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The operationalization of the ”15-minute city” concept, particularly in suburban outskirts, requires advanced
computational tools capable of modeling complex mobility behaviors and optimizing decentralized urban in-
frastructure. This paper presents the comprehensive algorithmic framework of the multimodal travel planner
developed within the SUMODO (Sustainable Urban MObility Development in Outskirts) international project
under the Driving Urban Transitions (DUT) program. The present research has been financed from the means
of the National Centre for Research and Development. The primary objective of the research is to foster sus-
tainable mobility patterns by actively shifting traveler habits through a context-aware recommendation engine.
Unlike traditional systems, SUMODO suggests alternative, functionally equivalent Points of Interest (POIs)
within a 15-minute reach, addressing the issue of ”habitual travel” to distant locations when local alternatives
are available.

The core of the system architecture relies on a sophisticated multi-layered graph representation of the urban
environment. This model integrates heterogeneous spatial data sources, including OpenStreetMap (OSM) for
base topology, General Transit Feed Specification (GTFS) for dynamic public transport schedules, and high-
resolution GeoTIFF files for terrain analysis. The latter is crucial for micro-mobility modeling, as surface incline
significantly affects energy consumption and travel time for pedestrians and cyclists. The routing engine utilizes a
multi-objective A* algorithm, customized with specialized remaining weight heuristics to manage the intermodal
complexities of modern transit. We distinguish between grid-based heuristics, used for approximating costs in
pedestrian and micro-mobility layers, and edge-based heuristics for motorized transport, which incorporate
dynamic variables such as traffic congestion and ambient temperature. During the routing process, dynamic
data on the occupancy of electric car charging stations or the location of available vehicles in the car sharing
service can also be taken into account by exchanging data with the Intelligent Transport Systems (ITS) center
for a given area.

A key innovation of the SUMODO planner lies in its spatial optimization and ”utility-based” recommen-
dation logic. Moving beyond conventional point-to-point routing, the system performs a real-time geometric
analysis of the traveler’s surroundings. By generating dynamic isochrones—complex polygons representing sur-
faces of equal travel time across multiple modes—the algorithm identifies and ranks POIs within the 15-minute
threshold. This mathematical framework allows for the precise estimation of the ”utility gain,” a composite
metric encompassing time saved, distance reduced, and carbon footprint minimized. By presenting these gains
to the user, the system encourages the adoption of the ”Greener, Shorter, Quicker” optimization triad defined
in the project specification.

The integration of these advanced routing techniques with spatial POI recommendation provides a robust
analytical tool for both individual citizens and local authorities. For urban planners, the system serves as
a diagnostic instrument to identify ”service deserts” and accessibility gaps in outskirts, enabling data-driven
decisions on the placement of new public utilities. For the end-user, it provides an intuitive interface to break
inefficient travel routines, effectively reducing unnecessary long-distance commuting and mitigating the negative
environmental impacts of urban sprawl. The research concludes that the synergy of geometric approximation
and behavioral modeling is essential for the transition towards resilient, self-sufficient urban neighborhoods.
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