UDC 004.9:625.7
B.R. Prokopovych
O.N. Romanyuk

VISUALIZATION OF ROAD NETWORK CONDITION DATA ON
INTERACTIVE MAPS

Vinnytsia National Technical University

Anomauin

Y meszax posensidaemovca npobrema izyanizayii Oanux npo cmam OOPONUCHbOI Mepedci 3 BUKOPUCHAHHAM
iHmepakmueHux kapmoepagiunux cucmem. Onucano 0cHo8Hi nioxoou 0o 300py, 06pOOKU Ma nPeOCMAasieH s OOPOHCHIX
OaHux Ha yugposux Kapmax, a MaxKotc 0210 CY4ACHUX IHCMpYyMeHmie i bibniomex 07 NOOYO08U IHMEPAKMUBHUX Kap.
Haseoeno pesyromamu ananizy epexmunocmi 3anponoHo8aHUX Memooie 0Jid NIOMPUMKYU NPUUHAMMSA piuieHs Y cgepi
VAPABAIHHSA OOPONCHBOK THPPACMPYKIYPOIO.

KuarouoBi cioBa: mopoxHSI Mepeka, IHTEpaKTHBHA KapTa, Bi3yamizamis naux, ['IC, MoHiTOpHWHT mopir, BeO-
KapTorpadis, cTaH JOPOKHBOTO OKPUTTSL.

Abstract

The paper addresses the problem of visualizing road network condition data using interactive mapping systems. The
main approaches to collecting, processing, and presenting road data on digital maps are described, along with an
overview of modern tools and libraries for building interactive maps. The results of analyzing the effectiveness of the
proposed methods for supporting decision-making in road infrastructure management are presented.
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condition.

Introduction
The condition of road infrastructure directly affects transportation safety, economic efficiency, and the
quality of life of citizens. Modern information technologies provide new opportunities for monitoring,
analyzing, and presenting data about road networks. Among the most promising directions is the use of
interactive maps that allow for dynamic visualization of road condition data in an intuitive and accessible
format [1]. The relevance of this topic is determined by the need to improve road management systems and
ensure timely response to infrastructure problems.

Main Part

The basis for visualizing road network data is geographic information systems (GIS), which allow spatial
data to be stored, processed, and displayed. Modern web-based GIS platforms, such as Leaflet.js, OpenLayers,
and Mapbox GL JS, provide powerful tools for creating interactive maps in the browser environment [2]. These
frameworks support various types of layers, custom markers, heat maps, and dynamic data filtering, which
makes them well suited for displaying road condition information.

The process of collecting data about the condition of road surfaces can be carried out through various
methods: manual inspection, automated sensors installed on vehicles, satellite imagery analysis, and data
obtained from users of mobile applications [3]. The integration of these data sources into a unified system
ensures comprehensive monitoring of the road network. Preprocessing of the collected data includes noise
filtering, normalization, classification of road segments by condition, and spatial indexing for efficient
retrieval.

For the purposes of visualization, road segments are typically categorized into several condition classes
(e.g., good, satisfactory, poor, critical), each of which is represented on the map using a corresponding color
scheme. The use of choropleth maps and heat maps allows for the rapid identification of problem areas in the
road network [4]. Interactive elements such as pop-up information panels, filtering by date and damage type,
and the ability to switch between different map layers significantly enhance the usability of the system.

The architecture of the proposed software solution includes a server part responsible for data storage and
processing (PostgreSQL with PostGIS extension), a REST API for data exchange, and a client web application
that renders interactive maps using Leaflet.js [2]. Road segment data is transmitted in GeoJSON format, which



is a standard for representing geographical objects in JSON. This approach ensures cross-platform
compatibility and simplifies integration with third-party services.

The use of clustering algorithms allows for efficient display of a large number of road condition markers
without overloading the visual interface. At small zoom levels, markers are grouped into clusters, while at
larger zoom levels, individual road segments with their detailed condition data become visible. Such behavior
ensures a smooth user experience regardless of the data volume [5].

Conclusions

The visualization of road network condition data on interactive maps is an effective tool for supporting
decision-making in road infrastructure management. The use of modern web cartography frameworks,
combined with GIS technologies and standardized data formats, enables the creation of informative, user-
friendly, and scalable monitoring systems. The proposed approach allows road condition information to be
presented clearly to engineers, administrators, and the general public, thereby contributing to more timely
maintenance and improved road safety. Future work may focus on integrating machine learning methods for
automated road damage detection and predictive analytics.
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