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Introduction
Public transport is a foundation of a decentralized society that includes rural areas on equal terms. Its role is
also reflected in its wider social benefits:

- Public transport is more environmentally friendly: 120-180 g CO2/km for a private car, compared with 30-80 g
CO2/km per passenger on a bus, representing three to five times lower emissions [3].

- It is safer, with approximately 90% less risk of a fatal accident: 2-3 fatalities per billion kilometers in a car,
compared with 0.2-0.5 fatalities per billion kilometers in a bus [2].

- It is up to four times cheaper: EUR 0.30-0.50 per kilometer in a car, compared with EUR 0.08-0.20 per person
per kilometer on a bus [1].

Nevertheless, only 7-9% of the EU population uses public intercity bus transport daily, compared with 80-83%
using cars [4]. The main reasons are excessively long journeys, unreliable arrivals, and infrequent,
inconvenient timetables. In many cases, these options are unsuitable, so people choose a car that they can
use whenever they need it. Better organization could substantially reduce waiting times and journey durations
while making the system more predictable and robust.

We observe that an average intercity bus route includes many stops where no passengers board or alight.
Some stops lie away from the main route, so visiting them wastes time and energy. Fixed routes change only
every few years and still include unused stops. Adjusting routes daily could meet passenger needs more
quickly and efficiently.

Proposed solution
Our solution introduces a new approach to intercity route planning by adapting routes on a daily basis. We use
artificial intelligence optimization algorithms for this purpose. Importantly, the solution does not change the
existing transport infrastructure. It relies on advance journey reservations, encouraged by cheaper and faster
travel. Reservations would be made through a mobile application of the kind already offered and widely used
by operators such as Marprom, Nomago, and LPP. Users simply select their boarding stop, destination stop,
and approximate preferred boarding time. We aim to match that time as closely as possible.

We are considering two possible approaches to dynamic route planning.

The first approach retains fixed core routes and optimizes them in response to advance reservations. A bus
keeps its main direction of travel but skips unused intermediate stops or makes minor adjustments where
these shorten the route and travel time. This offers greater predictability for passengers, easier integration into
the existing public transport system, and simpler timetable organization. However, retaining the existing route
structure often prevents us from achieving the optimum possible without those constraints.

The second approach creates entirely new routes dynamically. For each set of reservations, we find an optimal
route without tying it to fixed services. This offers maximum flexibility, better vehicle utilization, and potentially
shorter and faster connections. However, it is considerably harder to implement, less predictable for users,
and more difficult to integrate with the existing transport infrastructure.
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In practice, the first approach is therefore a more realistic and robust option for initial deployment. The second
can serve as a more advanced long-term vision or as a comparative optimization model in a simulation.

Example: Suppose we want to travel between Trbovlje and Trebnje at 13:00. We reserve the trip in the
application a few hours earlier, for example at 09:00. Because this connection has few passengers, the closest
estimated departure is 12:40, with an expected journey time of one hour and forty minutes. The user is notified
of the precise estimated departure time sufficiently early before departure.

Methodology
Implementation will proceed through the following steps:

1. Obtain data on the locations of bus stops in Slovenia from the Register of Stations and Stops on the OPSI
portal [5]. We will also design an experiment to measure stop usage and passenger flows. On a single day,
we will count passengers boarding and alighting at several stops while taking care not to intrude on
anyone's privacy.

2. Build a bus-traffic simulation. Using these data, we will construct a model of passenger movements at bus
stops. We will use Python, which supports libraries such as NetworkX and NumPy for simulation logic and
Pygame for visualization. The digital twin will be represented as a graph in which each stop is a node and
each route is an edge.

3. Implement the differential evolution (DE) artificial intelligence algorithm in the simulation. We will use NiaPy,
developed by the Institute of Informatics at FERI, University of Maribor.

4. Adapt and test the algorithm in large simulations that jointly plan routes for all stops in Slovenia. Because
the computational demands of such a large number of stops are substantial, we will use a supercomputing
cluster.

5. Publish our experimentally collected passenger data and simulation results openly on Zenodo. The resulting
data set may also support other solutions.

6. Connect our internal solution to a web infrastructure and develop a simple application for journey
reservations. The application will connect to a central server, where an artificial intelligence algorithm will
use the submitted information to plan new bus routes. Users will receive detailed information in the
application. We will use frameworks such as React and Express.

7. Publish the code for the complete solution on GitHub for public use and further development.

Expected results and possible difficulties
We expect a fully functional algorithm that runs in simulation and plans routes correctly. Despite the limited
time available, we will develop at least a simple application prototype and the web infrastructure needed to
communicate with the traffic digital twin. However, we will not be able to deploy the application on a real bus
network by the end of the hackathon, let alone extend it to the whole of Slovenia. We nevertheless believe that
this implementation is a useful first step toward applying the concept more widely.

UNESCO goals
Our solution directly addresses the following two Sustainable Development Goals [6].

SDG 8: Decent Work and Economic Growth
The solution supports SDG 8 by improving mobility efficiency, which is essential for economic development.
Better public transport:

- Improves access to jobs, particularly in rural areas.

- Reduces individuals' transport costs.
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- Improves productivity through shorter and more reliable journeys.

Because bus transport is also up to four times cheaper than using a private car, the solution makes mobility
more affordable and thereby supports economic growth.

SDG 13: Climate Action
Optimizing public transport:

- Increases bus usage.

- Reduces greenhouse gas emissions.

- Reduces energy inefficiency, such as traveling through unused stops.

Because bus transport produces three to five times lower CO2 emissions per passenger than a private car,
wider use of optimized public transport directly helps reduce the carbon footprint.
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