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The paper presents the development of the concept of an interactive web-map application that allows
users to explore environmental, historical, religious and cultural objects of the Podillia region and will
contribute to the popularization of the region for recreation and tourism. The structure and
functionality of the application, as well as the interactive component, are demonstrated. The workflow
of the application was built in accordance with modern standards for the development of interfaces of
cartographic web services. A geospatial database has been developed that provides ease of updating
and scaling, including the ability to add new data and categories in the future. The implementation of
an interactive cartographic web application required the study of specific features of cartographic
design and the integration of various technologies, including QGIS for preparing geospatial data,
HTML, CSS for structure and styling, jQuery for dynamic interaction, the Leaflet JS library for
working with interactive maps, and WMS services.
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Introduction

Web map applications have become essential tools for the promotion of touristic regions, providing
accessible, interactive, and visually engaging geographic information to potential tourists. These
applications utilize Geographic Information Systems (GIS) to enhance user experiences through features
such as real-time data updates, interactive maps, and personalized content. For instance, the integration
of geospatial mashup technologies like Google Maps in tourism GIS allows for the merging of various
data sources, facilitating a more comprehensive and user-friendly presentation of touristic information
(Chaudhuri & Ray, 2019). Furthermore, advancements in web cartography, including adaptive zooming
and 3D visualizations, have greatly improved the quality and interactivity of web maps, making them
more effective for promoting touristic regions (Cecconi & Galanda, 2002). These applications are also
increasingly leveraging open-source platforms and technologies, enabling the development of
customizable and cost-effective solutions that can be tailored to specific tourism needs (Bessaa et al.,
2013). Publication (Zipf, 2002) delves into the concept of user-adaptive maps tailored specifically for
tourism. The author argues that effective tourist maps must go beyond technical adaptations,
incorporating user preferences, cultural factors, and contextual information to dynamically generate
personalized maps. This theoretical approach underscores the importance of responsive and customized
map interfaces in enhancing the relevance and usability of web mapping applications in the tourism
sector. Thus, in today's information society, geospatial data and interactive mapping applications play a
key role in visualizing and grasping the geographical aspects of different regions. In conclusion, web
map applications serve as potent tools for the dissemination of information about tourist regions,
enhancing their appeal and accessibility to a global audience. The study aims to develop the concept and
user version of an interactive mapping web application that will provide users with the opportunity to
learn and explore environmental, historical, religious, and cultural sites of the Podillia region (Biletska,
2004), present information about the region and promote it for recreation and tourism purposes.

Method

The concept of creating the interactive cartographic web application involves a preparatory stage that
includes defining the target audience and the main feature of the web application. It also encompasses
the design of cartographic information through data collection and its transformation into a cartographic
format. Among other important stages, it is vital to mention visualization and mapping of data, creation
of thematic layers, and design of the mapping application emphasizing user-friendly interface and
optimization (see Figure 1).
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target audience and representation -
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and collection of necessary * Designing a geospatial map layout and optimization
data. database

Figure 1. The concept of creating the interactive cartographic application web application

During the preparatory stage, it is critical to determine the target audience of the web application and its
functional requirements. The specific needs of each target audience group and their expectations are
accordingly adjusted. Based on this analysis, the key features of the web application are identified:
e map viewing, which allows users to view various map images and information;
o filtering, which allows users to display only certain categories of objects on the map;
o displaying information windows to provide additional information about objects when they are
selected or hovered over.
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To ensure the mapping information is comprehensive, a review of information sources is executed,
along with the collection of geospatial and other additional data from official resources of mapping
services, local archives containing historical and cultural details, as well as information from tourism
organizations, in particular tourist attractions, routes, and recommendations. The cartographic
information design stage involves classifying data, presenting it in a digital format, and designing a
database, including:

e structuring the data, as well as dividing it into layers and categories

o defining attributes for each layer, such as name, description, coordinates, and object categories

e creating geospatial databases using GIS technologies.

The use of GIS at this stage allows for the efficient integration and processing of different types of
geospatial information and attribute data, which contributes to the generation of datasets that are
easily updated and scalable (Fys, et al., 2021). Many open-source and commercial GIS resources can
be used for web mapping. The lack of license fees is the primary benefit of open GIS resources for
businesses, the main advantages for research and education are the ability to edit the source
code/implementation, and the promotion of the exchange of new knowledge on algorithms and
methods (Steiniger & Hunter, 2012). At the stage of visualization and mapping, the selection of
mapping and auxiliary elements of the web application is carried out. The most effective ways of data
visualization are defined, including:

e Setting up base maps and vector layers for clear and understandable visualization;

e creating and managing thematic layers that display different types of information;

o designing auxiliary elements, selecting symbols, and map layout.

The last step entails creating a web-based mapping application that uses web technologies to
accomplish the primary tasks that were determined during the preparatory stage. At this step, the user
interface is designed, usually with an emphasis on:

e adding various control panels and information windows to display additional information

o ease of navigation and design that ensures comfortable interaction with map data;

e interactivity and quick access to additional information and functions.

In addition, comprehensive testing of the web application was conducted, which includes
¢ checking the functionality of all developed elements of the web application;
e checking compatibility on different platforms and browsers;
e evaluation of the download speed and system response to user requests.

Results

We have collected a wide range of geospatial data about the Podillia region, and analyzed the region's
sites by categories such as historical monuments, nature reserves, religious locations, and other
significant points of interest. A database that provides easy updating and scalability, including the
ability to add new data and categories in the future has been elaborated. The database consists of file
sets in GeoJSON format and includes basic vector and point thematic layers. The basic vector
layers represent administrative boundaries and specific geographic areas: the Ukrainian border layer
(polyline), the layer for administrative division of oblasts (meaning regions) (polygon), and the layer
for administrative division of rayons (meaning districts) (polygon). Thematic point layers provide
detailed information on various types of sites, including agricultural, geological, historical,
engineering, natural, and other objects. All layers have standard attributes such as id, name,
description, image, and geometry (geometric representation of objects). This facilitates the
integration, update, and display of data on the map. The structure of users’ interface of the developed
mapping web application includes the following elements (see Figure 2):
e Base maps: Used by WMS services such as OpenStreetMap and WorldImagery from Esri.
e Vector geographic base: Prepared in the WGS 84 coordinate system in the QGIS software, it
contains the following groups of spatial objects:
o State border of Ukraine
o Boundaries of administrative-territorial division (boundaries of regions and districts)
© Boundary of the historical and geographical region of Podillia
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e Thematic layers: Contains historical, cultural, religious, environmental, and natural landmarks.
Thematic layers are created based on the collected information in QGIS as point vector layers and
exported to GeoJSON format.

e The user interface components include tools for selecting modes, activating features, and
changing parameters, as well as the ability to select different layers and apply filters; an information
window for displaying additional information or images related to selected objects, feedback tools
for leaving feedback, ratings and comments.

WMS services: Admi.nist_rati\./g apd
OpenStreetMap territorial divisions
Worldimagery
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Historical objects

sControl panels
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Figure 2. The structure of the developed mapping web application "'Namy&t’o Podillia”

The working set of the application was built in compliance with modern standards of web application
interface development. The main page of the web application includes the following elements: a web map,
a layer controller (right), a zoom button, and an information window. By clicking on the layer controller
button, the users will access a menu of all available layers. Thus, they can either turn on or turn off the
visible layers which allows for elevated experience and interaction with the web application. Base maps
are mutually exclusive. Thematic layers can be turned on and off as many times as the web map user needs
(Fig. 3). The information window on the left side displays information about the project and an image of
one of the most picturesque settlements of Podillia - Zalishchyky (Fig. 4).

Figure 4. An Information window view
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When the user clicks on any point object in the information window, a piece of short information
about it alongside its photo appears.

Conclusions

The development of an interactive cartographic web application required the integration of various
technologies and the study of specific features of cartographic design. The elaborated product meets
all the requirements of cartographic applications and has a user-friendly interface, clear organization
of information, division into different layers of objects, and enables the users to interact with the
objects on the map. A tree-like structure used in the application makes it possible to effectively
manage and group different layers on the map. The information window displays additional
information about the objects, and the use of special markers allows for a more individualized map,
therefore making it attractive for users. Interactive thematic layers, multimedia content, including
photos, increase user interest and engagement, contributing to the development of tourism in the
region. The application also serves as a platform for interaction with tourists, providing an
opportunity to leave feedback and share experiences, which helps to improve the quality of tourism
services.The plans for further development of the web application include integration of PostgreSQL
with the PostGIS extension to improve geospatial data management and increase data processing
performance. GeoServer will also be implemented to publish map data via web services, which will
facilitate integration within the application. Additionally, it is aforethought to improve the users’
version by adding an interactive slider that would allow customers to view historical changes and
compare different data sets quickly and effortlessly.
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