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Abstract This document provides implementation guidelines and modelling rules for the application
of the System Interface Description (SDI) within the CONEMP framework. It explains how
the standardized equipment model can be used to describe system architectures
independently of specific supplier designs and defines principles for modelling
redundancy, availability, and diagnostics. The document further supports consistent

interpretation, interoperability, and extension of SDI models across projects, suppliers, and

operators.
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© Europe's Rail Joint Undertaking, 2026
This document is drafted by and belongs to EU Rail.

EU Rail encourages the distribution and re-use of this document, the technical
specifications and the information it contains. EU Rail holds several intellectual property
rights, such as copyright and trade mark rights, which need to be considered when this

document is used.

EU Rail authorises you to re-publish, re-use, copy and store this document without
changing it, provided that you indicate its source and include the following: EU Rail trade

mark, title of the document, year of publication, version of document.

EU Rail makes no representation or warranty as to the accuracy or completeness of the
information contained within these documents. EU Rail shall have no liability to any party
as a result of the use of the information contained herein. EU Rail will have no liability
whatsoever for any indirect or consequential loss or damage, and any such liability is

expressly excluded.

You may study, research, implement, adapt, improve and otherwise use the information,
the content and the models in this document for your own purposes. If you decide to
publish or disclose any adapted, modified or improved version of this document, any
amended implementation or derivative work, then you must indicate that you have
modified this document, with a reference to the document name and the terms of use of
this document. You may not use EU Rail's trade marks or name in any way that may state

or suggest, directly or indirectly, that EU Rail is the author of your adaptations.

EU Rail cannot be held responsible for your product, even if you have used this document
and its content. It is your responsibility to verify the quality, completeness and the accuracy

of the information you use, for your own purposes.

This work is currently a work in progress. The content presented is subject to
change as it undergoes further review, refinement, and development. Please do not

consider this version as final or authoritative.

INFO: History table is not displayed, because this document is in status doc_open.

RULE: History table is not displayed, in statuses: { draft doc_open doc_inprogress
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Approval by reviewers ( at end of 'In Review by System Pillar')
Type of Approval /% Document Review
Attachments

Approval by approvers ( at end of 'In Approval by System Pillar')
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2.4 Practical Example . . ... .. e 13
2.5 Error Propagation and System-Level Diagnostics .. ..................... 14
2.6 Maintenance Prioritization . ........ ... . . . . . .. 14
2.7 Modeling Guidelines . .. ... .. 15
2.8 Layered Redundancies . ... .......... . i 15
FAQ for developpers

-> need input from current dev projects!

Scope: How to use the provided CONEMP models?
-- implementation guideline and modelling rules
-- holds requirements (e.g. for model extension project / supplier)
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Add rules/explanations for the following object types:

e Types->ObjectTypes->BaseObjectType->OpcUaServerType-><SDI>
e Types->ObjectTypes->BaseObjectType->OpcUaServerType-><SMI>
e Types->ObjectTypes->BaseObjectType->SCP_Type-><SCI_PDI>

Add the requirements applying to Supplier/Operator specific extension models -> Karl

1 Use Equipment model to describe Architecture

SPT2TS-132337 - The Equipment Model defines a standardized building-block framework for the
description of equipment and system architectures. The model does not impose or standardize a
specific architectural design. Rather, it enables suppliers to describe their individual architectures
using a common, well-defined semantic structure that can be consistently read, interpreted, and
processed across systems and organizations.

[+} Open ]

SPT2TS-132311 - An equipment refers to a procurable unit provided by a manufacturer, uniquely
identified by its serial number. This unique identification ensures traceability and precise

management of individual units across their lifecycle.

Key Characteristics of an Equipment:

1. Procurable Unit:

* equipment is a tangible unit that can be procured directly from the manufacturer.
* example: A track switch motor or a signaling device.

2. Serial Number:

+ Each equipment is assigned a unique serial number by the manufacturer.
« This identifier supports traceability, warranty claims, and maintenance history
tracking.

3. Component Hierarchy (Parent-Child Relationship):

« Equipments can consist of other equipments as their components, if the components
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themselves are also procurable units.
« This hierarchical structure supports modular maintenance and replacement
strategies.
*  Example:
+ Parent Equipment: Point
»  Child Equipments: Point Motor
+ Child Equipments: Gearbox, mechanical joints, ... (if all separately procurable!).

4. Material Type:

+ The type of equipment is defined by its material, which represents a standard or
catalogued item that can be ordered.
+ Material type serves as the blueprint for the equipment, specifying its technical
specifications and functional characteristics.
+ Example:
+ Material Type: “Hydraulic Actuator Type A.”
+ Equipments: All hydraulic actuators of this type, each with a unique serial
number.
[-ﬁ Open]

SPT2TS-132312 - Many widespread standard components of equipment have already been
modeled to ensure interoperability, consistency, and reusability across different systems. These
components represent common building blocks found in most equipment and are essential for

standardization.

Common Standardized Components:

1. Controller

* Role: The central processing unit responsible for controlling the equipment’s
functionality and interfacing with other systems.

+ Examples: Embedded microcontrollers, programmable logic controllers (PLCs), or
custom control units.

2. Physical Network Interface

* Role: Provides connectivity to communication networks for data exchange.

+ Examples: Ethernet ports, Wi-Fi modules, Bluetooth modules, or fieldbus interfaces
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(e.g., CAN, PROFINET).
3. Storage Medium

* Role: Enables data storage for operational logs, configuration files, or temporary data
buffers.

* Examples: Flash memory, solid-state drives (SSDs), or removable storage like SD
cards.

4. Power Supply

* Role: Supplies power to the equipment and its components, often including
conversion or regulation functions.
+ Examples: AC-to-DC converters, battery packs, or uninterruptible power supplies
(UPS).

5. Physical Outputs

* Role: Convert digital or analog signals into real-world actions or states.

+ Types:
« Digital Outputs: Binary signals, such as activating relays or indication LEDs.
* Analog Outputs: Continuous signals, such as adjusting motor speed or controlling
valve positions.

6. Physical Inputs

* Role: Accept external signals for processing or decision-making by the equipment.
+ Types:
+ Digital Inputs: Binary states, such as detecting limit switches or push buttons.
* Analog Inputs: Variable signals, such as temperature sensors or pressure
transducers.

7. Input Switch or Button

* Role: Manual control elements for triggering actions or settings within the equipment.

+ Examples: Push buttons, toggle switches, or rotary selectors.

Benefits of Pre-Modeled Standard Components:
1. Interoperability: Ensures seamless integration with other systems and equipment following the

same standards.
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2. Efficiency in Design and Deployment: Reusing standardized components reduces
development and integration time.

3. Scalability: Allows for easy addition or replacement of components without re-engineering the
entire system.

4. Maintenance Simplification: Standard components with consistent interfaces make
troubleshooting, replacement, and upgrades straightforward. A maintainer could bring an

equipment of the same material that has failed

["5 Open]

SPT2TS-132313 -
The Equipment model offers flexibility to represent systems at different levels of granularity

based on how components are designed to be replaced or managed. Below are examples

to illustrate its application:

Example 1: Object Controller with Three Integrated Controllers (Non-Replaceable
Individually)
» Scenario: An object controller contains three Controllers that are tightly
integrated and replaced as a single unit.
* Modeling Approach:
+ The object controller is modeled as a single Equipment with a
HasComponent relationship to three Controllers.
+ The Controllers are not separate Equipments but are part of the object
controller’s internal structure.

Visualization:

Object Controller (Equipment)
F—— Controller 1 (HasComponent)
F—— Controller 2 (HasComponent)

L— controller 3 (HasComponent)

Example 2: Object Controller with Three Replaceable Controllers (Individually
Replaceable)
» Scenario: An object controller is designed with three Controllers that can be

replaced individually (Line Replaceable Unit - LRU) without replacing the entire
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unit.
* Modeling Approach:
* The object controller is modeled as a parent Equipment.
« Each of the three Controllers is modeled as a child Equipment with its own
serial number and potentially its own material type.
Visualization:

Object Controller (Parent Equipment)
F—— Controller Unit 1 (Child Equipment)
| L— controller (HasComponent)

F—— Controller Unit 2 (Child Equipment)
| L— controller (HasComponent)

L controller Unit 3 (Child Equipment)

L— controller (HasComponent)

Practical Considerations:

*  Procurement and Inventory:

* In Example 1, the object controller is ordered as a single unit.

* In Example 2, each Controller can be procured and stocked individually,

reducing spare part costs.

* Maintenance Planning:

+ Example 1 simplifies maintenance procedures but may require longer

downtime.

+ Example 2 allows for more targeted repairs, reducing overall system

downtime.
» Traceability and Asset Management:

+ Example 1 tracks the object controller as a single asset.

+ Example 2 tracks each Controller independently, enabling detailed

performance and maintenance analytics.

The Equipment model allows to describe different system architectures without a

need to standardize the architecture itself.

["5 Open]
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2 Redundancy

SPT2TS-132322 - This section explains how RedundancyStatus and RedundancyGroup are
used in SDI models to describe redundant system architectures, support prioritised maintenance,

and prevent false failure propagation from lower system levels to higher ones.

The concepts apply to non-safety diagnostics and are designed to support operational decision-
making, availability assessment, and asset management.

["5 Open]

2.1 Purpose and Design Rationale

SPT2TS-132316 - Modern railway systems frequently rely on redundancy (e.g. 1 of 2, 2 of 3, hot-
standby controllers) to ensure availability.

From a diagnostic perspective, it is essential to distinguish between:

e alocal fault in a single component, and

¢ a system-level failure that actually affects operation.

The RedundancyStatus / RedundancyGroup mechanism enables exactly this distinction by:

e modelling redundancy explicitly and semantically,
e aggregating availability in a controlled and transparent way,

e supporting maintenance prioritisation without triggering unnecessary system-level alarms.

RedundancyStatus and RedundancyGroup together provide a clear, semantically robust

mechanism to:

model redundant architectures,

prevent false system-level failures,

prioritise maintenance correctly,

support availability-focused diagnostics.

[-ﬁ Open]
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2.2 Core Concepts

2.2.1 RedundancyStatus

SPT2TS-132319 - A RedundancyStatus represents the availability state of a single logical or

physical entity that participates in a redundant configuration.

Typical examples:

¢ an interlocking controller,
¢ a network interface,

e a power supply unit

Key characteristics:

¢ |t is associated with one concrete entity.
o |t reflects whether this entity is currently usable from an operational perspective.

¢ |t does not decide system-level availability on its own.

Key attributes:
IsAvailable:

indicates whether the entity is currently available.

IsActive
Indicates whether the entity is currently participating in the redundancy (e.g. not powered down,

not intentionally excluded).

IsExcludedFromRedundancyGroup

Allows controlled exclusion (e.g. during maintenance).

Each RedundancyStatus has a non-hierarchical (functional) reference:
RedundancyStatus > isPartOfRedundancyGroup > RedundancyGroup
[% Open]
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2.2.2 RedundancyGroup

SPT2TS-132315 - A RedundancyGroup represents a logical redundancy concept (e.g.
“Controller Redundancy”, “Power Supply Redundancy”).

It does not represent hardware.
Instead, it defines how many available members are required to consider the function

operational.

Key characteristics:

¢ |t aggregates multiple RedundancyStatus instances.
¢ It defines a minimum availability threshold.

¢ |t provides a single, system-relevant availability result.

Key attributes (conceptual):

MinimumAvailable

Minimum number of active and available RedundancyStatus instances required.

IsAvailable

Aggregated availability result of the redundancy group.

Label
Human-readable identification.
[+ Open ]

2.3 Availability Evaluation Logic
SPT2TS-132331 - The availability of a RedundancyGroup is determined as follows:

1. Consider all RedundancyStatus instances that:
are referenced via isPartOfRedundancyGroup,

are IsActive = true.

2. Count how many of these active statuses have:

IsAvailable = true.
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3. Compare this count with MinimumAvailable.

[-ﬁ Open]

SPT2TS-132323 - Pseudocode

RedundancyGroup.IsAvailable = true
if and only if

(Number of active RedundancyStatus with IsAvailable = true) 2 MinimumAvailable
[-ﬁ Open]

2.4 Practical Example

SPT2TS-132327 - Example: 2 of 3 Controller Redundancy

e Three controllers implement the same ProductGroup.
e Each controller has one RedundancyStatus.

¢ All three statuses reference the same RedundancyGroup.
Configuration:

e MinimumAvailable = 2
Situation:

e Controller A: IsAvailable = true
e Controller B: IsAvailable = false

e Controller C: IsAvailable = true
Result;

¢ Available controllers = 2

¢ RedundancyGroup.lsAvailable = true
Interpretation:

e A controller failure exists.
¢ Maintenance should be scheduled.

¢ No system-level failure is raised.
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[+ Open]

2.5 Error Propagation and System-Level Diagnostics

SPT2TS-132328 - This mechanism explicitly prevents incorrect failure propagation:

A failure at lower level (single controller, sensor, interface) does not automatically cause:

¢ a subsystem failure,
¢ a system failure,

e or an operational restriction.

Only when the redundancy concept is no longer fulfilled does the higher-level diagnostic state

change.

This is essential for:

¢ realistic system status views,
o stable traffic operation,

¢ meaningful alarms.

["5 Open]

2.6 Maintenance Prioritization

SPT2TS-132324 - The redundancy model directly supports maintenance decision-making:

Individual RedundancyStatus = not available

> indicates maintenance need.

RedundancyGroup.IsAvailable = true

> maintenance can be planned, not urgent.

RedundancyGroup.IsAvailable = false

> operational impact, urgent action required.

This enables:

¢ risk-based maintenance,
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¢ avoidance of unnecessary emergency interventions,

¢ transparent communication between operators and maintainers.

[4 Open ]

2.7 Modeling Guidelines
SPT2TS-132333 -

Always model redundancy explicitly using RedundancyGroup.
Never derive redundancy implicitly from hierarchy.

Use IsActive to distinguish:

¢ real failures,
¢ intentional shutdowns,

¢ maintenance states.

Use MinimumAuvailable to reflect the real operational concept, not the hardware count.
Keep redundancy modeling domain-neutral so it can be reused across ProductGroups.
[+} Open ]

2.8 Layered Redundancies

SPT2TS-132335 - In complex railway systems, redundancy is often layered:

e Components are redundant (e.g. controllers, power supplies)
e Subsystems are redundant (e.g. TPS/interlockings, communication paths)

¢ System sections are redundant (e.g. regions, nodes, fallback architectures)

This is known as redundancy of redundancies.
The SDI redundancy model supports this natively, without introducing new concepts, by applying

one key rule:
Anything that has an availability "IsAvailable" can participate in redundancy.
[-ﬁ Open]

SPT2TS-132336 - Conceptual Model

RedundancyStatus (Controller A)
RedundancyStatus (Controller B)

15 | Page 2026-06-05 15:16




SPT2-CONEMP
b
System Interface Description SDI application guide (rev. 907293

—urope's
RedundancyStatus (Controller C)

>>> jsPartOfRedundancyGroup >>>

RedundancyGroup "Controller Redundancy"
(acts as availability provider to)

RedundancyStatus (logical)
>>> jsPartOfRedundancyGroup >>>

RedundancyGroup "Subsystem Redundancy”

Idea: Expose RedundancyGroup Result as RedundancyStatus for a Higher-Level

RedundancyGroup

¢ the lower RedundancyGroup represents a fulfilled redundancy concept,

¢ the higher RedundancyGroup aggregates multiple such concepts.

Adding Reference for RedundancyGroup of RedundancyGroup. -> Karl ['# Open]
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