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Current Landscape of Railway Simulations

Microscopic

● Highly detailed and 
realistic

● Long computation 
time and complex 
to set up, not suited 
for network-level 
analysis

Macroscopic

● Fast computation
● Only high-level, 

aggregate statistics 
about 
network-level 
performance

Mesoscopic

● Useful results with 
minimal investment 
and fast 
computation

● Detailed where 
relevant, flexible in 
scale



Aspect Microscopic Mesoscopic

Infrastructure Realistic curves/grades Abstracted to nodes/edges

Control Specified in detail Simplified logic

Movements Detailed, physics-based Based on fundamental 
properties

Data Requirements Track-level detail Network-level detail

Setup Difficulty Requires detailed railway 
engineering knowledge

Fast prototyping, minimal 
railway knowledge

Network Size Corridor level Regional/national

Running Time Extended Short (possibly real-time)



Mesoscopic Railway Simulation in the Literature
Work Scope Application Stochasticity Availability

[1] Saidi et al. (2019) Line Control strategy 
evaluation No Proprietary

[2] Marinov and Viegas (2011) Line + yards Freight traffic Yes Proprietary

[3] Zhong et al. (2018) Passenger 
stations Capacity analysis Yes Proprietary

[4] Quaglietta et al. (2011) Line + yards Design and decision 
support Yes Proprietary

[5] Diviš and Kavička (2015) Nodes Capacity analysis Yes Proprietary

[6] Fabris et al. (2014) Network Timetable generation Yes Proprietary

[7] Kavička and Krýže (2021) Network Route planning No Proprietary



Quickly 
build 

models

Track 
individual 
vehicles

Scalable 
in space 
and time

agent-
based

event-
based

Detail 
where 
needed

modular graphical 
interfacestochastic data-

driven
open 

source

Spur: A flexible, mesoscopic railway simulation platform for rapid 
prototyping, simulation, and analysis.

Practical 
results Accessible



“Big Picture” Railway Modelling

Test “outside the 
box” ideas

Look for larger 
effects

New service 
planning

Network capacity analysis

Simulation-driven optimization
Timetables    |    Routing    |    Control algorithms

Disruption management

Integration with pedestrian flow 
simulations (Nexus)



Model (SimPy)
- Holds network structure
- Is simulation environment

Network Graph 
(NetworkX)

Requests use

Sets
 ro

utin
g

Gets attributes

Trains
- Follow prescribed routes
- Adapt for safety

Sets occupancy time

Components (Resources)
- Handles agent requests
- Determines traversal 

behaviour

Monitors status

Determines 
feasible paths

Architecture



Model
spur.core.model

Routes
spur.core.route

Components
spur.core.base
spur.core.component.*
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spur.core.base
spur.core.train
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Component
spur.core.base
spur.core.component.*

Jitter
spur.core.jitter

Resource Component

StationYard Timed Track Crossover Signalled

Uniform JitterNo Jitter Gaussian Jitter Disruption Lognormal

…

…

Base Jitter

Train Requests Use

Train is Released
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Ongoing & Future Work

Short-term:
Simulating the entire GO Train network in Spur

● New components
● Calibration and validation
● Automating GTFS import

Medium to long-term:
● Full graphical interface for model construction
● Central controller for more complex dispatching tasks
● …
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Contributions and questions welcome!

https://github.com/transit-analytics-lab/spur

https://github.com/transit-analytics-lab/spur
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