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Abstract. The article considers the impact of artificial intelligence neural network
algorithms on the process of photogrammetric processing of digital images and the
formation of dense point clouds.

It is noted that the integration of machine learning algorithms, in particular deep
learning, allows you to automate key processing stages, increase the accuracy of object
classification, optimize geometric correction of images and improve the quality of final
geospatial products in the form of an orthophotomap of the terrain.

The main stages of the photogrammetric process are described: from collecting
primary data to forming orthophotomaps and three-dimensional terrain models.
Particular attention is paid to the role of the neural network in improving the density
of the point cloud due to the correct interpretation of points on digital images, object
classification and reducing the influence of the human factor.

The challenges associated with the need for large volumes of high-quality training
data are identified. The prospects for the application of artificial intelligence neural
networks in photogrammetry and the need for further research in this direction are
substantiated.

Keywords: neural network, artificial intelligence, photogrammetry, machine
learning, point cloud, orthophotomap, 3D model, digital image.
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Problem statement

In the modern digital environment,
artificial intelligence plays a key role in
transforming many areas of human ac-
tivity.

One of the current problems is to in-
crease the efficiency of photogrammet-
ric processing of digital images and 3D
scanning data of the territory. Tradition-
al algorithms have limitations in terms
of productivity, accuracy, speed and au-
tomation of processes. At the same time,
the integration of artificial intelligence
elements, such as neural networks and
deep machine learning methods, allows
to significantly improve the classifica-
tion, interpretation, determination of
shapes, sizes and spatial position of ter-
rain objects [10].

This opens up new opportunities
for creating high-precision orthopho-
to maps of the terrain and 3D models,
reducing errors and optimizing the
processing of large volumes of remote
sensing data [7,9].

Analysis of recent research and
publications

Modern scientific research demon-
strates the active use of unmanned aeri-
al vehicles in photogrammetric work in
the process of obtaining digital images
and their further processing.

Domestic authors, in particular
Butenko E.V. and Krasnosilska A.A.
[12] , focus on the integration of neural
networks for automating the classifica-
tion and interpretation of terrain objects.
The works of Shevchenko A.IL. [13] and
Guralyuk A. [14] consider the role of ar-
tificial intelligence in the digital transfor-
mation of geoinformation technologies.

The team of authors Butenko and
Kulakovskyi devoted their research to

studying the issue of the effectiveness
of using unmanned aerial vehicles to
solve various problems of geodesy and
land management [1].

Analysis of scientific works of for-
eign scientists demonstrates active in-
troduction of artificial intelligence in
photogrammetric processes of digital
data processing, in particular in auto-
mated 3D modeling, object classifica-
tion and processing of point clouds.

The work of Rongjun Qin and
Armin Gruend considers the application
of machine learning for semantic inter-
pretation of spatial data, which allows
to increase the accuracy of digital ter-
rain models, namely the application of
machine learning at different stages of
the photogrammetric process: from data
collection and camera calibration to the
generation of digital surface models and
semantic interpretation. The authors an-
alyze how artificial intelligence can au-
tomate traditionally manual processes,
increasing the accuracy and efficiency
of 3D modeling [16].

Shahad Abbood [15] and colleagues
analyze deep learning algorithms that
optimize image reconstruction and cali-
bration processes in the process of dig-
ital sensor calibration. Their research
opens up new opportunities for multi-
sensor integration and intelligent image
analysis.

The article by Mi Wang [18] sub-
stantiates the theoretical basis for the
transition to intelligent geographic in-
formation systems, where large models
play a key role in 3D reconstruction, se-
mantic analysis and automation of pho-
togrammetric processes.

The article by Fabio Remondino
[17] confirms that artificial intelligence
is able to automate complex photo-
grammetric tasks, reducing the need
for manual intervention. Overall, these
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studies indicate the transformation of
photogrammetry towards intelligent
geographic information systems.

Hlotov and Hunina analyze the pos-
sibilities of using unmanned aerial ve-
hicles in various types of aerial survey
work and their effectiveness [2].

The works of Irschara et al. [3], Re-
mondino et al. [5] and Sauerbier et al.
[6] justify the need for full automation
of photogrammetric processing of dig-
ital images obtained from unmanned
aerial vehicles.

Particular attention should be paid to
the studies of the authors Butenko and
Poshtar [7] and Pokatayev [9], who in-
vestigate the integration of neural net-
works into photogrammetric software
algorithms and focus on the role of ar-
tificial intelligence in the management
of territorial complexes in Ukraine,
especially emphasizing their potential
for the digital transformation of urban
infrastructure.

Practical aspects of the use of artifi-
cial intelligence in the process of ana-
lyzing digital data are given in the pub-
lications Probesto [10] and Gigacloud
[11], which describe the principles of
machine learning and its application in
geographic information systems.

Thus, a review of scientific sources
confirms the relevance of the chosen di-
rection of scientific research on the use
of artificial intelligence for automation,
increasing the accuracy and efficiency
of photogrammetric processing of dig-
ital data.

Research objective. The purpose of
the article is to study the prospects for
using artificial intelligence to automate,
increase the accuracy, and optimize the
processes of photogrammetric process-
ing of digital images.

Materials and methods
of scientific research

In the course of scientific research
on the application of artificial intelli-
gence in photogrammetric processing
of digital data, the following methods
of scientific research were used: ana-
lytical, abstract-logical, structural-func-
tional and comparative.

The analytical method investigated
modern technologies for photogram-
metric processing of digital images used
to create orthophotomaps, digital terrain
models and three-dimensional terrain
models.

The abstract-logical method allowed
us to assess the prospects for integrat-
ing artificial intelligence into photo-
grammetric software, in particular deep
learning algorithms that help automate
the processes of classification, geomet-
ric correction and interpretation of ob-
jects.

The structural-functional method
analyzed the stages of photogrammetric
processing: image improvement, point
cloud formation and classification, and
creation of the final product in the form
of an orthophotomap of the terrain.

The comparative method was used
to assess the effectiveness of using ar-
tificial intelligence in photogrammetry
compared to traditional approaches,
taking into account accuracy, process-
ing speed, and quality of the final data.

Research results and their
discussion

In information technology, artificial
intelligence is a neural network of hard-
ware or software systems, built on the
principle of neurons in the human brain.
In fact, it is a computational system of
gradual actions, based on a set of con-

70

N2 3"2025



Earth scieces. Geoinformation technologies for modeling the state of geosystems

nected nodes that are interconnected.

In turn, modern technology of photo-
grammetric processing of digital imag-
es, the formation of dense point clouds
is a key stage for creating high-preci-
sion geospatial and cartographic prod-
ucts, such as orthophotomaps, digital
terrain models and three-dimensional
terrain models, which are widely used
in various industries, including cartog-
raphy, land management, environmental
monitoring, agriculture and urban plan-
ning [2,3].

The essence of photogrammetric
processing is the use of digital imag-
es to create planning and cartographic
materials. Its main stages are: image
collection and enhancement, dense
point cloud formation, its classification,
creation of orthophotomap and digital
models.

One of the most promising areas
in this context is the integration of ar-
tificial intelligence technologies into
software for photogrammetric data
processing. Rapid progress in the field
of machine learning, in particular deep
learning methods, opens up fundamen-
tally new opportunities for automating
complex processes, increasing the accu-
racy of object recognition and classifi-
cation, optimizing geometric correction
of images and generally increasing the
efficiency of photogrammetric produc-
tion [1,10].

The main stages of integrating arti-
ficial intelligence into photogrammet-
ric data processing programs include:
improving the original digital images;
forming a point cloud and its improve-
ment; classifying a dense point cloud;
forming the final processing product, an
orthophotomap [6,7].

Photocorrection of digital images
1s an important stage in the process of
processing visual materials, aimed at

improving their quality and eliminating
various defects. This process consists of
several sequential steps, each of which
plays a role in achieving the desired re-
sult.

1. Image analysis: At the initial
stage, it is necessary to carefully exam-
ine the image to identify existing short-
comings. These may include:

2. Exposure errors: insufficient or
excessive illumination of the image.

3. White balance errors: incorrect
display of colors, which leads to their
unnaturalness.

4. Low contrast: insufficient dif-
ference between light and dark areas,
which makes the image dull.

5. Digital noise: the presence of
grain or other artifacts.

6. Geometric distortions: distortion
of the image caused by the peculiarities
of the optics or the shooting angle.

7. Exposure correction: In case of
insufficient illumination of the image,
its brightness should be increased. If the
image is too bright, this indicator should
be reduced [19].

One example of the application of
artificial intelligence in the field of pho-
togrammetry is the Luminar Neo soft-
ware from Skylum. This program uses
the capabilities of artificial intelligence
to improve the quality of images and
edit photos [12]. At the initial stage, the
necessary raw data is collected, such as
digital images obtained from unmanned
aerial vehicles. The key requirements
for the images are their high quality,
the absence of smears, shadows and the
presence of sufficient mutual overlap to
ensure the possibility of further process-
ing (Fig. 1).

The next stage is to search for corre-
sponding points in the images based on
the identification of common character-
istic points that are displayed on differ-
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Fig. 1. Fragment of a non-uniform
digital image that requires correction

ent images, to establish mutual relation-
ships between them, to perform a set of
geometric calculations to determine the
three-dimensional coordinates of each
point based on its projections on dif-
ferent images, which can be improved
by an artificial intelligence algorithm
[7,11].

At this stage, the spatial orientation of
the images relative to each other and their
binding to a defined coordinate system
is performed. Parameters characterizing
the position and angle of inclination of
each image in three-dimensional space
are determined. To perform this task,
reference points whose coordinates are
known with high accuracy can be used.

Formation of a dense point cloud,
based on previously oriented images,

occurs through pixel analysis of dig-
ital images. The number of points in
the cloud determines the level of detail
(cloud density) and the accuracy of the
3D terrain model created from it [2,7].

The resulting dense cloud of
three-dimensional points is subject to
further analysis and processing. At this
stage, procedures for removing unwant-
ed noise (Fig. 2.), refining the spatial
coordinates of points, as well as other
operations aimed at improving the qual-
ity of the final model can be performed
[1,4,9].

Based on the processed dense point
cloud, a three-dimensional model of
the studied area is created. This model
can be used for a wide range of tasks,
including visualization, conducting var-
ious simulations of geodetic and land
management works [1,4].

The use of machine learning also
contributes to the creation of more de-
tailed and informative orthophotomaps.
The ability of artificial intelligence al-
gorithms to analyze complex spectral
characteristics of objects and take into
account contextual information allows
you to identify patterns and dependen-
cies that may not be noticeable with tra-
ditional processing methods. This opens
up opportunities for obtaining not only
geometrically accurate, but also seman-
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Fig. 2. Formation of a dense point cloud and its improvement by noise removal
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Fig. 3. "Breaks" of the orthophotomap image when using different algorithms
for its construction

tically enriched orthophotomaps, which
can contain additional information
about the properties and characteristics
of objects in the area.

Despite significant advantages, the
use of machine learning in the creation
of orthophotomaps is also associated
with certain challenges. For effective
training of algorithms, large volumes of
high-quality spatial data are required, as
well as high-quality cloud classification
with detailed division of the cloud into
different classes of objects (Fig. 3).

The quality of the obtained results
directly depends on the quality and rep-
resentativeness of the data, as well as on
the correctness of the choice and config-
uration of the machine learning model
architecture [11].

It is also worth noting that the auto-
mation of a significant part of the pro-
cess of creating orthophotomaps using
machine learning leads to a significant
reduction in data processing time and a
reduction in the need for manual labor.
This is especially important when work-
ing with large areas or when it is nec-

essary to promptly update cartographic
information.

Analyzing the advantages of using
artificial intelligence in photogrammet-
ric data processing programes, it is advis-
able to highlight the following: detec-
tion of specific objects in images, which
can be useful for identifying specific
landscape features or structures in dig-
ital images; improving image quality by
removing noise, improving contrast, or
restoring lost details; rapid creation of
orthophotomaps and 3D models based
on point clouds; classification of imag-
es based on their content for automatic
determination of the type of terrain or
identification of specific objects; se-
mantic segmentation of images, which
allows you to determine which type
each pixel of the image belongs to.

Conclusions

The integration of artificial intelli-
gence into photogrammetric technol-
ogies opens up new opportunities for
increasing the efficiency and accuracy
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of digital data processing. The use of
neural networks allows you to automate
key stages of the process that previous-
ly required significant human resourc-
es, and also significantly improves the
accuracy of object detection in images.
This has a positive effect on the quality
of final geospatial products, such as or-
thophotomaps and 3D models. Artificial
intelligence provides the ability to ana-
lyze large volumes of data, classify ob-
jects and correct geometric distortions,
which increases the overall efficiency
of photogrammetric production. At the
same time, to achieve high results, it is
necessary to ensure sufficient volumes
of high-quality data and the correct ar-
chitecture of machine learning models.

Despite significant achievements, it
should be noted that the integration of
artificial intelligence into photogram-
metric data processing is still at the
stage of active development and re-
quires improvement.
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AHOomayia. Y cmammi po32a90aemeca 8MauU8 an20pUmmie HelipoMepexs wmy4yHo2o
iHmenekmy Ha npouec HomozpamMmMempu4yHo20 ONPAUBAHHA YUppPosux 3HIMKIe ma
hOpPMYBAHHA WiNbHUX XMAP MOYOK.

3a3Ha4yeHo, WO iHMezpayia an2opummie MAWUHHO20 HABYAHHA, 30Kpemda 2eauboKoz20
HOBYAHHSA, 00380/15€ ABMOMAMU3YBAMU KAHO408i emanu onpayro8aHHSA, NiosuWUMuU MoYHicme
Knacugikauii 06’ekmis, onmumizyeamu 2eomempuyHy Kopekuito 306paxceHb ma rnokpawumu
AKICMb KiHYesux 2eornpocmoposux npoodyKmis y su2asaoi opmogomonaaHa micuesocmi.

OnucaHo OCHOBHI emanu ¢homozpammempuyHo2o fpouecy: 8i0 36opy NepeUHHUX OAHUX
00 opmyeaHHA opmogomonnaaHie ma mpusumipHux modeneli micyesocmi. Ocobnuea
yeaza npuoindemocs poni Helipomepexrti y MNOKPAWEHHI WinbHOCMi XMapu mMo40K 3a PaxXyHOK
npasusabHOI IHMepnpemauyii mo4oK Ha yugpoesux 3HIMKaXx, Kaacugikayii 06°ekmie ma 3meHWeHHi|
8rusy M00CbKO20 hakmopa.

BusHa4yeHO 8UKAUKU, N08°A3aHi 3 mompeboto y 8enukux obca2ax AKICHUX HAB8YAAbHUX OQHUX.
O6rpyHmMosaHoO nepcrnekmusHicms 30CMOCY8AHHA Helipomepex Wmy4yHo20 iHmesnekmy y
gomozpammempii ma HeobxiOHicmb NooanbUIUX OOCAIOHEHD Y YbOMY HAMPAMKY.

Knwouosi cnoea: Helipomepexra, wmydyHul iHmesnekm, gomozpammempis, MAWUHHE
HOBYAHHSA, XMapa Mo4YoK, opmogomonnaH, 3D-modesns, yugposuli 3HIMOK.
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