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The Aim of Interlocking

• The aim: efficient and safe organization of railway traffic
• Automated functions

• Safe design, behaviour

• Given properties of railways:
• Railway track (permanent way)  need for turnouts

• Low adhesion (long breaking distances)  need for (approach) signalling

• Trains run on locked routes
• Signal is allowed to set clear only if all points are set and locked

• Points are allowed to release and set only if the signal is set to stop

• Conflicting train routes are not allowed
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Different Approaches to Interlocking Design

Tabular principle

• Like a centralised system

• Every locking connection 
(between routes or routes 
and elements) is stored in 
tables

• The central logic controls the 
elements based on the tables

Geographical principle

• Like a distributed system

• The elements are connected 
to each other according to 
their position

• Every element has its own 
functionality

29.11.2018 Formal Verification of Railway Interlocking Systems 3



429.11.2018 Formal Verification of Railway Interlocking Systems

Exam
p

le
 o

f th
e

ge
o

grap
h

ical p
rin

cip
le



529.11.2018 Formal Verification of Railway Interlocking Systems

Exam
p

le
 o

f th
e

tab
u

lar p
rin

cip
le



Differences between Development & Planning

Development of Interlocking

• (Interlocking as a product)

• Well-determined process

• With the help of 
development, verification and 
validation techniques given 
by standards

• Verification through the 
process 

Planning of Interlocking

• (Interlocking as an application)

• Based on some technical 
prescription, the experiences of 
the planner and 
„unwritten law”

• Practicably one-time 
verification

• Inspection manually
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Thesis Overview – Goals

• Modelling the two interlocking design approaches

• Verification via model checking

• Use of two different tools (principles)

• UPPAAL (finite state machines)  

• PetriDotNet (Petri nets)

• Getting experiences in interlocking modelling 

• Pilot project to further works
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Start Up
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• Three-track junction 
(two points)

• Shunting signal T2
• Functionality: setting routes (randomly) 

train passes release  repeat
• Some assumptions:

• Routes only in one direction 
(Start signal: T2)

• „Virtual” exit signals
• No overlap, flank protection needed
• Conflicting routes are excluded by the 

nature of the layout
• Shunting route: no occupation detection 

needed
• Only normal operation 

(no failures)
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Verification – Requirements to check

• Railway interlocking safety property
• There is interlocking between points and signal:

• Signal is allowed to set clear only if all points are set and locked
• Points are allowed to release and set only if the signal is set to stop

• Other functional and structural properties
• Two-state elements (signal, points) are allowed to be in only one state at a given time 
• No deadlock
• Boundedness (safety)
• Exist of home states (no reversibility  points have no initial position)

• New routes can be set
• The signal can be set clear
• The elements are in their „initial” state when choosing the route to be set
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Requirement Refinement
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Requirements checked - PetriDotNet
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Requirements checked - UPPAAL



Requirements checked – Other Properties
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Verification Results
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Actual Research

• Providing railway interlocking 
plans’ correctness

• All interlocking components know 
how to behave correctly in a given 
„situation”  we tell them the 
situation

• Finite number of elements + finite 
number of an element’s state 
finite state space
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Planning Tasks

• Application of the general interlocking 
• Finding possible routes from one signal to the other
• Choosing the optimal route (if there are more possible between two 

signals)  not safety-critical
• Determining the possible aspects of the start signal
• Flank protection
• Overlap
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An example – use of T-invariants
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Thank you for your attention!


