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Abstract
Illegal mining, including the violation of lease boundaries during the extraction of mineral deposits in Vietnam, has 
witnessed a significant surge in recent years, leading to substantial environmental degradation. Due to the remote 
locations of mining areas in relation to settlements, the detection of illegal mining activities using conventional 
methods poses considerable challenges. This study presents a methodology for identifying lease boundary 
violations in open-pit mining of mineral deposits by utilizing high-resolution satellite images from the Sentinel-2 
MSI system. The proposed methodology involves overlaying Sentinel-2 MSI radar-acquired satellite images to 
identify disparities between approved lease boundaries and actual boundaries of mining areas. The research 
focuses on the mineral-rich provinces of Lao Cai and Yen Bai in North Vietnam. The findings of this research rhold 
great potential for effectively monitoring and promptly detecting violations of mining lease boundaries.
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Аннотация
Незаконная добыча полезных ископаемых, в том числе нарушение лицензионных границ при от-
работке месторождений полезных ископаемых во Вьетнаме за последние годы резко возросли. Это 
приводит к значительному ухудшению состояния окружающей среды. Поскольку районы добычи 
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полезных ископаемых часто расположены далеко от населeнных пунктов, традиционными метода-
ми трудно обнаружить районы незаконной добычи. В данной работе представлена методика обна-
ружения нарушения лицензионной границы открытой разработки месторождений минерального 
сырья по спутниковым снимкам высокого разрешения Sentinel-2 MSI. В разработанной методике 
при наложении полученных радаром Sentinel-2 MSI снимков со спутника определяется несоответ-
ствие лицензионных границ месторождений полезных ископаемых фактическим. Район исследо-
вания расположен в богатых минеральными ресурсами Северного Вьетнама провинциях Лао Кай 
и  Йень Бай. Полученные в ходе исследования результаты могут быть эффективно использованы 
для мониторинга и раннего выявления нарушений лицензированных границ горнодобывающего 
предприятия. 
Ключевые слова
незаконная добыча полезных ископаемых, дистанционное зондирование, данные Sentinel-2B MSI, 
Вьетнам, провинции Лао Кай и Йень Бай
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Introduction
Monitoring mining lease boundaries in states 

involved in open-pit mining is carried out through 
various methods, such as radiation interferometry, 
image synthesis, and spectral analog techniques. 
Implementing these procedures can significantly 
increase the payments made by subsoil users to the 
state budget [1]. It also enables the control of mining 
parameters, land allotments, and the efficient utiliza-
tion of mineral resources.

In Northern provinces of Vietnam, mining servses 
as a significant source of revenue for the state budget. 
However, the approved boundaries of land allotments 
for open-pit mining in Lao Cai and Yen Bai provinces 
are frequently violated. These violations have detri-
mental effect on the environment and the health of 
local population. The rugged terrain of mining areas 
allows lease owners who infringe upon boundaries to 
evade legal consequences. Advanced remote sensing 
techniques, such as using Sentinel-2 MSI radar aboard 
space satellites, provide high-resolution images of ex-
tensive areas of the Earth’s surface. The frequent up-
dating of these images facilitates the monitoring of 
lease boundaries to identify violators. 

Remote sensing and other monitoring approa- 
ches of Earth’s surface are employed in numerous 
countries worldwide to arrdess illegal mining, whish 
often occurs in remote regions [2, 3]. For example the 
Government of Ghana, detected illegal mining zones 
with areas measuring 102, 60, and 33 km2 from 2015 

to 201 by processing Sentinel-1 radar remote sens-
ing satellite images using a threshold assessment 
method. This discovery significantly contributed to 
increased budget revenues through additional pay-
ments, such as MET [4, 5]. 

Similarly, Landsat satellite images were employed 
to curb illegal gold mining in India, occurring between 
1986 and 2002 and from 2007 to 2013. These satellite 
images were used to compare the mining lease area 
with the actual mining area, facilitating the estima-
tion of the extent of illegal mining [6]. The develop-
ment of the DinSAR radar satellite interferometry 
technique has provided solutions for creating digital 
terrain models, aiding the detection of illegal open-
pit mining areas, even in mountainous regions with 
dense vegetation [7–10].

This paper presents the research findings de-
rived from analyzing satellite images captured by 
the Sentinel-2 MSI radar. The study resulted in the 
development of a methodology for detecting viola-
tions of open-pit mining lease boundaries by mining 
companies. 

By overlapping satellite images, it was possible 
to identify and evaluate the degree of infringement 
of mining rights by mining enterprises in North Vi-
etnam, including those with official lease boundaries.

The Sentinel-2 MSI radar information, with its 
frequent updates, is available free of charge to all in-
terested organizations, thus enhancing the effective-
ness of mining activity monitoring [11–13].
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Materials and methodology

Study area
The study area encompasses the provinces of Lao 

Cai and Yen Bai in North Vietnam. These provinces are 
characterized by mountainous terrain, challenging to-
pography, and undeveloped infrastructure. Extensive 
reserves of 35 minerals types, including iron, copper, 
zinc, and kaolin clays, have been explored in this re-
gion. The exploration efforts have resulted in the 
identification of substantional reserves, such as over 
2.5 billion tons of apatite and copper ore, as well as 
200 million tons of iron ore, including reserves of over 
120 million tons in the Quy Sa mine. Additionally, rare 
earth ores, crucial for the advancement global high-
tech industry, have also been discovered. The explo-
ration of these mineral resources involves more than 
500 small-scale mining enterprises, of which 240 pos-
sess valid licenss and leases. The lack of stringent 
plans for increasing mineral production and develo- 
ping these regions creates opportunities for the illegal 
extraction of valuable minerals.

Materials
The study utilized multispectral data from the Sen-

tinel-2 MSI radar, which were acquired in November 29, 
2022, in Lao Cai Province, and in November 4, 2022, in 
Yen Bai Province, for the purpose of identifying illegal 
mining activities. The implementation of the Sentinel-2 
MSI imaging technique enabled the capture of data 
across 13 spectral ranges, ranging from visible and near 
infrared (VNIR) to shortwave infrared (SWIR), at wave-
lengths within an orbital height of 290 km. The spatial 
resolution of the Sentinel-2 MSI images varied between 
10 and 60 m, with the visible (2, 3, 4) and near-infrared 
(8) ranges having a spatial resolution of 10 m (Table 1). 

Prior to analysis, the Sentinel-2 MSI radar images 
underwent pre-processing steps. These included the 
removal of clouds and the extraction of information 
within the boundaries of the research areas (Fig. 2). 
The images utilized in the study were L2A level pro- 
ducts, obtained from the Copernicus Open Access Hub 
website (https://scihub.copernicus.eu). These products 
represent lower atmosphere reflectivity images (BOA) 
derived from the corresponding Level 1C products.

Fig. 1. Research areas in Lao Cai and Yen Bai provinces, Vietnam
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Methodology
The multispectral processing of the Sentinel-2 

MSI radar sensing images involved applying atmos-
pheric and geometric corrections. The geometric cor-
rection process aimed to rectify geometric errors and 
transform the image coordinates captured by the Sen-
tinel-2 MSI radar into local coordinates (VN-2000) 
consistent with the coordinate system of the lease 
boundary.

To identify illegal mining areas, spectral ranges 
with a spatial resolution of 10 m were utilized. These 
specific ranges were selected due to their highest spa-

Fig. 2. Sentinel-2 MSI images within Lao Cai and Yen Bai provinces after pre-processing and cutting along 
the boundaries of the study areas

Table 1
Sentinel-2 MSI images

Channels Spectral range, µm Spatial resolution, m

Coastal aerosol 0.421–0.457 60

Blue 0.439–0.535 10

Green 0.537–0.582 10

Red 0.646–0.685 10

Red edge of vegetation 0.694–0.714 20

Red edge of vegetation 0.731–0.749 20

Red edge of vegetation 0.768–0.796 20

Near IR 0.767–0.908 10

Red edge of vegetation 0.848–0.881 20

Water vapor 0.931–0.958 60

Shortwave infrared— cirrus cloud 1.338–1.414 60

Shortwave infrared 1.539–1.681 20

Shortwave infrared 2.072–2.312 20

tial resolution among the available MSI Sentinel-2 
ranges, enabling the detection of illegal mining areas 
with greater precision.

Subsequently, images depicting mining lease 
boundaries were superimposed onto Sentinel-2 
MSI satellite images, allowing for a comparison be-
tween the designated lese boundaries  and the actual 
boundaries. In this assessment, a digitization tech-
nique was employed to evaluate the extent of mining 
operation beyond the lease boundary, following the 
methodology for detecting illegal expansion of mi- 
ning leases (Fig. 3).
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Scientific and methodological justification 
of solutions

a) General methodology for processing Sentinel-2 
MSI multispectral images

The first step was to access the Sentinel-2 MSI 
image data from the Copernicus Open Access Hub 
database. This required selecting the coordinates of 
the study area and other conditions such as image 
type, processing level, cloudiness, and imaging time. 
Figure 4 provides a visual guide on how to select and 
download Sentinel-2 MSI images from https://scihub.
copernicus.eu.

Spectral channels with a spatial resolution of 
10 m (2, 3, 4, and 8) were used to detect illegal mining 
areas.

b) Models for converting image coordinates into  
local coordinates

The Sentinel-2 MSI images, obtained from the 
Copernicus database in the WGS 84 coordinate sys-
tem, were converted to the local coordinate system 
(VN2000) (Department of Geodesy, Map, and Geo-
graphic Information, Ministry of Natural Resources 
and Environment of Vietnam) based on the following 
transformation equations:

Sentinel-2 MSI data
(visible and NIR spectral channels)

Pre-processing

Geometric correction

Improving image quality

Detection of mining areas

Mining lease boundaries

Superimposition, 
comparison

Detecting illegal expansion of mining lease 
boundaries

Fig. 3. The stages of the methodology for detecting illegal mining lease expansion based on Sentinel-2 MSI data

Fig. 4. Collection of Sentinel-2 image data in the Copernicus database
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X = ∆x0 + k(X ′ + ε0Y ′ − ψ0Z ′);

Y = ∆y0 + k(−ε0X ′ + Y ′ + ω0Z ′);

Z = ∆z0 + k(ψ0X ′ − ω0Y ′ + Z ′),
where X, Y, Z represent the coordinates in the 
Cartesian coordinate system that require convertion 
into meters; X ′, Y ′, Z ′ кrepresent the displacement 
coordinates in the Cartesian coordinate system, m; Δx0, 
Δy0, Δz0 are parameters indicating the displacement 
of the coordinate origin, m; ω0, ψ0, ε0 are the three 
rotation angles (Elege rotation), corresponding to the 
X, Y, Z axes, rad. The scale factor is denoted by k.

c) Proposals for improving the image processing 
method (or algorithm) for enhanced accuracy (resolution), 
accounting for atmospheric and geometric corrections

The Sentinel-2 MSI image underwent prepro- 
cessing procedures. This includes the application 
of geometric correction techniques and the con-
version of the image to the local coordinate system 
(VN2000). Subsequently, clouds cover wes elimina- 
ted from the image, and specific information per-
taining to the boundaries of the study areas was  
extracted and isolated. 

The cloud filtering process for Sentinel-2 image is 
conducted using the Google Earth Engine (GEE) plat-
form. GEE is a cloud-based geospatial analysis platform 
that provides users with the capability to visualize and 
analyze satellite images of the Earth. The offers a vast 
dataset containing remote sensing data collected from 
satellite systems spanning the past 40 years. Further-
more, GEE provides computational tools necessary for 
analyzing and utilizing this extensive data without the 
need to download to a local computer. Additionally, the 
data from GEE can be optimized to use in other soft-
ware application such as QGIS, GIS, and Foris. 

In order to filter and select the necessary images, 
the study utilized a reference image set from Senti-
nel-2, where the selected images had a cloud cover-
age of less then 80 %. The cloud filtering process was 
performed on the GEE platform using the CloudScore 
algorithm, which helps identify and filter out cloud 
pixels. Additionally, the Temporal Dark Outlier Mask 
(TDOM) algorithm was employed to detect and iden-
tify claud shadow pixels. used to. The outcomes of the 
cloud filtering and cropping of the Sentinel-2 MSI im-
age along the boundaries of the study area are depict-
ed in Fig. 2.

d) New technique and algorithm
This study introduces a novel approach by  

utilizing the GEE cloud computing platform for pro-
cessing Sentinel-2 MSI satellite image data. The 
GEE platform offers an online JavaScript applica-
tion interface (API) known as Code Editor, which is 
well-suited for handling large volumes of remote 
sensing data. Given the substantial amount of data 
generated by satellite remote sensing systems, the 
use of GEE enables efficient processing and analy-
sis. Moreover, the platform enhances the capacity 
for monitoring and detecting changes on the Earth’s 
surface by leveraging the temporal heterogeneous of 
remote sensing data.

This study pioneers the use of spectral imaging 
ranges with the highest spatial resolution among the 
MSI Sentinel-2 ranges, specifically the 10 m visible 
and near-infrared (NIR) bands. This selection allows 
for the detection of illegal mining areas concealed 
within dense jungle thickets. By utilizing the Senti-
nel-2 MSI multispectral images, which provide a short 
time resolution of 5 days, the monitoring of mining 
areas becomes more effective and timely.

Table 2
Comparison of lease and actual mining areas at several mines in Lao Cai Province

Mining enterprise Address Lease (licensed 
mining area), ha

Actual mining 
area, ha

Difference  
in mining area, ha

Apatite Chieng Ken Municipality, Van Ban District 4.02 9.80 5.78

Kaolin Lang Giang Municipality, Van Ban District 4.33 6.4 2.07

Apatite Bao Ha Municipality, Bao Yen District 12.55 20.41 7.86

Kaolin Van Hoa Municipality, Lao Cai City 28.32 43.57 15.25

Apatite Cam Duong Municipality, Lao Cai City 49.85 63.91 14.06

Iron Vo Lao Municipality, Van Ban District 51.03 96.96 45.93

Apatite Dong Tuyen Municipality, Lao Cai City 76.19 150.32 74.13

Apatite Ta Phoi Municipality, Lao Cai City 77.92 97.48 19.56

Iron Quy Xa Municipality, Van Ban District 81.53 151.65 70.12

Apatite Son Thuy Municipality, Van Ban District 91.96 107.59 15.63

Copper Coc My Municipality, Bat Sat District 207.78 525.76 317.98
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Findings and Discussion 
The analysis of Sentinel-2 MSI satellite images 

of open-pit mining areas reveals that the actual pro-
duction areas often exceed the corresponding official 
lease areas (Table 2). Notably, at 11 mines, the actual 
mining areas significantly surpass their lease areas. 
For example, there are cases where the actual min-
ing area is twice as large as the lease area, such as in 
a copper mine in Koc Mi Municipality, Bat Sat District; 
and an apatite mine in Dong Tuen Municipality, Lao 
Cai City (Fig. 5).

In the evaluation of open-pit mining areas in Yen 
Bai Province, a total of 12 mining zone were examined 
to determine the extent of illegal expansion (as indi-
cated in Table 2). By analysing satellite images depic- 
ting the boundaries of the actual mining area (as 
shown in Fig. 6), it was confirmed the five leases had in-
deed experienced illegal expansion (as documented in  
Table 2). As an illustration, a limestone quarry located 
in Yen Thang Municipality, Luc Yen District, originally 
designated with a lease area of 2.18 hectares, was found 
to have expanded its production area to cover approxi-
mately 26.62 hectares (refer to Table 3).

Sinh Quyen copper mine Bao Ha apatite mine

Iron mine 
(Vietnam mineral and metallurgical company)

Lang Vinh iron mine

Fig. 5. Satellite images of actual mining areas (red) and lease (yellow) boundaries in Lao Cai Province,  
captured by the Sentinel-2 MSI radar
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Table 3
Comparison of lease and actual mining areas at several mines in Yen Bai Province

Mining enterprise Address Lease (licensed 
mining area), ha

Actual mining 
area, ha

Difference 
in mining area, ha

White marble quarry Yen Thang Municipality, Luc Yen District 26.80 51.87 25.07

K-feldspar Tan Lap Municipality, Luc Yen District 5.01 16.25 11.24

Marble quarry Yen The Municipality, Luc Yen District 43.32 98.18 54.86

Marble quarry Mong Son Municipality, Yen Binh district 10.01 45.85 35.84

Graphite Yen Thai Municipality, Van Yen district 11.65 24.70 13.05

Marble quarry Lieu Do Municipality, Luc Yen District 49.80 65.88 16.08

White marble quarry Tan Linh Municipality, Luc Yen District 5.21 16.48 11.27

Marble quarry An Phu Municipality, Luc Yen District 5.91 36.84 30.93

Iron Hung Khanh Municipality, Tran Yen District 113.00 146.63 33.63

Limestone quarry Yen Thang Municipality, Luc Yen District 2.18 28.80 26.62

Quarry Yen Thang Municipality, Luc Yen District 2.18 9.96 7.78

Marble quarry An Phu Municipality, Luc Yen District 16.10 43.58 27.48

Quarry (Da Tu stone exploiting 
and processing company)

Quarry 
(RK Marble Vietnam company)

Quarry
(Phanxipang company)

Quarry
(Thai Duong company)

Quarry
(Hung Dai company)

Fig. 6. Satellite images of actual mining areas (red) and lease (yellow) boundaries in Yen Bai Province,  
obtained by the Sentinel-2 MSI radar
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Conclusions
In November 2022, the Sentinel-2 MSI radar cap-

tured satellite images of the mine areas in Lao Cai and 
Yen Bai provinces in Northern Vietna. These images 
were processed with the aim of detecting and assess-
ing areas of illegal mining. The results of the analy-
sis revealed that the actual mining areas in many of 
the surveyed districts significantly exceeded the de- 

signated lease areas. The use of Sentinel-2 MSI ra-
dar imaging provided high spatial resolution, with 
details down to 10 m. Additionally, the five-day time 
resolution of image capture enabled effective monito- 
ring and early detection of violations in mining lease 
boundaries. The research findings offer valuable in-
sights that will assist managers in monitoring and in-
specting mining activities to ensure compliance with 
official lease boundaries set by mine operators.
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