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Preface 

This book comprises a series of selected high-quality peer-reviewed papers delivered 
at the 2nd International Conference on Geospatial Technologies and Earth Resources 
(GTER 2022). The event will be held during October 14–15, 2022, at Hanoi Univer-
sity of Mining and Geology (HUMG), Hanoi, Vietnam, which is co-organized by 
HUMG and the International Society for Mine Surveying (ISM) to celebrate the 
55th anniversary of the Department of Mine Surveying (HUMG). The conference is 
financially supported by the Vietnam Mining Science and Technology Association 
(VMSTA), the Vietnam Association of Geodesy, Cartography and Remote Sensing 
(VGCR), Vietnam National Coal-Mineral Industries Holding Corporation Limited 
(VINACOMIN), and Dong Bac Corporation (NECO). 

The conference is believed to be an excellent opportunity during the COVID 
pandemic for the authors and participants to discuss advanced technologies and 
scientific directions in the fields of geospatial technologies and earth resources. Addi-
tionally, via this conference, a chance to exchange new ideas, innovative thinking, 
and application experiences both virtual and in-person will be provided, by which 
research or business relations and partner finding for future collaborations would 
have been established. 

Totally, 205 manuscripts have been submitted to the organizing committee. Subse-
quently, after screening by the selection committee and reviewing by at least two 
blind reviewers, 34 research and review papers have been selected to be presented 
at the conference. The selected papers will be delivered over four planned sessions 
covering different topics of geospatial technologies, earth sciences, water resources, 
and environmental systems. These 34 papers were also selected for publication in this 
book with Digital Object Identifier (DOI) references. We believe that this book will 
provide the readers with an overview of recent advances in the fields of geospatial 
technologies and earth resources. 

We would like to thank all members of the organizing and selection committees, 
all blind peer reviewers, all chairpersons, and invited speakers for their invaluable 
contributions. We are also thankful to (i) Mr. Phuong Kim Minh—President of Dong 
Bac Corporation, (ii) Assoc. Prof. Tran Xuan Truong—President of the HUMG 
University Council, Assoc. Prof. Trieu Hung Truong—Vice-Rector of HUMG for
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vi Preface

their administrative work and financial supports. Special thanks are also to Doris 
Bleier and Viradasarani Natarajan at Springer Nature for supporting book produc-
tion procedures. Finally, all authors are thankful for their manuscript submissions 
regardless of whether or not their manuscripts were selected. 

Hanoi, Vietnam 
June 2022 

Long Quoc Nguyen 
Luyen Khac Bui 
Xuan-Nam Bui 
Hai Thanh Tran 

The original version of this book and cover was revised: Book and cover the editor name has been 
changed from “Ha Thanh Tran” to “Hai Thanh Tran”. The correction is available at https://doi.org/ 
10.1007/978-3-031-20463-0_35

https://doi.org/10.1007/978-3-031-20463-0_35
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Application of Unmanned Aerial Vehicles 
for Surveying and Mapping in Mines: 
A Review 

Long Quoc Nguyen , Minh Tuyet Dang , Luyen K. Bui , 
Quy Bui Ngoc , and Truong Xuan Tran 

Abstract The use of unmanned aerial vehicles (UAVs) is increasing in the mining 
industry because of the obvious economic and environmental benefits as well as 
reducing the risk to mineworkers. This paper presents a review of recent develop-
ments in relation to the applications of UAVs in surveying and mapping of surface, 
underground, and abandoned mines. Additionally, after detecting the barriers associ-
ated with the deployment of UAV technology in mine surveying, the counter methods 
to overcome these challenges will be discussed. Finally, the prospects for the devel-
opment of UAVs are also considered. The results indicate that UAVs can be used 
for constructing surfaces, creating three-dimensional (3D) models, evaluating their 
accuracy, and conducting topographic surveying of surface mines. Additionally, this 
system is a useful tool for mapping underground and abandoned mines. This paper 
provides a technical reference for expanding the knowledge and recognition of UAV 
applications in surveying and mapping in mine areas. 
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1 Introduction 

Traditional data collection applying a total station is limited by time and safety and 
thus often leads to a lack of necessary information for monitoring and mapping 
[1]. Generally, in mine areas, a total station is used for surveying, of which the 
measurement data are then processed using a computer-aided design (CAD) software. 
However, this approach is not effective and has many challenges for hard-to-reach 
areas [2]. The development of 3S technology, i.e., Remote sensing (RS), Global 
Navigation Satellite Systems (GNSS), and Geographic Information System (GIS), 
provides a critical technical guarantee for surveying and mapping in mine areas 
[3]. Although 3S technology can replace traditional ground mapping, RS with low 
spatial resolution satellite images is susceptible to weather problems, such as cloud 
cover. Furthermore, the lower temporal resolution makes satellite imagery difficult to 
depict the characteristics of mine areas undergoing extreme changes [4]. Therefore, 
this technology cannot meet the requirements of terrain monitoring and surveying 
in the mine, in particular in a small-scale or newly worked mine. In comparison, an 
unmanned aerial vehicle (UAV) method is inexpensive and has broader applicability. 
In other words, one of the main advantages of using UAVs compared to airborne or 
traditional field surveys is the significantly lower cost of exploration, especially for 
remote regions with poor infrastructure [5]. 

The usage of drones in mine areas is seemingly endless because they can assist 
to acquire data in the field in real time [6]. Most importantly, this tool can provide 
access to areas that are hard or dangerous to reach, or inaccessible by human workers, 
such as vertical cliffs or hills, underground mines, and mining regions. Moreover, 
UAVs are also capable of doing some mining-related tasks faster and at a lower cost, 
such as terrain surveying and 3D modeling, land damage assessment, and ecological 
environment monitoring [3]. They are equipped with various sensors, such as spectral 
imaging sensors, thermal infrared cameras, and gas sensors, which could give neces-
sary data for different monitoring objects in the mining industry [3]. Rathore and 
Kumar [6] unlocked the potentiality of UAVs in the mining industry and its implica-
tions. They proposed the applications that UAV technology can play an important role 
in shaping the future of mining concepts, including safety and security, productivity, 
surveying and mapping, and field data collection [6]. 

In the mining industry, UAV technology is widely used in terrain surveying, 
3D modeling, land damage assessment, ecological monitoring, geological hazards, 
pollution monitoring, and land reclamation and ecological restoration assessment 
[3]. According to Mukhamediev et al. [5], in the mineral exploration sphere, due 
to the gradual depletion of the existing field resources, it is necessary to apply new 
methods that intensify the processes of exploration. Thus, in recent years, the use of 
UAVs in mining activities is rapidly expanding. The main spheres of UAV applica-
tion include mapping, 3D modeling, and conducting geophysical research [5]. The 
primary surface data, such as Digital Surface Model (DSM), Digital Elevation Model 
(DEM), and orthomosaic images, can be generated by a UAV system equipped with
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digital cameras [7] with some types of image processing software based on the Struc-
ture from Motion (SfM) technique, such as Agisoft Photoscan and Pix4D Mapper. 
Besides, the obtained surface data not only provides detailed information on the 
topographical variation but also is important in the calculation of erosion gulley size 
or slope stability in mine areas [8], estimation of surface extent, and volumetric 
excavation [7]. 

Recently, a few scientists have published review papers regarding the UAV appli-
cation in mining operations. While Park and Choi [9] reviewed the applications of 
UAVs in mining from Exploration to Reclamation, Shahmoradi et al. [10] performed 
a comprehensive review to highlight the applications of drone technology in surface, 
underground, and abandoned mines. Unlike other literature reviews, Lee and Choi 
presented issues related to UAV technology in mine areas, such as mine surveying, 
mine operations, drill and blast, mine safety, and construction. Among the applica-
tions, using UAVs in terrain surveying and 3D modeling is one of the most popular 
applications for mining operations. However, no prior reviews have examined to iden-
tify and categorize UAV applications related to terrain surveying and mapping mine 
sites. The goal of this paper is to present a critical review of different applications of 
UAV in terrain surveying and 3D modeling in mine areas. 

2 Data and Methodology 

In this study, a systematic review of the extant literature is performed based on a 
structured analysis of topic-specific studies that is related to terrain surveying and 
3D modeling in mine areas. 

2.1 Search Terms 

The first step of a systemic review is to determine the related key works/individual 
concepts and operationalize them into search terms and syntax. For this study, they 
are arranged into the following search syntax for study retrieval: (“Unmanned Aerial 
Vehicles” OR “UAV” OR “Unmanned Aerial System” OR “UAS” OR “Drone”); 
AND (“Mine” OR “Mining” OR “Surface mine” OR “Open-pit mine” OR “Under-
ground mine” OR “Abandoned mine” OR “Closed mine”); AND (“Surface” OR 
“DEM” OR “DTM” OR “DSM” OR “Surveying” OR “3D mapping” OR “3D 
model”).
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2.2 Search Procedure 

The review is divided into five sections: defining the research questions, determining 
relevant studies, choosing studies, charting the data, and collating, summarizing, and 
reporting the results. A systematic search using the search syntax is performed in the 
Google Scholar, ScienceDirect, Scopus, and Web of Science databases. The main 
search language is English. The titles and abstracts of publications are reviewed 
to determine whether they meet the content of the paper. To be included in this 
review, the publications are required to be published in peer-reviewed journals or 
conference papers, issued within the last decade (i.e., 2010 to 2022), and focusing 
on UAV applications within the mine surveying domain. Some types of studies such 
as reports or industry trade articles are excluded. In the identification stage, 215 
potential related studies are detected. After screening to eliminate duplicate entries, 
research that was not published within the 2010 to 2022 year range, and non-peer-
reviewed papers, 175 documents are carried forward for eligibility analysis. In order 
to prove the eligibility, the full texts of the papers are reviewed, by which 114 are 
excluded because they are either not related to the mine surveying domain or do not 
address UAV applications in mines. A total of 66 articles become the foundation of 
our systematic literature review. 

3 Results and Discussion 

3.1 Application of UAVs for Terrain Surveying and Mapping 
in Surface Mines 

Terrain surveying or topographic modeling is one of the applications for the mining 
industry, and it is used primarily for mineral resources and ore reserve estimation, 
mine planning, and reconciliation. One of the main sources of uncertainty in mining 
reconciliation is the topographic model updating [11]. Thus, terrain modeling of 
mine areas in real time is needed. Nevertheless, the traditional methods for mine 
surveying are expensive and time-consuming, even though it can take months without 
feedback from the surveying activities. An alternative way to improve the frequency 
of topography updating is through the use of image-based surfaces acquired by 
UAVs and processed by specific software [12]. Drones are a cost-effective, quick, 
and effective data collection tool for the surface generation, such as DEM, DSM, and 
digital terrain model (DTM). The use of UAVs for visual surveying as well as the 
creation of 3D models of mine sites has steadily become relevant. UAV technology 
can acquire high-resolution images, which are then transformed into 3D surface 
models (DEM, DSM, and DTM), and can be used for producing topographic maps, 
calculating excavation volume, and showing the mine site in 3D forms. The literature 
review shows that some scientists have reported the results of constructing DEM for 
open-pit mines using UAVs [13, 14], and some authors have used other traditional
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techniques to test the accuracy of DSM obtained using UAVs [12], or analyzing 
the accuracy of the DEM derived from photogrammetric processing [1, 2, 15, 16]. 
Additionally, others evaluated the performance of this technology in 3D modeling 
applications [17–20]. 

3.1.1 Construction of Surfaces and Accuracy Assessment 

Cho et al. [13]. have verified the applicability of UAV photogrammetry to mining 
engineering. Aerial photos of the test mine area, which were taken by DJI S1000 with 
10 cm resolution, were processed with the Agisoft Photoscan software to generate 
an orthophoto and DEM model [13]. Similarly, Nghia [21] assessed the possibility 
of developing 3D models for deep open-pit mines from UAV image data. To achieve 
this goal, the author used the DJI’s Inspire 2 device to take photos at the Coc Sau 
coal mine. The results indicated that the 3D model established from photographic 
data by Inspire 2 UAV has met the requirements of the accuracy of establishing the 
mining terrain map at a 1: 1000 scale. 

To quantify the uncertainty created by UAV technology, Beretta et al. [12]. 
compared a DSM formed by photogrammetry using UAVs with those generated 
through traditional methods. The results showed that the level of detail given by the 
UAV photogrammetric techniques proved to be more accurate, denser in information, 
and faster when compared to traditional methods. 

According to Forlani et al. [22], the accuracy of photogrammetrically generated 
DSMs depends on geometric and physical factors, such as the image scale, ground 
sampling density (GSD), stereo base-length to object distance ratio, camera network 
geometry, percentages of strip overlap, the accuracy and distribution of ground 
control points (GCPs), camera calibration, image processing, image matching, point 
cloud noise, and outlier removal algorithms. The accuracy of DEM depends on flight 
height also mentioned by Nguyen et al. [23]. Determining DSM quality is therefore 
a complex task, because the number of variables involved is enormous, and no single 
experimental study can encompass all of the relevant aspects [22]. Many studies 
addressed the accuracy of UAV-generated DSM in different environments. Deter-
mination of the number of GCPs to ensure the accuracy of mapping and minimize 
measurements in the field can be found in Nguyen et al. [2]. Similarly, Long et al. 
[24] used a Light-Weight UAV to choose the number of GCPs for developing precise 
DSM in the medium-sized open-pit mine. 

Kršák et al. [25] also verified the quality of a DSM in mines, which was obtained 
photogrammetrically using a low-cost UAV. The resultant models demonstrated that 
the 3D model is multiple times more detailed than the surface formed from the points 
surveyed by the total station. In addition, UAS-derived DSMs were compared to field 
measurements of mining pits in the region to assess the accuracy of UAV-derived pit 
volume measurements [15]. Chirico and DeWitt [15] indicated that UAV imagery 
and SfM photogrammetric techniques allow DSMs to be produced with a high degree 
of precision and relative accuracy, but highlighted the difficulties of mapping small 
artisanal mining pits in remote and data-sparse terrain.
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According to Tien Bui et al. [26], the application of UAV and SfM for complex 
topographic areas, such as open-pit mine areas, is still poorly understood. There-
fore, they investigated and verified the potential application of these techniques for 
building DSM in open-pit coal mine areas and evaluating its accuracy. Because a 
DSM should only be used after accuracy assessment, in this project, both the hori-
zontal and vertical assessments were carried out by GCPs measured by a Leica total 
station in terms of Root Mean Square Error (RMSE). The result showed that the 
DSM model has high accuracy. It can be concluded that small UAVs and SfM are 
feasible and valid tools for 3D topographic mapping in complex terrains, such as 
open-pit coal mine areas. Figure 1 that is reused from shows the use of UAV images 
for generating the DSM of the Nui Beo coal mine, Vietnam. 

Like many scientists, Nguyen et al. [1]. believed that the accuracy of UAV-derived 
DSMs is influenced by topographical factors in the active surface mines. Thus, they 
performed an experiment to apply the UAV method to three active coal mines, oper-
ating at altitudes from −300 m to 300 m. Accordingly, the effects of topographic 
factors, such as slope, relative elevation, and number of GCPs, on the accuracy of 
DSMs constructed by the UAV imagery technique were assessed in the experiment. 
The obtained results revealed that DSMs were generated at a very high horizontal 
accuracy, i.e., the cm level.

Fig. 1 Digital surface model for the Nui Beo coal mine, Vietnam [26] 
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In addition, the main topographic information is necessary data for some other 
purposes. The produced DSM can be used to analyze the progress of the mining 
process, to estimate ore carrying capacity [27]. Chen et al. [28] examined the char-
acteristics of iron open-pit mines located in Beijing district, China, using high-
resolution UAV images. To this end, information regarding DSMs was derived from 
UAV images and SfM photogrammetry techniques. 

Similarly, a spatial query and an analysis of the open-pit mine were performed 
using the Quantum GIS program and DEMs can be found in the study of Gil and 
Frąckiewic [29]. In this research, aerial photographs were obtained using a drone by 
which DTM and DSM were generated. Thereafter, spatial analysis was performed 
to optimize the location of the observation network points in a surface mine. 

Xiang et al. [30] selected an open-pit mine in Beijing, China, as the research area 
to assess geomorphic changes using a DEM generated using high-resolution UAV 
images and SfM photogrammetry. Accordingly, the surface of the open-pit mine was 
analyzed by calculating the difference between the two DEMs. 

3.1.2 Creating 3D Models and Evaluating Their Accuracy 

3D models are necessary tools for experts in the mining industry because they provide 
high-quality representations of mining sites. Thus, it is essential to collect accurate 
data for generating 3D models. Traditional survey methods, which utilize a total 
station and GNSS receivers to conduct a mine survey, are limited to accurately 
defining coal stockpiles. Moreover, these approaches increase the risk of injury to 
the surveyor and demand a high level of safety as well as are often time-consuming, 
which can lead to additional costs. Alternatively, UAV technology can offer a more 
cost-effective and safer option [31]. In recent years, UAV photographic measurement 
technology has played a significant role in 3D modeling in mine areas. Due to UAVs’ 
small size and maneuverability, they can capture data from much lower heights, 
starting from the ground surface, sweeping through the study areas at various heights 
and viewpoints, as well as fly-over views above the mine sites [32]. An example 
of a 3D texture model of the Thuong Tan 3 quarry, Vietnam in 2020 captured by 
lightweight UAV is shown in Fig. 2.

UAV platforms are increasingly being used as an important source of data for 
monitoring, surveillance, and 3D modeling of areas influenced by mining activities 
[17]. They are usually used in combination with digital cameras, and the acquired 
images are processed using a combination of SfM and Multi-View Stereo (MVS) 
approaches allowing the extraction of 3D point clouds [33]. The 3D models created 
from UAV imagery can serve different applications, ranging from natural resource 
management to civil engineering. Several studies have been carried out in recent 
years to evaluate the performance of UAVs in 3D modeling applications. Valuable 
reviews of such studies can be found in [31, 34, 35]. 

The possibility of 3D modeling in an open-pit limestone mine using a rotary-wing 
UAV was shown in Kang et al. [36]. The results were used to estimate the amount of 
mining volume before and after mining of limestone by explosive blasting quickly
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Fig. 2 3D texture model of the Thuong Tan 3 quarry, Vietnam in 2020 captured by DJI Phantom 
4 Pro

and accurately in a relatively short time. The application of UAVs has been proved 
as an alternative tool for 3D mapping of open-pit mines in Bui et al. [37]. Based 
on the UAV images, large-scale 3D topographic maps were successfully modeled. 
The field test results in this study indicated the applicability of the low-cost UAVs 
for 3D mapping in large and deep coal pits with relatively high accuracy. This result 
can be used for optimizing mining operations and also controlling the atmospheric 
environment. 

Similarly, in applying UAVs in building 3D models for large surface mines, 
Battulwar et al. [18] developed a practical setup to use cost-effective drones for 
the systematic generation of high-resolution images and 3D models for large open-
pit mines. The methods used in this study have been validated using experimental 
and simulation studies. It can be concluded that the study could generate millimeter 
resolution 3D models of hazardous inaccessible open-pit slopes without any risks to 
personnel, who are responsible for the surveys and measurements to obtain multiple 
parameters of mine slopes. 

According to Vassena and Clerici [20], the state-of-the-art 3D surveying technolo-
gies, if correctly applied, allow obtaining 3D-colored models of large open-pit mines 
using different technologies, such as terrestrial laser scanner (TLS) with images 
combined with UAV-based digital photogrammetry. In the Italian white marble open-
pit mine “Botticino”, located in northern Italy, a combination of digital photogram-
metry by UAV and TLS was proposed. This resulted in an increase in local precision 
up to ±2 cm [20]. 

Also, Tong et al. [19] processed and integrated point cloud data created by TLS 
with UAV imagery and generated a 3D model for mapping and monitoring open-pit 
mine areas, which achieved the decimeter-level accuracy. Besides using software to 
create 3D models, such as Agisoft and Pi4D, many studies have shown that integrating 
UAV data into a GIS environment is an appropriate approach for creating 3D models 
and post-processing of UAV imagery data. Filipova et al. [38] dealt with UAV data 
integration into GIS and conducted a spatial analysis to generate a 3D model of 
an open-pit quarry. UAV digital images as well as contemporary photogrammetric 
techniques help create accurate geometric 3D models. Through 3D model analysis,
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more precise information about the current processes and events in the quarry could 
be gathered, leading to future managerial decisions. 

Regarding the UAV’s application in building 3D models, Tscharf et al. [39] 
presented a fully automated end-to-end workflow to obtain precise and geo-accurate 
reconstructions, especially for complex environments such as open-pit mines. 
Together with aerial images from a UAV, they were able to enrich 3D models by 
combining terrestrial images and inside views of an object by joint image processing 
to generate detailed, accurate, and complete reconstructions. 

Ulusoy et al. [40] have used a lightweight drone to collect digital aerial images 
of an open-pit mine for the ultimate purpose of modeling the terrain using the SfM 
procedure. They have been able to derive a high-resolution (0.3 m/pixel) DEM and 
a very high-resolution (0.04 m/pixel) orthorectified aerial photograph. The elevation 
model dataset has been compared with the regular topographic point measurements 
of the mine pit, and the accuracy of the aerially derived model has been investigated. 

Le Van et al. [41] acquired images in open-pit mines using a post-processed kine-
matic (PPK) drone and produced a highly accurate DSM. In addition, they experi-
mentally proved the possibility of topographic survey for open-pit mines using drones 
by analyzing the accuracy improvement based on the increased number of GCPs. 

According to Shahbazi et al. [35], UAV-based images have the potential to provide 
data with unprecedented spatial and temporal resolution for 3D modeling. Thus, 
they presented theoretical and technical experiments regarding the development, 
implementation, and evaluation of a UAV-based photogrammetric system for precise 
3D modeling in the grave-pit mine. The study was preliminarily assessed for the 
application of gravel-pit surveying by UAV. 

The accuracy of a UAV-based 3D model was mentioned in many studies. Park 
et al. [31] compared the accuracy of UAV-generated 3D coal stockpile models against 
traditional field survey techniques. They assessed the effect on the accuracy of the coal 
stockpile for varying shapes. The results revealed that the UAV-derived 3D models 
show maximum volume errors of less than 9.0% and minimum volume errors of 
more than 0.3%. The accuracy of the 3D model reconstructed from UAV images 
was also assessed by Park et al. [31]. Wang et al. [34] determined the accuracy 
of 3D geometry from low-attitude UAV images at the Zijin Mine in China. They 
implemented different algorithms, such as the SfM and the patch-based multiview 
stereo (PMVS) systems, to create a dense 3D point cloud from the UAV images. They 
used 17 GCPs to geo-reference a 3D reconstruction point cloud, and the accuracy of 
the 3D geometry was evaluated by using both the GCPs and the TLS point cloud. 
The UAV point cloud accuracy was first evaluated at a point level by comparing the 
absolute coordinates between the UAV point cloud and the GCPs. 

In relation to the accuracy assessment of the UAV-derived 3D model, González-
Aguilera et al. [16] indicated that even though the image-based modeling workflow 
requires applying several steps sequentially in order to obtain a real-based 3D model, 
and thus, error propagation must be mandatory, the level of obtained accuracy is good 
enough. 

3D mapping is a very important aspect of the mining industry. In recent years, 
the use of UAVs for visual surveying as well as the generation of 3D images of mine
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sites has steadily become popular. At present, UAV technology has been used widely 
in the mining industry for terrain surveying. Drones can acquire high-resolution 
images that are then transformed into 3D surface models. These models are used for 
topographic mapping or for showing the mine sites in the 3D form. UAVs equipped 
with low-cost cameras can be considered a great instrument to survey the surface 
mine. This photogrammetric approach could overcome the low resolution of satellite 
images and avoid the tiring groundwork of the total station and Global Positioning 
System (GPS), as well as provide a 3D visualization effect of the study area [3]. 

Katuruza and Birch [42] used UAV technology in opencast highwall mapping in 
opencast mines at Isibonelo Colliery of South Africa to produce data for updating 
geological models and avail the latest information for mine planning to improve the 
short-term plans. With the UAS, it is possible to obtain digital images of the highwall 
as well as a multitude of digital terrain points, all in 3D space. The obtained results 
indicated that the greater the amount of collected high-resolution images, the more 
detailed the model produced, a dense 3D image of the pit. The generated drone data 
model was validated against the resource model and actual survey data. 

Malpeli and Chirico [43] explored the application of a small UAS for mapping 
informal diamond mining sites in Africa. They found that this technology provides 
aerial imagery of unparalleled resolution in a data sparse, difficult to access, and 
remote terrain. The aerial images were used to develop 10 cm resolution DEMs of 
the mine site. The authors used ortho-images and DEMs to model the geomorphology 
of the terrain, and the areas of diamond deposition in the region could be identified. 

According to Leo Stalin and Gnanaprakasam [44], a mine map can give infor-
mation to optimize mining activity. Regular updating of the 3D model and digital 
mine maps provides an easy way to assess the activity carried out inside the mine. 
They used Quadrotor UAV to acquire nadir and oblique aerial images. These images 
are processed in various UAV data processing software to produce high-resolution 
orthophotograph, DTM, DSM, contour, and 3D virtual reality models. The digital 
orthophotograph and 3D models generated from this method were used to create the 
mine map. 

Salvini et al. [45] used UAVs to map fractures in a marble quarry and, subse-
quently, to build 3D discrete fracture network models. Based on the combined 
use of high-resolution UAV images and engineering geological data on a marble 
buttress, the construction of a reliable 3D rock mass model can be done. Prelimi-
nary results revealed the benefit of modern photogrammetric systems in producing 
detailed orthophotos and the latter allows accurate mapping in areas difficult to access 
(one of the main limitations of traditional techniques). 

Several literary studies have been conducted to use fixed-wing and rotary-wing 
UAVs for terrain surveying in surface mines. According to Lee and Choi [46], there 
are various characteristics between the fixed-wing and rotary-wing UAVs, such as 
flight height, speed, time, and performance of mounted cameras; thus, they compared 
the results of topographic surveying at the same site. The fixed wing showed a 
relatively negligible error when the results of the two types of aerial surveying were 
compared with ground data. Figure 3 shows orthomosaic images and DSMs of the 
study area for the two types of UAVs.
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Fig. 3 Results of topographic surveying for the two types of UAVs from [46]: a Orthomosaic 
image, b digital surface model 

3.2 Application UAV in Terrain Surveying 

Besides, some scientists carried out the topographic survey at an open-pit mine using 
a rotary-wing UAV (DJI Phantom2 Vision+) [47] and a fixed-wing unmanned aerial 
vehicle (SenseFly eBee) [48]. The obtained results revealed that the fixed-wing UAV 
has a relatively longer flight time and larger coverage area than rotary-wing UAVs, it 
can be effectively utilized in large-scale open-pit mines as a topographic surveying 
tool while rotary-wing UAV is suitable for topographic survey at small-scale open-pit 
mines [48]. 

Rossi et al. [49] presented a method to reconstruct the quarry terrain in Bari, Italy, 
by using nadir and oblique aerial photographs acquired from a UAV and conducted 
a feasibility analysis after that. It observed that the final position of the point clouds, 
which show the main geometrical characteristics of the quarry in the topography 
reconstruction of the study site, can achieve an accuracy of a few centimeters. 

In open-pit mines, monitoring of topographic and volumetric changes through 
time plays an important role in supporting excavation stages and planning reha-
bilitation strategies. Esposito et al. [7] used UAV photogrammetry to quantify the 
excavated volume at the Sa Pigada open-pit mine in Sardinia, Italy, and to evaluate 
the variations in the surface mine extent. They carried out two UAV-based surveys in 
2013 and 2015, and 3D dense point clouds and digital orthophotos were obtained by
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means of the SfM technique. Results obtained in this study suggested that the applied 
UAV techniques are suitable for performing accurate change detection analysis in an 
open-pit mine extent. 

3.3 Application UAV in Terrain Surveying in Underground 
Mines 

Underground mining shows many accessibility challenges. Mining in deep and high-
stress conditions inherently relates hazards to both personnel safety and the mining 
operations. Due to their small size and maneuver ability, UAVs have various potential 
applications in underground mining. This may allow them to access locations within 
a mine that are normally inaccessible, including ore passes, stopes, ventilation raises, 
and hazardous areas. Nowadays, the application of drone technology in underground 
mines is in its infancy. There are few UAVs and instruments that are dedicated to 
underground mines, where we have low-visibility conditions, confined openings, 
magnetic interference, and an absence of GPS coverage. However, UAV systems 
are equipped with high-resolution cameras, light emitting diode (LED) lights, and 
thermal sensors, and thus, useful information can be obtained in areas that are difficult 
to be accessed by mine workers [9]. In the view of Mitchell and Marshasll [50], the 
most likely near-term applications for underground UAVs include mine surveying, 
search, and rescue. In this paper, we only review the studies on UAV application for 
surveying and mapping of underground mines. 

3D map plays an important role in underground mining because it provides accu-
rate data and models of the 3D area of the underground mine. In underground mining, 
the shape of the underground mine area is dynamic due to a lot of reasons, like the 
excavation of new tunnels or some natural factors. The accurate and up-to-date 3D 
model and data of the underground mine environment are, therefore, necessary for 
an efficient and safe mining process [10]. Li et al. [51] considered the application of 
UAVs in underground mine mapping and proposed a 3D tunnel system search and 
mapping algorithm. The tunnel area search and map building are autonomous, and an 
operator only needs to start or stop the map building in the remote computer. Addition-
ally, a study by Ge et al. [52] presented the results of the work performed by applying 
UAVs for Tahmoor underground mines in New South Wales (NSW), Australia. They 
used a UAV to map the underground mine subsidence in these mines. UAV oblique 
photogrammetry can obtain the three-dimensional (3D) coordinate information of 
ground features. 

Photogrammetry is becoming a more common method for mapping geological 
and structural features in underground mines. Russell et al. [53] implemented an 
experiment with photogrammetry conducted from a UAV platform in an underground 
mine. They assessed the viability of using UAV-based imagery and photogrammetry 
to model and map rock masses that are inaccessible in underground mines. The
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obtained results include 3D digital photogrammetry models created from video frame 
stills and discontinuity map within the digital model. 

An interesting example of using an inspection drone in an underground mine 
for mapping or exploration can be found in the study of Papachristos et al. [54]. 
They proposed an integrated approach for autonomous navigation and mapping in 
underground mines using a drone. Stereo cameras have been used for 3D mapping 
with aerial robots in subterranean tunnels. The research has shown that the usage 
of long-wave infrared of the electromagnetic spectrum allows the use of thermal 
cameras in environments with poor visibility and has been included in sensor sets in 
various underground mapping and localization studies. 

According to Turner et al. [55], the advent of inexpensive, open platform UAVs 
allows to characterize hazardous rock masses by using traditional photogrammetric 
and forward-looking infrared imagery techniques. In order to prove this, they created 
a 3D model by thermal imagery using a UAV in an underground mine Barrick 
Golden Sunlight, Whitehall, Montana, USA, and acquired the geological data from 
photogrammetry models. The UAV system used in this study included obstacle detec-
tion, lighting, thermal imagery, and software. Results concluded that the combination 
of off-the-shelf technologies with a UAV system can be successfully employed as a 
geotechnical tool in the underground mining environment. 

Similarly, Turner et al. [56] also proved that both thermal and multispectral 
imaging were successful in the detection and characterization of loose, unstable 
ground, and adverse discontinuities in the underground mining environment. The 
datasets, including multiple thermal, multispectral, red, green, and blue (RGB), and 
Light Detection and Ranging (LiDAR), were acquired in the same study area. They 
used these data to generate georeferenced 3D point clouds and meshes, and to map 
discontinuities. Figure 4 shows the DJI Wind 2 in the study of Tuner et al. [56], which 
could carry a large payload, including a MicaSense RedEdge-M imager, StratusLED 
ARM lighting, and, most importantly, an Emesent Hovermap SLAM system.
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Fig. 4 Percentage distribution and number of reviewed studies of UAV applications in surface, 
underground, and abandoned mines to surveying and mapping process
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3.4 Application of UAVs in Terrain Surveying of Abandoned 
Mines 

Mine survey is an indispensable part of the ecological restoration design of an 
abandoned open-pit mine because it provides precise survey data for mine manage-
ment. Furthermore, monitoring and mapping closed mines play an important role to 
decrease the risk of environmental hazards. However, it is difficult to survey the vast 
areas with traditional, labor-intensive, expensive monitoring methods. Drone tech-
nology, as a financially efficient approach, can be an alternative solution [10]. The 
most notable recent research effort is by Dai and Xu [57]. In this study, the authors 
applied UAV photogrammetry technology to 3D modeling and earthwork calcula-
tion to solve the problems of high cost, low efficiency, and high labor intensity in 
traditional manual field mine surveys in the abandoned quarries in Baitu, Suzhou 
City. 82 ground control points were set up, and elevation data of the ground were 
acquired using a Dajiang spirit 4 RTK UAV and extracted from a 3D model created 
with the Context Capture software. 

At present, the recultivation of abandoned open-pit mines is a critical environ-
mental task [58]. It is necessary to determine the amount of soil required for the prepa-
ration of the investment’s expenditure plans. To achieve this, Molnar and Domozi 
[58] created a 3D surface model based on photogrammetry and UAV photos. As a 
result, the amount of filling material needed for the recultivation of a closed mine was 
calculated by 3D models. They matched the volume data computed from geodetic 
surveys on the mine with UAV-based DSM and the calculation results with the help 
of the 3D elevation model. The evaluations have indicated that the calculated volume 
based on photogrammetry has been within the expected accuracy range. 

Suh and Choi [59] employed UAV photogrammetry to survey abandoned mine 
areas. A digital georeferenced orthoimage and DTM with the 5 cm resolution could 
be obtained by coordinates of pre-installed ground control points (GCPs). Accord-
ingly, contour lines (at the 10 cm contour interval), slope, and curvature were created 
using the DTM. Validation using the GCP locations showed an error of approxi-
mately 14 cm in the generated DTM, which was considered acceptable for subsidence 
mapping purposes. 

Motyka [60] applied photogrammetry for mapping the anthropogenic terrain alter-
ations on exampled closed coal mines in Katowice for land reclamation. In this study, 
a new UAV platform was proposed for remote laser scanning of terrain from a low 
altitude, which consisted of an inertial system, a 2D laser scanner, and a system 
recorder. Moreover, the author presented a mapping of places where some invasive 
plants exist. Obtained results recommended that, in conditions of difficult geometry 
of anthropogenic forms requiring constant changes in the UAV flight altitude, it is 
essential to utilize a parallel system of spatial orientation, such as on-board inertial 
sensors with GPS.


