit PellHuman perceptible state of automatic driving
Train Driver
Display the _ Decide about
@ restrictions to the ) intervention into
motion of one train PellHuman perceptible state of restrictions on the movement of one train unit [ train unit
unit movement

P=llHuman perceptible state of automatic driving

. Authorise the
Register the )
® automatic driving = dep?:attjr:’eur?iftone
engagementt input Pl Abstract required state of departure authorisation
even

PellHuman perceptible state of restrictions on the movement of one train unit

[

—[ Command the

[ requested state of
[ all doors of one
— train unit

Display the
remaining dwell
time of one train

unit

1

PellHuman perceptible state of remaining dwell time of one train unit

Display the door
@ operation state of
e (i v PellHuman perceptible state of all doors of one train unit

Figure 2: Interface Context of DMI_TrainDriver

Attribute Content
Name DMI_TrainDriver
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Attribute Content
Source System RCA
Target Train Driver

System RCA incoming allocated
functional exchanges

Abstract required state of departure authorisation
Exchange Items:

3 DMI_engage_event

System RCA outgoing allocated
functional exchanges

Human perceptible state of restrictions on the movement

of one train unit
Exchange Items:

# movement_authority _indication

Human perceptible state of automatic driving
Exchange Items:

# automatic_driving_state _indication

Human perceptible state of remaining dwell time of one
train unit
Exchange ltems:

3 remaining_dwell_time_indication

Human perceptible state of restrictions on the movement
of one train unit
Exchange Items:

# movement_authority _indication

Human perceptible state of all doors of one train unit
Exchange Items:

3 door_operation_state_indication

Human perceptible state of automatic driving
Exchange Items:

#6 automatic_driving_state _indication

4.1.2.2 HMI_InfrastructureManager
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Infrastructure Manager (IM)

@Provide map data -

- None -

System RCA

STUB D3l Provided map data

[ o
|——| “ Maintain map data

Display the current

Command the | L
authorisation of
one version of map

PEllHuman perceptable state of map data

Pactivation state of
map data

data

P=llPermission of activation of one map data version L

Register the map
data version
authorisation input
event

Figure 3: Interface Context of HMI_InfrastructureManager

Attribute Content

Name HMI_InfrastructureManager
Source Infrastructure Manager (IM)
Target System RCA

System RCA incoming allocated functional
exchanges

Permission of activation of one map data
version
Exchange ltems:

¥ map_data_state_command

Provided map data
Exchange ltems:

¥ map_data_definition

System RCA outgoing allocated functional
exchanges

Human perceptable state of map data
Exchange ltems:

# map_data_state_indication

4.1.2.3 HMI_OperationsManager

System RCA

@ﬂDisplay the position

Operations Manager

Observe the state

of one point PD=llHuman perceptable state of point position | STUB

® of the railway -

Figure 4: Interface Context of HMI_OperationsManager

Attribute Content
Name HMI_OperationsManager
Source System RCA
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Attribute

Content

Target

Operations Manager

exchanges

System RCA incoming allocated functional

None

exchanges

System RCA outgoing allocated functional

Human perceptable state of point
position
Exchange Items:

#8 point_position_indication

4.1.2.4 1_CollectiveWarningSystem

System RCA

Control the
@ warning state of

Collective Warning System

Control+Execute
the warning state
< for all warning

one warning area PellAbstract required state of warning for one warning area devices within one

warning area

Figure 5: Interface Context of I_CollectiveWarningSystem

Attribute Content

Name I_CollectiveWarningSystem
Source System RCA

Target Collective Warning System

System RCA incoming allocated
functional exchanges

None

System RCA outgoing allocated
functional exchanges

Abstract required state of warning for one warning

area
Exchange Items:

# warning_area_warning_requirement

4.1.2.5 |_DateTimeReference

Date Time Reference

Provide date and

System RCA

| & Maintain current

time reference DSlProvided date and time | date and time

Figure 6: Interface Context of I_DateTimeReference

Attribute Content

Name |_DateTimeReference
Source Date Time Reference
Target System RCA
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Attribute

Content

System RCA incoming allocated functional exchanges

Provided date and time
Exchange ltems:

#8 date_and_time_definition

System RCA outgoing allocated functional exchanges

None

4.1.2.6 |_Environment

Environment

@ Contains physical >

System RCA

objects

DellPresent actual output of objects in field of view of one train unit

L5 sense the data
[@about environment

in field of view of

Has physical
® dimensions and

PellPresent actual output of dimensions and limits in field of view of one train unit

one train unit

limits

PellPresent actual output of dimensions and limits in field of view of one train unit

I_,_ s Sense the motion

Figure 7: Interface Context of |_Environment

Attribute Content

Name |_Environment
Source Environment
Target System RCA

System RCA incoming
allocated functional exchanges

Present actual output of dimensions and limits in field of view
of one train unit
Exchange Items:

d physical_dimensions_and _limits_presence

Present actual output of objects in field of view of one train
unit
Exchange ltems:

3 physical_objects_presence

Present actual output of dimensions and limits in field of view

of one train unit
Exchange ltems:

3 physical_dimensions_and_limits_presence

System RCA outgoing
allocated functional exchanges

None

4.1.2.7 |_Eurobalise
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Eurobalise (EUB) System RCA

Transmit |
® eurobalise static % Sense the data of
information D= Transmitted balise data | one eurobalise

Figure 8: Interface Context of I_Eurobalise

Attribute Content

Name |_Eurobalise
Source System RCA
Target Eurobalise (EUB)

Transmitted balise data

Exchange Items:
System RCA incoming allocated functional exchanges
#8 eurobalise_telegram

System RCA outgoing allocated functional exchanges None

4.1.2.8 |_PhysicalTrainUnit

Physical Train Unit (PTU)
System RCA
Actuate+Plant [ ;
movement % Sense the motion
behzg;/a:?nuzgiftone P=ilPlant actual output state of train unit motion | of one train unit
Figure 9: Interface Context of I_PhysicalTrainUnit
Attribute Content
Name |_PhysicalTrainUnit
Source System RCA
Target Physical Train Unit (PTU)

Plant actual output state of train unit motion

System RCA incoming allocated functional Exchange ltems:

exchanges 3 physical_train_unit_behaviour_presence

System RCA outgoing allocated functional

None
exchanges

4.1.2.9 |_PhysicalTrainUnitOperationSystems
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System RCA

Control the grade
@ of automation for
one train unit

|| PElIEstimated internal state of movement direction of one train unit front end

Physical Train Unit Operation|
Systems (PTU-OS)

Observe the
movement

Display the door
@ operation state of

DellEstimated internal state of all doors of one train unit

one train unit

Control the door
@ operation state of
one train unit

DellEstimated internal state of all doors of one train unit

| DellEstimated internal state of all doors of one train unit

St
—gPxstate of all doors of

Firection relative to
the front end of the
train unit

ense+Observe the
one train unit

Control the
_required state of all

PellAbstract required state of door operation of one train unit

of one train unit

@Control the motion D> o

_] Pellabstract required state of traction-level and brake effort of one train unit

Observe the
@motion of one train

PellAbstract required state of emergency brake intervention

[ —

doors of one train
unit

Control the traction
and brake effort of
one train unit

unit

Control the train
@ unit warning

P=lEstimated internal state of train integrity

Observe the train
- integrity state of

devices

DellAbstract required state of one train unit warning device

Figure 10: Interface Context of I_PhysicalTrainUnitOperati

one physical train
unit

Control the

® sounding state of
horn

onSystems

Attribute

Content

Name

|_PhysicalTrainUnitOperationSystems

Source

System RCA

Target

Physical Train Unit Operation Systems (PTU-0S)
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Attribute

Content

System RCA incoming
allocated functional
exchanges

Estimated internal state of all doors of one train unit
Exchange ltems:

#6 all_doors_state_observation

Estimated internal state of all doors of one train unit
Exchange ltems:

& all_doors_state_observation

Estimated internal state of train integrity
Exchange ltems:

#8 train_unit_integrity_state_estimation

Estimated internal state of all doors of one train unit
Exchange ltems:

#6 all_doors_state_observation

Estimated internal state of movement direction of one train unit

front end
Exchange Items:

# train_unit_front_end_movement_direction_intention
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Attribute

Content

System RCA outgoing
allocated functional
exchanges

Abstract required state of emergency brake intervention
Exchange ltems:

¥ emergency_brake_requirement

Abstract required state of one train unit warning device
Exchange ltems:

# audible_warning_device_requirement

Abstract required state of traction-level and brake effort of one

train unit
Exchange ltems:

¥ relative_traction_braking_effort_level_requirement

Abstract required state of door operation of one train unit
Exchange Items:

3 door_operation_state_requirement

4.1.2.10 I_PlanningSystem
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System RCA

Observe the
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@ position of one
point

Pellestimated internal position state of point

@Control the motion
of one train unit

PellDefined actual motion state plan over time

Control the door

PellAbstract required state of missions in one area of control

@ operation state of
one train unit

@pontrol the position

DellAbstract required state of missions in one area of control

of one point

Control the grade

DefllAbstract required state of missions in one area of control

@ of automation for
one train unit

Control the
® warning state of

PellAbstract required state of missions in one area of control

Planning System

Control the plan for
@all missions in one

one warning area

Display the
® remaining dwell

PellAbstract required state of missions in one area of control

area of control

time of one train
unit

Observe the

Control the plan for

PellAbstract required state of missions in one area of control

@motion of one train
unit

Control the

PellEstimated internal motion state of one train unit

& life-cycle of one
warning area

=

PellAbstract required state of warning areas in one area of control

arning areas over
time for all tracks in

one area of control

Control the

PeflDefined actual state of one warning area

life-cycle of map
data - STUB

Control the plan for

Control the

D=llReported state of map data

life-cycle of one
restriction area -
STUB

—

DellAbstract required state of restriction areas in one area of control - STUB

PellDefined actual state of restriction area - STUB

Figure 11: Interface Context of I_PlanningSystem

restriction areas
@ over time for all

tracks in one area
IE of control - STUB

Attribute

Content

Name

|_PlanningSystem

Source

Planning System

Target

System RCA
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Abstract required state of missions in one area of control
Exchange Items:

3 mission_requirement

Abstract required state of missions in one area of control
Exchange Items:

3 mission_requirement

Abstract required state of missions in one area of control
Exchange Items:

3 mission_requirement

Abstract required state of warning areas in one area of

control
Exchange Items:

3 warning_area_requirement

Abstract required state of missions in one area of control
Exchange Items:

38 mission_requirement

Abstract required state of missions in one area of control
Exchange Items:

38 mission_requirement

Abstract required state of missions in one area of control
Exchange Items:

3 mission_requirement

Abstract required state of restriction areas in one area of
control - STUB
Exchange Items:

3 restriction_area_requirement_STUB
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Attribute Content

Estimated internal position state of point
Exchange Items:

#8 point_position_estimation

Estimated internal motion state of one train unit
Exchange Items:

#8 train_unit_navigation_data_estimation

Reported state of map data
Exchange Items:

# map_data_state_observation

System RCA outgoing allocated
functional exchan . . .
unctional exchanges Defined actual motion state plan over time
Exchange Items:

#6 motion_state_over_time_plan

Defined actual state of one warning area
Exchange Items:

#8 warning_area_actual_definition

Defined actual state of restriction area - STUB
Exchange Items:

36 restriction_area_actual_definition_STUB

4.1.2.11 |I_PointMachine

System RCA
Point Machine Observe the
— 3@ position of one
Sense+Observe the point
position of switch |
rail on one point ; : . : e
) Estimated internal state of point machine position
machine _T b P P EE—
PellEstimated internal state of point machine position @f-ontrol the position
__| of one point
Exert force on one
switch rail

® "
aCtuaEginn:"‘)unt PellPlant external required input state of point machine position

Figure 12: Interface Context of I_PointMachine
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Attribute Content

Name |_PointMachine
Source System RCA
Target Point Machine

Estimated internal state of point machine position
Exchange Items:

# point_machine_position_estimation

System RCA incoming allocated

functional exchanges . : . . -
g Estimated internal state of point machine position

Exchange Items:

# point_machine_position_estimation

Plant external required input state of point machine
position

System RCA outgoing allocated Exchange ltems:

functional exchanges
# point_machine_actuation_requirement

4.2 System Limitations

To be released in future version of this document.

4.3 System capabilities

In this chapter, all system capabilities provided by the system are described by the following
aspects:

# A capability context diagram, showing the relationship between system capabilities under
consideration, other system capabilities and actors.

36 List of the attributes of the system capability.

3 System functional chain diagram, showing how the system capability will be realised by
the system functions.

4.3.1 01: Set point to position required by mission
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- None -

Operations Manager

Planning System

Point Machine

Tsh @, 7sA

01: Set point to position réquired by mission

«i»

uu

85: Provide navigation data of train unit

Figure 13: [CC]JJAMOD-138] 01: Set point to position required by mission [Single System

capability context]

Attribute Content
Name 01: Set point to position required by mission
The Planning System requires the System RCA to set one point to a position
required for execution of one Mission, by providing control commands to
Description the Point Machine and information to the Operations Manager.
All Point Machines of one Point are in Controllable and observable state AND
Pre-condition | one Move Segment in the Mission extends over this Point AND Point is not in

the required position state to execute the Mission related concepts.

Post-condition

(All Point Machine of one Point are in the required position state to execute
the Move Segment (Success) OR At least one Point Machine of one Point is
not in the required position state to execute the Move Segment (Alternative))
AND All Point Machines of one point are in Stopped AND current
point_position_estimation is indicated to Operations Manager AND current
point_position_estimation is provided to Planning System.

Involved
actors and
external
systems

Operations Manager
Planning System

Point Machine
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Attribute Content

allocated to system:

Maintain map data

Display the position of one point
Control the position of one point
Observe the position of one point
Observe the motion of one train unit
Maintain current date and time
Involved Control the motion of one train unit

functions
Control the life-cycle of one restriction area - STUB

allocated to actor:

Control the plan for all missions in one area of control
Exert force on one switch rail actuation mount point
Sense+0Observe the position of switch rail on one point machine

Observe the state of the railway - STUB

Provide date and time reference

Figure 14: [SFCD]J[AMOD-059] Set point to position required by mission [Initial system functional
chain description]

4.3.2 09: Move one train unit

ad

85: Provide navigation Nata of train unit

Planning System Physical Train Unit Operation Systems (PTU-OS)

‘s A

Physical Train Unit (PTU) 09: Move one train unit

Figure 15: [CC][AMOD-138] 09: Move one train unit [Single system capability context]

Train Driver
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Attribute Content
Name 09: Move one train unit
The Planning System requires the System RCA to move one Train Unit
Description across a sequence of Mission Segments by providing control commands
to Physical Train Unit Operation Systems (PTU-0OS) and information to the
Train Driver.
According to Physical Train Unit Operation Systems (PTU-OS), the Physical
Pre-condition Train Unit is technically able to execute required movement AND there are

neither technical nor operational restrictions conflicting with the required
Train Unit movement AND AutomaticDrivingOperationalState = Engaged

Post-condition

Physical Train Unit (PTU) has stopped at the next required Stop Segment
AND Planning System is informed about the
train_unit_navigation_data_estimation and motion_state_over_time_plan
AND AutomaticDrivingOperationalState = not Engaged

Involved actors
and external
systems

Train Driver

Planning System

Physical Train Unit Operation Systems (PTU-OS)
Physical Train Unit (PTU)

Involved
functions

allocated to system:

Control the motion of one train unit

Maintain current date and time

Observe the motion of one train unit

Display the restrictions to the motion of one train unit
Control the grade of automation for one train unit
Maintain map data

Display the grade of automation of one train unit
Maintain train unit configuration data

Duplicated instance of function 'Control the motion of one train unit'

allocated to actor:

Control the traction and brake effort of one train unit
Control the plan for all missions in one area of control
Decide about intervention into train unit movement

Actuate+ Plant movement behaviour of one train unit
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- ] —
Figure 16: [SFCD]J[AMOD-059] Move one train unit (GoA2)[Initial system functional chain

description]
4.3.3 11: Prepare departure of train unit
Physical Train Unit (PTU) Physical Train Unit Operation Systems (PTU-OS)

+-Brepare departure of train unit

Planning S)/Stem/

Figure 17: [CC]JJAMOD-138] 11: Prepare departure of train unit [Single system capability context]

Train Driver

Attribute Content

Name 11: Prepare departure of train unit

Description one Train Unit by providing control commands to Physical Train Unit

Attendant, so that the next Move Segment can be started as planned.

The Planning System requires the System RCA to prepare the departure of

Operation Systems (PTU-0S) and information to the Train Driver and Train

Grade of Automation (GoA) is in the required state AND
Pre-condition
Segment AND Doors are in state not all closed and locked

AutomaticDrivingOperationalState is in state Available AND Physical Train
Unit (PTU) is in state standstill AND Train Unit ready to perform next Move

Post-condition | AutomaticDrivingOperationalState is in state Engaged

Train Driver

Involved actors | ppysical Train Unit Operation Systems (PTU-0S)
and external

systems Planning System

Physical Train Unit (PTU)
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Attribute

Content

Involved
functions

allocated to system:

Control the motion of one train unit

Register the automatic driving engagement input event
Display the grade of automation of one train unit
Control the grade of automation for one train unit
Display the door operation state of one train unit
Display the restrictions to the motion of one train unit
Display the remaining dwell time of one train unit
Maintain current date and time

Maintain map data

Observe the motion of one train unit

Control the door operation state of one train unit
Maintain train unit configuration data

Observe the free space of the track in the field of view of one train unit

allocated to actor:

Command the requested state of all doors of one train unit
Authorise the departure of one train unit

Actuate+Plant behaviour of all doors of one train unit
Sense+0Observe the state of all doors of one train unit
Control the required state of all doors of one train unit

Observe the movement direction relative to the front end of the train unit

Control the plan for all missions in one area of control

_ _ - =
| I —
b = = S e S ey S ey WS ==
==
=

Figure 18: [SFCD]J[AMOD-059] Prepare departure of train unit (GoA2)[Initial system functional

chain description]

== T

Figure 19: [SFCD]JJAMOD-059] Prepare departure of train unit (GoA4)[Initial system functional

chain description]

4.3.4 15: Respond autonomously to object on or near the line
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Environment

SsAl

- None -

Physical Train Unit Operation Systems (PTU-OS)

ad

15: Respond autonomously to object on or near the line

Figure 20: [CC]JJAMOD-138] 15: Respond autonomously to object on or near the line [Single

system capability context]

Attribute Content
Name 15: Respond autonomously to object on or near the line
The Infrastructure Manager and Railway Undertaking (RU) requires the
Description System RCA to respond autonomously to objects on or near the line
by issuing control commands to Physical Train Unit Operation Systems
(PTU-0S), so that the current Move Segment can be safely executed.
- At least one physical object is present on or near the line ahead of one
Pre-condition

Physical Train Unit (PTU).

Post-condition

The affected Physical Train Unit (PTU) is in a safe state (hazardous
situation was mitigated or present object did not cause hazardous situation)
OR the collision with an obstacle occured with lower severity (impact) OR
the collision with an obstacle occured with full impact without mitigation.

Involved actors
and external
systems

Physical Train Unit Operation Systems (PTU-0S)

Environment

Involved
functions

allocated to system:

Sense the data about environment in field of view of one train unit
Observe the free space of the track in the field of view of one train unit
Observe the motion of one train unit

Control the motion of one train unit

Control the train unit warning devices

Control the life-cycle of one restriction area - STUB

Maintain map data

Maintain current date and time

allocated to actor:

Contains physical objects
Has physical dimensions and limits
Control the traction and brake effort of one train unit

Control the sounding state of horn
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- None -

Figure 21: [SFCD][AMOD-059] Respond autonomously to object on or near the line [Initial system
functional chain description]

4.3.5 65.1: Create warning area

Planning System .
65.1: Create warning area

7SA ©,

T

Figure 22: [CC]JAMOD-138] 65.1: Create warning area [Single system capability context]

Attribute Content

Name 65.1: Create warning area

Description The Planning System requires the System RCA to create
a warning area.

Pre-condition The Warning Area is not yet created in System RCA.

Post-condition The Warning Area is created in System RCA.

Involved actors and external ,
systems Planning System

allocated to system:

Control the life-cycle of one warning area
Maintain current date and time

Involved functions Maintain map data

allocated to actor:

Control the plan for warning areas over time for all tracks in
one area of control

Figure 23: [SFCD][AMOD-059] Create warning area [Initial system functional chain description]

4.3.6 66.1: Start warning authorised trackside persons of approaching train unit
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Planning System

- None -

Collective Warning System

5sA

66.1: Start warning authorised trackside persons of approaching train unit é SA
jg St

<

S0

«e»

85: Provide navigation data of train unit

Figure 24: [CCJJAMOD-138] 66.1: Start warning authorised trackside persons of approaching train

unit [Single system capability context]

Attribute Content

Name 66.1: Start warning authorised trackside persons of approaching train unit
The position of the Physical Train Unit (PTU) requires the System RCA to

Description command the activation of the warning to Authorised Trackside Person of
approaching Train Units by issuing control commands to the Collective
Warning System.

Pre-condition A Warning Area is in state activated AND the Collective Warning System

is in state actived AND a warning for Warning Area is in state not actived

Post-condition

Warning for Warning Area is in state activated

Involved actors
and external
systems

Collective Warning System

Planning System

Involved functions

allocated to system:

Control the motion of one train unit

Control the warning state of one warning area
Sense the motion of one train unit

Control the life-cycle of one warning area
Maintain map data

Maintain current date and time

Observe the motion of one train unit

allocated to actor:

Control+Execute the warning state for all warning devices within one
warning area

Control the traction and brake effort of one train unit

Control the plan for all missions in one area of control
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=

Figure 25: [SFCD][AMOD-059] Start warning authorised trackside persons of approaching train

unit [Initial system functional chain description]

4.3.7 66.2: Stop warning authorised trackside persons of approaching train unit

Collective Warning System

© 7SA

&d

66.2: Stop warning authorised trackside persgns of approaching train unit

«i»

2

T

85: Provide navigation data of train unit

Figure 26: [CCJJAMOD-138] 66.2: Stop warning authorised trackside persons of approaching train

unit [Single system capability context]

Attribute Content

Name 66.2: Stop warning authorised trackside persons of approaching train unit
The position of the Physical Train Unit (PTU) requires the System RCA to

Description command the deactivation of the warning to Authorised Trackside Person

of approaching Train Units by issuing control commands to the Collective
Warning System.

Pre-condition

Warning for Warning Area is in state activated.

Post-condition

Warning for Warning Area is in state not activated.

Involved actors

and external Collective Warning System
systems
allocated to system:
Control the warning state of one warning area
Involved
functions allocated to actor:

Control+Execute the warning state for all warning devices within one
warning area
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Figure 27: [SFCD][AMOD-059] Stop warning authorised trackside persons of approaching train

unit [Initial system functional chain description]

4.3.8 85: Provide navigation data of train unit

Environment

Planning System

Physical Train Unit (PTU)

Eurobalise (EUB)
SA 09 Move ane rain uni
T @

&

66.2: Stop wayffing authorised trackside persons of approaching train unit

«in

66.1: Start warning authorised trackside persons of approaching train unit

“sAl

S «i»
85: Provide navigation data of train unit

&

01: Set point to position required by mission

Figure 28: [CC]JAMOD-138] 85: Provide navigation data of train unit [Single System capability

context]
Attribute Content
Name 85: Provide navigation data of train unit
Description The Infrastructure Manager (IM) requires the System RCA to

provide navigation data of the physical train unit.

Pre-condition

Navigation data of the Physical Train Unit (PTU) has changed
significantly.

Post-condition

New changed Physical Train Unit (PTU) navigation data has been
provided

Involved actors and
external systems

Environment

Planning System

Eurobalise (EUB)

Physical Train Unit (PTU)

Physical Train Unit Operation Systems (PTU-0S)
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Attribute

Content

Involved functions

allocated to system:

Sense the data of one eurobalise
Observe the motion of one train unit
Maintain train unit configuration data
Maintain map data

Sense the motion of one train unit

allocated to actor:

Transmit eurobalise static information
Observe the train integrity state of one physical train unit

Control the plan for all missions in one area of control

Figure 29: [SFCD][AMOD-059] Provide navigation data of train unit [Initial system functional chain

description]

4.3.9 87: Activate map data

Infrastructure Manager (IM) Planning System

o

A

© TSA

T

87: Activate map data

Figure 30: [CC]JJAMOD-138] 87: Activate map data [Single system capability context]

Attribute Content
Name 87: Activate map data
The Infrastructure Manager requires the System RCA to activate Map
Description Data so that the system is able to operate on the currently correct
version of Map Data.
New version of Map Data from Infrastructure Manager is in state
Pre-condition Ready for Activation AND New version of Map Data is present in the
Planning System
Post-condition New version of Map Data is in state Activated
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Attribute

Content

Involved actors and
external systems

Planning System

Infrastructure Manager (IM)

Involved functions

allocated to system:

Control the active version of map data

Control the motion of one train unit

Display the current activation state of map data
Maintain current date and time

Maintain map data

Observe the motion of one train unit

Control the life-cycle of one restriction area - STUB

Register the map data version authorisation input event

allocated to actor:

Control the plan for all missions in one area of control
Provide map data - STUB

Command the authorisation of one version of map data
Control the life-cycle of map data - STUB

Control the plan for restriction areas over time for all tracks in one area
of control - STUB

=1

Figure 31: [SFCD][AMOD-059] Activate map data [Initial system functional chain description]

4.4 System Functions

In this chapter, all system functions defined for the system are described by the following

aspects:

38 List of the attributes of the system function.
#8 A functions context diagram, showing the relationship between the system function under
consideration and other functions, including the functional exchanges.

4.4.1 Control the active version of map data

Attribute

Content

Name

Control the active version of map data
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Attribute Content

Description

This function controls which version of map data is to be activated and
correspondingly provided by the function Maintain map data at any given point in
time. In addition, this function also controls the transitions between different
versions of Map Data.

Rationale | reliable solution is hence an important contributor to the project goals.

Map data is a central configuration asset, as a lot of functionality is dependent on
it. Also, changes to map data are frequent compared to system's life cycle and
highly mission critical from safety, security and business risk perspective. A

Therefore this function needs to be inside the development scope and inside the

system boundary.

Register the map
data version

authorisation input
event

PellPermission of activation of one map data version

@ Maintain current (
date and time PRlEstimated internal state of time | ‘
Observe the
@motion of one train - - - - -
unit PelEstimated internal motion state of one train unit |
PellAbstract required state of map data
®Maintain map data \; Control tfhe ac%"i
DellReported state of map data version of map data
@Control the motion -
of one train unit DellAbstract required state of motion restriction of one train unit ‘
Control the ‘
life-cycle of one
res"'cst_'l_olTBarea - DellDefined actual state of restriction area - STUB t

Figure 32: Context of Control the active version of map data

Input From

Estimated internal state of time

Exchange ltems: Maintain current date and time

38 date_and_time_definition

Estimated internal motion state of one train unit
Exchange Items:

#8 train_unit_navigation_data_estimation

Observe the motion of one train unit
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Input From
Abstract required state of motion restriction of one
train unit
Exchange Iltems: Control the motion of one train unit
# motion_restriction_requirement
Reported state of map data
Exchange ltems: Maintain map data
3 map_data_state_observation
Defined actual state of restriction area - STUB
Exchange ltems: Control the life-cycle of one restriction
area- STUB
36 restriction_area_actual_definition_STUB
Permission of activation of one map data version
Exchange Iltems: Register the map data version
authorisation input event
¥ map_data_state_requirement
Output To
Abstract required state of map data
Exchange Iltems: Maintain map data
¥ map_data_state_requirement

4.4.2 Control the door operation state of one train unit

Attribute

Content

Name

Control the door operation state of one train unit

Description

This function controls the door operation state for one train unit, as a
combination of the required door position state and the general automation state
of the train unit. l.e. the function controls, if the doors need to be open or closed
on a particular side of the train unit and if this state needs to be achieved
automatically or with help from the driver.

Rationale

To achieve fully automatic driving, controlling the door operation state of train
units is needed. The decision making on the door operation state requires inputs
from inside the system, hence it is sensible to also facilitate the control inside the
system. Also, automation of door operating state control is needed to enable the
re-use of older rolling stock.

Therefore this function needs to be inside the development scope and inside the
system boundary.
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Observe the _
@motion of one train
unit DellEstimated internal motion state of one train unit L

®Mamtam train unit
configuration data ?

PeilDefined train unit configuration data L‘
eSense+Observe the ‘
tate of all doors of
one train unit = DefEstimated internal state of all doors of one train unit !
Control the door

@operation state of one

Display the door

 operation state of

DelAbstract required state of door operation of one train unit D e une

Control the
_jequired state of all

train unit

® Maintain current
date and time 9

DREstimated internal state of time ‘

Control the grade
® of for ~
IV et e Dl Abtract required door automation state of one train unit ‘

Control the plan for

@all missions in one r‘
area of control DellAbstract required state of missions in one area of control

doors of one train

Del Abstract required state of door operation of one train unit oo

Figure 33: Context of Control the door operation state of one train unit

Input

From

Defined train unit configuration data

Exchange ltems:

¥ train_unit_data_configuration

Maintain train unit configuration data

Estimated internal state of all doors of one train unit

Exchange ltems:

36 all_doors_state_observation

Sense+Observe the state of all doors
of one train unit

Estimated internal state of time

Exchange Items:

36 date_and_time_definition

Maintain current date and time

Abtract required door automation state of one train
unit

Exchange Items:

36 automatic_door_operation_level_requirement

Control the grade of automation for
one train unit

Abstract required state of missions in one area of
control

Exchange ltems:

3 mission_requirement

Control the plan for all missions in
one area of control

Estimated internal motion state of one train unit

Exchange Items:

#6 train_unit_navigation_data_estimation

Observe the motion of one train unit
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Output To

Abstract required state of door operation of one
train unit

Display the door operation state of one

Exchange ltems: train unit

36 door_operation_state_requirement

Abstract required state of door operation of one
train unit

Control the required state of all doors of

Exchange Items: one train unit

3 door_operation_state_requirement

4.4.3 Control the grade of automation for one train unit

Attribute Content

Name Control the grade of automation for one train unit

This function controls the grade of automation of one train unit, i.e. this function
Description| defines authoritatively the grade of automation of one train unit at any given point
in time.

The control of the grade of automation of train units is one of the key
functionalities to achieve the goal of automatic railway operation. Risk,
performance and business considerations require a technical solution for this
Rationale | ¢ ctionaiity.

Therefore this function needs to be inside the development scope and inside the

system boundary.

Observe the
otion of one train

@

DeEstimated internal motion state of one train unit

N
Observe the
e rpovemle;\l G
irection relative to 3
the front end of the DHlEstimated internal state of movement direction of one train unit front end
train unit
N e r———
Observe the free [ )lesp\ay the‘gradfe
space of the track D of o
® ° 2 el Abtract required door automation state of one train unit - o hl
Bithelfeldlotivien) DA stimated internal free space state field of view of one train unit N
of one train unit

—_——
. (_ Display the door
P operation state of
‘® Maintain current - P
(@ "dateand'time 9 BT TS T ie Dell Abtract required door automation state of one train unit [ one train unit

—_—
Sense+Observe the Control the grade of (—_ Control the door
@xtate of all doors of 2 for one  operation state of
‘one train unit DellEstimated internal state of all doors of one train unit ‘ (it Pall Abtract required door automation state of one train unit \ one train unit
\
Register the
automatic driving
9“9595'“9": Input Dl Abstract required state of departure authorisation
event
\
Control the plan for ‘
@all missions in one
area of control DelAbstract required state of missions in one area of control |7‘

map data ;
C BeilDefined active map data L—/

J BellAbstract required state of motion restriction of one train unit
‘@Ccntm\ the motion a
\ >

of one train unit
Deil Abtract required door automation state of one train unit

Figure 34: Context of Control the grade of automation for one train unit
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Input

From

Estimated internal state of all doors of one train unit

Exchange Items:

36 all_doors_state_observation

Sense+Observe the state of
all doors of one train unit

Estimated internal state of movement direction of one train
unit front end

Exchange ltems:

38 train_unit_front_end_movement_direction_intention

Observe the movement
direction relative to the front
end of the train unit

Abstract required state of departure authorisation

Exchange Items:

3 DMI_engage_button_state

Register the automatic driving
engagement input event

Estimated internal motion state of one train unit

Exchange Items:

36 train_unit_navigation_data_estimation

Observe the motion of one
train unit

Defined active map data

Exchange Items:

3 map_data_definition

Maintain map data

Abstract required state of motion restriction of one train unit

Exchange Items:

# motion_restriction_requirement

Control the motion of one train
unit

Abstract required state of missions in one area of control

Exchange Items:

# mission_requirement

Control the plan for all
missions in one area of control

Estimated internal free space state field of view of one train
unit

Exchange Items:

3 train_unit_free_space_state_estimation

Observe the free space of the
track in the field of view of one
train unit

Estimated internal state of time

Exchange Iltems:

3 date_and_time_definition

Maintain current date and time
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- None -

Output

To

Abtract required door automation state of one train
unit

Exchange ltems:

¥ automatic_driving_state_calculation

Display the grade of automation of
one train unit

Abtract required door automation state of one train
unit

Exchange Iltems:

¥ automatic_driving_state_calculation

Control the motion of one train unit

Abtract required door automation state of one train
unit

Exchange Iltems:

3 automatic_door_operation_level_requirement

Control the door operation state of
one train unit

Abtract required door automation state of one train
unit

Exchange Items:

# automatic_door_operation_level_requirement

Display the door operation state of
one train unit

4.4.4 Control the life-cycle of one restriction area - STUB

Attribute Content

Name Control the life-cycle of one restriction area - STUB

This function controls the creation of, changes to and removal of one restriction

Description| area in the area of control to limit the usage of the infrastructure.

This function is currently an unfinished stub.

Controlling the life-cycle of restriction areas is a key element for assuring the
safety of operations in non-regular or degraded situations. Risk, performance

Rationale | 2nd business considerations require a technical solution for this functionality.

system boundary.

Therefore this function needs to be inside the development scope and inside the

Control the plan for

restriction areas PeIDefined actual state of restriction area - STUB
@ over time for all
tracks in one area

of control - STUB DPeflabstract required state of restriction areas in one area of control - STUB

Observe the free
@space of the track

) Control the active
D=lDefined actual state of restriction area - STUB version of map data

Control the life-cycle of
P one restriction area -

in the field of view

N PelEstimated internal free space state field of view of one train unit
of one train unit

Figure 35: Context of Control the life-cycle of one restriction area - STUB
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- None -

Input

From

train unit

Exchange ltems:

3 train_unit_free_space_state_estimation

Estimated internal free space state field of view of one

Observe the free space of the track
in the field of view of one train unit

of control - STUB

Exchange Iltems:

38 restriction_area_requirement_STUB

Abstract required state of restriction areas in one area

Control the plan for restriction areas
over time for all tracks in one area of
control - STUB

Output

To

Defined actual state of restriction area - STUB

Exchange Items:

3 restriction_area_actual _definition_ STUB

Control the active version of map data

Defined actual state of restriction area - STUB

Exchange Items:

3 restriction_area_actual _definition STUB

Control the plan for restriction areas over
time for all tracks in one area of control -
STUB

4.4.5 Control the life-cycle of one warning area

Attribute | Content

Name Control the life-cycle of one warning area

Description This function controls the creation of one warning area for track workers in the
area of control.
Controlling the life-cycle of warning areas is a key element for assuring the
safety of track workers on or near the line and also for optimising the
management of warning areas. Risk, performance and business considerations

Rationale | o ire a technical solution for this functionality.
Therefore this function needs to be inside the development scope and inside the
system boundary.

(@ Maintain current 3
date and time E

DellEstimated internal state of time

map data g

PHllDefined active map data

Control the plan for

arning areas over
time for all tracks in
one area of control '|

DellAbstract required state of warning areas in one area of control

—

<fontrol the life-cycle of Control the mcti?n

‘ one warning area

DellDefined actual state of one warning area * of one train uni

(_ Control the
© warning state of
one warning area

DellDefined actual state of one warning area

DeIDefined actual state of one warning area

Figure 36: Context of Control the life-cycle of one warning area
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- None -

Input

From

Abstract required state of warning areas in one

area of control

Exchange Items:

¥ warning_area_requirement

Control the plan for warning areas over
time for all tracks in one area of control

Defined active map data

Exchange Iltems:

3 map_data_definition

Maintain map data

Estimated internal state of time

Exchange ltems:

36 date_and_time_definition

Maintain current date and time

Output

To

Defined actual state of one warning
area

Exchange Items:

# warning_area_actual_definition

Control the motion of one train unit

Defined actual state of one warning
area

Exchange Items:

# warning_area_actual_definition

Control the plan for warning areas over time for all
tracks in one area of control

Defined actual state of one warning
area

Exchange Items:

# warning_area_actual_definition

Control the warning state of one warning area

4.4.6 Control the motion of one train unit

Attribute Content

Name Control the motion of one train unit

Description

This function controls the motion of one train unit by using the mission from the
planning system as reference input. It safely restricts and supervises the motion
of one train unit to prevent hazardous situations in all grades of automation and
automatically drives the train unit in higher grades of automation.
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- None -

Attribute Content

Rationale

system boundary.

To fulfil the non-functional requirements (especially safety, reliability, availability
and performance) of controlling the motion states of train units, a technical
solution to this functionality is inevitably required. Furthermore ,high grades of
automation also require a technical realisation of this functionality. Also, this
functionality is an fundamental principle of fully automatic railway operation.
Therefore, this function needs to be inside the development scope and inside the

DRADstract required state of missions in one area of control

Control the plan for

DellDefined actual motion state plan over time

all missions in one
area of control

J

DellAbstract required state of traction-level and brake effort of one train unit | T —
[©and brake effort of
one train uni
DeAbstract required state of emergency brake intervention

DellAbstract required state of motion restriction of one train unit (reflexive)

Duplicated instance

"@pf function 'Control W

the motion of one

Controlthe |
@life-cycle of one
warning area DRIDefined actual state of one warning area
N

DeflAbstract required state of motion restriction of ons

 train unit (reflexive) ( train unit
L )

-
g Control the active ‘

‘® Maintain current
(® " datandtime. O

DHllEstimated internal state of time

DellAbstract required state of motion restriction of one train unit

[ Version of map data
& S

( ay the |
o restrictions to the ‘

<
Observe the
‘@motion of one train
Unit DlEstimated internal motion state of one train unit

DellAbstract required state of motion restriction of one train unit

‘ motion of one train

unit
|

S

@ Control the motion of
one train unit

DelAbstract required state of motion restriction of

N
L& control the grade
@ of automation for

(@Mamzam map data |;

DRIDefined active map data

DellAbtract required door automa

one train unit

C

DHlAbstract required state of motion restriction of one train unit T

(o
sfontrol the position
of one point

& S

Controlthe
® warning state of
one warning aran | DRIADStract required state of warning for one warning area
L

F@Mamzam train unit )
| el CE 9 DelDefined train unit configuration data of one train unit

DellAbstract required state of motion restriction of one train unit

space of the track

4

&

DeEstimated internal free space state field of view of one train unit

Observe the free W

©in the field of view
T of one train unit
0

Figure 37: Context of Control the motion of one train unit

Input

From

Estimated internal free space state field of view of one
train unit

Exchange Items:

36 train_unit_free_space_state_estimation

Observe the free space of the track
in the field of view of one train unit

Abstract required state of warning for one warning area

Exchange Items:

3 warning_area_warning_requirement

Control the warning state of one
warning area

Estimated internal state of time

Exchange Items:

36 date_and_time_definition

Maintain current date and time
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- None -

Input

From

Abstract required state of missions in one area of
control

Exchange ltems:

3 mission_requirement

Control the plan for all missions in
one area of control

Estimated internal motion state of one train unit

Exchange ltems:

36 train_unit_navigation_data_estimation

Observe the motion of one train unit

Defined actual state of one warning area

Exchange Items:

36 warning_area_actual_definition

Control the life-cycle of one warning
area

Abtract required door automation state of one train unit

Exchange Items:

3 automatic_driving_state _calculation

Control the grade of automation for
one train unit

Defined active map data

Exchange Items:

3 map_data_definition

Maintain map data

Defined train unit configuration data of one train unit

Exchange Items:

# train_unit_data_configuration

Maintain train unit configuration data

Abstract required state of motion restriction of one train
unit (reflexive)

Exchange Items:

36 motion_restriction_requirement

Duplicated instance of function
'Control the motion of one train unit'

Output

To

Abstract required state of emergency brake intervention

Exchange Items:

3 emergency_brake_requirement

Control the traction and brake
effort of one train unit

Abstract required state of motion restriction of one train unit

Exchange Items:

# motion_restriction_requirement

Display the restrictions to the
motion of one train unit
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- None -

Output

To

Abstract required state of motion restriction of one train unit

Exchange Items:

#6 motion_restriction_requirement

Control the position of one
point

Abstract required state of motion restriction of one train unit

Exchange Items:

#6 motion_restriction_requirement

Control the active version of
map data

Abstract required state of motion restriction of one train unit

Exchange Items:

3 motion_restriction_requirement

Control the grade of
automation for one train unit

Abstract required state of motion restriction of one train unit

Exchange Items:

# motion_restriction_requirement

Observe the free space of the
track in the field of view of one
train unit

Abstract required state of motion restriction of one train unit
(reflexive)

Exchange Items:

36 motion_restriction_requirement

Duplicated instance of function
'Control the motion of one
train unit'

Abstract required state of traction-level and brake effort of
one train unit

Exchange Items:

3 relative_traction_braking_effort_level_requirement

Control the traction and brake
effort of one train unit

Defined actual motion state plan over time

Exchange Items:

# motion_state_over_time_plan

Control the plan for all
missions in one area of control

4.4.7 Control the position of one point

Attribute Content

Name Control the position of one point

Description

This function controls the position of one point by using the mission from the
planning system as reference input. It sets the point to the correct position
needed for the mission at the correct point in time. Controlling the required point
position state is done safely to prevent hazardous situations.
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- None -

Attribute Content

To fulfil the non-functional requirements (especially safety, reliability, availability
and performance) of controlling the position state of a point, a technical solution
to this functionality is inevitably required. Also, this functionality is a fundamental
Rationale | ,i\ciple of automatic railway operation.

Therefore, this function needs to be inside the development scope and inside

the system boundary.

-
@Control the motion
CAESCIATIE Dl Abstract required state of motion restriction of one train unit L
map data
\—"; DelDefined active map data L‘

Control the plan for

®all missions in one
area of control DellAbstract required state of missions in one area of control L

Exert force on one
s Control the position of switch rail
actuation mount

Observe the
@ position of one
point PeflEstimated internal state of point position ‘ one point PeilPlant external required input state of point machine position

\
~
Observe the
@motion of one train I~
unit PellEstimated internal motion state of one train unit

@ Position of switch
rail on one point
machine

Sense+Observe the |—
DeilEstimated internal state of point machine position ‘

‘© Maintain current ﬂ
date and time DelEstimated internal state of time | S —

Figure 38: Context of Control the position of one point

Input From

Defined active map data

Exchange Iltems: Maintain map data

# map_data_definition

Abstract required state of missions in one area of
control

Control the plan for all missions in one

Exchange Items: area of control

F mission_requirement

Estimated internal state of point position

Exchange Items: Observe the position of one point

# point_position_estimation

Estimated internal motion state of one train unit

Exchange Items: Observe the motion of one train unit

# train_unit_navigation_data_estimation
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- None -

3 point_machine_position_estimation

Input From
Estimated internal state of point machine position
Exchange Items: Sense+Observe the position of switch

rail on one point machine

Estimated internal state of time

Exchange Items:

36 date_and_time_definition

Maintain current date and time

train unit

Abstract required state of motion restriction of one

#6 motion_restriction_requirement

Exchange Items: Control the motion of one train unit

Output

To

position

Plant external required input state of point machine

Exchange ltems:

# point_machine_actuation_requirement

Exert force on one switch rail
actuation mount point

4.4.8 Control the train unit warning devices

Attribute

Content

Name

Control the train unit warning devices

Description

This function determines, based on the assessment of the free space state in
front of a train unit, if the warning device like the train horn needs to be activated
to warn an obstacle (e.g. person) on or near the line. Operational rules and EN
15153-1:2020-03 are taken into account.

Rationale

To fulfil the non-functional requirements (especially safety, reliability, availability
and performance) of fully automatic railway operation, the system needs to fulfil
the task of warning obstacles (e.g. persons) on or near the line of an
approaching train unit.

Therefore, this function needs to be inside the development scope and inside the
system boundary.
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- None -

Control the
® sounding state of

ding
warning devices DeJAbStract required state of one train unit warning device oy

‘ Control the train unit

Figure 39: Context of Control the train unit warning devices

# train_unit_free_space_state_estimation

Input From

Estimated internal free space state field of view of one

train unit

Exch I . Observe the free space of the track in
xchange ltems: the field of view of one train unit

Estimated internal motion state of one train unit

# train_unit_navigation_data_estimation

Exchange Items: Observe the motion of one train unit

Output To

Abstract required state of one train unit warning device

Exchange ltems: Control the sounding state of horn
¥ audible_warning_device_requirement

4.4.9 Control the warning state of one warning area

Attribute

Content

Name

Control the warning state of one warning area

Description

This function controls for any point in time, if warning devices for a Warning
Area need to issue a warning for track workers or not, depending on the position
of train units and planned missions.

Rationale

To fulfil the non-functional requirements (especially safety, reliability, availability
and performance) for warning of track workers, a technical solution to the control
aspect of this functionality is inevitably required. Also, the calculation of the
optimal point in time for issuing a warning is better done centrally inside the
System RCA based on all available information.

Therefore, this function needs to be inside the development scope and inside the
system boundary.
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Control the
®life-cycle of one
warning area

Control the plan for ‘
®all missions in one
area of control

PellDefined actual state of one warning area

DellAbstract required state of missions in one area of control

Observe the I
@motion of one train
Unit PRlEstimated internal motion state of one train unit

@ Maintain current
date and time 9

DREstimated internal state of time

L

- None -

Control the warning Cocorera the o )
@ state of one warning —,)cgfng:é xtl:g rr‘r\orl‘v;lm
area Bl Abstract required state of warning for one warning area ( jmunt

Control+Execute

the warning state
% for all warning

devices within one
warning area

DellAbstract required state of warning for one warning area

- @@

Figure 40: Context of Control the warning state of one warning area

Input

From

control

Exchange Items:

3 mission_requirement

Abstract required state of missions in one area of

Control the plan for all missions in one
area of control

Exchange Items:

Estimated internal motion state of one train unit

36 train_unit_navigation_data_estimation

Observe the motion of one train unit

Estimated internal state of time

Exchange Items:

38 date_and_time_definition

Maintain current date and time

Defined actual state of one warning area

Exchange Items:

# warning_area_actual_definition

Control the life-cycle of one warning
area

Output

To

Abstract required state of warning for one
warning area

Exchange Items:

3 warning_area_warning_requirement

Control the motion of one train unit

Abstract required state of warning for one
warning area

Exchange Items:

3 warning_area_warning_requirement

Control+Execute the warning state for all
warning devices within one warning area

4.4.10 Display the current activation state of map data

Attribute Content

Name

Display the current activation state of map data
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- None -

Attribute | Content
This function displays the current activation state of the Map Data on the HMI for
Description| the Infrastructure Manager by rendering the system internal state into a human
readable format.
Rationale | None

i C d th
Display the current omman e

—— e authorisation of
@Maintain map data “Pactivation state of map ,Done VEEE 6 e
DellReported state of map data data PellHuman perceptable state of map data P

data

Figure 41: Context of Display the current activation state of map data

Input

From

Reported state of map data

Exchange Items:

3 map_data_state_observation

Maintain map data

Output

To

Human perceptable state of map data

Exchange Items:

3 map_data_state_indication

Command the authorisation of one version of map
data

4.4.11 Display the door operation state of one train unit

Attribute

Content

Name

Display the door operation state of one train unit

Description

This function indicates the door operation state of one train unit on the DMI for
the Driver by rendering the system internal state into a human readable format

Rationale

It has been defined that the DMI between the system and the driver shall be
realised according to the ERA_ERTMS _015560, hence all internal states must
be displayed according to this subset. This includes the door operation state of
the train unit. Furthermore, the improvement of the integration of the DMl into
the system is part of the development task. Therefore this function needs to be
inside the development scope and inside the system boundary.

Control the grade
@ of for
B Dl Abtract required door automation state of one train unit L

se+Observe the ‘ Display the door requested state of
of P =

Sen:
@xtate of all doors
one train unit

Command the

state of one
DellEstimated internal state of all doors of one train unit ‘ e i DellHuman perceptible state of all doors of one train unit

all doors of one
train unit

Control the dool

; I
@ operation state of ‘

one train unit

Dell Abstract required state of door operation of one train unit

Figure 42: Context of Display the door operation state of one train unit
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- None -

Input From

Abstract required state of door operation of one train
unit
Control the door operation state of

Exchange ltems: one train unit

36 door_operation_state_requirement

Estimated internal state of all doors of one train unit

Exchange Items: Sense+Observe the state of all doors
of one train unit
36 all_doors_state_observation

Abtract required door automation state of one train
unit
Control the grade of automation for

Exchange ltems: one train unit

36 automatic_door_operation_level_requirement

Output To

Human perceptible state of all doors of one train
unit
Command the requested state of all doors

Exchange ltems: of one train unit

3 door_operation_state_indication

4.4.12 Display the grade of automation of one train unit

Attribute Content

Name Display the grade of automation of one train unit

This function displays the current grade of automation of one train unit on the

DMI for the Train Driver by rendering the system internal state into a human

Description
P readable format.

It has been defined that the DMI between the system and the driver shall be
realised according to the ERA_ERTMS _015560, hence all internal states must
be displayed according to this subset. This includes the door operation state of
Rationale the train unit. Furthermore, the improvement of the integration of the DMI into
the system is part of the development task. Therefore this function needs to be

inside the development scope and inside the system boundary.

Authorise the
% departure of one
DellHuman perceptible state of automatic driving train unit

Control the grade Display the grade of Decide about
@ of for ® ion of one g ntervention into
2 5 rain uni
one train unit el Abtract required door automation state of one train unit Erainunit DellHuman perceptible state of automatic driving P

Figure 43: Context of Display the grade of automation of one train unit

System definition, 2022-04-26, RCA.Doc.35, Version 0.4



- None -

Input From

Abtract required door automation state of one train
unit

Control the grade of automation for one
Exchange Items:

train unit
# automatic_driving_state_calculation
Output To
Human perceptible state of automatic driving
Exchange Items: Authorise the departure of one train unit

3 automatic_driving_state _indication

Human perceptible state of automatic driving

Decide about intervention into train unit

Exchange ltems: movement

3 automatic_driving_state _indication

4.4.13 Display the position of one point

Attribute Content

Name Display the position of one point

This function displays the position of one point on the HMI for the Operations
Manager by rendering the system internal state into a human readable format.

Description

Rationale | None

Observe the lay th - " Observe the state
@ position of one gPisplay the position o ® of the railway -
point PHilEstimated internal state of point position one point PellHuman perceptable state of point position STUB

Figure 44: Context of Display the position of one point

Input From

Estimated internal state of point position

Exchange ltems: Observe the position of one point

# point_position_estimation

Output To

Human perceptable state of point position

Exchange ltems: Observe the state of the railway - STUB

# point_position_indication

System definition, 2022-04-26, RCA.Doc.35, Version 0.4



- None -

4.4.14 Display the remaining dwell time of one train unit

Attribute Content

Name Display the remaining dwell time of one train unit

This functions displays the remaining dwell time on the DMI for the Train Driver

Description
by rendering the system internal state into a human readable format.

It has been defined that the DMI between the system and the driver shall be
realised according to the ERA_ERTMS _015560, hence all internal states must
be displayed according to this subset. This includes the door operation state of
Rationale the train unit. Furthermore, the improvement of the integration of the DMI into
the system is part of the development task. Therefore this function needs to be
inside the development scope and inside the system boundary.

~

DREstimated internal state of time (

Display the remaining
@duwell time of one train
unit

DellHuman perceptible state of remaining dwell time of one train unit

DelAbstract required state of missions in one area of control ‘
\

Figure 45: Context of Display the remaining dwell time of one train unit

Input From

Abstract required state of missions in one area of
control

Exch I Control the plan for all missions in one
Xxchange [tems: area of control

3 mission_requirement

Estimated internal state of time

Exchange ltems: Maintain current date and time

36 date_and_time_definition

Output To

Human perceptible state of remaining dwell time of
one train unit

Exch | . Command the requested state of all
xchange ltems: doors of one train unit

3 remaining_dwell_time_indication

4.4.15 Display the restrictions to the motion of one train unit

Attribute Content

Name Display the restrictions to the motion of one train unit

This functions displays the restrictions to the motion of one Train Unit (i.e.
Description| allowed distance to run and allowed speed profile) on the DMI for the Train
Driver by rendering the system internal state into a human readable format.
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- None -

Attribute | Content
It has been defined that the DMI between the system and the driver shall be
realised according to the ERA_ERTMS _015560, hence all internal states must
be displayed according to this subset. This includes the door operation state of
Rationale the train unit. Furthermore, the improvement of the integration of the DMI into
the system is part of the development task. Therefore this function needs to be
inside the development scope and inside the system boundary.
%mﬂ% DellAbstract required state of motion restriction of one train unit ’BD&ZD(I:ZQEEJS&EETS;ES PellHuman perceptible state of restrictions on the movement of one train unit
) PellHuman perceptible state of restrictions on the movement of one train unit
Figure 46: Context of Display the restrictions to the motion of one train unit
Input From
Abstract required state of motion restriction of one train
unit
Control the motion of one train
Exchange Items: unit

d motion_restriction_requirement

Output

To

Human perceptible state of restrictions on the
movement of one train unit

Command the requested state of all

Exchange ltems: doors of one train unit

3 movement_authority _indication

Human perceptible state of restrictions on the
movement of one train unit

3 movement_authority _indication

Decide about intervention into train

Exchange ltems: unit movement

4.4.16 Duplicated instance of function 'Control the motion of one train unit'

Attribute | Content

Name Duplicated instance of function 'Control the motion of one train unit'
This function controls the motion of one train unit by using the mission from the

Description planning s.,ystern as reference input. It s.afely. rest.rlcts and supervises the. motion
of one train unit to prevent hazardous situations in all grades of automation and
automatically drives the train unit in higher grades of automation.
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- None -

Attribute

Content

Rationale

To fulfil the non-functional requirements (especially safety, reliability, availability
and performance) of controlling the motion states of train units, a technical
solution to this functionality is inevitably required. Furthermore ,high grades of
automation also require a technical realisation of this functionality. Also, this
functionality is an fundamental principle of fully automatic railway operation.
Therefore, this function needs to be inside the development scope and inside the
system boundary.

DeflAbstract required state of motion restriction of one train unit (reflexive) |y Duplicated instance of
@Control the motion @ function 'Control the
of one train unit motion of one train
PellAbstract required state of motion restriction of one train unit (reflexive) unit’

Figure 47: Context of Duplicated instance of function 'Control the motion of one train unit'

36 motion_restriction_requirement

Input From

Abstract required state of motion restriction of one train unit

(reflexive)

Exch | . Control the motion of one
xchange Items: train unit

# motion_restriction_requirement

Output To

Abstract required state of motion restriction of one train unit

(reflexive)

Exch I . Control the motion of one

4.4.17 Maintain current date and time

Attribute | Content
Name Maintain current date and time
Description| This function maintains the current data and time as the single reference.
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- None -

Attribute Content

system boundary.

Using different sources of date and time for different functions inside the system
can lead to problems, especially for time critical functions and for correlation of

events across the system. Hence all functions needing date and time information
should be fed from one source. As a connection to external date and time
references is not always feasible, an internal maintain function is needed.
Rationale | Therefore this function needs to be inside the development scope and inside the

Note: this function is dependent on an external definition of date and time.

@ Provide date and
time reference DelProvided date and time

< Maintain current date
and time

DRlJEstimated internal state of time

PHllEstimated internal state of time

PHjlEstimated internal state of time

PellEstimated internal state of time

PHllEstimated internal state of time

PHllEstimated internal state of time

PHllEstimated internal state of time

PHlEstimated internal state of time

—,j:ontrol the position
of one point

i

Control the
@ life-cycle of one
warning area

- Control the active
version of map data

}

Display the
) remaining dwell
time of one train
unit

Control the grade
2 of automation for
one train unit

Observe the free

_ space of the track
in the field of view
of one train unit

Control the door
< operation state of
one train unit

pControl the motion
of one train unit

|

Control the
99 warning state of

PHlEstimated internal state of time

Figure 48: Context of Maintain current date and time

one warning area

Input

From

Provided date and time

Exchange Items:

36 date_and_time_definition

Provide date and time reference
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- None -

Output

To

Estimated internal state of time

Exchange ltems:

3 date_and_time_definition

Control the motion of one train unit

Estimated internal state of time

Exchange Iltems:

3 date_and_time_definition

Control the warning state of one warning area

Estimated internal state of time

Exchange Iltems:

3 date_and_time_definition

Control the position of one point

Estimated internal state of time

Exchange Items:

3 date_and_time_definition

Control the active version of map data

Estimated internal state of time

Exchange Items:

3 date_and_time_definition

Observe the free space of the track in the field of view of one
train unit

Estimated internal state of time

Exchange Items:

38 date_and_time_definition

Control the door operation state of one train unit

Estimated internal state of time

Exchange Items:

3 date_and_time_definition

Control the grade of automation for one train unit

Estimated internal state of time

Exchange Items:

36 date_and_time_definition

Control the life-cycle of one warning area
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- None -

Output

To

Estimated internal state of time

3 date_and_time_definition

Exchange Items: Display the remaining dwell time of one train unit

4.4.18 Maintain map data

Attribute

Content

Name

Maintain map data

Description

This function acts as a reference of Map Data for all other relevant
functions inside the system boundary. It can maintain multiple versions
of Map Data, but only provides one active version of Map Data to other
functions at any given pointin time. Switching between versions is
controlled by the function Control the life-cycle of map data.

Rationale

Nearly all functionality of the system is dependent on map data. Hence all
relevant functions of the system must be provided with consistent map data, as
otherwise severe PRAMS implications are to be expected. It must also be
possible to change map data, e.g. as consequence of changes to the track
layout, with only minimal interruptions of operations. A consistent distribution of
map data is therefore a key functionality of the system. Therefore this function
needs to be inside the development scope and inside the system boundary.
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- None -

spControl the motion
PefIDefined active map data of one train unit

l

Observe the
“Pmotion of one train

PHllDefined active map data unit
Control the
- @ life-cycle of one
PeflDefined active map data warning area

Observe the free
space of the track

@Provide map data -
STUB PellProvided map data

PelDefined active map data in the field of view
of one train unit

Control the grade
P of automation for
one train unit

PHlDefined active map data
@® Maintain map data

—Jiontrol the position
PHlDefined active map data of one point

i

i > Display the current
@\IC?nitrnol tfh:] ac%"i Pl Abstract required state of map data Pactivation state of
ersion of map data p__ PellReported state of map data map data

Control the
® life-cycle of map
PelIReported state of map data data - STUB

PellReported state of map data

Figure 49: Context of Maintain map data

Input

From

Abstract required state of map data

Exchange Items:

¥ map_data_state_requirement

Control the active version of map data

Provided map data

Exchange Items:

8 map_data_definition

Provide map data - STUB

Output

To

Reported state of map data

Exchange Items:

3 map_data_state_observation

Display the current activation state of map data

Reported state of map data

Exchange Items:

3 map_data_state_observation

Control the life-cycle of map data - STUB
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- None -

Output To

Reported state of map data

Exchange ltems: Control the active version of map data

3 map_data_state_observation

Defined active map data

Exchange ltems: Control the position of one point

3 map_data_definition

Defined active map data

Exchange ltems: Control the grade of automation for one train unit

3 map_data_definition

Defined active map data

Exchange Iltems: Observe the free space of the track in the field of view of
one train unit
3 map_data_definition

Defined active map data

Exchange Items: Observe the motion of one train unit

3 map_data_definition

Defined active map data

Exchange Items: Control the motion of one train unit

3 map_data_definition

Defined active map data

Exchange Items: Control the life-cycle of one warning area

3 map_data_definition

4.4.19 Maintain train unit configuration data

Attribute Content

Name Maintain train unit configuration data

Description This function acts as a reference of train unit configuration data for all other

relevant functions inside the system boundary.
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- None -

Attribute

Content

Rationale

Nearly all train unit related functionality of the system is dependent on train unit
configuration data. Hence all relevant functions of the system must be provided
with consistent train unit configuration data, as otherwise severe PRAMS
implications are to be expected. A consistent distribution of train unit
configuration data is therefore a key functionality of the system. Therefore this
function needs to be inside the development scope and inside the system
boundary.

Maintain train unit
configuration data PelDefined train unit configuration data one train unit

spControl the motion
of one train unit

{

PellDefined train unit configuration data of one train unit

Control the door
> P operation state of

Observe the
- - - - - “Pmotion of one train
PellDefined train unit configuration data unit

J

Figure 50: Context of Maintain train unit configuration data

# train_unit_data_configuration

Input From

No inputs defined

Output To

Defined train unit configuration data

Exchange Items: Control the door operation state of one
train unit

Defined train unit configuration data

Exchange ltems:

¥ train_unit_data_configuration

Observe the motion of one train unit

unit

Defined train unit configuration data of one train

¥ train_unit_data_configuration

Exchange Items: Control the motion of one train unit

4.4.20 Observe the free space of the track in the field of view of one train unit

Attribute

Content

Name

Observe the free space of the track in the field of view of one train unit
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- None -

Attribute Content

This function observes the free space of the track in the field of view in front of
one train unit. Based on the sensor inputs, the function analyses and evaluates,

Description| ., . . . o : L
P if or if not and if, what objects are inside in the free space in front of the train unit.

To be able to protect train unit from collision with obstacles, observing the free
space state is a key functionality for fully automatic railway operation which is not
Rationale | 2vailable off the shelf yet but needs to be performed by the system. Therefore,
this function needs to be inside the development scope and inside the system

boundary.
et ) -
Observe the 5 )
[@notion of one train
L Onit DHlestimated internal motion state of one train unit L
- |
C p dato 3 DalDefined active map data L
—_—— S
Sense the data Observe the free space Control the
@about pf the track in the field o life-cycle of one
iineldiofiviewioy DellSensed output state of environmental raw data of view of one train DeiEstimated internal free space state field of view of one train uni fES"'Ct"’" area -
unit
[@ Meintain current = - ‘ - r‘ Comml " Control the grade grade
9 Estimated internal state of time
r Stimated internal free space state field of view of one train unit automation for
[®°°F},’:é theimatlon a DellAbstract required state of motion restriction of one train unit ‘

:> unit warning
Delstimated internal free space state field of view of one train Unit d internal free space state field of view of one train unit devices

S (" Control the train J

Figure 51: Context of Observe the free space of the track in the field of view of one train unit

Input From

Sensed output state of environmental raw data

Exchange ltems: Sense the data about environment in
field of view of one train unit
3 environmental_raw_data_capture

Estimated internal motion state of one train unit

Exchange Items: Observe the motion of one train unit

#8 train_unit_navigation_data_estimation

Estimated internal state of time

Exchange ltems: Maintain current date and time

3 date_and_time_definition

Defined active map data

Exchange Items: Maintain map data

¥ map_data_definition
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- None -

Input From

Abstract required state of motion restriction of one

train unit

Exchange Iltems: Control the motion of one train unit
# motion_restriction_requirement

Output To

Estimated internal free space state field of view of one

train unit

Exchange Items: Control the motion of one train unit

# train_unit_free_space_state_estimation

Estimated internal free space state field of view of one
train unit

Control the train unit warning

Exchange Iltems: devices

# train_unit_free_space_state_estimation

Estimated internal free space state field of view of one
train unit

Control the life-cycle of one

Exchange Items: restriction area - STUB

3 train_unit_free_space_state_estimation

Estimated internal free space state field of view of one
train unit

Control the grade of automation for

Exchange ltems: one train unit

3 train_unit_free_space_state_estimation

4.4.21 Observe the motion of one train unit

Attribute Content

Name Observe the motion of one train unit

This function combines multiple sensory inputs to derive an observation of the

Description estimated motion of the train unit. This includes the occupation of topology by the

train unit and all of its relevant navigation parameters.
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- None -

Attribute Content

Rationale

system boundary.

To ensure the safe train operation the navigation data of train units is needed for
nearly all operational functionality of the system. Knowing the position, speed
and acceleration of train units is required to close the control loops, while
heading information is required for obstacle detection. The PRAMSS
requirements enforce a technical solution for this function, also this function will
be realised by a complex combination of different interacting technologies.
Therefore this function needs to be inside the development scope and inside the

@ Sense the data of
one eurobalise PRllSensed output state of eurobalise data

@ Sense the motion
of one train unit D=l Sensed output state of train units motion

intain map data
aintam P PelDefined active map data

Maintain train unit
© configuration dat
configuration data PellDefined train unit configuration data

Observe the train
® integrity state of

one PWS‘Fta‘ train P=IEstimated internal state of train integrity
uni

»Observe the motion of
> one train unit =4

PellEstimated internal motion state of one train unit

PellEstimated internal motion state of one train unit

PellEstimated internal motion state of one train unit

PellEstimated internal motion state of one train unit

ID:ﬂEsUmated internal motion state of one train unit

PellEstimated internal motion state of one train unit

DHlEstimated internal motion state of one train unit

PellEstimated internal motion state of one train unit

DelEstimated internal motion state of one train unit

Figure 52: Context of Observe the motion of one train unit

Control the
% warning state of
one warning area

Control the plan for
Pall missions in one
area of control

s Control the motion
of one train unit

|

Control the door
D operation state of
one train unit

- Control the active
version of map data

<fontrol the position
of one point

i

Control the grade
D of automation for
one train unit

Observe the free
< space of the track
in the field of view
of one train unit

Control the train
© unit warning
devices

Input

From

Sensed output state of train units motion

Exchange Items:

#6 train_unit_motion_state_measurement

Sense the motion of one train unit

Defined active map data

Exchange Items:

3 map_data_definition

Maintain map data

Defined train unit configuration data

Exchange Items:

# train_unit_data_configuration

Maintain train unit configuration data
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- None -

Input

From

Estimated internal state of train integrity

Exchange Iltems:

36 train_unit_integrity_state_estimation

Observe the train integrity state of one physical
train unit

Sensed output state of eurobalise data

Exchange Items:

36 eurobalise_data_measurement

Sense the data of one eurobalise

Output

To

Estimated internal motion state of one train
unit

Exchange ltems:

#6 train_unit_navigation_data_estimation

Observe the free space of the track in the field
of view of one train unit

Estimated internal motion state of one train
unit

Exchange ltems:

# train_unit_navigation_data_estimation

Control the train unit warning devices

Estimated internal motion state of one train
unit

Exchange Iltems:

# train_unit_navigation_data_estimation

Control the warning state of one warning area

Estimated internal motion state of one train
unit

Exchange Iltems:

# train_unit_navigation_data_estimation

Control the motion of one train unit

Estimated internal motion state of one train
unit

Exchange Items:

#8 train_unit_navigation_data_estimation

Control the position of one point

Estimated internal motion state of one train
unit

Exchange Items:

#8 train_unit_navigation_data_estimation

Control the grade of automation for one train
unit
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- None -

Output To

Estimated internal motion state of one train

unit

Exchange Items: Control the active version of map data

# train_unit_navigation_data_estimation

Estimated internal motion state of one train
unit

Control the plan for all missions in one area of

Exchange Iltems: control

# train_unit_navigation_data_estimation

Estimated internal motion state of one train
unit

Control the door operation state of one train

Exchange Iltems: unit

# train_unit_navigation_data_estimation

4.4.22 Observe the position of one point

Attribute Content

Name Observe the position of one point

Description This function uses observations from one or more Point Machines to derive an

observation of the estimated position of one point.

To ensure the safe train operation, the position state of points is needed for the
guideway control functionality of the system. The PRAMSS requirements
Rationale | €nforce a technical solution for this function.

Therefore this function needs to be inside the development scope and inside the
system boundary.

Pisplay the position
PellEstimated internal state of point position of one point

i

Sense+Observe the
® position of switch ) Observe the position

rail on OE? point DellEstimated internal state of point machine position of one point DellEstimated internal position state of point
machine

Control the plan for
Dall missions in one
area of control

sfontrol the position
PeilEstimated internal state of point position of one point

i

Figure 53: Context of Observe the position of one point

Input From

Estimated internal state of point machine
position

Sense+0Observe the position of switch rail on

Exchange Items: one point machine

3 point_machine_position_estimation
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- None -

Output To

Estimated internal position state of point

Exch I . Control the plan for all missions in one area of

xchange Items: control

3 point_position_estimation

Estimated internal state of point position

Exchange Items: Control the position of one point
¥ point_position_estimation

Estimated internal state of point position

Exchange Iltems: Display the position of one point
# point_position_estimation

4.4.23 Register the automatic driving engagement input event

Attribute Content

Name Register the automatic driving engagement input event

This function registers the DMI input for engaging the automatic driving of a train
unit from the driver and transforms it into a continuous input state requirement

Description o o
for the automatic driving engagement state inside the system.

Optimising the DMI is part of the development task, hence the DMI needs to be
Rationale | part of the system. Therefore, this function needs to be inside the development
scope and inside the system boundary.

Authorise the Register the automatic Control the grade
® departure of one D driving D of automation for
train unit D=llAbstract required state of departure authorisation input event D=llAbstract required state of departure authorisation one train unit

Figure 54: Context of Register the automatic driving engagement input event

Input From

Abstract required state of departure authorisation

Exchange ltems: Authorise the departure of one train unit

3 DMI_engage_event
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- None -

Output To

Abstract required state of departure
authorisation

Control the grade of automation for one

Exchange ltems: train unit

¥ DMI_engage_button_state

4.4.24 Register the map data version authorisation input event

Attribute Content

Name Register the map data version authorisation input event

This function registers the HMI input for authorising a map data version change
Description from the Infrastructure Manager (IM) and transforms it into a continuous input
state requirement for the map data version authrisation state inside the system.

Rationale | None

Command the 0
@ authorisation of S ;:fhlzraifaf::tna o Control the active
one version of map =™ peflpermission of activation of one map data version s ot DHEIPermission of activation of one map data version version of map data

Figure 55: Context of Register the map data version authorisation input event

Input From
Permission of activation of one map data
version
Exch I . Command the authorisation of one version of
xchange Iltems: map data
3 map_data_state_command
Output To

Permission of activation of one map data version

Exchange ltems: Control the active version of map data

& map_data_state_requirement

4.4.25 Sense the data about environment in field of view of one train unit

Attribute Content

Name Sense the data about environment in field of view of one train unit

This function captures abstract information on the spatial properties of the

Description
Environment in the field of view of one Train Unit.

To react to obstacles on or near the line in fully automated driving, spatial
awareness of the environment in front of a train unit is needed. Capturing the
necessary data is a key functionality which is not available off the shelf in the
Rationale | \,jivay domain yet.

Therefore this function needs to be inside the development scope and inside the

system boundary.
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- None -

Has physical N
P
® and
limits. DellPresent actual output of dimensions and limits in field of view of one train unit L‘ -
Observe the free

[@Sense the data about. | _space of the track

(& Contains physical | view of one train unit DeilSensed output state of environmental raw data L in the field of view
of one train uni
objects BellPresent actual output of objects in field of view of one train unit L -

Figure 56: Context of Sense the data about environment in field of view of one train unit

3 physical_objects_presence

Input From
Present actual output of objects in field of view of one train unit
Exchange ltems: Contains physical objects

one train

Present actual output of dimensions and limits in field of view of

3 physical_dimensions_and_limits_presence

unit
Has physical dimensions

Exchange Iltems: and limits

36 environmental_raw_data_capture

Output To

Sensed output state of environmental raw

data

Exch I . Observe the free space of the track in the field
xchange Items: of view of one train unit

4.4.26 Sense the data of one eurobalise

Attribute

Content

Name

Sense the data of one eurobalise

Depending on the proximity of the Physical Train Unit (PTU) to a particular

Description Eyrobalise (EUB), this function senses the data transmitted from one Eurobalise

(EUB) while passing.

This function is needed to update the reference coordinate system for position
observation of the train unit front end. As this cannot feasibly be done manually,

Rationale | , (ochnical solution is necessary. Therefore, this function needs to be inside the

development scope and inside the system boundary.

Transmit Observe the
® eurobalise static - DSense;hl%ggﬁzeof one - Pmotion of one train
information Dell Transmitted balise data Ul PeflSensed output state of eurobalise data unit

System definition

Figure 57: Context of Sense the data of one eurobalise
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- None -

Input From

Transmitted balise data

Exchange Items: Transmit eurobalise static information

3 eurobalise_telegram

Output To

Sensed output state of eurobalise data

Exchange ltems: Observe the motion of one train unit

36 eurobalise_data_measurement

4.4.27 Sense the motion of one train unit

Attribute Content

Name Sense the motion of one train unit

Description This function exploits different physical principles to sense the actual motion of

one Train Unit.

To observe the position of a train unit, the system requires sensor input. Existing
sensor functionality, however, does not meet the requirements for the intended
allocation of functionality to track side or onboard side. Also the required range of
functionality, e.g. precise absolute positioning, is not readily available. Therefore
this function needs to be inside the development scope and inside the system
boundary.

Rationale

Has physical
@ dimensions and
limits PelPresent actual output of dimensions and limits in field of view of one train unit L
ense the motion of
ct it

DelPlant actual output state of train unit motion

Observe the
“Pmotion of one train
C unit

el Sensed output state of train units motion

Figure 58: Context of Sense the motion of one train unit

Input From

Plant actual output state of train unit motion

Exchange Items: Actuate+Plant movement
behaviour of one train unit
3 physical_train_unit_behaviour_presence

Present actual output of dimensions and limits in field of view
of one train unit

Has physical dimensions and

Exchange ltems: limits

3 physical_dimensions_and_limits_presence
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- None -

Output To

Sensed output state of train units motion

Exchange Items: Observe the motion of one train unit

38 train_unit_motion_state_measurement

4.5 Actor functions

In this chapter, all actor functions defined and described by the following aspects:

#6 List of the attributes of the actor function.
# A functions context diagram, showing the relationship between the actor function under
consideration and other functions, including the functional exchanges.

4.5.1 Actuate+Plant behaviour of all doors of one train unit

Attribute Content

Name Actuate+Plant behaviour of all doors of one train unit

This function represents the functionality that actually actuates the doors of one
Description| train unit and also the mechanical behaviour of the moveable parts of the train
unit doors.

The actuation and also the mechanical behaviour of the doors of one train unit
are long-established aspects inside the railway domain and are not going to be
significantly changed due to the automation of railway operation.

Rationale | Therefore, they do need to be part of the development scope and can allocated
to actors Physical Train Unit (PTU) outside of the system boundary. Aso, the
plant behaviour cannot be part of the system itself.

Control the
equired state of all
doors of one train

unit

Sense+Observe the
state of all doors of
one train unit

Actuate-+Plant
of one ti

of all doors
rain unit

DeilPlant external required input state of one train units doors DeflPlant actual output state of all doors of one train unit

Figure 59: Context of Actuate+Plant behaviour of all doors of one train unit

Input From

Plant external required input state of one train

units doors Control the required state of all doors of

Exchange Items: one train unit

None

Output To

Plant actual output state of all doors of one

train unit Sense+Observe the state of all doors of one

train unit
Exchange Items: 2

None

4.5.2 Actuate+Plant movement behaviour of one train unit

Attribute Content

Name Actuate+Plant movement behaviour of one train unit
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- None -

Attribute

Content

Description

This function represents the functionality of a train unit to actuate traction and
brake efforts as well as the resulting plant behaviour.

Rationale

The actuation of traction and brake effort to achieve the train unit motion are
long-established technologies and are not going to be significantly changed due
to the automation of railway operation. Therefore, they do not need to be part of
the development scope and can be allocated to actor Physical Train Unit

(PTU) outside of the system boundary. Also, the plant behaviour cannot be part
of the system itself.

Control the traction Actuate+Plant
@and brake effort of  movemen ’DSefHSE t)ge mot\qtn
one train unit DellPlant external required input state of movement of one train unit DeflPlant actual output state of train unit motion of one train unif

Figure 60: Context of Actuate+Plant movement behaviour of one train unit

Input

From

movement

None

Plant external required input state of

Exchange Items:

Control the traction and brake effort of one train
unit

Output

To

Plant actual output state of train unit motion

3 physical_train_unit_behaviour_presence

Exchange ltems: Sense the motion of one train unit

4.5.3 Authorise the departure of one train unit

Attribute | Content
Name Authorise the departure of one train unit
This function represents the responsability to validate, if all conditions are fulfilled
Description| to engage the departure of the train unit according to the rules of GoA2
operation.
In GoA2 operation the Train Driver is responsible for assuring that a train unit
movement can be safely engaged. Hence, this responsibility becomes a function
Rationale | of the actor and cannot be inside the system boundary.

Display the grade Authorise the
of automation of “departure of one train
one train unit PellHuman perceptible state of automatic driving unit P=fl Abstract required state of departure authorisation

Register the

& automatic driving

engagement input
event

Figure 61: Context of Authorise the departure of one train unit
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- None -

Input From

Human perceptible state of automatic driving

Display the grade of automation of one train
Exchange ltems: unitp yiheg

# automatic_driving_state_indication

Output To

Abstract required state of departure
authorisation

Register the automatic driving engagement
Exchange Items: inpﬁt event g engag

¥ DMI_engage_event

4.5.4 Command the authorisation of one version of map data

Attribute Content

Name Command the authorisation of one version of map data

This function represents the responsibility of the Infrastructure Manager to
Description| command the authorisation of one version of the map data, according to the
rules for infrastructure changes and construction works.

The Infrastructure Manager is responsible for ensuring that the changes to the
actual railway infrastructure has been built as per plan and is ready to be

. operated.
Rationale | °P
Hence, this responsibility becomes a function of the actor and cannot be inside
the system boundary.
Display the current Command the RO
o e o el Tt oo ot s o ooy | BRPerion o scivator o e g Gt verdor [ auhotisaton ot
Figure 62: Context of Command the authorisation of one version of map data
Input From

Human perceptable state of map data

Exchange Items: Display the current activation state of map data

3 map_data_state_indication

Output To

Permission of activation of one map data
version

Register the map data version authorisation
Exchange Items: input event

# map_data_state_command
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- None -

4.5.5 Command the requested state of all doors of one train unit

Attribute

Content

Name

Command the requested state of all doors of one train unit

Description

This function represents the responsibility of the Train Driver to command the

required door state of the Physical Train Unit (PTU), according to the operational

situation and the operational rules and inputs from the DMI.

Rationale

In GoA2 operation with manual door operation by the driver, the Train Driver is
responsible for assuring that the correct door status is commanded. Hence this
responsibility becomes a function of the actor and cannot be inside the system

boundary.

.

.

Display the

@ remaining dwell

time of one train
unit

Display the
@ restrictions to the
motion of one train
unit

~

DeilHuman perceptible state of remaining dwell time of one train un

Control the
fequired state of all

DellHuman perceptible state of restrictions on the movement of one train uni

Dl Abstract required state of all doors of one train unit doors of one train

DelHuman perceptible state of all doors of one train unit

Figure 63: Context of Command the requested state of all doors of one train unit

Input

From

Human perceptible state of all doors of one train unit

Exchange ltems:

3 door_operation_state_indication

Display the door operation state
of one train unit

Human perceptible state of restrictions on the movement
of one train unit

Exchange Iltems:

# movement_authority_indication

Display the restrictions to the
motion of one train unit

train unit

Human perceptible state of remaining dwell time of one

Exchange Items:

# remaining_dwell_time_indication

Display the remaining dwell time
of one train unit

Output

To

train unit

None

Abstract required state of all doors of one

Exchange Items:

Control the required state of all doors of one
train unit

4.5.6 Contains physical objects

Attribute

Content

Name

Contains physical objects
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- None -

Attribute | Content

Description| This function represents the presence of physical objects in the Environment.
External objects affecting the railway operation cannot be inside the system

Rationale | Poundary. Hence, the function representing the presence of objects needs to be
allocated to the actor Environment.

@ Contains physical 'ybso%rgseenglri‘reog?ﬁgnt
objects DeflPresent actual output of objects in field of view of one train unit ingiweeldt%fixiﬁmtc’f
Figure 64: Context of Contains physical objects

Input From

No inputs defined

Output To

Present actual output of objects in field of view of
one train unit

Exchange Items:

3 physical_objects_presence

Sense the data about environment in field
of view of one train unit

4.5.7 Control the life-cycle of map data - STUB

Attribute | Content
Name Control the life-cycle of map data - STUB
Description| This function controls the life-cycle of Map Data within the Planning System.
It is assumed that the actor Planning System also has an internal management
of map data. It is crucial, that the map data usage inside of RCA and the map
data used in the Planning System are of the same version. Hence, the planning
Rationale | ¢, tams needs a function controlling the life-cycle of its own map data,
represented by this function. As it is allocated to the actor Planning System it is
outside the system boundary.
( | the life-cycle of
@®Maintai dat ,DControtelecyceo
( aintain map data g D=llReported state of map data T data - STUB
Figure 65: Context of Control the life-cycle of map data - STUB
Input From

Reported state of map data

Exchange Items:

3 map_data_state_observation

Maintain map data
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- None -

Output

To

No outputs defined

4.5.8 Control the plan for all missions in one area of control

Attribute

Content

Name

Control the plan for all missions in one area of control

Description

This function determines conflict-free missions for of all train units in one defined

area of control for the time horizon of one schedule segment. It permanently
optimises the output according to the optimisation goal and the observed
behaviour of all train units in the area of control. This function also determines
the required grade auf automation for move segments of the missions and also
the required door operations for passenger exchanges in stop segments of the
missions.

Rationale

The required state of all missions shall be conflict free and well optimised. This
serves as a reference input for train operation control inside the RCA system.
This functionality is explicitly not considered part of the development scope of
RCA, but of a dedicated, external planning system. Hence, this function is
allocated to the actor Planning System and not inside the system boundary.

@Control the motion
of one train unit ;

Observe the
@motion of on
unit

Observe the
@ position of one

point

t
e train

DeilAbstract required state of missions in one area of control

Control the door
 operation state of
DellAbstract required state of missions in one area of control [ one train unit
Control the
® warning state of
PellAbstract required state of missions in one area of control [ one warning area
sfontrol the position
DeilAbstract required state of missions in one area of control [ of one point
Control the grade
P of automation for
one train unit
Display the
5 remaining dwell
time of one train
unit

Figure 66: Context of Control the plan for all missions in one area of control

DefIDefined actual motion state plan over time

Control the plan for all
Pmissions in one area of
control

DelJEstimated internal motion state of one train unit

Deflabstract required state of missions in one area of control

DellEstimated internal position state of point

DellAbstract required state of missions in one area of control

Input

From

Estimated internal position state of point

Exchange Items:

3 point_position_estimation

Observe the position of one point

Estimated internal motion state of one train unit

Exchange Items:

36 train_unit_navigation_data_estimation

Observe the motion of one train unit
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- None -

Input

From

Defined actual motion state plan over time

Exchange Items:

3 motion_state_over_time_plan

Control the motion of one train unit

Output

To

Abstract required state of missions in one area of
control

Exchange Iltems:

F mission_requirement

Control the warning state of one warning
area

Abstract required state of missions in one area of
control

Exchange Iltems:

F mission_requirement

Control the motion of one train unit

Abstract required state of missions in one area of
control

Exchange Items:

F mission_requirement

Control the position of one point

Abstract required state of missions in one area of
control

Exchange Items:

F mission_requirement

Display the remaining dwell time of one
train unit

Abstract required state of missions in one area of
control

Exchange Items:

F8 mission_requirement

Control the grade of automation for one
train unit

Abstract required state of missions in one area of
control

Exchange Items:

3 mission_requirement

Control the door operation state of one
train unit

4.5.9 Control the plan for restriction areas over time for all tracks in one area of control - STUB

Attribute | Content
Control the plan for restriction areas over time for all tracks in one area of control
Name - STUB
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- None -

Attribute Content

This function represents the responsibility of the Planning System to provide the

Description
required restriction areas and the required time constraints of their life-cycle.

Rationale | None

Control the plan for

Iife_fzg)rl]gglt;[fhc‘fne . DellDefined actual state of restriction area - STUB 2 restriction areas over

Y @ time for all tracks in

e EEE = one area of control -
STUB PelAbstract required state of restriction areas in one area of control - STUB STUB

Figure 67: Context of Control the plan for restriction areas over time for all tracks in one area of
control - STUB

Input From
Defined actual state of restriction area - STUB

Control the life-cycle of one restriction area -
Exchange Items: STUB

3 restriction_area_actual _definition_ STUB

Output To

Abstract required state of restriction areas in one area of
control - STUB

Exch I . Control the life-cycle of one
xchange Items: restriction area - STUB

36 restriction_area_requirement_STUB

4.5.10 Control the plan for warning areas over time for all tracks in one area of control

Attribute | Content
Name Control the plan for warning areas over time for all tracks in one area of control

This function represents the responsibility of the Planning System to provide the

Description
required warning areas and the required time constraints of their life-cycle.

The current state of understanding is, that planning of warning areas is not in the
development scope and can be allocated to the actor Planning System outside of
the system boundary.

Rationale

Defined actual state of one warning area
Control the aJ b3 9 warning areas over

@ life-cycle of one
warning area

time for all tracks in
PellAbstract required state of warning areas in one area of control one area of control

L( Control the plan for ’

Figure 68: Context of Control the plan for warning areas over time for all tracks in one area of
control
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- None -

3 warning_area_actual_definition

Input From
Defined actual state of one warning area
Exchange ltems: Control the life-cycle of one warning area

¥ warning_area_requirement

Output To

Abstract required state of warning areas in one area of

control

Exch I . Control the life-cycle of one
xchange Items: warning area

4.5.11 Control the required state of all doors of one train unit

Attribute | Content

Name Control the required state of all doors of one train unit

Description This function controls the doors of one Physical Train Unit (PTU) by issuing
commands to the door actuators.
Controlling the doors of a train unit is a core functionality of the Physical Train
Unit Operations System (PTU-0S) and a long established technology in the

Rationale railway domain which will not be significantly changed. Hence this function is

outside the system boundary.

Control the door

Defl Abstract required state of door operation of one train unit

Control the required
tate of all doors of

h il
f one train

one train unit D=llPlant external required input state of one train units doors

Delabstract required state of all doors of one train unit

Figure 69: Context of Control the required state of all doors of one train unit

Input

From

Abstract required state of all doors of one train unit

Command the requested state of all

3 door_operation_state_requirement

Exchange ltems: doors of one train unit

None

Abstract required state of door operation of one

train unit

Exch | . Control the door operation state of one
xchange ltems: train unit
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- None -

Output To

Plant external required input state of one train

units doors Actuate+ Plant behaviour of all doors of one

Exchange Items: train unit

None

4.5.12 Control the sounding state of horn

Attribute Content

Name Control the sounding state of horn

Description This function commands the activation of the Physical Train Unit horn.

Controlling the horn of a Physical Train Unit is a core functionality of the Physical
Train Unit Operations System (PTU-0OS) and a long established technology in
the railway domain which will not be significantly changed. Hence this function is
outside the system boundary.

Rationale

Control the train

@ unit warning (D Control the sounding
devices PellAbstract required state of one train unit warning device k state of horn

Figure 70: Context of Control the sounding state of horn

Input From

Abstract required state of one train unit warning device

Control the train unit warning

Exchange ltems: devices

3 audible_warning_device_requirement

Output To

No outputs defined

4.5.13 Control the traction and brake effort of one train unit

Attribute Content

Name Control the traction and brake effort of one train unit

This function controls the effective traction and brake efforts of one Physical

Description
Train Unit, depending on the technical properties of this Train Unit.

Controlling the appropriate amount of traction and breaking force depending on
the actual technical characteristics of a Physical Train Unit is part of the
functionality of the actor Physical Train Unit Operation Systems (PTU-0S).
Hence this functions is outside of the system boundary.

Rationale
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- None -

DellAbstract required state of traction-level and brake effort of one train unit

J “ L Control the traction AC':‘LI)EVFEE;Z\'&H(
@Control the motion [@and brake effort of one - D
(C_of one traim unit train unit DHIPlant external required input state of movement

DeflAbstract required state of emergency brake intervention train unit

Figure 71: Context of Control the traction and brake effort of one train unit

Input From

Abstract required state of emergency brake intervention

Exchange Iltems: Control the motion of one
train unit
¥ emergency_brake_requirement

Abstract required state of traction-level and brake effort of one
train unit

Exch | . Control the motion of one
xchange Items: train unit

¥ relative_traction_braking_effort_level_requirement

Output To

Plant external required input state of

movement . .
Actuate+Plant movement behaviour of one train

Exchange ltems: unit

None

4.5.14 Control+Execute the warning state for all warning devices within one warning area

Attribute Content

Control+Execute the warning state for all warning devices within one warning

Name area

This function controls and executes the warning state based on the required

Description
state by System RCA.

Collective Warning Systems are widely established in the railway domain and
the actual design and functionality of the warning devices of the Collective
Warning Systems will not change with RCA. Only the control of the activation
Rationale | ., warning state will be optimised within RCA. Currently, it is assumed that the
actual execution of a warning is a functionality of the actor Collective Warning

Systems. Hence, this function is not inside the system boundary.

Control+Execute the
- Wwarning state for all
warning devices within
one warning area

Control the (
@ warning state of
one warning area DellAbstract required state of warning for one warning area L

Figure 72: Context of Control+Execute the warning state for all warning devices within one
warning area
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- None -

Input

From

area

Abstract required state of warning for one warning

Exchange ltems:

£ warning_area_warning_requirement

Control the warning state of one
warning area

Output

To

No outputs defined

4.5.15 Decide about intervention into train unit movement

Attribute | Content
Name Decide about intervention into train unit movement

This function represents the responsibility of the Train Driver to intervene into
Description| physical Train Unit movement in GoA2, if any unexpected environment condition

occurs.

In GoA2 operation the Train Driver is responsible for observing the environment
Rationale | While driving and the safe movement of the Physical Train Unit . Hence, this is a

function of the actor Train Driver and cannot be inside the system boundary.

Display the
® restrictions to the
motion of one train PellHuman perceptible state of restrictions on the movement of one train unit Decide about
unit @ intervention into train
unit movement
Display the grade |_
® of automation of - —
one train unit PellHuman perceptible state of automatic driving
Figure 73: Context of Decide aboutintervention into train unit movement

Input From
Human perceptible state of automatic driving
Exchange Iltems: Display the grade of automation

# automatic_driving_state _indication

of one train unit

Human perceptible state of restrictions on the movement
of one train unit

Exchange Items:

# movement_authority_indication

Display the restrictions to the
motion of one train unit

Output

To

No outputs defined
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- None -

4.5.16 Exert force on one switch rail actuation mount point

Attribute

Content

Name

Exert force on one switch rail actuation mount point

Description

This function represents the functionality to exert force on on switch rail actuation
mount point to change the position state of one point.

Rationale

The bare moving of points is already provided by long-established technologies
and is not going to be significantly changed due to the automation of the railway
operation.

Therefore, this function is not part of the development scope and can be
allocated to actor Point Machine outside of the system boundary.

| 'th . r Exert force on one
@fontrol the position & switch rail actuation
of one point DeflPlant external required input state of point machine position k mount point

Figure 74: Context of Exert force on one switch rail actuation mount point

Input

From

Plant external required input state of point machine position

Exchange Items:

# point_machine_actuation_requirement

Control the position of one point

Output

To

No outputs defined

4.5.17 Has physical dimensions and limits

Attribute | Content

Name Has physical dimensions and limits

Description This function represents the spatial characteristics of the objects in the
Environment.
To react on obstacles on or near the line in fully automated driving, spatial
awareness of the environment in front of a train unit is needed. Therefore, the

Rationale

environment needs to provide those spatial dimensions and is outside the system
boundary.

Has physical
dimensions and limits

% Sense the motion
PellPresent actual output of dimensions and limits in field of view of one train unit of one train unit

Sense the data
sabout environment
in field of view of
one train unit

PellPresent actual output of dimensions and limits in field of view of one train unit

Figure 75: Context of Has physical dimensions and limits
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- None -

Input

From

No inputs defined

Output

To

Present actual output of dimensions and limits in field of
view of one train unit

Exchange ltems:

3 physical_dimensions_and_limits_presence

Sense the motion of one train
unit

Present actual output of dimensions and limits in field of
view of one train unit

3 physical_dimensions_and_limits_presence

Sense the data about

Exchange Iltems: environment in field of view of

one train unit

4.5.18 Observe the movement direction relative to the front end of the train unit

Attribute

Content

Name

Observe the movement direction relative to the front end of the train unit

Description

This function represents the observation of the intended movement direction of
the train unit with respect to the defined front end of the train unit by the Physical
Train Unit Operation Systems (PTU-OS). Therefore, it observes the direction
controller of the Train Driver.

Rationale

Observing the position of the direction controller is not going to be significantly
changed due to the automation of railway operation. Therefore, it does not need
to be part of the development scope and can be allocated to the actor Physical
Train Unit Operation Systems (PTU-0S).

Observe the movement Control the grade

@flirection relative to the
front end of the train DellEstimated internal state of movement direction of one train unit front end

= of automation for
unit one train unit

Figure 76: Context of Observe the movement direction relative to the front end of the train unit

# train_unit_front_end_movement_direction_intention

Input From
No inputs defined
Output To
Estimated internal state of movement direction of one train unit
front end
Control the grade of
Exchange ltems: automation for one train

unit
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- None -

4.5.19 Observe the state of the railway - STUB

Attribute | Content
Name Observe the state of the railway - STUB
Description This function represents the responsibility of the Operations Manager to observe
the state of the railway.
The Operations Manager is a human actor with a role to observe and monitor
Rationale | the operation of an Area of Control. Hence, this is a function of the actor
Operations Manager and cannot be inside the system boundary
@Pisplay the position (sr Observe the state of
of one point P=llHuman perceptable state of point position k the railway - STUB
Figure 77: Context of Observe the state of the railway - STUB
Input From
Human perceptable state of point position
Exchange ltems: Display the position of one point
3 point_position_indication

Output

To

No outputs defined

4.5.20 Observe the train integrity state of one physical train unit

Attribute

Content

Name

Observe the train integrity state of one physical train unit

Description

This function estimates the integrity state of a physical train unit based on inputs
from multiple sensors on the train.

Rationale

Train Integrity Monitoring System currently considered to be part of the Physical
Train Unit Operation Systems (PTU-OS) Function and therefore, it is also
considered to be outside the scope of the system. This reasoning is based on the
assumption that train integrity detection can be done by various physical
principles and by different technologies. These differences are very specific to a
vehicle class and should be abstracted away by Physical Train Unit Operation
Systems (PTU-0S).

Hence, this is a function of the actor Physical Train Unit Operation Systems
(PTU-0S) and cannot be inside the system boundary.
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Observe the train

- None -

Observe the

@ integrity state of one
physical train unit

% PElEstimated internal state of train integrity

['Dmotion of one train ]

unit

Figure 78: Context of Observe the train integrity state of one physical train unit

Input From
No inputs defined
Output To

Estimated internal state of train integrity

Exchange Items:

#8 train_unit_integrity_state_estimation

Observe the motion of one train unit

4.5.21 Provide date and time reference

Attribute | Content
Name Provide date and time reference
Description This function represents the responsibility to provide an actual date and time
from a single, official reference.
By definition, the date and time must be provided by an official source like a
Rationale | ,o1o|0gy institute. Hence, this function cannot be inside the system boundary.

GDProvide date and time

/’,D Maintain current
reference

% D=3l Provided date and time (¢ dateand time

Figure 79: Context of Provide date and time reference

Input From
No inputs defined
Output To

Provided date and time

Exchange ltems: Maintain current date and time

3 date_and_time_definition

4.5.22 Provide map data - STUB

Attribute Content

Name Provide map data - STUB

Description This function represents the responsibility of the Infrastructure Manager (IM) to
provide Map Data to the system.
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- None -

Attribute Content

Map data can be gathered from many external data sources and will require
control and configuration outside of the system. Also, this process is different
Rationale | 1, |M to IM according to the individual context and needs. Hence, the actual
provision of map data cannot be part of the system.

P
PMaintain map data )

® Provide map data -
STUB D=llProvided map data

Figure 80: Context of Provide map data - STUB

Input From
No inputs defined
Output To

Provided map data

Exchange ltems: Maintain map data

3 map_data_definition

4.5.23 Sense+Observe the position of switch rail on one point machine

Attribute Content

Name Sense+0Observe the position of switch rail on one point machine

This function determines the estimated state of one point by sensing and
Description| ohserving the relative position of switch blades using different sensing
technologies of one connected Point Machine.

Point Machines are widely established in the railway domain and their actual
design and functionality will likely not change with RCA. Most Point

Machine designs come with internal switch rail position sensing capabilities and/
or can connect to external sensors.Therefore the Point Machine will be an actor
to the RCA system and this function will be outside of the system boundary.

Rationale

Observe the
@ position of one
DellEstimated internal state of point machine position k point

Sense+O0bserve the .
@ position of switch rail j:ontrol the ppsmon
on one point machine DellEstimated internal state of point machine position k of one point

Figure 81: Context of Sense+Observe the position of switch rail on one point machine

Input From

No inputs defined
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- None -

Output To

Estimated internal state of point machine position

Exchange ltems: Observe the position of one point

3 point_machine_position_estimation

Estimated internal state of point machine position

Exchange ltems: Control the position of one point

3 point_machine_position_estimation

4.5.24 Sense+Observe the state of all doors of one train unit

Attribute Content

Name Sense+Observe the state of all doors of one train unit

This function determines the estimated state of all doors for one train unit by
Description| sensing and observing the relative position of all doors using one or multiple
connected door actuators and different sensors.

Sensing and observing the state of train doors are long-established aspects
inside the railway domain. Furthermore, this function is highly dependent on the
actual door systems in use on a given train unit. RCA should not deal with these
Rationale | (ochnological differences and variability and only focus in controlling the doors.
Hence, this function is allocated to the actor Physical Train Unit Operation

Systems (PTU-0S) and is outside the system boundary.

Display the door
® operation state of
‘ DRIEstimated internal state of all doors of one train unit pebireitaget

Actuate+Plant
Sense+Observe the Control the grade
© [oehaviour of al ® state of all doors of D of ion for
coEofiongitsly DellPlant actual output state of all doors of one train unit one train unit DeflEstimated internal state of all doors of one train unit one train unit

Control the door
 operation state of
DHlEstimated internal state of all doors of one train unit one train unit

Figure 82: Context of Sense+0Observe the state of all doors of one train unit

Input From

Plant actual output state of all doors of one

train unit Actuate+Plant behaviour of all doors of one
Exchange ltems: train unit

None

Output To

Estimated internal state of all doors of one train

unit

Control the grade of automation for one

Exchange ltems: train unit

3 all_doors_state_observation
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- None -

Output

To

Estimated internal state of all doors of one train
unit

Exchange ltems:

36 all_doors_state_observation

Control the door operation state of one
train unit

Estimated internal state of all doors of one train
unit

Exchange Iltems:

3 all_doors_state_observation

Display the door operation state of one
train unit

4.5.25 Transmit eurobalise static information

Attribute Content

Name Transmit eurobalise static information
Description This function represents the data transmission from a Eurobalise (EUB) to a
Train Unit.
The current assumption is, that the Eurobalise (EUB) will be primarily used for
location references also in RCA and will be conceptually unchanged. Hence,
. also this function needs to be outside the system border.
Rationale

(@ Transmit eurobalise

/@ Sense the data of )

static information % D=l Transmitted balise data ¢ one eurobalise

Figure 83: Context of Transmit eurobalise static information

Input

From

No inputs defined

Output To

Transmitted balise data

Exchange Items:

3 eurobalise_telegram

Sense the data of one eurobalise

System definition, 2022-04-26, RCA.Doc.35, Version 0.4

93



- None -

5 Scope of operational requirements

Content for this chapter will be added later.

5.1 Review of past experience data for similar systems

Content for this chapter will be added later.

5.2 Constraints imposed by existing infrastructure

Content for this chapter will be added later.

5.3 Safety related application conditions (SRAC)

Content for this chapter will be added later.
5.4 Operational conditions
Content for this chapter will be added later.
5.5 Maintenance conditions

Content for this chapter will be added later.

5.6 Logistic conditions

Content for this chapter will be added later.

5.7 Operating procedures

Content for this chapter will be added later.

5.8 Mode of operation

Content for this chapter will be added later.
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6 Existing safety measures

Content for this chapter will be added later.
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- None -

7 System reference version

Content for this chapter will be added later.
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8 Assumptions

Content for this chapter will be added later.
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