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Abstract. This paper analyzes the potential of Earth remote sensing data and artificial
intelligence for monitoring mining sites. The study investigates the remote assessment of
the value of the deposit using multispectral imagery, time-series data, and digital
elevation models. Particular attention is paid to the GoldenRAM platform, which ensures
synergy between satellite data, GIS, and machine learning for automated change
detection. The core innovation of this study lies in the implementation of the Artificial
Intelligence Knowledge Processors (AIKP) approach, which serves as a modular
foundation for a fundamental system development architecture. This methodology
enables seamless integration of Al-assisted development and advanced geospatial
analytics, producing a reliable framework for cross-domain monitoring. Integrating these
technologies facilitates continuous remote monitoring, dynamic quarry assessment, and
verification of extraction volumes. The proposed approach is highly relevant for
monitoring areas with limited physical access and can be adapted for environmental
analysis systems in industrial regions of Ukraine.
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Introduction. Ukraine possesses significant mineral and raw material potential
and ranks among the leading European countries in terms of proven mineral reserves.
Its territory is home to tens of thousands of deposits, which form a strategically
important resource base for the metallurgical, energy, and engineering industries.
Ukraine’s mining sector is one of the key elements of the national economy and is of
considerable importance to the European mineral resources market. However, the
intensive exploitation of these resources is associated with significant
anthropogenic impacts on the environment and requires systematic monitoring. The

rapid development of the mining industry leads to significant transformations of the
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natural environment, particularly the degradation of land resources and the
alteration of natural landscapes [1].

Effective resource management requires continuous monitoring of industrial
areas. Traditional ground-based methods are resource-intensive and often cannot be
applied to hard-to-reach areas. In the current context, the situation is complicated
by the fact that a significant proportion of deposits is located in regions affected by
hostilities. Damaged infrastructure and the risk of landmines limit the ability to
conduct field surveys. In such circumstances, remote sensing technologies become
particularly relevant, enabling the acquisition of verified information on changes on
the Earth’s surface [2].

Main section. Modern satellite observation systems provide regularly high-
resolution data on Earth’s surface. The use of remote sensing data enables the
systematic monitoring of industrial sites and the collection of objective information
on landscape changes. Optical satellite imagery enables the analysis of surface
morphology, the delineation of open-pit and waste-dump boundaries, and the
assessment of changes in site area over time.

The use of Synthetic Aperture Radar (SAR) systems significantly expands
monitoring capabilities, ensuring data acquisition regardless of weather conditions.
SAR data is widely used to analyse structural changes in surface and ground
deformation. The combination of optical and radar data enhances the reliability of
scientific results. Further technological development involves implementing
artificial intelligence (AI) methods to automate the interpretation of geospatial data.
Computer vision algorithms enable the automatic identification of mining sites and
the analysis of their dynamics [3-4].

An example of the implementation of such technologies is the European
GoldenRAM project (Grant Agreement No. 101138153), whose architecture is based
on the use of specialised Artificial Intelligence Knowledge Processors (AIKPs)
distributed across three application domains [5]:

- exploration applications AIKPs: modules for geological exploration and
mineralogical mapping.

- production, safety, and operations AIKPs: a module for monitoring the
stability of open-pit scope and tailings dams, and for detecting volumetric changes.
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- environmental applications AIKPs: components for environmental
monitoring, including vegetation and water quality and acid mine drainage.
The AIKP workflow covers all stages from defining the area of interest to the

final visualisation via a web interface. A key focus of the analysis within the Volume
Change Monitoring module is the assessment of mining activity using Digital
Elevation Models (DEMs). Analysis of differences in DEM time series enables
elevation changes to be recorded, which correlate with the volumes of extracted
material. The calculation of volumetric changes serves as an objective indicator of
the intensity of mining processes.

An important aspect of the analysis corresponding to the Volume Change
Monitoring module is the assessment of mineral extraction activity. To achieve this,
DEMs are used to analyze morphometric changes in topography and evaluate the
volumetric characteristics of mining operations. The GoldenRAM platform
implements a suite of specialised AIKP analytical components designed for the
intelligent processing of DEMs. Using this toolkit, relief models are visualised, time-
series data are generated, and differential models (elevation differences) are
calculated [5].

Analysis of differences between DEMs allows detection of changes in surface
elevation, which directly correlate with rock extraction processes or the stockpiling
of industrial waste. Based on the generated stacks, time series of topographic
transformation are generated, enabling the assessment of quarry development rates
and the determination of volumetric changes in mining workings. Calculating
volumetric changes enables estimating the approximate volumes of extracted rock,
which serves as an objective indicator of the intensity of mining operations.

Integration of satellite data, digital elevation models, and artificial intelligence
algorithms within the GoldenRAM platform forms a toolkit for remote analysis of
mining operations. The application of such technologies enables monitoring
through regular observations and the generation of objective indicators of mining
activity, especially for areas with limited or hazardous access [5].

Conclusions. This study examines the potential of using remote sensing
satellite data and artificial intelligence methods for systematic monitoring of mining

activities. It has been demonstrated that the convergence of satellite data,
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geoinformation technologies, and machine learning algorithms enables the
automation of landscape transformation analysis, the assessment of subsoil
exploitation intensity, and the remote monitoring of industrial sites. Experience
from implementing the European GoldenRAM project confirms the potential to
develop integrated platforms for comprehensive analysis of the mining sector based
on remote sensing data. For Ukraine, implementing such intelligent solutions is
extremely relevant, given the need to monitor deposits in areas with restricted
access due to military operations. The use of remote methods ensures the
acquisition of verified information on the condition of industrial areas. It could
become a fundamental tool for the rational management of natural resources and for
strategic planning to restore the country’s mining infrastructure.

JIITEPATYPA / REFERENCE

1. Weng, Q. Remote sensing for environmental monitoring and analysis. 1st Edition. CRC
Press, Boca Raton, 2020. 452 p.

2. European Space Agency. Earth Observation Applications in Mining and Environmental
Monitoring. ESA Special Publication, 2022. 84 p.

3. Copernicus Programme. Sentinel satellite missions for Earth observation. European Space
Agency, Special Report, 2023. 112 p.

4. Asner, G.P., Tupayachi, R. Accelerating environmental monitoring of mining regions
using satellite data. Remote Sensing of Environment. 2017. Vol. 201. P. 243-251.
https://doi.org/10.1016/j.rse.2017.09.015.

5. European Commission. GoldenRAM Project: Digital platform for raw materials monitoring.
Horizon Europe Research and Innovation Action. Grant Agreement No. 101138153, 2024.

3ACTOCYBAHHSI AI-INTIAT®OPMU GOLDENRAM [JI1 MOHITOPUHI'Y
TTPHUYOI0BYBHOI OII/IbHOCTI 3 BUKOPUCTAHHSAM JAHUX
JTUCTAHIIFHOIO 30HAYBAHHS 3EMJII
O. Kagaii, K. Cepreesa, T. Malientox

AHOmauia. Y cmammi avanizyemocs nomeuyian oaHux oucmaHuyitinozo 30HJY8AaHHS
3emni ma wmyuHoz0 iHmenekmy 01 MOHIMOpPUHZY 2ipHUUOJ0OY8HUX 00°€kmis.
Hocnioxweno OucmaHuitiHy OyiHKY [IHMeHCU8Hocmi 8udobymKky KOPUCHUX KONAUH 3a
00N0M02010 MYJbMUCNEKMPATbHUX 3HIMKIB, uacosux psdie ma uyugposux modeneii
penvedy. Ocobnusy ysazy npudineHo naamgpopmi GoldenRAM, ujo 3abe3neuye cuHepzito
Mix cynymHukosumu davumu, I'IC ma MAWUHHUM HABUAHHAM Ol A8MOMAMUUHO20
gusieieHHs1 3miH. OCHOBHA [HHOBAUIA UYb020 OOCNIOHCEHHS NOJIS2AE Y BNPOBAOHCEHHI
nioxody «IIpouecopu 3HaHe wmyuHozo iHmesnekmy» (AIKP), sakuili ciyzye MOOYIbHOK
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0CHOB0K 01 apximekmypu po3poOKu cucmemu. L[a memodonozia 3abe3neuye
Oe3nepepeny iHmezpayiro AI-po3pobku ma nepedosoi 2eonpocmoposoi aHanimuxu,
cmeopwiouu  HaodiliHy 0CHO8Y 011 MiX2any3e8020 MOHImMopuHezy. Inmezpauis yux
MexHON02ili CNpusie NOCMItiHomMy OUCMAHYIUIHOMY KOHMPO, OUHAMIYHIT OYIHUi
Kap’epie ma eepudixauii 06cs2ie eudobymky. 3anponoHosauuli nioxio € akmyaibHuUm
0711 MOHimopuHzy mepumopiii i3 oOmexceHum GisuuHumM docmynom i moxce Oymu
adanmosaHuti 07151 cucmem eKoJ02iuH020 AHAi3y 8 NPOMUCI0BUX pezioHax YKpaiHu.

Knrwowuoei cnosa. /[lucmanyitine 30H0y8anus 3emii, CynymHUKO8i OAHI, WMY4YHUL iHmMeneKm,
2ipHuu00006ysHa npomuciosicms, Al-nramegpopma, GoldenRAM.
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