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1 Intention of this document, target group

This document explains the motivation, targets, the basis of the business case and basic strategies
of the evolutions and innovations of some of the trackside CCS (control-command and signalling)
subsystem of the rail system. In the further chapters we will focus on three specific subsystems that
will be explained.

The target groups are CCS managers, CCS life cycle and asset managers, CCS technology strate-
gists, CCS procurement managers, CTO and technology innovation strategists.

2 Status of work

“Plan Execution” (PE), “Advanced Protection System” (APS) and “Map” are core projects inside RCA
(Reference CCS Architecture) that are generating an architecture description (business and opera-
tional requirements, and interface specifications) to be used as a standard reference tender spec-
ification for enabling of further specification steps and specific implementations. All three together
as a concept are called “A.P.M.” in this document and offer: “Advanced protection system, plan
execution and map data management”.

This document describes the main strategies behind A.P.M and the main business targets. It is part
of a set of documents that will form the “A.P.M. concept”. Other documents of the A.P.M. concept
describe operational scenarios, system definition and analysis, or functional analysis and logical
architecture.

Currently the “A.P.M. concept” as well as this document are work in progress.

3 Use of this document

The A.P.M. concept documentation shall be used as a general description that helps to understand
the basic intentions behind the A.P.M.. It will be used for communication and onboarding events, for
discussions about product development strategies, or to describe the business expectations for fea-
sibility studies or for the design of prototype projects and pilot lines.

Important requirements on target level are marked with a “#Requirement-Keywords” tag. All tags are
listed at the end to give a compressed overview of all requirements.
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4 “AP.M.” —inanutshell

A.P.M. sits in the middle of the CCS trackside architecture, which has the typical form of an “industrial
automation pyramid”. .

Operator

Customer

Traffic Management System
(TMS) The “business logic”

Plan & ATO Execution (PE/AE) control system

Advanced Protection System (APS)

The “physical world” — to be controlled

Track user & obstacles Track

Figure 1: A.P.M. in the middle of the railway production (in green)

The Traffic Management System (TMS) plans and decides “when is what to do”. The Traffic Man-
agement System (TMS) continuously re-plans the timetable and decides about measures to optimize
the flow of traffic on the network for any planning horizon (short to long-term) and for any type of
track usage. TMS is typically a large IT system landscape, which delivers a production plan. The
production plan is analysed and executed by “plan execution” control systems that send commands
to train (trackside automatic train operation systems, AE) and trackside (PE). The APS assures as
a gatekeeper, that the plans and commands of the TMS and AE/PE create a safe traffic flow and
then executes them. APS assures safe track usage and uses the sensors and actuators in trains,
mobile track user devices (maintenance teams) or trackside assets to control and supervises the
railway production. MAP provides reliable, validated topology and topography data (Map Data) for
all operational RCA subsystems, including safety-critical components. Another important goal is to
control the distribution of the Map Data from a single source to the relevant subsystems. A.P.M. must
fulfil very high availability, safety and security standards.

A.P.M. is a generic term for functions of the future railway system architecture that are today located
for example in centralized trackside control systems (CTC), interlockings (IXL), radio block centres
(RBC) and trackside functions needed for controlling automated train operations. Or in other terms:
A.P.M. is the trackside part of CCS without including TMS or the trackside assets.

The term “advanced” in A.P.M. shall only be used in the case that the requirements described in this
document are fulfilled. Otherwise, the term “trackside protection systems” is used. This document
does not describe all customer requirements for a railway CCS, the new and advanced features of
A.P.M. are focused.

A.P.M. does not stand for a certain technology; it stands for a set of challenging business targets
and requirements that are described in this document. The concept of A.P.M. describes a quantum
leap of innovation in this area but potential technical solutions for all requirements are known.
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APS itself is only usable in conjunction with PE since the functionality split and scope is completely
different compared to today’s interlockings. To keep the “SIL4-related functionality” as small as pos-
sible APS only contains the minimal necessary functions to assure a safe production. Every other
function else is shifted to PE or TMS (shop, planning, overall optimization, ...).

5 The business case of A.P.M.

Today’s CCS systems are based on older technology structures. The business goals behind A.P.M.
are to endorse optimal use of the physical track capacity (real-time, precise), allowing a very high
grade of automation for the production with high reliability, safety and security. Modern automation
technology concepts can create a quantum leap when they are introduced into the CCS area.

A in detail calculated (and checked by external experts) business case proves, that the economic
impact of the improvement of CCS based on an ideal protection system is large. The potential cost
reduction (asset cost, maintenance cost, railway operational cost, less tracks) can reach a dimension
of up to 40 Mio€ cost reduction per 1.000 km track and year (depending on the initial grade of auto-
mation in the base case, the legacy technology, target safety level, target reliability level, local price
level, traffic density / CCS asset density).

Additional effects are the safety automating coming with the continuous speed supervision and full
dynamic supervision of shunting and track workers, and the higher reliability because of the lower
amount of trackside assets and systematic redundancy for central CCS functions based on modern
IT technologies.

To achieve these business goals, A.P.M. at first stands for a challenging set of customer targets
for the next generation of trackside protection and control systems. The following table references
the A.P.M. relevant goals out of all identified RCA goals (RCA.Doc.48 Realization of RCA Goals).

A.P.M. #business target indicators (direct effects and indirect effects)

A.P.M. Goal Description of the target

Decreased whole life Up to 35 % reduction of the life cycle cost of the CCS Infrastructure:
cycle cost (Capex + = reduction of up to 65 % - 70 % of trackside assets

Opex) (G1) = support increased automation for activities such as engineer-
#35% LCC reduction ing, maintenance, planning (during whole lifecycle from mi-

gration/implementation to depletion)
= modular system architecture with LCC dependent split

Increase capacity (G6) | Increase of 15 — 30% (example SBB) to be used for increased traffic
#15-30% capacity improve- | volumes (in combination with a more sophisticated TMS) while avoid-

ment ing / reducing investments in tracks / points.

Improved Performance | Increase of punctuality and available customer service through:
(G7) e 40— 50 % reduction of trackside device failures (through asset
(availability / reliability / reduction)

operational stability/ e Improved maintenance (Condition based maintenance, devices
recovery) better designed maintainability)

#50% RAM improvement e Timetable stabilization, by having more reserve time between the
trains, through increased capacity.
e Reduced manual errors
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A.P.M. Goal

Description of the target

Increase safety /
Reduce collisions (G8)
#safety improvement

Increased safety for shunting and of construction sites through locali-
sation and “full supervision” at all times.

Increased Security
(G14)
#security state of the art

Security is an integral part of the system design (“security by design”,
IEC 62443)

Speed of rollout (G10)
#50% faster rollout

Industrialised rollout: Accelerate commissioning and putting into oper-
ation by 50 %. Necessary to handle upcoming replacement peaks.
Also contributes to cost reduction (see above). This is depending also
on other innovation projects (e.g. EULYNX).

Customer information
(G11)

Precise customer information based on detailed, precise and automat-
ically provided production status

Reduced journey times
(G12)

Acceleration effects are supposed to be low and reduced journey time
is invested in stability of the network. Not explicitly part of all IM’s busi-
ness cases.

6 The frame conditions and technical characteristics of A.P.M

From the perspective of the users targets a “trackside CCS system is an A.P.M.”, when it fulfils the
customer targets listed in this document. In the terminology of RCA the A.P.M. is only then an A.P.M.
if all of its RCA standard interfaces are implemented (to TMS, trackside assets, train, track worker
safety systems, other signalling systems).

The default configuration is built on the following #frame conditions:

e based on radio-based ETCS (Level 2/3) without lineside light signals
o applicable for different types of railways lines (regional, low density, urban, main line, high

speed)

e supports modular migration (independent “modules” TMS, APS, PE, MAP, trackside assets)
¢ allows flexible migration of fleets concerning ETCS equipment versions/functions
e supports Automated Train Operation (ATO) Grad of Automation (GoA) 2-4 and operation in

GoAOand 1

e support for standardized interfaces to trackside assets (EULYNX)

The A.P.M. approach is at first an initiative for a worthwhile innovation, whereas its standardisation
is just one aspect of this approach. In the course of this document it will get obvious, that the stand-
ardisation of the A.P.M.-external interfaces is anyway a prerequisite to fulfil the customer targets (life

cycle optimisation).
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7 Operational strategy

The operational strategy with the usage of A.P.M. is based on #unified operational processes within
the Single European Rail Area (SERA) for normal operation and degraded situations for the target
systems. These unified operational processes are the main prerequisites for the successful technical
standardisation improved interoperability and a big enabler of fundamental change in operation.
They will enable the smart usage of technical solutions from the thinking of the operational purpose
This must become possible for #cross-border operation in European corridors.

A.P.M. supports a limited operational freedom to choose necessary functions and parameterize
them. An optimum between standard and adaptability on operational needs shall be assured. This
enables in addition the reaching of several business goals for the overall system:

e #high grade of operational automation (also for shunting or degraded modes)

e #low rate of wrong decisions and risks

e #fast recovery from incidents and short usage of degraded modes for operation

o #flexible operational alternatives in case of deviations from operational normal states

The main idea is, that all train movements (on demand, short-term to long-term, strategic, concep-
tual, operational) are considered within the operational plan (#plan-based). Part of the planning pro-
cess is the #intelligent incident handling as well as the processual and #functional assistance of construc-
tion works, that enables a smooth operation.

Deep granularity and efficient performance on the operational plan is gained through the availability
of any needed #detailed information for the Traffic Management System (like precise speed profile,
breaking performance, train-specific track usage conditions). Each train movement shall use the
infrastructure as best and efficient as possible. This means also to protocol a sum of possible running
characteristics e.g. specific speed profiles per different train categories available for specific piece
of tracks as well as to ensure an ongoing precise data exchange between all systems.

In addition, operation is stabilized by minimizing driving variance through the support of ATO in the
Grade of Automation (GoA) as needed for the specific movement and suitable from Infrastructure
Manager perspective. This means operation can be chosen on the GoA level needed from the op-
erational context.

Operational targets are ensured and reachable by:

e #enable the TMS/PE to precisely steer rail operation on track and train

e more capacity through #shorter headway by better usage of infrastructure considering the details
of the running train formation and the precise occupation information

e #faster adaptation of infrastructure to operational needs based on the reduced complexity and stand-
ardised solutions

e supporting #automation of infrastructure and vehicle operation (up to GoA 4 depending on needs,
no operational staff needed on-board, all functions are executed automatically)

e concentrate on minimal needed functions and processes for enabling structured approaches
within the technical solutions to be changed or developed

e less energy consumption and wear & tear optimization for trains

e enabling an appropriate #migration strategy reaching a unified technical base

Today, operators in control centres need to be trained on different complex legacy systems and are
partly supported by automatization. In the case of partly automated operation the staff is on the one
hand not involved for the automated parts and on the other hand faces a high demand for actions in
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case of deviations and incidents. This asks for good training and a high skill sets to take on respon-
sibilities from the system. By changing the operational approach and the technical system the aim is
to get #more assistance by the system for the operators. The more automated and transparent sys-
tems should help to reduce personal decision making under pressure and enable a simple training
as well as usage of the learned proceedings. In addition, the development shall consider a changed
level of skills per person in general and enhance the attractiveness of the operator job as a full
automation won’t be reached in near future.

Operational implementation compared to today

To explain the practical impact of this strategy the following mission statements shall describe as
examples, what A.P.M shall achieve on an operational level:

1. There shall be #no movement categories necessary like “shunting” with special modes or rules, if the
implemented configuration and fleet equipment allow this. There shall only be movements with
a high grade of supervision. If a train does not deliver enough information to enable full supervi-
sion (temporary or in general) A.P.M shall handle the mix of human and technical supervision
safely and efficiently.

2. A.P.M shall #not generate needs for voice communication (even in degraded modes) or manual
steps if the implemented configuration (TMS, PE, train systems, trackside systems) allows a full
or a high grade of automation and therefore no more needs voice communication including ex-
change of written orders.

3. A.P.M shall support a high grade of automation of processes in operation centres and operational
work to increase productivity, reduce reaction times and to manage complexity. For this the
APS/PE interface shall offer an open, standardised and flexible interface for several (and per-
haps unsafe) automation systems.

4, A.P.M shall allow #“rich” degraded modes which means that even in a situation with reduced avail-
ability of reliable information the best reduced production shall be allowed that is still safe based
on this information

5. A.P.M shall support a high efficiency and grade of automation for ETCS operations, especially
for processes like ‘start of mission’, ‘transitions’ and ‘mode changes’ as well as ‘joining/splitting’.

Operational scope

A.P.M shall handle #all railway operations for highspeed, mainline, regional, or urban railways in an efficient
way. The operational scenarios are described in the A.P.M models as “functional chains” and oper-
ational sequences.

Guideline for the definition of detailed operating rules

#APS does not support a traditional logic for lineside signalling (and does not connect to the signal inter-
face of EULYNX) since lineside signals are not part of the standard APS configuration. For special
lineside signals for example at the border to foreign areas or special signals in stations (wagon
crossing) the APS information about movement permissions can be used for signalling simple infor-
mation.
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#A.P.M implements the ERTMS operating rules (TSI CCS Appendix A) with some important enhancements and
exclusions:

a) Less or no manual interaction between driver and signaller (to be substituted)
b) support only of ETCS Level R (CR 1234)

c) capitalize the TSI CCS enhancements “always connected” (e.g. UNISIG-CR 1350) and “cab
anywhere” (e.g. UNISIG-CR 1367)

d) support technically supervised shunting

e) support connectionless communication also via FRMCS
f) support ATO over ETCS operating up to GoA4

g) capitalize continuous precise on-board localisation

a. support digital automated coupling
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8 Architecture, system and asset management strategy

8.1 The basic aspects of the A.P.M asset management strategy

A.P.M shall support a high grade of automation by transporting the #detailed production status to
PE/TMS and by #allowing PE the detailed but supervised control over all actuator capabilities (based on
hardware abstraction mechanisms)

o o
] dh
Operator Customer

Traffic » agement Systc—
(TM” siness logit
—— Detailled
All :

. Control
AdvancedieEeElENe; @ (abstracted)"

status
The - 10 be

Track user & obstacle (@Pstracted)

T T . 4 _

#Decouple different types of life cycles (modularisation) and different types of major functionalities (e.g.
concerning safety or availability requirements) with #standard interfaces to reduce integration effort (for
suppliers, integrators, customers) and to #create the potential for a broader market offer by more special-
ized companies or subcontractors of the industry

Use #modern and proven ICT architecture, maintenance, and deployment strategies whenever useful (like
automated upgradeability, continuous deployment, remote maintenance, integrated standardized di-
agnostics, scalable microservice architectures, etc.)

Apply #architecture layering, #hardware abstraction, #strong independency management, #adaptable intel-
ligent interface strategies (exchangeability, lose coupling for downwards and upwards compatibility,
etc.)

Use common-of-the-shelf components or common cross-sector solutions whenever possible and
rational.

#small safe components: Allocate all functionality with no safety relevance outside of the safe systems
in other architecture layers (allocate them in Traffic Management System or Plan Execution system)

#reduce the technical skill demand on the side of the users (specification, application design, operation,
maintenance, etc.) by smarter safety-logics, automates high-quality tool chain, avoiding complex
technology mixes and supporting platform services (like “software as a service”)

#reduce the safety case effort by decoupling component safety cases and their mutual safety relevant
interaction (change impact reduction, automated change impact analysis, preparation as generic as
possible)
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#Provide high usability for GUI and don’t distribute user interfaces to many other systems. A.P.M itself
shall mostly be a “hidden” functionality (except services or interfaces for the reliable display of the
actual production status to e.g. TMS).

8.2 Architecture strategy for A.P.M: Business targets for the main functions

A.P.M shall implement the major functionalities with the following business targets

a. “Plan execution”: In PE all automation functions (split a plan to single commands at the
right time), that today typically reside in interlockings or centralized control systems but
have no or minimal safety relevance, shall be allocated to #reduce the size of the “SIL4 lay-
ers”. The business target behind PE is to offer simple OR also sophisticated interfaces to
traffic management systems that accept simple operational plans (just like a list of planned
movements A to B), or very precise optimized operational plans (making use of train spe-
cific properties and speed optimisation).

b. “MAP”: This centralized function shall provide actual and reliable MAP data (layered data
structure with geometry and object layers) for several functions at the same time (#data
preparation synergy) and based on a data exchange standard. This also shall #reduce inter-
face complexity and manual work for data conversion processes.

c. “APS Feature - Safety Logic”: #generic standardized safety check function with a generic
safety approval, in every installation the same, no special configuration that #only needs actual
topology and train information (functions, properties, status) to check reactive, if actions
(like new movement permissions) requested by systems like PE/TMS are fulfilling (config-
urable) safety constraints like the minimal distance between track users or the allowed
relation between distance/speed/protection of track users.

d. “APS Feature - Safety Manager”: #generic risk pattern recognition function that actively
identifies configurable patterns in the overall status and sensor information coming from
trains, track users or trackside assets

o for safety events like a fault of point machines,

¢ and for operational risk events like detected persons on neighbour track). It cre-
ates information or action requests for the Safety Logic, PE or TMS functions
(TMS includes for example incidence management)

e. “APSFeature - Object Aggregation”: This #sensor-aggregation-function shall allow to con-
nect multiple types of on-board (trainside), mobile or trackside sensors and information
systems to retrieve and combine information about production objects (like trains, persons
on track, trackside assets) like identities, status or occupation, and to aggregate, store and
forward the status history. The function shall allow to #split/copy/distribute a single command
from the Safety Logic to several receivers_for which the command is relevant (like a movement
permission) by using abstracted addressing.

f. Device abstraction Layer, 3 main functions called “transactors” (“Movement Author-
ity Transactor” to the train, “Fixed Object Transactor” to the trackside assets, “Mobile Ob-
ject Transactor” to track worker safety systems or mobile devices): This layer divides the
low number of more central production IT systems from the physical world with a high
number of expensive assets (train, trackside). The business targets for the 3 main func-
tions in the device abstraction layer are:
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e #device function abstraction which means that even different forms of device (train,
trackside) implementations with a proven compliance to the standardized transactor
interface shall be a working replacement for other implementations without effort

e #protocol translation of different protocols or protocol releases to be able for example
to mix older and newer ETCS on-board unit (operation) system versions on a line or
different releases of EULYNX protocols or interface variants of trackside assets

e Protocol translation (from generic protocol inside A.P.M. to the specific protocols of
devices, like ETCS) shall also allow to reduce the risk of large system impacts coming
with the evolution of ERTMS.

e f#capability-matching: Protocol translation shall allow the retrieval of abstracted device
capabilities on runtime (or in degraded modes) so that matching protocol variants can
be used by the transactor >>> Allow the connection of devices with “much or less”
capabilities, reduction of planning and configuration work

Other functions of A.P.M. shall be implemented along the state-of-the-art objectives especially con-
cerning integrated identity and access management, integrated diagnostics, integrated configuration
management, and integrated workbench platforms.
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8.3 Architectural environment for A.P.M.: Interfaces and migration

Traffic Management System (TMS) -
Data Sources
1
MAP e

Plan/ATO Execution (PE, AE)

Advanced Protection System (APS) 9 Ne(gg?ﬁlféB%C S

Track Workers Systems Trackside Assets

Figure 2: A.P.M. and its 6 main interface partners

1. #APS shall only have one future oriented interface to the Plan Execution Systems (PE) that follows the
future design and requirements. #Migration support for existing TMS: PE/AE shall handle the mi-
gration aspects for connecting to older/today’s “route-based” Traffic Management Systems or
central train control systems by offering standard interfaces for older TMS.

2. #Interface to traditional interlockings/RBC and to other APS. In terms of migration APS must handle
the interaction with other APS with a new standard interface and (#Migration support to connect to
existing interlockings/RBC) to today’s interfaces to interlockings (based on EULYNX standard) and
RBCs (based on the TSI CCS interface definition).

3. #TSICCS compatible especially for the enhanced features coming with TSI 2022 but also for future
improvements (postponed TSI CCS change request like for onboard localisation). #Migration sup-
port for existing ETCS onboard units: APS shall be as backward compatible as the TSI CCS and its
transition rules define, excluding compatibility to Baseline 2.

4. #Standard interface for trackworker safety systems and mobile safety devices. Migration support: There
is no generic interface concept that is realistically preserving old interfaces compatible to a new
standard interface since existing trackworker safety systems have a wide variety of proprietary
interfaces with very different solutions and information flow.

5. #Standard interface for connecting trackside assets based on EULYNX: APS shall be compatible to the
EULYNX interfaces to point-machines, trackside detection systems, level crossings and generic
IO for baseline 3 or higher. Migration support for non-EULYNX compatible trackside assets is
not included in the APS functionality.

6. The MAP function shall offer a standard API, Ul and import functionality without adding migration
adapters. The API shall support the multichannel validation of data to #achieve reliability for the
MAP data for safe applications.
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9 RAMSS Strategy (Reliability, Availability, Maintainability, Safety, Security)
Scalability and cost optimization

Generic functions, rule based configuration adaption (e.g. configurable pattern matching in the safety
surveillance) and configuration features (software redundancy configuration, trackside configuration,
APS computing system structure) as well as operational standardization shall support a cost-efficient
optimization of RAMSS. Thus a #LCC-oriented RAMSS scalability shall be a major objective for A.P.M..

Modernisation and Security (see also: RCA security guideline)

The stepwise modernisation of the railway system leads to a wider usage of IT-based parts in the
system. Based on the principles of ISO 27001 and IEC 62443 an appropriate mitigation strategy for
#assuring security and avoiding damage from cyberattacks shall be applied. This especially means:

a. implementations based on “security by design”
b. implementation of multi-level security zones
c. broad implementation of security monitoring functionalities
d. implementation of state-of-the-art identity and access management
e. implementation of self-secured data flows (end-to-end security)
f. deep analysis of used third party components
Completion of safety considering in overall CCS, modular safety

Current system suffers on inequality on safety consideration. This means some parts of CCS are
developed in a very safe manner to ensure an overall safety level where other long-term existing
parts are developed in the past as being safe-enough compared to older systems in the past. Some-
times systems are named as “safe” but without any possibility for quantification of the exact level.

The full standardization and specification covering the full CCS architecture and end-to-end process
enables a complete consideration of safety in the CCS domain. This enables to lift also (less) safety
needs in some technical domains due to a better balancing of parts of the CCS domain and a real
calculation of a comparison to the targets of the overall operational performance.

The safety related development within a safety organisation shall support a RAMSS-compliant stand-
ardisation by gaining technical compatibility as an additional essential requirement and operational
interoperability not restricted by safety mitigations.

This includes drafted set of deliverables according to CENELEC development phase 4 for generic
application as a tool-box principle for further detailing:

e System Requirements (functional, non-functional requirements)
¢ Interface Specification
e #Digital Safety Case including risk analysis based on unified operational processes

Considering the formal documentation, a #generic hazard management for the generic application shall
be ensured on European level leading to a minor necessary specific handling for the various Infrastruc-
ture Managers including the National Safety Authorities.
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RAM considerations

From a business perspective, a compatibility regarding the RAM requirements between products
facilitates their integration and subsequent life-cycle phases compared to today’s CCS system.

The reliability of the system depends on the robustness of the components minimising random fail-
ures, and the diligent application of quality management process during the system’s life-cycle min-
imising systematic failures. The reliability is also considerably influenced by the reliability of the
computation platform and transmission network which enable time-based data transmission with
low latency.

A low level of down-time of the system and its constituents due to faults and maintenance activities
provides the conditions for a high overall availability. Nonetheless, all constituents must be consid-
ered with certain non-availabilities and monitored if needed. A major factor to recover from a de-
graded situation is the possibility to perform maintenance activities promptly due to improved ac-
cessibility and independence of constituents enabled by the highly modular approach to the system
architecture.

For the provision of quantities and frequencies of processed data towards Monitoring, including
RAMS performance values, that are gathered in service during operational and maintenance
phases are recorded in order to check if there is any deviation from theoretical and expected RAM
figures. This further improves the coordination and planning of RAMS activities by the respective
Infrastructure Manager.

The strategic definition of RAM shall enable a high system safety by operation on the highest pos-
sible safety level but shall avoid that the RAM parameters become an essential part of the safety
demonstration because this would necessitate a system-supervision not being possible by the cur-
rent technical solution. Additionally, the RAMS documentation and approach must enable an im-
mediate update according to security threats with less effort for approval. Thus, RAMSS require-
ments must be balanced according to different needs from the early beginning of system design.

10 Development and implementation strategies for A.P.M.

The development is based on the one hand reflecting an appropriate RAMSS strategy and on the
other hand deriving the correct needs. The development shall be a task in close partnerships of
different stakeholders:

¢ Infrastructure Managers

¢ Railway Undertakings as “users” of the infrastructure
e Rail Industry

e Research Institutes

e Authorities and Inspection Bodies

The stakeholders shall participate for enabling a best-fit of knowledge and experience as-well a dis-
tribution of tasks to be performed in development phase. This will enable:

e Dbest share of competence and experience by coordinated work with all stakeholders
e best use of capacities of persons in the overall rail sector
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e shorter (supplier) specification phase by enabling formal split between standardisation, cus-
tomer requirements/industry specification and design of products

¢ simple adaption including re-certification as consequence of an overall system definition re-
specting not only the technical solution by taken operation and processes into account

There are several implementation strategies for A.P.M., that can fulfil a part, or all of the targets listed
in this document. It may be an evolution of existing systems (interlocking, RBC, etc.) or a completely
new development without refactoring any legacy. It could just be a new software suite on already
existing hardware platforms. The pros and cons for the development strategy are not discussed in
detail in this document.

It shall only be noted here that the characteristics of APS allow a very slim, simple, flexible and
powerful implementation of a trackside protection system, if this is done from scratch and resembles
the development method used in the past for safe RBCs, based on a track usage management with
geometric algorithms. Feasibility studies and Rete Ferroviaria Italiana (RFI) showed that this imple-
mentation strategy has a very good chance to fulfil the APS targets listed in this document for a
reasonable price and with a fast amortisation. Other implementation strategies may struggle to fulfil
all targets because of legacy constraints but can do early and fast evolutional steps. Therefore, the
characteristic of the recommended implementation strategy is

e #use existing modern (safe) hardware environments that allow centralized and decentralized system
topologies. #build on common communication technologies.

e Use partnership models that are successful for distributed software development.

e Use public reference implementations (e.g. digital twins) for very important core elements of
the application that reduce the compatibility and life cycle risks for this development. Market
product USP shall take place in the non-core functions and the integration services

e Set a high priority for a high-quality architecting process that leads the development and
assures the targets of this documents

e #simplify the RAMSS controlling for the development process und the RAMSS change impact analysis
for changes inside of the life cycle

¢ Implement a “continuous testing and deployment” process for the architecture

11 Resulting characteristic of A.P.M.: A challenging set of customer targets.

The following customer targets and requirements are the result of a long period of project analysis
in large railway CCS digitization and automation programs. The selection here excludes the ATO
discussion in this document release and excludes also aspects that need innovations for which no
solution is expected in the next 10 — 20 years.

11.1 Reduce the cost of capacity, enable high performance traffic management

High capacity can be achieved with nearly all old and new technologies by just increasing the asset
density and the grade of automation. But this is done often for a very high price. APS shall give
information and means of precise control to TMS for a low price by making the full use of the features
of radio-based ETCS. In legacy architectures these features are often not or only partly capitalized.
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11.1.1 A.P.M. shall offer a very precise real-time train control interface to TMS

Today'’s trackside protection systems create a lot of “sunk capacity” (reserves).
Tomorrow: Establish a fine-tuned optimal flow of trains fitting to the actual production situation (TMS
acts via APS which controls the ATO/ATP process).

a. #Enable TMS to control the precise
optimal speed (curve) of every train
depending on the overall situation to
create a perfect traffic flow (higher ca-
pacity and punctuality)

Every train drives optimal
in relation to other trains
(“zipper”, “riding on green

wave”, efc.)

Static speed
limits --> trains
hinder each other
(less flow)

APM enables TMS

b. #Movement permissions are re-
guested and granted in that moment
when they are really needed (based
on A.P.M. information)and do not
block unnecessarily capacity. Points
are prepared in advance.

Movement permission in
the moment where the
train should start to move

Too early routes
block station
capacity

APM enables TMS

c. Prognosis calculation gets precise
because of #exact train data getting
available (speed, position, type)

Plan reserves to
compensate un-
sharp prognosis

VTRVl Reduced plan reserves

d. #Scheduled speed mix (train mix)
and form of usage of a track layout
can be changed even on runtime with-
out losing the optimum of capacity us-
age

e. #No unnecessary use or worst-case
safety constraints in the operational
process (“Risk calculation on
runtime”): Train flow optimizers can
use situation specific advantages.

Speed mix and traffic flow
can be matched to the
track layout

Fixed optimization
of the CCS layout
for one form of us-

APM enables TMS

age dynamically
. : A train ,alone in the sta- "
Trains drive ) i
tion” or “with better sta-
always along APM enables TMS

tus” can get more speed
freedom

worst-case rules

f. #Increase the traffic density by re-
ducing the train ahead times needed
for safety

Long distance
needed because
of unprecise
information

The physically shortest
safe distance can be
used as train ahead time

APM enables TMS

g. #Allow an instant network wide
continuous improvement of the track-
side CCS subsystem configuration for
better performance

Optimize the safe CCS

behaviour of the station

every day without much
effort

Configure CCS
behaviour of a
station once in 20-
40 years

APM enables TMS

h. #Flexible safety pattern configura-
tion: Do not block capacity by safety
rules that do not fit in the case of

\ Optimised capacity by
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every railway.

Safety can be achieved by CCS systems, other tech-
nologies, logically or by humans. Since higher safety
of CCS processes downgrades capacity and reliability
and is a large cost driver, the CCS systems needn’t be
always the best place to achieve safety depending on
the type of railway production. Because of this the
safety niveaux of a CCS behaviour shall be configura-
ble. But the function/software of a CCS system shall
anyway be standardized.

i. #“Locally scalable” investment for

mixed traffic densities.

In a large station for main line railways with high traffic
densities today a high performance CCS system is
needed for all tracks although many of them perhaps
have only a very low density traffic (like a regional line)
that could be done with a low-end CCS system. “Lo-
cally scalable” shall mean that the technical effort for
the APS can be scaled “per single position” in the
track layout or network, and can be changed very fast,
if necessary dependant on the usage.

Larger area is
managed by one
type of CCS cate-

gory

The CCS effort can pe
scaled “per position” on
the track

APM enables TMS

j- #Highly efficient platform track us-
age or shunting without special instal-

lations (short platform change times, dense occu-
pation by multiple trains/units. These “short distance
coexistence” production processes today need addi-
tional CCS equipment, very low speeds plus observ-
ers or operative effort. Shunting can be enabled by
only a different risk-based operation without any addi-
tional installations compared to train runs.)

Short distance co-
existence ma-
noeuvres are slow
or need additional
systems

Every type of movement

is handled with the same

high performance that the
physical track allows

APM enables TMS

k. #New train types and their specific
detailed constraints, properties,
weakness or strength concerning the
safe production (e.g. breaking capac-
ity) can be introduced in the full net-
work in one (central) step and can be
validated or measured on runtime,

can be taken into account by the
runtime optimizers of the TMS.

I. #No unnecessary loss of capacity at
points on the track where the speed

limit changes

Because of the static block-logic of today’s CCS safety
systems these points are often a strong bottleneck for
the traffic flow.

Static train type
categories, rough
description, much

reserves

New detailed train type
description can be intro-
duced to all CCS systems
in one step.

APM enables TMS

Speed changes

on the track cre-

ate unnecessary
capacity loss

Traffic flow on the point of
speed changes is opti-
mized in advance, dy-
namically and precise

APM enables TMS

m. Early capacity improvement by
mixed production of ETCS Level 2
and 3 including moving block — #capi-
talize directly the capacity advantage
of new trains that already know their
integrity and safe length.

A an old “ETCS L2 train”
can already drive near
behind a new “ETCS L3
train reporting integrity
and reliable length”.

.Pure“ ETCS
lines: Wait until all
trains fit to the line

mode.

APM offers TMS

n. #Shorter maintenance and con-
struction possessions (blocked tracks)
with less impact on the bypassing
traffic on other tracks including a high

safety standard for trackside workers.
The processes around maintenance (with/without
blocked tracks) or construction are full of voice com-
munication steps between track workers and signal-
lers. Digitized interaction can shorten these processes
much and would allow to execute more maintenance
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under production without blocking a track. The speed
limit impact of construction sites on neighbour tracks
could be reduced if the dynamic status of a construc-
tion site is digitally known to the APS.

0. #The A.P.M. shall support TMS with
a detailed information how every part
of the network can be used (precise
topology state)

The ,actual CCS
configuration of
the network® is to-
day often hard to
retrieve

All forms of allowed us-
age of the network can be
retrieved by TMS from
APS with detailed param-
eters

APM offers TMS

p. The APS shall support “rich” de-
graded modes (production reduced as
less as possible the case of system
faults).

System faults of-
ten lead to a full
stop and then
“manual” train op-
erations

APS allows the use of the
still working part of the
systems in a safe way

APM offers TMS

g. #A.P.M. shall allow the installation
of new network or train elements in

small steps “nearly on the fly”.

Rollouts “station by station” or “line by line” are not the
most efficient ones. Network wide preparation pro-
grams e.g. with single changes of trackside assets
that go directly into production would often be the best
choice for the early usage of the new technical capac-
ity. Because of the overhead of CCS construction pro-
jects that comes with the characteristic of todays CCS
systems this choice today is not often possible.

Early/fast/simple use of
new single installations
by installing “asset by as-
set”.

CCS change or
replacement pro-
jects ,line by line”

APM offers TMS

I |

r. #Better traffic flow near to con-
struction sites by seamless integration
of mobile / temporary CCS assets (e.g.
occupation sensors) to optimize the
traffic flow in unequipped network ar-
eas

Worse traffic flow
near construction
sites without the

Seamless and fast
change of the track ca-

APM offers TMS pacity by using additional

|

right trackside I ! mobile CCS
CCS trackside as- emporary ' mobtie
systems
sets

11.1.2 Making real time optimisation smart needs detailed historical CCS data as a learning

basis.

An additional future-oriented customer target and feature of A.P.M. shall be to #enable smart TMS
optimizers to tune the traffic flow dynamically by using algorithms based and detailed production data record-
ing (speed relation tracing, asset performance, combination of traffic flow influenced by parameters
like train types or station capabilities, etc.).

A combination of sophisticated algorithms today can assure the perfect speed mix control parame-

ters in real-time.
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11.1.3 Making production visible en detail shortens processes

#A.P.M. shall offer detailed production data to various automation systems. This requirement results from
the fact that today’s systems create many manual tasks because of not available status or property
data (e.g. actual speed or breaking behaviour or exact track occupation position of trains) or missing
detailed properties of trackside assets or vehicles and train sets.

Manual human operations are not only expensive and more unsafe, the communication slows down
or hinders the production on all sides — they extend maintenance windows, occupations for shunting
manoeuvres, or start of missions. Missing detailed information about the traffic flow lead to too ge-
neric planning methods that generate unnecessary capacity reserves in the schedule.

The need is to make current behaviour of the system and data automatically available for other
entities in the system. This includes the specific braking capabilities of vehicles and train sets con-
sider them in the full phase of scheduling and re-scheduling. An additional advantage is given, if also
hidden parameters in the vehicles from today's safety approval can be made visible for trackside
and in addition trackside reduces due to standardisation the need of different braking levels for dif-
ferent lines where at the end the vehicle must apply the maximum value leading to unnecessary
margins in other lines.

In case of any change is needed for the movement including handling of degraded situations the
processes must be shortened and stable with tool-based assistance as much as possible. All manual
documentation and exchange beginning from route compatibility check, pre-planning of movement,
detailed planning of movement and operational rescheduling must be automated.

11.2 Asset management perspective: Jump to state of the ICT art

#A.P.M. shall introduce the asset management excellence of digital systems. The todays CCS architecture
is historically grown and contains because of this a large package of unnecessary legacies. In ad-
dition, the main parts of CCS are a complex combination of functions for securing the train run and
in additional operational functions for traffic management. Operational needs are mostly fixed im-
plemented by technical solution and only a minor choice of possible implemented configuration e.g.
train routes are possible for operational flexible usage.

Cleaning this up means to reduce the amount of needed assets by over 50% and allows the auto-
mation of many complex asset life cycle processes.

In the following customer target description, a traditional “Todays CCS” and “APS” are compared:

Today’s CCS A.P.M.

= Legacy line side signalling, or ETCS L1 => Only for ETCS L2/L3 implementation (mixed)
or L2 implementation

i _ =>» Based on the very new abilities of APS
= Based on traditional block based inter-

(described below) including moving block

lockings / RBC
= Based on typical traditional electro- = Mainly ICT typical live cycle strategies (modu-
technical life cycle strategies, rou- lar software/hardware, continuous integration, au-
© EUG & Etines,Nethedsieand market structure tomate change and keep everything upd@e¢0

(build once, use for long, avoid = ICT-typical high automation of change and de-

changes) ployment in shorter cycles. Decouple life cycles

> Traditional handcrafted planning, con- for components (strong dependency reduction as

struction and maintenance of single in- the main <trateav) or evetem lavere (central eve-



11.2.1 Life cycle cost reduction for the trackside CCS installations

The sum of CCS life cycle cost (design and planning, construction investment, maintenance, opera-
tors technological fixed costs, technology driven skill assurance costs, system operations cost, etc.)
correlates in first place to the number of physical trackside assets and in second place to the grade
of process automation for planning, construction, maintenance, etc.. The pure purchase price of
single asset components is normally not a significant cost driver (typically < 20 % of the life cycle
cost). But the effort to plan, install, operate and use them is strongly depending on their functional
richness (e.g. configuration automation), upwards and cross compatibility (dependencies limit life
span), and on non-functional properties like robustness.

This leads to the requirements that describe solutions which #avoid physical trackside assets as much
as reasonable possible and increase the grade of automation of CCS asset life cycle processes.

A third cost driver is an indirect effect in the case that an infrastructure is used at its capacity limit.
High performance CCS (requirements described in 11.1 ) can reduce the number of needed tracks
and points in general (depending on several factors, like structure of the schedule) or enable an
operation not in general given at the capacity limit e.g. for enabling maintenance windows of for
additional traffic in peak hours.

11.2.1.1 Reduction of trackside assets more than 50 % (explained later in detail)

Reduced asset category Strategy for reduction

#No lineside light signals Cab Signalling ETCS L2/L3 with operation
(except for example at network borders) :g:\tr]selge:;Tg a second signalling layer with
#No shunting signals No distinction between shunting and train

movements in the signalling layer, but only
by different risk measures (e.g. different
speed), enable enhanced cab Signalling
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ETCS L2/L3 incl. operation in Full Supervi-
sion

#Much less trackside train detection systems | More usage of train with integrity detection
(reduction of > 80% on long term) and reliable length information

#Much less ETCS balises (factor 5 - 10) Precise onboard localisation of trains

Less tracks and points in dense traffic | Capacity effect of APS described in 11.1 by
nodes in general supporting denser traffic

To achieve these reductions via radio-based ETCS its economic parameters, a reliable return on a
safe investment and the application simplicity shall be improved.
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11.2.1.2 Reduce the need to change CCS installations

Trigger for trackside CCS changes

Strategy to reduce the number of changes

Complete replanning of CCS configuration
because one element (e.g. one point-ma-
chine) in station with older CCS installation
changes and new safety regulations shall
be applied for the full area/CCS installation.

#APS shall be safely assured with the ability to assure
dynamically the same necessary safety level for every
type of topology or function layout of the track. The
function and the topological data needed in APS is
separated and not fixed implemented as a bundle
in the code.

APS will always only allow movements that are
safe compared to the situation, functional track lay-
out and necessary safety level — so #every change
of track or CCS functions is proven as handled safe by
APS in general.

One single CCS component gets obsoles-
cent and all connected components must
be replaced because of compatibility or
high safety case dependencies

#Strong functional and technical decoupling of compo-
nents in the architecture and abstracting on differ-
ent layers with no need to explicitly change all lay-
ers in case of any adoption.

#Automated integration for changes, functionality
and interfaces with automated downwards/up-
wards-compatibility mechanisms, implementation
of a #“modular safety” strategy that isolates as much
as possible the homologation of single replaceable
components or simplifies and automates the safety
integration process.

Technical obsolescence

#Obsolescence shall lead most often to “simple ex-
change” from the standard interface perspective in-
stead of “change of configuration”.

Capacity optimisation by CCS investments
(like investing into more signals or shorter
trackside train detection section)

#Capacity shall in terms of CCS only be dominated by
the abilities of the trains and the physical track layout.
The #A.P.M. shall use modern dynamically scalable
computing resources for central functions. The radio
and fixed network communication shall be based
on technologies with enough capacity reserves
(e.g. FRMCS as part of the Railway Mobile Radio
(RMR) for radio-based transmission). Trackside
train detection systems that create high costs for
higher train densities shall be more and more re-
placed or amended by onboard localisation. In this
long-term target the A.P.M. approach allows that
CCS systems have no relevant influence on the ca-
pacity anymore.

Functional change needed

The change of CCS system functionality is usually
caused by these aspects: Simplification of systems
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(cost reduction), better operational support by CCS
systems (automation, safety, performance, usabil-
ity) or integration requirements (e.g. coming with
new components). To reduce the amount and size
of functional changes the A.P.M. strategy shall im-
plement a very simple and #dynamically scalable ar-
chitecture, a pure and #harmonized operational con-
cept (e.g. shunting is no special movement any
more) and a high grade of #cheap upgradeability.

Improved neighbour components have im-
proved and not backwards compatible in-
terfaces

Even in a perfectly upgradable world of always up
to date systems the development life cycles of
components will create the situation, that compo-
nents implement different releases of interface
standards. Because of this the compatibility of in-
terface standard releases has a very high im-
portance for the reduction of migration dependen-
cies (“#old compatible with new”). The smaller the
steps of migrations can be the low the migration
cost. #Strong architectural rules to increase the inter-
face release compatibility (incl. functional compatibil-
ity) shall be implemented (interface segregation,
lose coupling, minimal standard that always works,
etc.).

Safety incident or identified safety gap, or
reliability to be increased

Every year an amount of safety relevant functional
amendments is done, also in form of additional or
changed assets. A.P.M. shall reduce this amount
by implementing three strategies:

e #Closing the existing gaps in the full supervision
by functions and not by operational specific
measures (like shunting),

¢ simplify the change of logic functions (#soft-
ware upgradeability for central and decentral
components),

e #simple addition of single components under
production and the “modular safety” strat-
egy (automated and reduced change im-
pact effort),

e #Hguarantee high reliability by redundant central
systems and

e reduced number of trackside assets.

11.2.1.3 Reduction of integration effort by upgradeability and dependency reduction

Integration means combining existing components to an application that fulfils a set of requirements
for the lowest possible life cycle cost (incl. anticipating the changes in the life cycle). Architecture
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tries to design the components behaviour (at their interfaces) in a way that makes integration (com-
patibility) simple even if usage, requirements, or constraints change for some components during
time.

The #reduction of integration effort is a major target and every optimization step about this has a high
value. This is not influenced by the question, who the integrator is in a single case (customer, sup-
plier, service company), when in the life cycle (from development to divestment) the integration effort
takes place or if the reduction can halve the effort versus bringing it completely down to “plug and
play”. It is always worthful. With a reduced integration effort potentials are made available:

o Life cycle costs are reduced significantly

e #smaller components have a lower complexity (better to manage, faster to develop)

e #changes can be done for smaller parts of installations (less sunk cost in replacements)
e investments are safer (broader market possible, lower obsolescence risks)

e critical lock-in situations can be avoided for mission critical installations

e #Hworkload can be divided better between more and specialized partners
e innovation speed can be increased (if the standards are flexible enough)
A standard can have a negative impact when it is too static and forms a bad architecture.

Modularisation or compatibility does not happen only because a standard is established for one point
in time. Standardisation is a prerequisite, but does not already assure, that all components fit to-
gether in the life cycle or migration and that they form a high-quality architecture. Every standard
and the standardized components will evolve in development releases over the years (optimization
process, adaption because of changed environment, security adaption, changed operational needs
etc.), while asset managers try to keep old asset versions as long as possible (reduce cost, reduce
risks because of changes).

The result is (for every point in time) a mix of components with different releases using different
standard releases. This is an inevitable situation in a digitized landscape. Neither freezing standards
for long nor changing assets always all together is an economic solution strategy. Avoiding changes
of standards is a worthful but limited ambition since it shall not hinder the optimisation of the CCS
system. Also, the fast-increasing amount of security threats will force every CCS system anyway to
change often, as well as the interface standards shall evolve for that. In addition due to a better
usage of the CCS system operational needs can be derived and implemented in short circles. This
is a continuous and never stopping process for evolvement of standards based on new functional
needs, safety aspects and security threats.

The first strategy aspect: Upgradeability

One important target is addressed with the term “upgradeability”: Reduce integration effort for ex-
ample by #impact resolution automation, by smaller component sizes, by #remote and automated de-
ployment and administration and certain interface mechanisms that allow the communication be-
tween old and new for a “seamless migration”.

Even complex dependency structures are no problem when the process of handling the #impact of
changes is automated or strongly supported by automated toolchains and recognisable by the safety supervi-
sion departments of the operator and the authorities as well.
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The second strategy aspect: Dependency reduction

The even more important strategy is #dependency reduction between components in general from a func-
tional and safety level point of view.

Independency of solutions, companies and life cycles is a dominant economic factor. It is multiple
times more important than for example avoiding redundancy of functionality or data. A complex de-
pendency network between installations can multiply the cost for CCS (repeated sunk cost for early
depreciation, high integration cost, incompatible new innovative products on the market, etc.).

In the CCS area the strategies of the ICT sector should be applied (see for example the SOLID,
KISS or encapsulation principles), that were learned in the past decades to reduce dependencies
between components. This includes for example:

#Components should retrieve on runtime what service is possible by other components and be flexible
to make use of different service offers or to combine them.

#Components should expose the minimal and necessary information to other components (encap-
sulation).

#interface segregation: Interface specifications and standards shall be split into smaller pieces,
especially in stable and dynamic parts of the interface.

#large platforms shall be avoided as well as central functionalities with large interfaces (except
for hardware or runtime environments) because their lifecycle would dominate all other com-
ponents

Granularity of interface standardisation (life cycle cost versus integration complexity)

o The granularity of standardisation (size of standard products) shall evolve over the
years in an iteration (big interfaces first, step by step going deeper).

o The increase of granularity (split up component) in an iteration shall reflect real-world
demands of asset managers or integrator companies and the realistic market poten-
tial that specialized component companies would be able to really offer

o The long-term target is to reduce the size of standard components (standardize inter-
faces inside of exiting components) to the best minimum where the integration cost
reduction is higher than the decoupling cost.

Components should be polymorph which means that they are able to “act in older standard
versions” if necessary and “use their new features if possible and allowed by partner compo-
nents”.

Standard interfaces should be located at a place in the overall system where it is simpler to
avoid dependencies (“#simple splitting point”)

To make the full use of these strategies also in CCS domain some paradigms shall be changed:

For economic comparisons the full life cycle cost approach for the change and integration
cost inside of the life cycle shall be used instead of the calculation of the first pure investment.
Major focus must be given also on life cycle costs for safe supervision of the correct behav-
iour of the system and keeping all authorisation certificates and permissions up to date. In a
digital CCS landscape, the costs happen more in the life cycle for operation and maintenance
compared to a high amount for first implementation and built for legacy systems.

The dependency structure inside of the architecture shall allow an automated component
change or upgrade every year.
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e Major #changes in safety cases shall not be mandatory or necessary when a change of component
versions happens. Generic safety compatibility principles shall be applied that allow for exam-
ple the “use as before” if components have a proven standard backwards compatibility (or a
certain behaviour). Generic safety cases shall be used to prove the safety of the combination
of interface standards for components of different sources and enabling having a correct
safety documentation on a daily base available.

e Safety architectures shall use #hardware abstraction mechanisms (paradigm “device driver”,
safety based on availability and reliability of data”) to avoid expectations (dependencies)
about the connected hardware.

It is assumed that changes in strategy like this will increase the initial cost and development effort
for CCS Systems, but the amortisation will happen fast due to reduction for the operational phase
and make a base of documentation usable for different types of installation of different operators.

11.2.1.4 Reduce planning, engineering, and authorisation effort for single CCS installations

Today CCS projects need up to 5 years of manual planning, design, detailed engineering, data prep-
aration and preparation of the safety case. The skill requirements and the complexity are high (es-
pecially for ERTMS projects) because of complex optimisation challenges and safety rules. The
complexity is coming also from the fact, that a mixed and dynamic traffic flow with continuous be-
haviour must be predicted and mapped to control systems and sensor/actuator structures, that divide
the tracks into specific segments that are controlled by layout-specific decision trees and commands.
Improvements are introduced in parallel stepwise and leads in the most case not to a 100 % usable
based for authorisation process. A variety of projects runs in parallel needing additional well skilled
persons.

These have to be developed and proven to be safe gaining reduction effects from starting on the
scratch up to getting the approval for getting into operation.

The target for the A.P.M. shall be to #reduce planning, engineering, and authorisation effort by more than
50 %.

The main strategies are:

e Less engineering because off less trackside assets and because of CCS standardisation
based on operational standardisation. Only focus on data preparation covering topological
changes using safety processes and toolchain.

e #Safety is assessed and assured mainly on runtime on the basis of a generic safety function for every
installation in the same way. No specific safety case per single installation, that assess spe-
cific design aspects (like track layout) covering the full installation, is needed.

e #The safety logic of APS shall have a generic approval and authorisation in which it is proven that it
just needs a reliable input of topology information and train information (track asset behaviour and
states, train behaviour information and states), and will assure safety on this basis.
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e The functional combination and suitability of specific trackside assets and train is proven by
a standard compliance and limits the need of compatibility check and specific authorisation
of vehicle considering the lines to be operated.

e #The safe combination of specific trackside assets or train is assessed and decided on runtime _too, as
well enabling an automated route compatibility check.

e The optimisation of the track layout is just done because of capacity reasons, not any more
for safety reasons and performed simply by topological changes.

ONCE - Generic safety case On runtime — Assess safety
Proof, that certain properties of track e Retrieve properties of track and train,
and train together allow a safe produc- if changed
tion if all CCS commands and event re- e Execute a CCS command: Assess
actions are assessed with a certain safety with the safety function and de-
safety function. cide

Figure 3: Basic safety strategy - proof safety once.

Comparison of project steps in a specific project:

Today:

Optimize CCS asset configuration Safety case

Optimize track layout for a certain traffic / speed mix (form of usage)

With A.P.M.;
Generic safety constraints

Optimize physical track layout for a GENERIC traffic situation

Capacity is not dominated by CCS layout, only by the physical track capacity

11.2.1.5 Much less trackside train detection installations

Depending on the traffic density there are 5 to 10 times more trackside train detection installations
than trains. Therefore, shifting the function and responsibility of occupation detection (train localisa-
tion) in general from track to the train reduces the amount of detection systems by this factor 5 to
10. This shift needn’t happen by 100 % since trackside train detection systems also have some
advantages in certain applications (like for stabling areas).

The prerequisite to use (partly) track areas without trackside train detection shall only be, that trains
are able to deliver their train integrity and reliable length information together with a safe train position
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report to APS, when they want to occupy these parts of the track. APS shall be able to assure a safe
production based on an active train surveillance instead of passive trackside occupation sensors.

In addition, the change of using less trackside train detection installations and using innovative loca-
tion systems leads to an operational considering of occupation where needed. Nowadays covering
different rules, the train detection systems is placed in example at a point covering the switchable
part, including safety signs. This means only if a wider part compared to the only relevant switch
blades is cleared, the point can be changed in position. A safe localisation of the train passage can
enable an early clearance and change of position of switchable field elements as side effect.

Registration check: APS

e  Train integrity
supervised Train is always located Train is “always trapped* in an ETCS movement authority

e  Length supervised

AT

»
L

.
Area with track Area without track
occupation sensors occupation sensors

Figure 4: ETCS Level 3without trackside train detection in a part of the track

11.2.1.6 Freely scalable A.P.M. setup without special configuration work

As described before on the long run the capacity (maximum train density) shall not be limited by the
CCS systems and assets, but only by the physical track layout. A.P.M. shall be able to make use of
the maximum physical track capacity if the trains offer precise position and integrity information.

11.2.1.7 Automate and simplify the design and change of CCS installations

Today the grade of automation supporting the change of CCS installations is low. The target is to
simplify deployment, construction, and maintenance by using IT deployment strategies like continu-
ous integration based on reliable automatic configuration and test procedures.

The A.P.M. configuration work shall be reduced to an automated process that just acquires the to-
pology and its CCS functionality. The topology shall by automatically synchronized between APS
and other CCS systems. The design of the layout of still existing trackside CCS assets (like balises)
shall be created by an automated and standardized algorithm derived from the physical track layout.

11.2.1.8 Reduce safety case effort

Today every installation needs a single safety case with a deeper analysis (large effort). With APS
low safety case cost shall be possible (only configuration compliance validation) because a generic
safety case for all installations has proven that APS is assuring safety for any topology if the config-
uration fulfils certain rules. This generic approach enables in addition a simple supervision of the
safety performance and adaption, without deep knowledge of specific safety demonstrations of var-
ious safety argumentations within a network. Cost reduction effects refer to the safety organization
also.
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11.2.1.9 Scalable and cost efficient (mixed) sensor configurations

Depending on the traffic and operational requirements a free mix of onboard and trackside train
detection and localisation technologies shall be useable by APS. #APS allows to combine different sen-
sors to get the full occupation and speed information for a train (e.g. flexible and dynamic combination
of axle counters and ETCS onboard position reports for train localisation). Point based, section-
based or continuous position-related sensors shall be combined by APS. Also, sensors of different
precision or reliability shall be combined to get a scalable cost/RAMS (reliability, availability, main-
tainability, safety) bandwidth for the CCS design. Sensors could be used at its best considering the
environmental condition, e.g. tunnel sections, and are not limited to one technology only suitable or
assessed for system use.

11.2.1.10 Safe production with the same (or a scalable) safety level on every topology layout

A safety responsible user or a NSA shall be able to rely on the fact, that APS assures a safe track
usage as long as the systems configuration, topology data and train data are compliant to the safety
relevant application requirements of the generic safety case covering APS.

This shall allow for example to change older stations stepwise even if they do not fulfil typical physical
requirements (like flank protection). #A.P.M. shall compensate missing capabilities automatically by for ex-
ample reducing speeds or avoiding too small distances between trains. This shall also automatically be
used in the case of a failure of trackside assets or train capabilities.

11.21.11 “Plug one or thousands of assets & rail”

#A.P.M. shall support the replacement of a large set of trackside assets for large areas (e.g. keeping track of
the asset test status over months or supporting forward-and-backward switching of lines) in one step as well
as #“on the fly” replacements (also for new installations) or maintenance work under production (“asset
by asset”). Processual approach is even the same, if only one asset is changed or a big replacement
is planned.

11.2.1.12 Reduction of the amount of on-site testing for new CCS installations

A.P.M. shall support the strategy of “#reduced onsite testing” by simulation and “remote test in the

loop” capabilities, and especially the fast switching between existing configurations and the test of
new configurations within the CCS domain. #By applying a full standard, the pure check between correct
deployed on-board and trackside systems must be possible for the first time.

11.2.1.13 Decentralized or centralized system topologies, modern configuration maintenance

A.P.M. shall allow different system layouts from decentralized to highly centralized safe computing
with virtualization and container technologies, n-modular redundancy, fast disaster recovery, multi-
tenant and multi-company cloud structures etc.

#The software-to-hardware-dependency for central A.P.M. systems shall be reduced to a level to decouple
this relation (life cycle) where it is economically reasonable.
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11.2.1.14 Seamless integration of track worker safety

#A.P.M. shall support to integrate track worker safety as an efficient automated process seamless into the
production CCS process. This means that #track workers shall be automatically detectable (if locatable) and
that #communication for track worker access to the track or trackside assets shall be automated.

11.2.2 Safe investments, upwards compatibility, flexibility to allow continuous modular
change, optimization, and innovation.

11.2.2.1 Smart interfaces

The interface design of A.P.M. shall implement features that allow an independence of lifecycles and
release steps on both sides of the interface (“connect old to new”). The negotiation shall not only
compare releases but shall also be able to #compensate (temporarily) missing capabilities of a system by
a reduced form of interaction (e.g. minimal necessary system interaction).

This point is especially important for connecting to a #mix of different ETCS baselines and system ver-
sions or to different EULYNX baselines.

11.2.2.2 Assure fast and simple upgradeability of the trackside ETCS functions and function versions
(maintainability)

A.P.M. shall be upgradeable to newer system versions or to be used functions e.g. of ETCS by an
automated process.

11.2.2.3 Decouple component dependencies to allow more component-wise replacements

For the reduction of sunk cost in replacement processes the dependencies between A.P.M. and its
environment shall be reduced to an optimal minimum (e.g. by device abstraction).

11.2.3 Support optimised, flexible procurement and continuous supply improvement

Today protection systems are very different in the countries which leads to high fixed costs per
country on all sides (Infrastructure managers and industry). The business target and procurement
strategy are to standardise and open the international market for trackside protection systems by
endorsing specialised companies to offer modular products fitting to standardised interfaces. This
scaling reduces unit and integration cost for customers, integrators and suppliers and allows higher
development investments per component that supports automation.

This requirement does not imply to shift the integration responsibility to the operator or customer. It
just points out to reduce the integration effort per se and to create a broader market of specialized
companies that can deliver components.
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11.2.4 Close the safety gaps, less costs of safety, more continuous improvement

11.2.4.1 Today the functional size of safe systems is unnecessary large (historical effect).
Tomorrow: Reduce size of safe systems. Shift functions to normal IT systems (like TMS),
that are not safety relevant.

Since the development and the life cycle cost of safe systems are very high, their #functionality shall
be reduced to an absolute minimum of necessary safety functions. The approach shall be to implement
#APS only as a “gatekeeper check function for safety” and to #implement all preparation and automation
processes in the architecture layers above APS. For example, the preparation of the trackside assets for
a movement permission of a train shall be done by the plan execution system whereas APS after-
wards just checks if the movement permission is compatible to the track assets status concerning
safety.

Today safe systems in the CCS domain are a complex mixture of real safety functions or operational
functionality including various adaptions for handling degraded situations. In addition, the functions
in one system belong in some cases to functions within the neighbouring system not only from func-
tional purpose but also in kind of risk mitigation.

For simplification a #strong split between functions needed in safety systems and operational functions to
be placed in the field of TMS is needed. Thus, not only safety functions can be reduced but also the
architecture can be simplified to a certain degree. Architecture can respect specific Railway Safety
domain parts with a higher need on Hardware and Software as well all further parts to be intended
for usage of standard IT products with specific Software solutions.

Restructuring creates the possibility to get a better overview on the safety functions enabling a quick
and sufficient safety argumentation and considering.

11.2.4.2 Safe integration without new detailed safety case or long integration testing

Today safety integration tests create large efforts when changing assets. Tomorrow the exchange
of components or connection of new subsystems under production shall happen without large safety
case or preparation processes (“plug and rail”, “modular safety”, automated impact analysis. Like in
ETCS: A homologated vehicle can drive everywhere without local integration test).

An efficient safe integration is a fundamental need. Nowadays integration of components and sub-
systems in the system Rail need too large integration test campaigns. This contradicts the principle
of having confidence of the results of former development phases and is mainly based on the follow-
ing facts:

e unclear and interpretable specification

e gaps in specification

o safety ensured by a high amount of SRACS, operational and integration conditions

e generic fault tree analysis and failure mode effect analysis based on incomplete specification
with weakness for demonstration of unrestricted validity in each specific application and less
possibility of easy maintaining in case of changes

e various variants of technical solution in field not harmonized and not respecting a single ref-
erence architecture for any safety argumentation considering reference systems as a funda-
mental base of comparison

¢ unclear and wrongly followed processes of development, engineering and proof
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e incomplete supervision by inspection bodies, responsible for system integration and author-
ities due to the grown complexity

Modular safety based on clear requirements and automated impact analysis in case of changes will
decrease the amount of integration tests within the real or test environment significantly. This can
be compared with the defined target for ETCS, that a developed vehicle can run after Route Com-
patibility Check (pure check between infrastructure and vehicle register) on a line fitting automati-
cally.

11.2.4.3 Advanced situation specific safety-pattern recognition

Because of the high cost that safety requirements cause the optimisation of the implementation of
safety is key. On the one hand system variety shall be avoided, on the other hand the optimisation
compliant to local safety requirements and available sensor information is necessary. Today, pat-
terns of unsafe situations and their national criticality assessment are coded “fix” in the software of
safe systems which creates large amount of system diversity. Tomorrow: #Advanced situation specific
safety-pattern recognition is used (high safety, but only where it is needed), that is configurable by the
users for specific locations or vehicle types by configuration.

Higher safety created

just by configuration Additional pattern descriptions for unsafe

events that shall be supervised actively

data
Stricter safety
configuration parameters
Minimal patterns for unsafe events that

Standard must always actively be supervised
A.P.M. System - . L
the same in every Ge?nerlc.mlnlmal safe
installation configuration parameters

(*basic safety”). Generic fix code for the safety logic

Figure 5: Implementing basic and extended safety as a “stack”

The generic code of APS shall implement a generic pattern recognition system (e.g. event patterns
like ‘fault of a point’), that supervises all events coming from train sensors, trackside sensors or any
other systems or users (standard APS interface) that are connected. Event message patterns shall
be configurable as data including the description of the necessary reaction to the event pattern. The
temporary increase (stricter) of safety configuration parameters (e.g. the minimal train distance, the
maximum speed for on-sight movements or the length of slipping risk buffers) shall also be a possible
reaction to event patterns. Event patterns could also have a pure availability relevance or can be
reports from the train like “water on the neighbour track”.

Local safety pattern recognition shall not harm the standardisation of operational processes. To
achieve this, three strategies shall be implemented:

1. The standard operational processes shall base on the implementation of the basic safety,
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2. Additional local safety constraints (patterns, e.g. not allowed processes) shall always be vis-
ible on runtime for all users including early warning (driver, signaller, track worker)

3. If a track user (train, track worker, etc.) cannot fulfil additional safety patterns, A.P.M. must
always automatically offer a track usage with “basic safety” and perhaps stricter safety con-
figuration parameters.

11.2.4.4 Support Full Supervision for all type of movements (safety for shunting, manoeuvres)
Operation is mostly divided into two categories:

e Train runs based on train routes with high safety mitigation measures
e Shunting/manoeuvre movements based on simple routes or as free manoeuvres

This leads to less safety in case of shunting is performed and a high amount for securing train runs
while keeping the interaction between train runs and shunting in mind.

Shunting is in the most cases assured by manual processes and the major risk lowering fact is
handle the situation with reduced speed. Often voice communication in this process creates un-
wanted efforts and processes duration times.

While also in automated operation train fitting and simple change of tracks must be assisted, the
optimization of shunting from an operational and safety point of view is one of the main targets.
Shunting shall be performed not different compared to train runs. This means a high grade of super-
vision — like the Full Supervision Mode in ETCS — must be enabled and usable for shunting move-
ments. Only specific configuration like less braking capability shall be reflected by adopted speed
profiles for ensuring the same level of safety.

As a result, #any movements shall be performed on the highest level of supervision and only risk mitigation
measures shall be taken into account for securing the movement itself and further movements based on
the capabilities of the train set.

11.2.5 High reliability, less faults

11.2.5.1 Reduced number of assets, cheaper redundancies

The reduction of assets, the (possible) centralization and high redundancy of control systems shall
improve the reliability and availability of APS just because of the quantitative effect of having less
points of failure.

11.2.5.2 Support rich degraded modes, detailed degraded status, automatic incident management
and fast dynamic recovery to normal production

APS shall implement “rich” degraded modes which means, that a minimal production is still possible
even when system failures occur. The dynamic risk calculation, the adaptive speed reduction and
the sensor aggregation (or logical compensation of missing sensor information) are possible strate-
gies for this requirement.

Modern fast recovery technologies (e.g. by virtualisation) and optionally high redundancy shall sup-
port short recovery durations.
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11.2.6 Efficient long-term maintainability by reduced complexity for customers

11.2.6.1 Offer efficient and automated functionality for maintenance processes (on the track) to in-
teract with the CCS process

#Requests of any (by TMS) authorized system or person to change or reserve track elements shall be possible
in an automated way (via TMS to A.P.M). #A.P.M shall provide reliable information about the production
status around persons on the track for their local safety systems and #PE&APS shall support warning functions
for track workers.

11.2.6.2 Offer integrated diagnostic features for CCS for fast root cause analysis and remote mainte-
nance

A.P.M shall support automated root causes analysis for system faults, automated field-force and
maintenance management (ticketing), integrated diagnostic systems for large CCS configurations,
service-flow oriented diagnostic user interfaces and automated analysis of larger historical diagnos-
tic data.
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Annex: List of requirement key phrases

Business TargetsFélle

#“Locally scalable” investment for mixed traffic densitieS ............cccciieei i, 19
#modular Safety” StratEgY .. ....oceeiii e 24
H#on the fly” rePIACEMENIS ... e e e e e s e e e e e e s s s bra e e e eaeeenaas 31
2 e o [=To = To [=Yo B 4T Yo 1= USSR 9
#15-30 %CAPACITY IMPIOVEIMENT ....iiiiiiiie et ee ittt e e st e e e et e e e e s sbe e e e s sbae e e e s anns e e e e s anbeeeessnnreeeeeanes 6
Loy IO O (=T 0T i [0 o F PR PPPRRTRTRRN 6
2o 0L = ] (] 1] | (o T | PP PPRSRPRN 7
#5090 RAM IMPIOVEIMENT.....eiiiiiiii ettt e e et e e e e s b e e e e et e e e e e asbe e e e e e snnr e e e e anreeeeaas 6
#A.P.M implements the ERTMS operating rules (TSI CCS Appendix A) with some important

enhancements and EXCIUSIONS. ........ it e e e e e e st e e e e e e e s e e e aneeeeeaaeens 10
#A.P.M shall offer warning fUNCHONS ...........uuiiiiiiiiee e 36
#A.P.M shall provide reliable information about the production status around persons on the track

for their 10Cal Safely SYSEIMS ... . ... e e e et e e e e e s e eeeeas 36
#A.P.M. shall introduce the asset management excellence of digital Systems...........ccccoveerviiineenne 21
#A.P.M. shall offer detailed production data to various automation Systems. .........c.ccccoeeevvvveeeeeeennn. 21

#A.P.M. shall support the replacement of a large set of trackside assets for large areas (e.g. keeping
track of the asset test status over months or supporting forward-and-backward switching of lines)

........................................................................................................................................................ 31
#A.P.M. shall support to integrate track worker safety as an efficient automated process seamless

iNtO the ProdUCTION CCS PrOCESS ....uuiiiiiiiiiee it e ettt e ettt e st e e st e e st e e et e e e s abbe e e e sannneeeeas 32
#A.P.M. shall use modern dynamically scalable computing resources for central functions........... 24
#A.P.M.shall compensate missing capabilities automatically by for example reducing speeds or

avoiding too small distances DetWEEN trAINS .............uvviiiiei e 31
#achieve reliability for the MAP data for safe applications ...........cccccee i 14
#adaptable intelligent INterface StratEQIES ........occuriii it 11
#Advanced situation specific safety-pattern reCoOgNItioN .............cocciieiiieee e 34
#all railway operations for mainline, regional or urban railways ...............cccccc 9
#Allow an instant network wide continuous improvement of the trackside CCS subsystem ........... 18
#allowing PE/TMS the detailed but supervised control over all actuator capabilities....................... 11
#any movements shall be performed on the highest level of supervision and only risk mitigation

measures shall be taken into account for securing the movement itself ............cccccoviiiiiiinnnn. 35
#APS allows to combine different sensors to get the full occupation and speed information.......... 31
#APS does not support a traditional logic for lineside signalling ...........cccccoeeei i 9
#APS only as a “gatekeeper check function for safety” ..........cccooiii 33
#APS shall allow the installation of new network or train elements in small steps “nearly on the fly”.

........................................................................................................................................................ 20
#APS shall be safely assured with the ability to assure dynamically the same high safety level for

every type of topology or function layout of the track..........cccooociiiii e, 24
#APS shall only have one future oriented interface to the Plan Execution Systems (PE)............... 14
2 Lo a1 (= Tod (B (TN PN =T T TR U PSPRRPR 11
#assuring security and avoiding damage from cyberattacks............cccccoeiii 15
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N1 (o] aF= 1 =T IT o) (=T | = L o] o HS U PPPRRP 24

#automated regreSSION tESES ....ccciiie i 26
#avoid PhYSICal trACKSIAE @SSELS .......vveiieiiiiiie ittt e e e b e e e s s e e e s s nnneee s 22
#Better traffic flow near to construction sites by seamless integration of mobile / temporary CCS

L2 L] ] £ 20
#build on common communication tECANOIOGIES ..........uviiiiiiiiiii e 17
#By applying a full standard, the pure check between correct deployed on-board and trackside

SYStEMS MUSE DE POSSIDIE ... 31
o= T o= o] 1Y 1 0= 1 (o 11 T S EEUR S PRPRRPR 13
#Capacity shall in terms of CCS only be dominated by the abilities of the trains and the physical track

E= N 11 | SO PP PPPPOPPPRPPUPRIN 24
#capitalize directly the capacity advantage of new trains that already know their integrity and safe

1T T | 19
#changes can be done for smaller parts of INStallatioNS ............cocceeiiiiiiiie i 26
#changes in safety cases shall not be mandatory or necessary when a change of component

L2157 T0] ST =T 0] o= 1 1= 28
HChEaP UPGradeabilily ..........eii it s e e s e e e 25
#Closing the existing gaps in the full supervision by functions and not by operational specific

INIEAISUIES ... eteteettet ettt ettt ettt ettt ettt ettt ettt ettt et ettt ettt ettt ee e ettt e ee ettt et e et e ettt et ettt e e et e et e e e e e se e et e e e eeseeetnnesennnenrnnnnrns 25
#communication for track worker access to the track or trackside assets shall be automated ....... 32
#compensate (temporarily) missing capabilities of a system by a reduced form of interaction ....... 32
#Components should expose the minimal and necessary information .............cccccceeviiiciiieeen e 27
#Components should retrieve on runtime what service is possible by other components and be

flexible to make use of different service offers or to combine them. ..........cccccoeiiii e, 27
#create the potential for a broader market offer by more specialized companies...........ccccccceeeeennn. 11
#cross-border operation in EUrOPEaAN COMITONS. ......uiiiiuiiieiiiirieeeriteee et e ettt e e e e e snneee e 8
HAAta PreParation SYNEIQY .....ccccuuriieiee e oo e eeitire et e e e e s s et e e e eeeeessaitaaeaeeeeaeesssaartrereeaaeesaaasssrsrareeaeeesans 12
#Decouple different types Of life CYCIES .......eiiiii e 11
#dependency reduction between components in general from a functional and safety level point of

Y= PR 27
#detailed information for the Traffic Management SYSEM .........cccvviiiiiiiie e 8
#detailed production StatuS 10 PE/TIMS .......iiiiiiiie ettt 11
#device FUNCHION ADSIFACTHION ........oiii i e e sttt e e s s e e e e e e e e enreeeeens 13
#dynamically scalable arChiteCUIe ... 25
#enable smart TMS optimizers to tune the traffic flow dynamically by using algorithms based and

detailed production data rECOITING.........uuuuueririeeeireeeeeeeerererererererrrrerererr——————. 20
#enable the TMS 10 PreCiSElY STEET ......oii e e e 8
#Enable TMS to control the precise optimal SPeed (CUIVE) ........cccuvviieieeee i a e 18
#every change of track or CCS functions is proven as handled safe by APS in general................. 24
#exact train data getting available (Speed, POSItioN, tYPE) ......uviiiiiiiiiiiiiiie e 18
22 1= LS 110101V YT SPPRRRN 8
#faster adaptation of infrastructure to operational NEEdS............c..uueiiiirei i 8
#flexible operational AILEMMEALIVES ...........ooi i e e 8
#Flexible safety pattern configUIation...............ooiii i a e 18
#frame conditions (radio-based ETCS, different types of railway lines, modular migration, ATO up to

(10.V. ) OO 7
#full automation of infrastructure and vehicle OpPeration .............cccoeeeee e e 8
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#functionality shall be reduced to an absolute minimum of necessary safety functions.................. 33

#generic hazard management for the generic application is ensured on European level ............... 15
#generic risk Pattern rECOGNITION ..........uiiiiiiiie et e e e e et e e e s sbn e e e s annreeeas 12
#generic standardized safety check function with a generic safety approval.............cccoeccvvveeeeeeenn. 12
#guarantee high reliability by redundant central SYStemMS ........oooi i 25
o] OPe Lo Y= LS Tr=1 o Y 1= Lo 1o o TR 11, 28
#harmonized operatioNal CONCEPL .........coi i e e e e e e e e s e s b breeeeaaeeeas 25
#high grade of operational QUIOMEATION ............uiiiiiiiii e e e e e e e e e e e e e eaeeeans 8
#Highly efficient platform track usage or shunting without special installations ...............cccccceeee. 19
#impact of changes is automated or strongly supported by automated toolchains and recognisable

by the safety supervision departments of the operator and the authorities as well...................... 26
H#mMPAact reSOIULION AUTOMATION........ueiiiieii it e e e e s e e e e e s s e e e e e e e e s ssab b e e reaaeessansnrareereaeeesans 26
#implement all preparation and automation processes in the architecture layers above APS ........ 33
#Increase the traffic density by reducing the train ahead times............ccccoiriiiiiii e 18
#intelligent INCIAENt NANAIING..........uiiiii e e e e e s e e e e e s e e eaeereaaeesaas 8
FINTEIfACE SEOIEQALION ... 27
#Interface to traditional interlockings/RBC and to other APS ..........ooooiiiiiiiiiiiieee e 14
#lLarge platforms shall De aVOIAEU. ... e 27
#LCC-oriented RAMSS SCalability .......ccoooiiiiiicic s 15
HIOW rate Of WIONG AECISIONS ......uviiiiiiiiiie ettt e e e e e s e e e e s b b e e e s asb e e e e e e nbe e e e s annneeeans 8
#migration strategy reaching a unified technical Base............ccccvvieeii e, 8
#Migration support for existing ETCS onboard UNItS: ... 14
#Migration support for @XIStING TIMS ..o e e e s 14
#Migration support to connect to existing interlockings/RBC ...........ccccoveeeiiiiiiiiieieceee e 14
#mix of different ETCS DASEIINES ....ooeiiieeee e e e e 32
#modern and proven ICT architecture, maintenance, and deployment strategies............ccccoevveeenne 11
e o] £ Re TSR] r= Lo SRR PPR 9
#Movement permissions are requested and granted in that moment when they are really needed18
HMUCK 1€SS ETCS DaAliSES ...ttt e e e e e e e s sttt e e e e e e e s s s nnsbaaaeeeaeeenaas 23
#Much less trackside train deteCtion SYSIEMS ........coiiiiiiiiiiiee e a e e e 23

#New train types and their specific detailed constraints, properties, weakness or strength concerning
the safe production (e.g. breaking capacity) can be introduced in the full network in one (central)

step and can be validated or measured 0N FUNLIME .......cooiiiiiiiiiiiiiiieeeee e 19
#NO lINESIde lIgNT SIGNAIS .....eeeieeie e e e e e e e e 22
#no movements categories necessary like “shunting” with special modes.............cccoeccviveinnns 9
FNO SNUNLING SIGNAIS ... e e e e e e e e 22
#No unnecessary loss of capacity at points on the track where the speed limit changes ............... 19
#No unnecessary use or worst-case safety constraints in the operational process...........ccccceeeen.. 18
#not generate needs for voice COMMUNICALION .........ccooeieiiiiiiii e 9
#0bsolescence shall lead most often to “simple exchange” from the standard interface perspective

instead of “change of CoNfiguIration” .............ooo i e 24
#0ld comMPAtiDIe WItN NEW ... e e e e s e e e e e e e e e s e nneeeeeeeaeeeeans 25
#only needs actual topology and train iNformMation.............cceeeeiiiiiie it 12
0] ro T o F= 1T =T o P RPPRRRN 8
HPrOtOCOI trANSIALION......eeeiiiie ettt e e e e e e e e e e e e e e e et e e e e e e e e e eeannnneneeeeaeeeeans 13
#Provide high usability TOr GUI ........oouuiiiiiii e 12
#reduce interface complexity and manual work for data conversion proCesses..........ccccvvvveeeeeeeennn. 12
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#reduce planning, engineering, and authorisation effort by more than 50 % .......cccccccoovvvcvviieeneeenn. 28

#reduce the safety case effort ..., 11
#reduce the Size Of the “SILA [aYers” ... 12
#reduce the technical SKill demMaNd ..............ooiiiiiiiii e 11
HredUCEA ONSITE TESTING ... .veieeiitiee ettt e e e e e e ek e e e s ab e e e e s nn et e e s snnn e e e e anrneeeaas 31
#reduction Of INTEGration EFfOIT ... 26
#remote and automated dePIOYMENL............uuiiiiiii e e e e e e ae s 26
#Requests of any (by TMS) authorized system or person to change or reserve track elements shall

be possible iN an autOMALEA WAY...........uuiiiiieeiiiiciiier e s e e e e e s e s e e e eae e e s annne 36
#Safety is assessed and assured mainly on runtime on the basis of a generic safety function ...... 28
#Scheduled speed mix (train mix) and form of usage of a track layout can be changed even on

L0011 1= SR PPPOPPPPPOTPRIN 18
#security state Of the At ... 7
#5enS0or-aggregation-fUNCLION .........oii it e s e e e s e e e s e e e s nnrneeeaa 12
2y aTo] (T A T=T= Vo 1T NP UUPRSRRR 8
#Shorter maintenance and construction possessions (blocked tracks) with less impact on the

bypassing traffic 0N Other traCKS ..........ooiiiiii e e 19
#simple addition of single components under ProducCtion ............ccccviviireee e 25
#SIMPIE SPIILLING POINL... . e 27
#simplify the RAMSS controlling for the development process und the RAMSS change impact

BNAUY SIS . . 1teiiii e e ittt e e e e e e e e e ————eeee e e e et —————teaaeeasaa————reaaaeeeaaatrrrarraraaeeaann 17
#SMall SAfE COMPONENTS ...ttt e e e e e e sttt e e e e e e e e s s nn et aereeaaeesaeannsnsneeeeaeeeaans 11
#smaller components have a loWer COMPIEXITY.......ccoiuiiiiiiiiie e 26
#software upgradeability for central and decentral COMPONENLS .........ccccoeviiiiiiiiiiieeee e 25
#split/copy/distribute a single command from the Safety Logic to several receivers ...........cc.......... 12
#Standard interface for connecting trackside assets based on EULYNX .......cccccccvveeiiiiiciiiiinneneenn, 14
#Standard interface for trackworker safety systems and mobile safety devices...........cccoveeeeeeennn. 14
#standard interfaces to reduce iNtegration EffOrt.............ooiiiiiiiiiiiiii e 11
#Strong architectural rules to increase the interface release compatibility ............cccceviiiieeiiiinnnn. 25
#Strong functional and technical deCOUPIING.........cooiiiiii e 24
#strong iNdependenCy MANAGEMENT .......coiruiii e e et e s r e e e e e s anne e e e s anneeeeas 11
#strong split between functions needed in safety systems and operational functions to be placed in

the field Of TMS IS NEEAEM ... e e e e e e e e naee e e e e 33
#The APS shall support TMS with a detailed information how every part of the network can be used

(oL rsT=R (o] o To] (o]0 VR S] v= L= ) TP 20

#The safe combination of specific trackside assets or train is assessed and decided on runtime ..29
#The safety logic of APS shall have a generic approval and authorisation in which it is proven that it

just needs a reliable input of topology information and train information...............ccccccceeeeeis 28
#The software-to-hardware-dependency for central A.P.M. systems shall be reduced to a level to
decouple this relation (life cycle) where it is economically reasonable. ..........cccccccevviiiciiiienneneenn. 31
#track workers shall be automatically detectable (if locatable).........cccccccooiiiiii e, 32
HTSI CCS COMPALIDIE ...t e e e e e e e e e e e e s e eeeeaeeeeans 14
#UNified OPEratiONAl PrOCESSES ......oiiiiiiiie ittt ettt et e e e e et e e e st b e e e e nbe e e e e aneneeeans 8
#use existing modern (safe) hardware environments that allow centralized and decentralized system
L0 0T ] o0 1= 1= SRR 17
#workload can be divided better between more and specialized partners..........ccccceeevviiieeeiniiinennn. 26
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