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Motivation and Research Context
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● Route generation depends on optimization metrics

● Classical metrics may prioritize efficiency over equity

● This creates a gap with real planning needs

● Equity- and resilience-based metrics possibly offer better alignment



Problem Setup: Transit Network Design

4Holliday, A., & Dudek, G. (2024). A Neural-Evolutionary Algorithm for Autonomous Transit Network Design. 

Generated routes example



Neuro Evolutionary Algorithm

5Holliday, A., & Dudek, G. (2024). A Neural-Evolutionary Algorithm for Autonomous Transit Network Design. 



Objective Function: Baseline Structure

6Holliday, A., & Dudek, G. (2024). A Neural-Evolutionary Algorithm for Autonomous Transit Network Design. 



Demand-weighted transport connectivity
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Metrics effect comparison
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Mean Travel Time
Normalisation per sum demand

Out Metric
Normalisation per row



Synthetic Data Benchmarks
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Pareto frontier on Mumford2 
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Route Network Morphologies under Different Objectives
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Real-World Case Study: 
Data Preparation for Tartu
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OSM Data BlocksNet OD matrix



Generated Routes on Tartu

13



Generated Routes on Tartu
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Strange loop

Step-like

overlapping 
geometry



Access graph Metrics

tM – Time budget at which average degree grows fastest;

DM – Average node degree at tM

D30 – Average node degree at 30 minutes

Algebraic connectivity – the second smallest eigenvalue of the graph Laplacian matrix.

15Šfiligoj, T., Peperko, A., & Cats, O. (2025). Access graph: A novel graph representation of public transport networks for 
accessibility analysis.



Mumford2 Experiments Results
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Perspective t max ↓ t M ↓ DM ↑ D30 ↑ AC ↑ Cp ↓ Co ↓ Ccon ↓

Passenger 76 24 47.6 69.4 1.01 26.0 7738 22.2

Operator 264 30 26.9 26.9 0.08 47.1 3192 33.9

Balanced 74 24 46.0 67.3 0.77 27.4 4392 22.5

Ours 71 28 57.4 64.1 0.96 28.9 5114 22.2



Pareto frontier on Mumford2 
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Mumford2 Experiments Results
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Tartu Experiment Result
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Perspective tmax ↓ tM ↓ DM ↑ D30 ↑ AC ↑ Cp ↓ Co ↓ Ccon ↓

Passenger 50 26 73.45 126.92 1.02 17.9 1432 13.2

Operator 62 30 84.96 84.96 0.54 24.0 1328 16.6

Balanced 53 26 67.19 118.46 1.02 18.6 1205 13.6

Ours 56 26 69.94 121.58 1.20 19.1 1540 13.5



Conclusions

● Passenger and operator costs are insufficient.

● Solutions with similar costs differ structurally.

● Results depend on the structure of the graph.

● Synthetic benchmarks do not reflect real cities.
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Future Work: Geometry-Aware Objectives
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Thanks for your attention!
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Problem Setup: Transit Network Design

25Holliday, A., & Dudek, G. (2024). A Neural-Evolutionary Algorithm for Autonomous Transit Network Design. 



Accessibility Graph: Temporal Evolution 
on Mandl Graph

26Šfiligoj, T., Peperko, A., & Cats, O. (2025). Access graph: A novel graph representation of public transport networks for 
accessibility analysis.



Time of maximum connectivity growth
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Time of maximum connectivity growth
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