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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.
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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.

Problem statement. In the modern digital environment, artificial intelligence
plays a key role in transforming many areas of human activity.

One of the current problems is to increase the efficiency of photogrammetric
processing of digital images and 3D scanning data of the territory. Traditional
algorithms have limitations in terms of productivity, accuracy, speed and automation
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 classification, interpretation, determination of shapes, sizes and spatial position of
terrain objects [10].

This opens up new opportunities for creating high-precision orthophoto 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
demonstrates the active use of unmanned aerial 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 classification and
interpretation of terrain objects. The works of Shevchenko A.l. [13] and Guralyuk A.
[14] consider the role of artificial intelligence in the digital transformation 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].
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Analysis of scientific works of foreign scientists demonstrates active
introduction of artificial intelligence in photogrammetric processes of digital data
processing, in particular in automated 3D modeling, object classification and
processing of point clouds.

The work of Rongjun Qin and Armin Gruend considers the application of
machine learning for semantic interpretation of spatial data, which allows to increase
the accuracy of digital terrain 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 analyze how artificial intelligence can automate 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 calibration processes in the process of digital sensor
calibration. Their research opens up new opportunities for multisensor integration and
intelligent image analysis.

The article by Mi Wang [18] substantiates the theoretical basis for the transition
to intelligent geographic information systems, where large models play a key role in
3D reconstruction, semantic analysis and automation of photogrammetric processes.

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

Hlotov and Hunina analyze the possibilities of using unmanned aerial vehicles
in various types of aerial survey work and their effectiveness [2].

The works of Irschara et al. [3], Remondino et al. [5] and Sauerbier et al. [6]
justify the need for full automation of photogrammetric processing of digital 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 investigate the integration of neural networks into

photogrammetric software algorithms and focus on the role of artificial intelligence in
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the management of territorial complexes in Ukraine, especially emphasizing their
potential for the digital transformation of urban infrastructure.

Practical aspects of the use of artificial intelligence in the process of analyzing
digital data are given in the publications 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
direction of scientific research on the use of artificial intelligence for automation,
increasing the accuracy and efficiency of photogrammetric processing of digital 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 processing of digital images.

Materials and methods of scientific research. In the course of scientific
research on the application of artificial intelligence in photogrammetric processing of
digital data, the following methods of scientific research were used: analytical,
abstract-logical, structural-functional and comparative.

The analytical method investigated modern technologies for photogrammetric
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 integrating
artificial intelligence into photogrammetric software, in particular deep learning
algorithms that help automate the processes of classification, geometric correction and
interpretation of objects.

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 artificial
intelligence in photogrammetry compared to traditional approaches, taking into

account accuracy, processing speed, and quality of the final data.
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Research results and their discussion. In information technology, artificial
intelligence is a neural network of hardware 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 connected nodes that are interconnected.

In turn, modern technology of photogrammetric processing of digital images, the
formation of dense point clouds is a key stage for creating high-precision geospatial
and cartographic products, such as orthophotomaps, digital terrain models and three-
dimensional terrain models, which are widely used in various industries, including
cartography, land management, environmental monitoring, agriculture and urban
planning [2,3].

The essence of photogrammetric processing is the use of digital images 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 artificial
intelligence technologies into software for photogrammetric data processing. Rapid
progress in the field of machine learning, in particular deep learning methods, opens
up fundamentally new opportunities for automating complex processes, increasing the
accuracy of object recognition and classification, optimizing geometric correction of
images and generally increasing the efficiency of photogrammetric production [1,10].

The main stages of integrating artificial intelligence into photogrammetric data
processing programs include: improving the original digital images; forming a point
cloud and its improvement; classifying a dense point cloud; forming the final
processing product, an orthophotomap [6,7].

Photocorrection of digital images is 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 result.

1. Image analysis: At the initial stage, it is necessary to carefully examine the

Image to identify existing shortcomings. 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 difference 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
photogrammetry is the Luminar Neo software 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 processing (Fig. 1).

Fig. 1. Fragment of a non-uniform digital image that requires correction

The next stage is to search for corresponding points in the images based on the

identification of common characteristic points that are displayed on different images,
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to establish mutual relationships between them, to perform a set of geometric
calculations to determine the three-dimensional coordinates of each point based on its
projections on different 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 digital 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 unwanted noise (Fig.
2.), refining the spatial coordinates of points, as well as other operations aimed at

improving the quality of the final model can be performed [1,4,9].

Fig. 2. Formation of a dense point cloud and its improvement by noise removal
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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 various simulations of geodetic and land management works
[1,4].

The use of machine learning also contributes to the creation of more detailed and
informative orthophotomaps. The ability of artificial intelligence algorithms to analyze
complex spectral characteristics of objects and take into account contextual
information allows you to identify patterns and dependencies that may not be
noticeable with traditional processing methods. This opens up opportunities for
obtaining not only geometrically accurate, but also semantically 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).

Fig. 3. "'Breaks" of the orthophotomap image when using different algorithms

for its construction
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The quality of the obtained results directly depends on the quality and
representativeness of the data, as well as on the correctness of the choice and
configuration of the machine learning model architecture [11].

It is also worth noting that the automation of a significant part of the process 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 working with large areas or when it is necessary to promptly update
cartographic information.

Analyzing the advantages of using artificial intelligence in photogrammetric
data processing programs, it is advisable to highlight the following: detection of
specific objects in images, which can be useful for identifying specific landscape
features or structures in digital 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 images based on their content for
automatic determination of the type of terrain or identification of specific objects;
semantic segmentation of images, which allows you to determine which type each pixel
of the image belongs to.

Conclusions. The integration of artificial intelligence into photogrammetric
technologies opens up new opportunities for increasing the efficiency and accuracy of
digital data processing. The use of neural networks allows you to automate key stages
of the process that previously required significant human resources, 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 orthophotomaps and 3D
models. Artificial intelligence provides the ability to analyze large volumes of data,
classify objects 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
architecture of machine learning models.

Despite significant achievements, it should be noted that the integration of

artificial intelligence into photogrammetric data processing is still at the stage of active
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development and requires improvement.
References

1. Butenko, E., & Kulakovskyi, O. (2018). Zastosuvannia bezpilotnykh
litaiuchukh system pry vyrishenni zadach zemleustroiu [The use of unmanned flying
systems to solve the land management problems]. Land Management, Cadastre and
Land Monitoring, 4, 68-73. DOI: https://doi.org/10.31548/zemleustriy2018.04.09

2. Hlotov, V., & Hunina, A. (2014). Analiz mozhlyvostei zastosuvannia
bezpilotnykh litalnykh aparativ dlia aeroznimalnykh protsesiv [Analysis of the
possibility of using unmanned aerial vehicles for surveying processes].
Fotohrammetriia, heoinformatsiini systemy ta kartohrafiia. Available at:
http://ena.lp.edu.ua/bitstream/ntb/25100/1/16-65-70.pdf

3. Irschara, A., Kaufmann, V., Klopschitz, M., Bischof, H., & Leberl, F.
(2010). Towards fully automatic photogrammetric reconstruction using digital images
taken from UAVSs. In Proceedings of ISPRS Symposium, 100 Years ISPRS - Advancing
Remote Sensing Science.

4, Dorosh, O., Butenko, Y., Kolisnyk, H., Dorosh, A., & Kupriianchyk, I.
(2021). The use of UAVs: development, perspectives and application. AgroLife
Scientific Journal, 10(2), 172-182. DOI: https://doi.org/10.17930/AGL202127

5. Remondino, F., Barazzetti, L., Nex, F., & Scaioni, M. (2011). UAV
photogrammetry for mapping and 3D modelling — Current status and future
perspectives. International Archives of the Photogrammetry, Remote Sensing and
Spatial Information Sciences, XXXVIII-1/C22. DOI:
https://doi.org/10.5194/isprsarchives-XXXVII1-1-C22-25-2011

6.  Sauerbier, M., Siegrist, E., Eisenbeiss, H., & Demir, N. (2012). The
practical application of UAV-based photogrammetry under economic aspects.
International Archives of the Photogrammetry, Remote Sensing and Spatial
Information Sciences, XXXVIII-1/C22. DOI: https://doi.org/10.5194/isprsarchives-
XXXVI11-1-C22-45-2011

7. Butenko, Ye. V., & Poshtar, A. M. (2024). Intehratsiia neiromerezh u

prohramy fotogrammetrychnoi obrobky [Integration of neural networks into



11

photogrammetric processing programs]. In Suchasni vyklyky v upravlinni zemelnymy
resursamy: Proceedings of the 1st International Scientific and Practical Conference
(Kyiv, June 7, 2024) (pp. 152-155). Kyiv: Editorial and Publishing Department of
NUBIP of Ukraine. Available at:
https://nubip.edu.ua/sites/default/files/u254/materiali_i_mizhnarodnoyi_naukovo_pra
ktichnoyi_konferenciyi_suchasni.pdf

8. Kyiv: Editorial and Publishing Department of NUBIP of Ukraine.
Available at:
https://nubip.edu.ua/sites/default/files/u254/materiali_i_mizhnarodnoyi_naukovo pra
ktichnoyi_konferenciyi_suchasni.pdf

Q. Pokataiev, P. (2021). Intehratsiia shtuchnoho intelektu v upravlinnia
protsesamy urbanizatsii v Ukraini [Integration of artificial intelligence into
urbanization process management in Ukraine]. Scientific Notes of V.l. Vernadsky
Taurida National University. Series: Public Administration and Administration,
34(73), 203-207.

10. Probesto. (n.d.). Guide to using artificial intelligence in data analysis.
Available at: https://probesto.com/ua/posibnyk-z-vykorystannia-shtuchnoho-int/

11. Gigacloud. (n.d.). What is machine learning: how it works and where it is
used. Available at: https://gigacloud.ua/articles/shho-take-mashynne-navchannya-yak-
praczyuye-ta-de-vykorystovuyetsya/

12. Butenko, Ye. V., & Krasnosilska, A. A. (2024). Intehratsiia shtuchnoho
intelektu u protsesy fotogrammetrychnoi obrobky danykh [Integration of artificial
intelligence into photogrammetric data processing]. In Suchasni vyklyky v upravlinni
zemelnymy resursamy: Proceedings of the 1st International Scientific and Practical
Conference. 45-48. Kyiv: NUBIP  of  Ukraine.  Available  at:
https://dglib.nubip.edu.ua/items/2ca7fb75-65b8-496d-9aa3-64bdaaccdOab

13.  Shevchenko, A. L., et al. (2023). Stratehiia rozvytku shtuchnoho intelektu
v Ukraini [Strategy for the development of artificial intelligence in Ukraine].
Monograph. Kyiv: IPSHI. Available at:
https://jai.in.ua/index.php/en/issues?paper_num=1545


https://gigacloud.ua/articles/shho-take-mashynne-navchannya-yak-praczyuye-ta-de-vykorystovuyetsya/
https://gigacloud.ua/articles/shho-take-mashynne-navchannya-yak-praczyuye-ta-de-vykorystovuyetsya/

12

14. Huraliuk, A. (2023). Shtuchnyi intelekt yak innovatsiina tekhnolohiia v
pedahohichnykh doslidzhenniakh [Artificial intelligence as an innovative technology
in pedagogical research]. Visnyk NAPN Ukrainy, (18), 67-79. Available at:
https://lib.iitta.gov.ua/id/eprint/739798/1/VNIASO-AHS%200f%20Edu%26Sci-RB-
18-2023-67-79.pdf

15. Abbood, S. A., et al. (2024). Artificial intelligence techniques in
photogrammetry application: A review. AIP Conference Proceedings, 3105, Article
050057. Available at: https://pubs.aip.org/aip/acp/article/3105/1/050057/3308891

16. Qin, R., & Gruen, A. (2021). The role of machine intelligence in
photogrammetric 3D modeling — an overview and perspectives. International Journal
of Digital Earth, 14(2), 15-31. Available at:
https://www.tandfonline.com/doi/pdf/10.1080/17538947.2020.1805037

17.  Remondino, F., & Qin, R. (Eds.). (n.d.). Photogrammetry meets Al —
Special Issue. Remote Sensing. MDPI. Available at:
https://www.mdpi.com/journal/remotesensing/special_issues/W5GGJIJN70UH

18. Wang, M., Cheng, X., Pan, J., Pi, Y., & Xiao, J. (2024). Large models
enabling intelligent photogrammetry. Acta Geodaetica et Cartographica Sinica,
53(10), 1955-1966. Available at:
http://xb.chinasmp.com/EN/10.11947/].AGCS.2024.20240068

19. Hryhoriev, O. V., Kolesnykova, T. A., & Yatsenko, L. O. (n.d.).
Korektsiia kolirnoho balansu tsyfrovoho zobrazhennia na osnovi statystychnykh
kharakterystyk [Correction of digital image color balance based on statistical
characteristics]. Kharkiv National University of Radio Electronics. Available at:
https://openarchive.nure.ua/bitstreams/f29af054-3ef7-4e08-980e-
9b999b12ef67/download

€. B. byrenko, A. B. BoionTup, O. O. Kyuenko
3ACTOCYBAHHA HTYYHOI'O IHTEJIEKTY InPU
OOTOI'PAMMETPUYHOMY ONNIPAIIIOBAHHI HU®POBUX JAHUX



13

YV cmammi poszensioaemovcs 6naug  aneopummie HeupoMmepetc Wmy4Ho20
iHmenekmy Ha npoyec GomozpammempuiHo20 onpayio8ants YU@Pposux 3HiMKie ma
(D OPMYBAHHI WIIbHUX XMAP MOYOK.

3aznaueno, wo iHmezpayisa ancoOpummie MAWUHHO2O HABYAHHS, 30KpeMda
2NUOOKO20 HABYAHHSA, O00360JA€ ABMOMAMU3Y8AMU KIIOYOBI emanu Onpayro8aHHs,
niosuwumu  mounicmo Kiacugixayii  06’ckmis, OnMUMI3Y8aAMU 2eOMEMPUYH)
KOpeKyito 300pasiceHb ma NOKpawumu AKicms KiHYegux 2eonpocmoposux npooyKkmie
y 8u2nadi opmoghomoniana micyedocmi.

Onucano ocHo8Hi emanu GomospamMmempuino20 npoyecy: 8i0 300py
NePBUHHUX OAHUX 00 (OPMYBAHHSA OPMODOMONIAHIE MA MPUBUMIPDHUX MoOeell
micyesocmi. Ocobnusa ysaza Npuoiiaemvcs poi Heupomepeddci y NOKpaAujeHHI
WITbHOCMI XMAPU MOYOK 34 PAXYHOK NPABUTILHOL ITHmepnpemayii moyox Ha yugpposux
BHIMKAX, Klacughikayii 06’ ekmie ma 3meHuleHHI 8NIUBY TH0OCbKO20 (hakmopa.

Busnaueno euxnuku, nog’szami 3 nompe6oro y 6eiukux o00cs2ax AKICHUX
HaguanbHux oanux. OOIPYHMOBAHO NEPCHeKMUBHICIb 3ACMOCYBAHHS HEUPOMEPE’C
wmy4no2o inmenexkmy y pomozpammempii ma HeoOXioHiCMb NOOAILULUX OOCTLONHCEHD
Y YbOMY HANPAMK).

Knwuosi cnosa: neiipomepedsca, wmyuHuti iHmeaekm, Gomozpammempis,

MauuHHe Ha84arHs, XMapa mo4ok, opmogomoninat, 3D-mooens, yughposuii 3HIMOK.



