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Aim and Motivation

* Aim: Generating synthetic railway scheme plans with injected errors
at known positions.

* Motivation: Scheme plans are labour-intensive to produce manually.
* Method: Genetic Algorithm implemented in Python.

* Purpose: Testing Rail Design tools, e.g., Siemens' Data Checker [3],
Ovado [4, 5] and Luterberget junction tool suite [6]. Later called
System Under Test (SUT).

* Error-Notion: Violation of ETCS design rules such as "spacing shall be
constrained by > 1.0m of distance between balise and point toes".
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The Basic Principle
Genetic Algorithm Settings

Segments 25
Pop Size 25
Tournament Size 4
Selection Count 15
Crossover Rate 0.8
Mutation Rate 0.2
GA Stcrp- Condition 0.85
Awvg. Fitness Boundary Value

0

Complexity Rate

Correct Balises

Incorrect Balises

Passing Loops

[ =g e e =

Loops

Input:length n of a ‘linear track’, number of correct & incorrect balises,
passing loops count, ...

Output: set of sequences of n tiles, evaluated to be the best solutions

14/04/2025 MAREK JEZINSKI (SWANSEA UNIVERISTY) | BCTCS 2025, 14-16 APRIL 2025, UNIVERSITY OF STRATHCLYDE, GLASGOW, SCOTLAND



Scheme P
Genetic A

ans, Error Injection and
gorithms

Single straight
tile

L

Single-double
tile

-

Loop right

I
I
Double
straight

X

Diamond

crossing

A

Up points
crossing

AN

Down points
crossing

N\

Double-single

DX

Loop left

14/04/2025

Example tiles

Tiles linked together create
a visualisation of a scheme
plan with passing loops.
Later called “genes”.

3EMN - no balises, green -
rule obeyed (correct balises

injected), - rule violated
(errors injected).
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Method for Test Case Generation —
Genetic Algorithms

Generate Select fittest
random - Crossover . Mutation . for next
set of genes generation
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Crossover Mutation
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Crossover Mutation

Yes
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Scheme Plan Fitness Value

Avg. Fitness 0
Max Fitness 0

Helps us to evaluate whether a solution (here: a scheme
plan, sequence of genes) is satisfying our requirements set.
Crucial for the Genetic Algorithm. Greater value = better.
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Scheme Plan Fitness Function

Complezity(SP) = Eie__nlgt "SP) NewN odes(T;) + NewTracks(T;)

T2 T3

Ty Ty

Example Scheme Plan

1)
Complexity(Example) = (1+1)+(2+1)+(4+2)+(14+0)) =12
2)

IdealComplexity( Exzample) = TileLength x 2.5 x complexityRate
—4%x25%x1.0=10

3)
' = 1
ComplemtyPenalty(Example) ~ 140.05%|IdealComplezity(SP)—Complezity(SP)|
1 . 1 -
1+0.06%[10—12]  1+0.1 ~ 0.91
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Scheme Plan Fithess Function —
Continued

Complexity Rate 1.2

Correct Balises 1

Incorrect Balises 1

Passing Loops 1
4) Example Settings

Deviation( Example) = |idealCorrect Balises — correctBalises|+. . .
+|ideal PassingLoops — passingLoops| =
1—-1|+1—-1]+|1 -1 =0

5
) Fitness(Example) = tp—r— * ComplexityPenalty =
_ _1 _
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Input Translator: Concretising Scheme Plans —
Adding Lengths by Choosing Random Numbers

E.g., each tile is assigned a random length (1.0-1.2km),
when exported into the System Under Test.

d(PN4) = StartDist + AR PN s ene) d(PN2) = StartDist +
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llustrating Error Injection

Tile 1 Tile 2 Tile 3 Tile 4

Incorrec'_[ balise No balises No balises Gorrect.balise
section section
o
Balise Group 1 (1_1,1_2,1_3) incorrect; Balise Group 2 (2_1,2_2, 2_3) correct;
distance(Balise, PN) < 1.0m distance(Balise, PN) >= 1.0m
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Expected Observation: A Log File

A log file is created by Test Case Generator to later establish
whether an injected error was observed by the System
Under Test

Tile 1 Tile 2 Tie 3 Tie 4
Inr:orrec'_[ balise No balises No balises Correct_balise
section section
#% . THCORRECT - BALISE - LOG- FILE - **
balise group id:rbalise id diztance track id points node id-—»points node distance distance difference
1 1 607.8 Trackl >PN1:608:-0.2
1 p 608.2 Trackl -PN1:>608:>+40.2

1 3 608 .2 Track2 »PH1:>008>-0.2
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Test Evaluation

“Comparing the output of the System Under Test with the log
file”

The test is passed if and only if the SUT’s reported errors are
an exact match with the generated log file, that is:

v all injected errors are found and,

v no additional errors (i.e., outside of test suite’s scope) are
discovered.
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Developing Test Cases — Decision Table
Based Testing

» Widely used since the early 1960s.

» A useful technique when dealing with “combinations of
actions taken under varying sets of conditions”.

» Ensures that every combination of condition values has
been considered.

» Therefore, it provides a mechanism for complete testing

[7].




Decision Table Based Testing — Error
njection Problem

C1: Balise exists?
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(TRUE/FALSE) FALSE FALSE TRUE TRUE TRUE TRUE TRUE TRUE TRUE
C2: Track direction
(UP/DOWN) - - - UP UP UP DOWN DOWN DOWN
C3: Distance gap between
balise & points node - - - >1.0 Equalto <1.0 >1.0 Equalto <1.0
1.0 1.0

(<,>,=)
C4: Points node exists?
(TRUE/FALSE) FALSE TRUE FALSE TRUE TRUE TRUE TRUE TRUE TRUE
Rule count: 6 6 6 1 1 1 1 1 1
A1l: Pass X X X X X X X

X X




Live Demonstration
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Summary

» 1-dimensional artificial scheme plans generation with Genetic
Algorithms — synthetic test data.

» Translation to rail design tools for testing & log file to evaluate
the test outcome.

» Testing technique — Decision Table Based Testing.

Further work:

» Implementing other design rules spanning across several tiles.
» 2-dimensional scheme plan generation.
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Thank You

ANY QUESTIONS?
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