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Planning and safety logic requirements
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1. Project Context (5’)

2. Overview Generic Engineering Rules (20’)
a. Goals

b. Constraints

c. Approach

3. Next Steps (5’)
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Our Mission

[…] to streamline the planning, testing and 
commissioning of Digital Rail Infrastructure 
up to a continuous, “perpetual” certification

“

”





Flagship Area 1: 

Network management planning and control & Mobility Management in a multimodal environment



Project Structure

Planning Operations Multi modality
TT data models and 
digital enablers

(HACON / TRV)

HORIZON-ER-JU-2022-01 FP1-MOTIONAL 101101973



WP 27  Tasks

27.1

27.2

27.3

27.4

27.5

27.6

Harmonised input data build 
the “Single Source of Truth

Feature Extraction

BIM Standard

Engineering

Harmonized Engineering 
Rules

Deployment
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Differentiation and Interfaces
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Differentiation and Interfaces
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• (Signal) Engineering Rules = Specifications and guidelines for 
the planning of safety-relevant lineside assets in space for 
signalling, command and control

• Safety Logic = Specifications for the core of a functionally safe 
system, executing and/or supervising the safety functions



              

Differentiation and Interfaces
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• (Signal) Engineering Rules = Specifications and guidelines for 
the planning of (often safety-relevant) lineside assets in space for 
signalling, command and control

• Safety Logic = Specifications for the core of a functionally safe 
system, executing and/or supervising the safety functions



              

Rules = Requirements

• Must be testable:
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Rules = Requirements

• Must be testable:

Decidable

26.06.202320 Generic Engineering Rules



              

Rules = Requirements

• Must be testable:

Decidable

Unambigious
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Rules = Requirements

• Must be testable:

Decidable

Unambigious

Consistent
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Three Primary Goals

(3) Automated Planning
and Plan Checking PoC

26.06.2023 Generic Engineering Rules23

(2) Advancing the SD1 

Data Model (ERDM)

(1) Harmonized Signal 
Engineering Rules
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Approach

1. Disruptive rather than evolutionary

2. Greenfield with new lines in mind

3. Simplicity over completeness

4. Modularity (add-in logic, e.g. for 

optimal TVPS length calculation)

5. No national legacy
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International Input

1. Operational Guidelines (DK, DE, …)

2. Signal Engineering Guidelines (NO, DE, 

…)

3. Research Publications (NL, BE, FR, DE, 

FI, DK…)

4. Expert feedback (AT, HU, DE, NO, …)

5. Reviews (EUG)
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Scope for Engineering 
Rules
• ETCS L2 only

• No shunting/parking areas (for now)

• Limited ETCS modes: FS, OS, SR (and 
modes irrelevant to planning like NP, IS, 
TR...)

• Proof-of-concept via simplified 
planning and  plan checking algorithm

26 Generic Engineering Rules



              

Fundamental Assumptions

All movement is supervised 
movement

• Coupling of trains is done in OS (supervised)

• Non-supervised movement modes, LS, UN.. not permitted

• Mode SR is a fallback with additional restrictions (switch to 
SR only possible with central authority, similar to ATO GoA4)

Safe Start

Generic Engineering Rules27

No Flank Protection

• Flank protection exists only at the border of the modeled 
area (e.g. to protect from non-supervised movement in 
shunting/parking areas and “legacy” tracks)

No Planned Overlap

• Interlocking MAY dynamically calculate routes and overlap 
based on vacancy proving (RBC sends SvL != EOA) but 
overlap is not planned during CCS planning

• Trains are taken into operation in Trusted Areas or with help 
of Cold Movement Detection, i.e. switch to L2 FS is possible 
before entering the open track
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Challenges

• No harmonized EU operational rules yet (but 
generalizable input available, e.g. DK rulebook)

• Conflicting, simultaneous requirements (human 
planner vs. algorithmic solutions)

• Lack of available, open implementations 
(capacity, cost optimization)

• SD1 still in early development

28 Generic Engineering Rules
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First Engineering Rules 
Phases
1. PoC Plan Checking

2. PoC Plan Generation

3. Long-Term Vision
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Proof of Concept (Phase 1)
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Phase 1 - Requirements
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• Every property used in engineering 
rules is decidable

• Domain of the data model is 
expressive enough for the rules

• Existing planning document with 
necessary data



              

Proof of Concept (Phase 2)
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Phase 2 – Requirements (add.)
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• Track geometry, catenary, speed 
profiles etc. defined (pre-planned)

• Manual steps (e.g. operational stop 
locations, definition of L2 area borders)

• Default values, algorithms and 
simplifications (to be replaced in later 
phases)



              

Vision
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Vision - Requirements
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• An optimal TVPS and Balise 
calculation algorithm exists (related 
work: TU Darmstadt & DB Netz)

• Requirements (capacity, cost, other 
parameters) are machine-readable

• Planning and capacity optimization 
logic share an interface (modularity)



              

Vision
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• A DSL (domain specific language) for railway signalling requirements exists, which 
can generate plan validation and/or generation logic

• Alternatively: a full reference implementation of the Generic Engineering Ruleset and all 
relevant constraints exists

• An optimal* capacity and cost algorithm exists

• A (learned) system exists which can evaluate possible plans and refine until the 
optimal plan has been found (according to design parameters)

* locally optimal, so long as infrastructure projects are planned and executed line-by-line
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Next Steps (Long-Term)

• Formalization of Generic Safety Logic

• Capacity / Cost Analysis

• Integration with Harmonized 
Operational Rules
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Cycle Time

                
                     

26.06.202341 Generic Engineering Rules

Specify 
(write rules/test)

Build 
(plan / operate)

Measure
(run tests, capacity / cost analysis)

Learn
(change)

Cycle Time



              

Benefits

• Faster Cycle Time = Reduced Cost + Better Quality Plans

• Formalization = lower complexity, fewer defects

• Generic solutions = access to a larger, European market

• Extensible Digital Process:
• Integration of digital planning process and data into CTMS analysis

• Adaptible to drop-in optimization logic

• Familiar tooling
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Thanks!
We appreciate feedback!

💚
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