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In recent years, the use of terrestrial laser scanning (TLS) technology in the mining industry has
grown in popularity because of its many benefits, including non-contact measurement, high preci-
sion, rapid data acquisition, and large-scale coverage. This study provides a thorough overview of
the application of the TLS method in underground, open-pit, and closed mines, using data from 56
publications over the past fourteen years, from 2010 to May 2024. The reviewed literature shows that
the TLS approach can be applied in five main operations in mining areas, particularly for monitoring
deformation, displacement, subsidence, and landslides, as well as generating maps, 3D models, and
point clouds. The findings reveal that TLS is an excellent technology for multitasking in any type of
mine. In addition, future development trends for the mining industry based on the integration of TLS
with machine learning and Al technologies are also discussed in this study. The results of this study
may suggest directions for creating the specifications required for TLS deployment on mine sites.

Keywords: terrestrial laser scanning, spatial information data, underground mine, open-pit mine, closed

mine.

Introduction
An advancement in the collection of spatial infor-
mation data is the terrestrial laser scanner (TLS),
which enables data capture with previously un-
precedented precision and accuracy [I]. Com-
pared with traditional measurement methods, TLS
technology allows for much faster acquisition of
three-dimensional (3D) point information. Ac-
cording to [2], 3D data can be obtained quickly,
effectively, precisely, and with great detail using
TLS. Point clouds is the term used to describe the
acquired set of data points [3]. Due to its precision,
dependability, and efficiency, TLS technology has
become a useful tool for a wide range of applica-
tions, such as evaluating different tunnel charac-
teristics [4], mapping building surfaces [5], civil
engineering [6], 3D surveying [7], the architecture,
engineering, and construction industry [8], geolo-
gy [9], monitoring deformation [10], engineering
geodesy [11], etc. Moreover, high precision, fast

speed, and proximity to the prototype are the key
features of 3D laser scanning technology, which
is extensively utilized in a variety of mapping and
other sectors. It provides a comprehensive and
highly accurate reconstruction scan that can be
accessed physically and quickly [12]. In addition,
TLS is an outstanding technology that can be ap-
plied not only in many other fields but also in the
mining sector. This approach has been used in ma-
ny publications for mining management [13] and
can perform operations in underground [1], open-
pit [2], and closed mines [14].

To provide an overview of the application of
this technology in various fields, several reviews
have been conducted. [15] summarized studies
and uses of TLS for monitoring ground and build-
ing deformation. In the architecture, engineering,
and construction industry, [8] introduced TLS and
described its prospective advantages for this sec-
tor. According to [4], although TLS techniques are
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not yet frequently used in tunnel studies, there is
still great potential to explore. Thus, they offered
a review focusing on how different tunnel charac-
teristics can be measured using TLS approaches.
In addition, [16] presented the application of TLS
technology in modeling, monitoring, and mapping
geohazards in British geological surveys. Moreover,
recent developments in TLS instrument design
were reviewed in [17], along with their possible
effects on TLS applications in the Earth sciences
in the future.

Alongside assessments of TLS applications in
different fields, many scientists have also published
reviews of its use in the mining industry. While [3]
conducted a thorough investigation of TLS technol-
ogy, including its principles of operation, measure-
ment, 3D TLS software, and benefits, [18] present-
ed applications of 3D TLS in the mining industry,
and [19] provided an overview of laser scanning
uses in underground mining for geological and
geotechnical purposes. The current state and fu-
ture trends of 3D laser scanning technology in the
mining industry were discussed in [12]. In another
study, this approach was used for geological and
geotechnical applications in underground mining
[19]. Furthermore, some advantages and applica-
tions of TLS in the mining industry were presented
in [20], and improvements in underground mine
surveys based on SLAM-enabled handheld laser
scanners were analyzed in [21].

From the analysis of the above reviews, it can
be seen that most authors did not review all publi-
cations related to the topic of this article. In addi-
tion, most reviews did not systematically analyze
the applications of TLS in mining and did not
mention its use in closed mines. Typically, [19]
only evaluated the TLS method for geological and
geotechnical applications in underground mines.
In [12], the authors discussed five applications of
TLS but did not address its use in estimating vol-
ume or monitoring tram tracks in a mine. More-
over, these applications were presented too briefly,
and the authors did not cover all studies related to
them. However, this study did present some trends
of this technology in the near future. In addition,
[18] described some uses of TLS but only relative-
ly briefly and did not provide the advantages and
disadvantages of the method. Similarly, [3] evalu-
ated TLS applications and highlighted its advan-
tages in mining but omitted any discussion of its
drawbacks.
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In summary, from the existing studies evaluat-
ing TLS technology in the mining sector, it is evi-
dent that no systematic assessment has been con-
ducted on its application in mines by classifying
the mining process into three types: underground,
open-pit, and closed mines. Furthermore, no study
has analyzed in depth the applications of TLS in
the mining industry, evaluated their advantages
and disadvantages, and proposed future trends.
Therefore, this study was conducted to meet the
above objectives.

Methodology

Performing a thorough study, categorizing, and
summarizing the concepts, ideas, and innovations
proposed by different authors and international
research teams in the application of TLS technology
in the mining sector is the first primary objective
of this review. The second objective is to classify
applications based on keywords. The keywords
used in the study include “Terrestrial Laser
Scanning” OR “TLS” AND “underground mine,’
“open-pit/surface mine,” “closed/abandoned mine,’
OR “mining industry;” OR “mine sector,;” OR “mine
areas/sites” Data from major sources published
between 2010 and May 2024, such as Google
Scholar, Web of Science, IEEE, and ScienceDirect,
were used in this study. Based on the titles,
abstracts, and full texts of the publications, 56
papers were collected for review.

Application of Terrestrial Laser Scanning
Technology in Mining

1. Underground Mines

The superficial layer of the rock mass changes irreg-
ularly in both vertical and horizontal directions as a
result of underground mining activity. Thus, in order
to ensure the safety of mining sites, it is crucial to
identify surface geometry changes in construction
objects situated within underground mining ex-
ploitation regions. [22] used multi-temporal TLS
point clouds to construct a semi-automated ap-
proach for determining the displacement field in ar-
eas affected by underground mining. The parameters
of the proposed approach and the registration algo-
rithm settings were optimized to meet the research
goal. The method enables substantially higher pre-
cision of displacement vectors compared with those
obtained in previously published studies, as both
internal and external accuracy analyses demonstrate.
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Also related to identifying displacement, [1] de-
scribed a transportable terrestrial laser scanning sys-
tem and method, which have been used to measure
the geometric deformation of vertical shaft parts at
several vertical shafts in Polish mines. The results
show that high precision of 1-3 mm is provided by
this method for each horizontal cross-section. Pro-
cessing time is very fast and requires only a few per-
sonnel to operate all systems. In another study, [23]
discussed the potential applications of TLS tech-
nology for the surveillance of engineering objects.
This technology enables comprehensive spatial doc-
umentation of an object affected by active mining
operations. Point clouds taken during two measure-
ment periods were compared to identify changes in
the geometry of the structure. The findings revealed
changes in the trestle bridge’s direction toward the
mined coal wall, together with object deformation.

According to [24], TLS technology is helpful in
characterizing rock masses. Therefore, they used
laser scanning in an underground limestone mine
to characterize the rock bulk and create a discrete
fracture network. From there, procedures employed
in an underground limestone mine to characterize
discontinuities using laser scanning were intro-
duced. In addition, the topographical roughness
of rock surfaces is an important consideration for
evaluating the effectiveness of extractive processes
in mining and tunneling applications, including
blasting backbreak, haulage surface condition, and
excavation geometry. Thus, [25] offered a scale-de-
pendent technique that uses 3D point clouds of
rock surfaces gathered from terrestrial laser scanner
(LiDAR) surveys to characterize overall rock surface
roughness. To assess various aspects of extraction
operations, the technique was thoroughly explained
and implemented in different operational settings at
two underground mines.

Moreover, monitoring operations are regular-
ly conducted in underground coal mines to assess
the stability of tramway tracks. The purpose of this
activity is to provide precise information about the
current condition of the rail system, as well as early
detection of displacement and deformation. Thus,
[26] presented the results of using TLS technology
to monitor tram tracks in underground coal mines.
In another paper, for the purpose of determining
cross-penetrating length and volumes, [27] used
TLS technology to provide findings of a highly
precise control survey conducted during the Oyu
Tolgoi project’s underground mining. The aim of
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the measurements was to verify that excavation
and penetration works’ heading, total length, and
volume were carried out in compliance with the in-
tended and designed dimensions.

Furthermore, generating 3D models in mining
areas based on TLS technology is also discussed in
some studies. In Vietnam’s underground mines, the
development of a procedure for processing ground
laser scanning data to create 3D models for check-
ing the status of deep vertical wells has not been
widely mentioned. To confirm the effectiveness
of TLS in surveying the current status of vertical
wells, [28] presented a process combining scanning
stations and TLS data processing using specialized
software Magnet Collage from Topcon to generate a
3D model of vertical wells at the Nui Beo coal mine
with a depth of 400 m. Also related to generating
3D models in underground mines, [29] presented
a method to create a 3D model using TLS at the Da
Dang hydroelectric tunnel area (Lam Dong) with a
quick measurement and processing time of 18 hours.
This enabled determination of the collapsed tunnel
location and spatial conditions at the incident site
to support rescue work.

In addition to using TLS to generate 3D models,
point cloud data can also be created by combining
TLS with Unmanned Aerial Vehicles (UAV). Using
integrated UAV and TLS point clouds, [30] created
3D CityGML models of mining industrial struc-
tures in the Nui Beo underground coal mine, Quang
Ninh province, Vietnam. In this study, they built 3D
CityGML models of buildings and mining industrial
facilities in the surface plant area of an underground
coal mine by gathering data across this area. Figure
1 shows the TLS point cloud displayed in SCENE
software with over 32 million points. The study con-
cluded that in mining industrial domains, both UAV
and TLS technologies demonstrate strong potential
for data collection for 3D model construction, par-
ticularly when used together.

To create an intelligent mine database for man-
aging production in underground coal mines, [31]
described how a 3D point cloud created by TLS and
UAV photographs was integrated to generate a com-
prehensive 3D model of the ground plant of the Nui
Beo underground coal mine at a depth of +35 m.
The findings show that UAV and TLS supplement
missing parts of point cloud data from each ap-
proach, and their combination allows the establish-
ment of a complete 3D point cloud. Similarly, [32]
introduced a solution to integrate point cloud data
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generated by UAV and TLS measurement technol-
ogy performed at the open-pit mine industrial yard
near a vertical well. TLS technology can effectively
collect 3D point cloud data inside the well tower of
the mine, while UAV imaging can generate point
clouds of the outside part of the well tower, espe-
cially across the industrial yard. With the same con-
clusion, [33] confirmed that this method is ideal for
modeling excavation surfaces and producing dense
3D point clouds, which can quickly yield precise
and comprehensive geometric information in un-
derground mines. Based on this study, it is feasible
to survey and evaluate morphological changes in
subterranean marble quarries using TLS and UAV
approaches.

Besides generating 3D models, integration of
UAV and TLS can also be applied to determine
displacement in mining areas. According to [34],
it is possible to precisely and rapidly monitor local
rock mass movements at millions of locations us-
ing photogrammetry and laser scanning. Thus, they
used this remote sensing technology to monitor
rock mass motions and supporting systems in un-
derground mine sites. On the other hand, literature
shows that 3D models and other map products can
typically be created using TLS alone or in combi-
nation with UAV. However, in a recent study, [35]
integrated TLS, GNSS (Global Navigation Satellite
System), and TS (Total Station) to generate these
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products. To create a 3D model of the examined pil-
lars, the DEM and orthophoto of the quarry, as well
as profiles of Brillouin frequency shift, strain, and
temperature variation, TLS surveys were carried out
with the assistance of GNSS and TS measurements.

2. Open-pit Mines

Applications of TLS in open-pit mines have become
popular [36]. According to [2], the emergence of
modern technologies such as 3D laser scanning
creates new opportunities, particularly for expan-
sive and challenging locations like open-pit mines.
To guarantee safe and continuous mining opera-
tions, systematic slope stability monitoring is re-
quired. The use of 3D terrestrial laser scanning to
track landslides and slope displacements in open-pit
mines has been addressed in [2].

To overcome the limitations of traditional meth-
ods, [37] proposed a TLS-based subsidence moni-
toring approach without targets in mining regions.
With this approach, the primary task is transferred
to the internal industry, labor intensity is reduced,
and the field measuring process is simplified. It is
suitable for monitoring surface subsidence in en-
vironments with complex topography and severe
external conditions. Similarly, [38] described a
method for monitoring subsidence in mining areas
using TLS without targets. Compared with tradi-
tional techniques, this method transfers the primary

2 P i ® = -

Fig. 1. TLS point cloud displayed in SCENE software [30]
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work to the internal industry, reduces labor inten-
sity, and optimizes the field measuring process. It is
appropriate for monitoring surface sinking in en-
vironments with challenging topography and harsh
external conditions.

In addition, [39] presented the use of optical
transducers, 3D laser scanners, and digital image
processing methods to physically describe strata
movements relevant to mining. They offered phys-
ical modeling of mining-induced subsidence using
a variety of data processing techniques and several
new optical and laser-based monitoring instruments.
In [40], TLS was applied as the data acquisition tool
to predict subsidence and horizontal displacement
at Gubei Coal Mine in Huainan, China. Based on a
small observation area, the analysis results revealed
that the mining subsidence monitoring approach
described in this study is capable of obtaining sur-
face deformation across a large mining-impacted
area. Furthermore, based on TLS point clouds, [40]
proposed an automated technique for extracting
building deformation in mining locations. The abso-
lute error between the deformation values obtained
by this method and the manual method was less
than 8 mm, and the results were nearly identical.
The suggested approach demonstrated greater sta-
bility compared with manual extraction.

In another study, this technique was used in
situ to validate spatial variations (movements and
deformations) of mining operations at a selected
mining location in the Czech portion of the Upper
Silesian Coal Basin. At Lazy Mine, the primary goal
of 3D laser scanning was to track roadway defor-
mation prior to approaching the longwall face on
the chosen tailgate [41]. Regarding displacement
determination, [20] assessed the effectiveness of a
stop-and-go laser scanning technique in the mine
shaft to pinpoint the precise location, angle, and de-
viation of bunton plates at Thembelani Mine. The
findings revealed that the real advantages of laser
scanning are evident when continuous data analysis
is required. Extensive laser scan datasets are avail-
able for off-site review and ongoing work by multi-
ple departments and teams for a wide range of ap-
plications, including planning, design, engineering,
safety, geology, and rock engineering.

In addition to using TLS technology to evaluate
deformation during mining, this method is also ap-
plied to survey topography and produce maps. [42]
discussed the features of TLS technology as well as
its benefits for mapping and surveying in mining
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areas. Experiments indicate that the proposed ap-
proach can enhance the effectiveness of mapping
and surveying in mining areas, and the resulting 3D
model can be used to track extraction. According to
[43], traditional surveys such as total stations are
typically used to create maps of open-cast and un-
derground mines; however, low point density often
leads to low-precision maps. Thus, they used TLS to
create high-definition maps and evaluated the pos-
sibility of using GeoMax Zoom 300 equipment to
generate high-quality maps in specific coal mines in
Vietnam where unfavorable conditions could affect
measurement outcomes. The results show that this
method meets all requirements for 3D mine map-
ping. TLS also provides important information that
can aid in producing precise spatial findings.

Another application of TLS in open-pit mines
is volume estimation. TLS has proven to be an ef-
fective tool for mining companies to monitor and
survey their mines, boosting productivity and com-
petitiveness in the market. This was demonstrated
in [44] by comparing field test results using two
different TLS instrument types for various mining
applications, including volume estimation. The ex-
periment showed that volume could be computed
significantly more precisely with TLS than with
a traditional total station. It is clear that TLS is a
highly useful tool in the mining sector. Further-
more, the measurement of exploitative volumes in
open-pit mines has already been proven feasible
with TLS techniques in [36]. This study proposed a
coarse-to-fine method using terrain-invariant zones
to register temporal TLS surveys. The suggested
registration method outperformed state-of-the-art
techniques and achieved strong results in terms of
convergence rate and registration accuracy, accord-
ing to experimental tests conducted in an open-pit
mine in China.

According to [45], rapidly determining the
amount of raw material collected from a surface
quarry is a common issue in mineral resource ex-
traction, particularly for heterogeneous resources.
To determine the bulk density of raw material un-
der in situ conditions, they conducted a study com-
paring laboratory and non-contact surveying meth-
odologies in the field, where confirming the bulk
density of extracted heterogeneous raw material is
critical. Moreover, a crucial component of real-time
mining management is the geometric characteriza-
tion of bucketwheel excavators acquired by 3D laser
scanning. Therefore, they used this tool to establish
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mathematical models of machine movement dy-
namics in three dimensions and to ascertain essen-
tial geometric properties of the devices [13].

Another application, not widely mentioned in
studies but considered promising, is determin-
ing the discontinuous characteristics of limestone
mines. [46] evaluated the possibility of employing
laser scanning technology to characterize geometric
discontinuities and determine the optimal scan con-
figuration in terms of cost-benefit, balancing field
time with positional quality of results.

Besides being used in isolation, this equipment
can be integrated with other technologies to manage
mining more efficiently and safely in open-pit mines,
such as UAV, GNSS, and remote sensing. [47] com-
bined TLS with UAV-based photogrammetry for
three-dimensional mapping and monitoring of
surface mine regions. The results also indicate that
point clouds obtained by TLS can be used as ground
control points in situations where conducting a GPS
survey is challenging, such as in hilly or high-risk
locations. Similarly, in [48], TLS 3D point clouds
were merged with RGB images and digital photo-
grammetry from UAVs to map the open-pit mine
located in Botticino. In addition to establishing a
map, this technology can be utilized to interpolate
3D models of pit walls. [49] conducted experiments
at the Coc Sau open-pit mine in Quang Ninh prov-
ince, Vietnam, and at the experimental mine of Ak-
ademia Goérniczo-Hutnicza University of Science
and Technology in Cracow, Poland, to investigate
mesh methods for interpolating 3D pit wall mod-
els. Using the same technology, [50] analyzed point
clouds obtained with SfM photogrammetry and
TLS in the Drevenik quarry, Slovak Republic. The
findings indicated that both approaches are suitable
as a foundation for systematic quarry monitoring.

In addition to UAVs, TLS also combines with
ground-based synthetic aperture radar in mining
activities. According to [51], slope stability mon-
itoring has significantly improved in recent years
thanks to the introduction of TLS, which allows
three-dimensional assessment of slope motions.
The implementation of TLS systems was previous-
ly restricted to short-range circumstances due to
the instruments’ useful range being constrained
by the balance between laser power and eye safety.
However, thanks to new developments and the ap-
plication of infrared wavelengths, these restrictions
have been overcome, and monitoring applications
beyond 2,000 meters can now be carried out at high
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measurement rates without the safety risks associat-
ed with standard class 3R long-range laser scanners.

In addition to combining photogrammetry data,
TLS can integrate with GNSS technology to moni-
tor activities in surface mines. [52] used GPS and
TLS combined monitoring technology to establish
a ground surface digital elevation model of the
mining area for subsidence monitoring. This meth-
od integrated the advantages of both GPS and TLS.
TLS provides access to subsidence basin data in the
mining area, compensating for GPS’s point-based
observational shortcomings and offering supple-
mentary benefits. Figure 2 shows the dynamic sub-
sidence basin between two scanning periods (Janu-
ary 31, 2008-February 13, 2008). Besides combining
with GPS, this technology has also been integrated
with ground-based synthetic aperture radar in slope
stability research. Furthermore, by combining UAV
point clouds and TLS data with GNSS positioning,
geospatial experts can now generate 3D virtual sur-
faces thanks to large-scale, accurate, and time-ef-
ficient data collection made possible by terrestrial
laser scanning and UAV photogrammetry. To create
3D surface models from independent spatial data
collection technologies including UAV, TLS, and
GNSS, [53] analyzed the consequences of integrat-
ing data sets and evaluated their accuracy for vol-
ume calculations in mining operations.

3. Closed Mines

In areas where mines have closed, topograph-
ic monitoring using laser scanning is helpful in
identifying and preventing issues that could have
a detrimental impact on the environment and the
population. Using a network supported by GNSS
technology, terrestrial laser scanning was carried
out on the surface of the Victoria mine at the
Slénic Prahova salt deposit, Prahova County, with
a 3D laser scanner. The findings show that the use
of laser scanning reduces the time required to per-
form measurements, which aids in accurate target
interpretation [14]. Figure 3 shows deformations
occurring between the reference surface and that
obtained from 3D scanning.

Results and Discussions

The study analyzed 39 research publications cov-
ering all aspects of TLS applications in the mining
industry. Table 1 shows the distribution of TLS ap-
plications in mining and the corresponding refer-
ences (Table 1).
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Fig. 3. Deformations occurring between the reference surface and that from 3D scanning [14]
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Distribution of TSL application in mining and corresponding references

placements

Monitor subsidence

Kind of mine Applications Technology References

Determine displacement [22]
Measure the geometric defor-
mation [
Monitor deformation [23]
Characterize the rock bulk
and create a discrete fracture [24]
network TLS
characterize the overall rough- [25]
ness of a rock's surface

Underground mines monitor tram tracks [26]
determining cross penetratin
length andg\;/olumei ? [271
Create 3D model [28], [29]
Create 3D model [30],[31],[34]
Generate point cloud data [32]
3D point clouds TSL and UAV [33]
zztsesrerzine the motions of rock [34]
Create 3D model TSL, GSNN, and TS [35]
Track landslides and slope dis- 12]

[371,[38], [39] [40]

Identify deformation [40]
Determme movements and de- [41]
formations
Assess mine shaft [20]
Mapping and surveying [42]
Create maps TLS [43]
Estimate volume [44]
Measure exploitative volumes [36]
Determine geometric parame- [13]
ters of bucket-wheel excavators
Open-pit mine Determine the amount of raw
material collected from a sur- [45]
face quarry
;haracterlze discontinuities in a [46]
limestone quarry
Mapplpg and .monltorlng of sur- [47]
face mine regions
Map the open-pit mine UAV and TLS [48]
Interpolate 3D models [491
Analysis of point clouds [50]
. - TLS and ground-based

Monitor slope stability synthetic aperture radar [51]
Monitor subsidence GPS and TLS [52]
Generate 3D virtual surfaces UAV, TLS, and GNSS [53]

Closed mine Monitor deformation TLS, and GNSS [14]
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Table 2. The number of studies in each application in three types of mines

Application Und::?r:':und Open-pit mine Closed mine Total
Monitoring deformation/ displacement/ subsidence/
landslides 4 2 ! 14
Generate a map/ 3D model/ point clouds 8 7 15
Estimate volume/ exploitative volumes/ raw material 1 3 4
Monitor slope stability/ topography 2 3
Monitor tram tracks 1 1
Total 16 22 1
100% I Monitoring

75%

50%

25%

10,26

12,82
2150

0%

deformation/displacement/subsidence/landslides

[ Generate a map/3D model/point clouds

volume/exploitative volumes/raw material

B Monitor slope stability/topography

I Monitor tram tracks

Fig. 4. Percentage distribution and number of studies that used TSL technology in mining

Based on the review, the following trends were
identified as leading to the classification of existing
TLS uses in mining (Table 2):

(1) Monitoring deformation, displacement, subsid-

ence, and landslides (14)

Generating maps, 3D models, and point clouds

(14)

Estimating volume and exploitative volumes (3)

Monitoring slope stability and topography (4)

Monitoring tram tracks (1)
The percentage distribution of each TLS appli-
cation in mining, along with the number of studies
under each category, is displayed in Figure 4. The
results show that generating maps/3D models and
monitoring deformation/displacement/subsidence
were the most prevalent applications, accounting
for around 40% of the reviewed studies. However,
the number of studies applying the TLS method
to these two applications in underground mines is
lower than in open-pit mines. Applications of TLS
in monitoring topography and estimating volume
accounted for 12.82% and 10.26%, respectively. The

(2)
(3)

(4)
(5)
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least used application is monitoring tram tracks,
with 2.56%. Notably, abandoned mines receive less
attention than the other two types of mines, with
only one study using this technology for such sites.
Open-pit mines account for the largest share, with
22 publications across all applications.

Advantages, Challenges, and Future Trends

The findings show that TLS allows for quick and easy
updates to plans and sections, making it the most
suitable option for maintaining survey tempo in
mining operations [18]. This method outperforms
geodetic and photogrammetric methods in terms of
precision, speed, and effectiveness when performing
the necessary computations throughout the mea-
surement process. Compared with traditional tech-
niques, this approach optimizes field measurement
procedures, reduces labor intensity, and assigns the
majority of tasks to the internal industry [38].

In addition, TLS technology provides objective,
more accurate, and precise data on discontinuity
orientations at a lower cost than previous approach-
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es. Terrestrial laser scanning can be completed with-
in minutes and offers a thorough investigation of
rock surfaces. This system creates a controlled safety
zone between 4 and 800 meters from the study field,
reducing the risk of accidents [3]. Furthermore, due
to its wide range, it can reach places that are difficult
to access. At the same time, it is suitable for mon-
itoring surface deformation in challenging topo-
graphic settings and hostile external environments.
TLS can also be integrated with GNSS systems to
georeference points in the cloud [54]. Moreover,
using a laser is not harmful to human health, par-
ticularly to the skin or eyes. These advantages help
explain why this technology is becoming increas-
ingly common.

Despite these advantages, applying TLS tech-
nology in mining also has some limitations. Firstly,
the point cloud generated, due to the large amount
of information it contains, demands high compu-
tational and graphical processing capacity, requir-
ing powerful processors and video cards [54]. This
makes the cost of purchasing hardware and software
still relatively high. In addition, although manual
target setup for point cloud registration provides
high precision, it presents significant risks to per-
sonnel and instruments, and therefore its use is re-
stricted. Consequently, reducing operational burden
through 3D point cloud registration without targets
is necessary for practical application and represents
a step toward future development.

Furthermore, the findings indicate that most TLS
advancements over the last fourteen years have fo-
cused on boosting measurement speed, enhancing
reliability and precision, and improving the usabil-
ity and functionality of instruments. Even though
incremental progress is still being made in all three
of these areas, the use of TLS in the mining indus-
try is unlikely to undergo a breakthrough transfor-
mation. In the near future, research that combines
TLS scanners with passive spectrum measurements
(such as hyperspectral photography), as well as ex-
tended-range autonomous monitoring and scan-
ning, will likely lead to revolutionary developments
in the use of TLS. Additionally, scanners capable
of providing information about material types and
object characteristics by using multiple laser wave-
lengths should be studied and applied in different
types of terrain [17].

Moreover, when discussing the future of TLS, it
is important to consider several technological ad-
vancements that go beyond terrestrial laser scanning,
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as they can serve as both supportive and competi-
tive instruments. First, there are recent advance-
ments in generating 3D models from unstructured
photo collections (generally referred to as Structure
from Motion). According to [55], Structure from
Motion (SfM) can produce 3D models equivalent
to LiDAR in terms of accuracy and resolution, but
generally at lower cost and with simpler use. Even
though SfM has certain drawbacks, particularly its
inability to penetrate vegetation, combining laser
scanning and SfM for high-resolution modeling to
maximize the advantages of both techniques is likely
to become the preferred method for Earth scientists.

The second technological advancement is
high-accuracy scanning implemented by UAV
(ULS). To date, this technique has not been widely
used in the mining industry, probably because in-
vestment in such systems is expensive. In fact, ULS
may be a better data collection method in densely
vegetated areas than ground-based technology [17].
A complete point cloud for an entire object can be
obtained by combining surveys from TLS and ULS.
Gaps in point clouds that arise from TLS or ULS
individual measurements can be eliminated through
integrated approaches.

In addition, applying machine learning technol-
ogy to TLS data should also be included in future
research trends. This combination has already been
applied in fields such as determining displacement
of cultural heritage structures [56], differentiating
wood and leaf points [57], semantic segmentation
[58], and extracting building component data [59].
However, this method has not yet been applied in
the mining industry. A potential and essential pre-
requisite for boosting mining productivity and en-
suring environmental protection is the application
of machine learning technology in the mining sec-
tor [60]. With reduced costs, increased efficiency
and productivity, continuous production, enhanced
safety, and less worker exposure to hazardous con-
ditions, artificial intelligence, machine learning, and
autonomous technologies offer the mining indus-
try numerous financial advantages [61]. Therefore,
with these advantages, TLS technology should be
integrated with machine learning and Al to increase
the efficiency and safety of mining development and
mineral exploration.

Conclusion

In this review, scholarly research on the use of TLS
technology in mining over the last ten years was an-

4(132)'2025



Long Quoc Nguyen, & Minh Tuyet Dang
POTENTIAL OF USING TERRESTRIAL LASER SCANNING IN MINING INDUSTRY

alyzed. A collection of 56 studies on the use of TLS
was identified, published in academic journals as
well as MSc and PhD theses. Their detailed contents
were examined for systematic review. The findings
indicate that the proposed method can be applied
in many operations in the mining industry, such as
monitoring deformation, displacement, subsidence,
and landslides; generating maps, 3D models, and
point clouds; estimating volume; monitoring topog-
raphy; and tracking tram tracks. These applications
are used mainly in open-pit mines, then in under-

ground mines, and only rarely in closed mines. The
applications of this technique are expanding, as it
has been shown to be more beneficial than conven-
tional methods in terms of operability, reliability,
and cost- and time-efficiency. Furthermore, the re-
sults reveal that the TLS method is most widely used
in monitoring displacement and creating maps/3D
models. In the future, this approach should be inte-
grated with AT and machine learning technologies
to provide numerous financial advantages to the
mining sector.
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OcTaHHIM YacoM BMKOPUCTAHHA TEXHONOTT HA3EMHOTO JlTa3epHOr0 CKaHyBaHHA B FiPHMY0A00YBHili MPOMUCNOBOCTI
Habyno nonynApHocTi 3aBAAKM il UMCNEHHVUM MepeBaraMm, BK/OYaUy 6GE3KOHTAKTHICTb, BUCOKY TOYHICTb,
WBMAKICTb | 3HaUHWI MacwTab. Lle pocnifxeHHA Mae Ha MeTi JaTu IPYHTOBHUI OrNAL 3aCTOCYBaHHA MeToay
Ha3eMHOro 1a3epHOro CKaHyBaHHA y MiA3eMHWX, BIAKPUTUX Ta 3aKpUTWX LIAXTaX, BUKOPUCTOBYOUN AaHi 3 56
nybnikauii 3a ocTaHHi YoTMpHaAZUATL pokiB (2010-2024 pp.). Po3rnaHyTO MacuB cnewianbHoi nitepatypw, Lo
MoKasye, WO Niaxia Ha3eMHOro Na3epHOro ckaHyBaHHA MOXe OyTy 3aCTOCOBAHWI y M'ATW OCHOBHKX Onepawifax
B MipHMYOA00YBHUX palioHax, a came: AnA MOHITOPUHIY AedopMauii, 3MmilleHb, NPOCifaHHA, 3CYBiB, a TaKOX
3D-mopenioBaHHi. Pe3ynbtatyt JocnigXeHHA NoKasanu, LWo Ha3eMHe na3epHe CKaHyBaHHA € Yy[OBOI TeXHOSOTI€E
Ana 6arato3afayHocTi B GyAb-AKOMY TUNi WwaxT. Kpim Toro, y LboMy AOCNIAXKEHH] TaKOX OKpecneHO ManbyTHi
TeHJeHLUiT po3BUTKY ripH1MY0806yBHOT NPOMMCIIOBOCTI, 3aCHOBAHI Ha iHTerpaLlii TexHoNorili HA3eMHOro Na3epHOro
CKaHyBaHHA, MALMHHOTO HAaBYaHHA | LITYYHOrO iHTenekTy. Pe3ynbTaTi UbOFO AOCHILXKEHHA MOXYTb OyTU
BUKOPWCTaHI AnA CTBOpeHHA cneumdikauiil, HeobXigHMX ANnA pPo3ropTaHHA HAa3eMHOro la3epHOro CKaHyBaHHA
B Pi3HMX TUMaxX LIaxT.

Kntouoei cnoga: HasemHe asepHe CKaHyB8AHHA, NPOCMOposi iHopmayiliHi 0awi, nidzeMHa waxma, 8iokpuma waxma,
3aKpuma waxma.
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