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Rapid progress in the field of artificial intelligence is transforming geoinformation
technologies. The application of machine learning algorithms and artificial neural
networks fully automates spatial data processing and object classification. Integrating
the core functions of geographic information systems (GIS) with intelligent systems
drives optimal work with multidimensional geographic structures and enhances pattern
recognition in remote sensing images [1].

Modern GIS are powerful, specialized complexes that combine hardware and
software to collect, store, manage, preprocess, analyze, and visualize geographic data.
The effectiveness of any GIS relies on firm principles of building spatial data models.
Geographic information is realized through spatial descriptions and attribute
(semantic) data. Core spatial models include vector and raster models. Vector models,
especially topological vector structures and triangulated irregular relief networks,
accurately describe geographic objects using points, lines, and polygons. Raster models
divide territories into regular matrices of discrete cells (pixels). Establishing a stable
link between attribute information in relational databases and spatial metrics is
essential for a robust multilayer electronic map structure [1].

The sources of spatial information for the formation of GIS databases are paper
geographic maps, remote sensing data of the Earth, global satellite positioning systems,
as well as digital materials of automated design systems and modern geodetic
technologies (Fig. 1). The processes of digitization on a raster substrate, as well as
scanning, geometric correction and format conversion require the development of clear
algorithms for processing geographic information. Given the exponential growth in the
volume of spatial data, there is an actual need to automate routine tasks of spatial
analysis, interactive visualization tools, and streaming classification of geoobjects [2].

597



Proceedings of the 7™ International Scientific and Practical Conference
A\ EUROPEAN OPEN "New Horizons in Scientific Research: Challenges and Solutions"
557 SCIENCE SPAGE June 15-17, 2026, Marseille, France

Figure 1. Example of data extraction and map formation

To solve these large-scale analytical tasks in the geospatial environment, artificial
intelligence, collective intelligence, and artificial neural networks are actively
integrated. The most powerful artificial intelligence tool for processing large arrays of
raster data in modern GIS is deep learning. Deep neural networks are characterized by
a large number of sequential layers that hierarchically extract features from raw data
(for example, multispectral satellite images), increasing their level of abstraction from
inputs to outputs [3].

For specific GIS tasks related to spatial cluster analysis, typification, and zoning
of territories without the presence of pre-marked standards, self-organizing maps or
Kohonen networks demonstrate high efficiency [4]. These are systems that learn by the
competitive method (the winner takes all), where the processing of multidimensional
feature vectors leads to the formation of an ordered two-dimensional map, convenient
for visual display of spatial clusters. In addition, spatial optimization in GIS, in
particular, routing of transport flows and solving the logistical problem of a traveling
salesman on road graphs [5], is effectively implemented using the ant colony algorithm.
This multi-agent method finds optimal paths based on modeling probabilistic
transitions of agents and dynamic accumulation and evaporation of virtual pheromones
on the edges of the graph.

The undisputed leader in the field of processing and analysis of aerospace images
Is the convolutional neural network. Such a network uses a discrete mathematical
convolution operator and common parameters (weight matrices or filters). This allows
it to effectively detect spatial features regardless of their location in the frame,
providing a critically important property for cartography of invariance with respect to
parallel transfer (shift) of the object. In this case, basic geometries (lines, boundaries,
corners) are highlighted in the initial layers, and holistic images of complex geoobjects
(buildings, roads, vegetation types) are formed in deeper layers.
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Long-short-term memory networks are used to solve spatiotemporal geographic
problems that require taking into account the dynamics of changes (for example,
monitoring long-term land cover changes, flood forecasting, or analyzing climate time
series). This type of recurrent neural network is able to successfully memorize
dependencies over long time intervals and overcome the problem of gradient decay
thanks to a system of special internal gates (input, output, and forget gates) that strictly
control the information flows in the memory cell [1, 2].

Since training deep networks requires enormous computational resources, a long
time, and gigantic labeled geospatial databases, the transfer learning approach is actively
used in practice. This is the process of quickly adapting the weight coefficients of models
previously trained on large-scale universal image sets (for example, GoogLeNet, ResNet,
SqueezeNet architectures) to a new applied geographic problem. With this approach, the
first layers of the network, responsible for recognizing universal textures and contours,
remain unchanged or are slightly adjusted, and only the last fully connected classification
layers based on a local sample of geodata undergo modifications and fine-tuning [1, 2].

Thus, the integration of machine learning algorithms directly into the environment
of modern GIS platforms (in particular, using the specialized software module
arcgis.learn) allows you to fully automate the extraction of vector contours from raster
substrates, perform high-precision semantic segmentation of pixels, and detect point,
linear, or planar objects on the map. Thus, the combination of classical spatial analysis
methods, modern database management systems, and progressive artificial neural
network architectures forms a reliable mathematical and algorithmic foundation for the
comprehensive automation of scientific and applied geoinformation research.
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