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Abstract 
Terrestrial surveying and mapping of hard-to-reach or inaccessible areas are challenging tasks. In addition to classical 
geodetic methods, remotely piloted aircraft systems (RPAS), also known as uncrewed aerial vehicles (UAVs), can be used 
as an alternative method to solve similar research and application problems. In the last two decades, GNSS and UAV 
measurements have been increasingly exploited to monitor and analyze landslide activity. This report presents the results 
of pilot studies of the landslide in the area of the Sofia Botanical Garden, combining data from GNSS and UAV 
measurements. Three optical sensors are used for test purpose analyses during the UAVs surveying. The conducted 
experiments have two main goals: to evaluate the UAV systems' qualities and establish the presence of movements in the 
studied landslide. In particular, we try to identify the geodetic pillars belonging to the geodetic network established in 
1988 with forced centring instruments (pillars) in the precise point clouds generated during the processing of images 
using photogrammetric software Pix4D. The accuracy and precision of ground-based control points (GCPs) have been 
evaluated to determine the limits within which possible movements from measurements in different epochs can be 
determined using GNSS and UAV. Based on a comparative analysis of both types of data, the next step of the future 
analysis will be to identify the local stable and deformed areas from the whole observational period. A qualitative and 
quantitative evaluation of the factors that impact the geospatial data accuracy, such as the geodetic coordinates of the 
geodetic control pillars, cloud points, digital surface model and orthophoto images, is also provided. 
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INTRODUCTION 

Ground-based geodetic measurements and mapping of hardly accessible or inaccessible areas that fall into naturally 
unstable regions is a challenging task. Uncrewed Aerial Vehicle (UAV) based remote sensing can substitute or be applied 
as an alternative method for solving such research and applied problems and classical geodetic methods, such as 
topographical surveying with total stations, inclinometer or GNSS measurements. In recent years, this method has been 
widely utilized to monitor and analyze changes in topography and surface characteristics in dynamically active regions 
through periodic measurements. The primary value of UAV technology in different configurations is its efficiency in 
recording aerial images to generate different cartographic products with high accuracy (James and Robson, 2012;  James 
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et al., 2017; Dinkov, 2018; 2019). These products can be used for preliminary analysis of hazardous natural processes, 
exposure and vulnerability, and disaster impact assessment, especially in the case of the landslide disaster risk research 
and disaster risk management (Garnica-Peña and Alcántara-Ayala, 2021). Large-scale digital topographic models 
obtained from the processing of UAV captured active regions of landslides are used to detect and quantify local 
displacements and deformations of the earth's surface. Accurate and fast landslide mapping can be combined with UAV 
photogrammetry and GNSS measurements (Ahmad et al., 2013; Rossi et al., 2016; Casagli et al., 2017). 

The main goal of this study is to demonstrate the approach of UAVs as an effective solution for the initial mapping of 
landslides and periodic monitoring of the activation of landslide processes. For experimental tests, the region of the 
Botanical Garden of the Bulgarian Academy of Sciences in Sofia was chosen, characterized by slow surface movements. 
The activation of the landslide processes during the time is due to the specific physical-geographic conditions of the 
location. The topographic relief is with steep slopes, and the high groundwater level is recharging from the surface water 
flowing down from the upper slopes of Vitosha Mt, which determine the development of slow slope creep processes. 
Along with geological conditions, the anthropogenic impact contributes to the compound effect, leading to disturbances 
in slope stability and sudden periodical activation of the landslide processes. In 1988, a particular geodetic network was 
established, consisting of poles for forced centring instruments to monitor surface displacements. Since that time, 
accelerated urbanization of the territory around the Botanical Garden has happened, including the Sofia ring road 
construction. As a result, some of the geodetic points are destroyed, and the network configuration is changed 
significantly. Past geological and geodetic research in this area indicated an irregular and locally slope landmass 
movement of about 2.6 mm / yr. The significant horizontal displacements for 1989-2006, which highest recorded values, 
belong to the points situated in front of the administrative building of the Botanical Garden (Tsenkov et al., 2006). 

The conducted experiments have two main goals: first, to evaluate the UAV systems' qualities and establish the presence 
of movements in the studied landslide. In particular, we try to identify the geodetic pillars belonging to the geodetic 
network established in 1988 with forced centring instruments (pillars) in the precise point clouds generated during the 
processing of images using photogrammetric software Pix4D. High-resolution and accurate Digital surface models (DSM) 
and Digital elevation models (DEM) containing micro-topographic elements of the earth's surface are produced. In 
addition, the accuracy and precision of ground-based control points (GCPs), which locations have an essential impact on 
the final UAV products (Sanz-Ablanedo et al., 2018), have been evaluated to determine the limits within which possible 
movements from measurements in different epochs can be determined using GNSS and UAV. During one of the UAV 
campaigns, GNSS measurements of some pillars are also carried out to determine the actual coordinates in the new 
measuring epoch. The second test analysis concerns evaluating the exact identification of the GCPs in the generated 
digital orthophoto maps and their 2D accuracy assessment. Based on a comparative analysis of both types of data, the 
next step of the future analysis will be to identify the local stable and deformed areas from the whole observational period. 
A qualitative and quantitative evaluation of the factors that impact the geospatial data accuracy, such as the geodetic 
coordinates of the geodetic control pillars, cloud points, digital surface model and orthophoto images, is also provided. 

In particular, a comparative analysis of the performance of different UAV configurations using a pixel-based classification 
approach was made to understand how the spatial resolution and the type of sensor can deliver precise information for 
surface deformation mapping on a landslide area. The observational period covers October 2019 – to June 2020. The 
accuracy assessment of the UAV digital products was carried out by comparing the elevations of surveyed points of the 
local geodynamical network. GNSS measurements of the geodetic control pillars have been performed since 2003 at 
various time intervals, the last ones being from 2020. This study calculates the pillars' coordinates from the point cloud 
when processing UAV campaign test measurements. Some conclusions were made about the applicability of the UAV 
method with different device configurations in the case of this low-active landslide area. Furthermore, identification of 
locally stable areas or small surface changes between the measurement epochs was carried out. Finally, a qualitative and 
quantitative evaluation of factors that impact the geospatial data accuracy of the geodetic control pillars, cloud points, 
digital models and orthophoto images is also provided. 

MATERIAL AND METHOD 

Study Site 

The active landslide processes in the region Botanical Garden of the Bulgarian Academy of Sciences in Sofia have been 
studied since the early 90-es in the last century. The Garden is located at the foot of Vitosha Mountain between the 
districts Dragalevtsi and Boyana of Sofia, nearby the Kinotsentara locality. The territory is covered with various land 
cover types - mowed green areas, unpowered grass with shrubs, wooded areas, asphalt-paved alleys and buildings. The 
study area covers ~16 ha. It is characterized by diverse terrain with a slope of approximately 13%, with the highest point 
of 722 m a.m.s.l. and the lowest point of 695 m a.m.s.l. The test area is located on the outskirts of Sofia and is a suburban 
park (Figure 1), with a variety of land cover (mowed green areas, unsupported bushes, wooded areas, alleys and 
buildings). 
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Figure 1. Location of the study site 

UAV Configuration 

Platforms and Payloads 

The test flights were performed with user class UAV: DJI Phantom 4 Pro (P4P), DJI Mavic Pro and Autel EVO II. 

• The P4P is equipped with a DJI FC6310 camera with a nominal focal length of 8.8 mm and a 1" CMOS 20-
megapixel sensor with a 2.41 x 2.41 µm nominal pixel size. The DJI FC6310 creates an image of 5472 x 3648 
pixels, corresponding to 13.2 x 8.8 mm. 

• The Mavic Pro is equipped with a DJI FC220 camera with a nominal focal length of 4.7 mm and a 1/2.3" 
(CMOS) sensor with 12.35 effective megapixels. The DJI FC220 creates an image of 4000 x 3000 pixels  

• The Autel EVO II is equipped with an XT701 Autel camera with a nominal focal length of 4.7 mm and a 1/2" 
CMOS sensor with a maximum resolution of 48MP. Resolution photos 4000*3000 (4:3) pixels were taken for 
the specific study. 

Ground Control and Validation points 

For assessment of the accuracy were used 10 ground control points (GCP) and 13 (7 pillars) validation points (VP) - 
Figure 2. All control points are marked on the ground with permanent signs using two perpendicular shoulders 100/20 
cm – Figure 2(b). The control points are always located in the inner corner of the marked sign. The validation points are 
in two categories: first, validation points on forced centring pillars (Figure 2c) and second, validation points are marked 
on the ground (Figure 2d). The coordinates of the marked points were obtained by the GNSS RTK method (Dinkov, 2019) 
with the geodetic two-frequency receiver Kolida – К5 PLUS and RTK solution with the 1YOCTO network 
(https://1yocto.bg/). For a fixed solution, the declared accuracy of 1YOCTO is up to 3.5 cm. 

Acquisition of Photogrammetric Data and Processing 

Flight missions were planned using the UgCS Desktop application and were performed with UgCS for DJI. The UgCS 
Photogrammetry Tool (https://www.ugcs.com/) allows flight planning at constant altitudes over mapped terrain (AGL). 
This feature ensures preset image overlap and consistent GSD (Ground Sample Distance). UgCS uses SRTM data (or 
Shuttle Radar Topography Mission), but there is an option to enter a more accurate DEM. The flight missions are designed 
with 80% forward overlap and 70% side overlap of the images. 

Proceedings Vol. 2, 8th International Conference on Cartography and GIS, 20-25 June 2022, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

222



The aerial surveys were carried out in different periods: October 2019, February, March and July 2020 presented in Table 
1. GCPs stabilized in the test area were used to evaluate the digital products, as well as additional validation points, were 
placed during the shooting. For conventional methods using GCP and a built-in GPS solution, we used a built-in single 
GPS solution to acquire the coordinates of the images. 

a) 

 

b) 

 

 

 
c)  

 

 

 

d)  

Figure 2. Test area (a) with Ground Control and Validation Points (b-d)  

Georeferenced images were processed with Pix4D Mapper software (https://www.pix4d.com/). The software uses the 
SfM algorithm to generate 3D cloud points, DSM and orthophoto mosaics in the study area. The procedure consists of 
three main steps: (i) Initial processing, (ii) Generating a cloud of points, and (iii) Generating DSM and orthophoto mosaic. 
After the initial processing, all validation points (Checkpoints) were entered to calculate the accuracy. The following 
steps include the generation of a solid cloud of points, orthophoto mosaics and DSM. 

The evaluation of point cloud accuracy was performed using 13 (7 pillars) validation points (VPs) (which were not used 
in the cloud generation) by computing the differences between the coordinates of the checkpoints in the 3D cloud and 
those measured in the field by GNSS. Mean values and the root mean square error (RMSE) of the differences were 
computed for each flight to detect systematic shifts and block deformations.  

The positions of the validation points were determined directly on the point clouds. The GCPs and VPs were marked in 
the Pix4D using the built-in RayCloud 3D Editor. Export the vectorized validation points in .shp format and it is used for 
subsequent analyses. The coordinates of the validation points (in the PPK configuration, the ground control points are 
used as validating) were compared to the coordinates in the outputs by evaluation of the root mean square errors: 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑥𝑥 = �∑ ∆𝑥𝑥𝑖𝑖2𝑛𝑛
𝑖𝑖=1
𝑛𝑛

       
(1) 

 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑦𝑦 = �∑ ∆𝑦𝑦𝑖𝑖2𝑛𝑛
𝑖𝑖=1
𝑛𝑛

       
(2) 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑧𝑧 = �∑ ∆𝑧𝑧𝑖𝑖2𝑛𝑛
𝑖𝑖=1
𝑛𝑛

       
(3) 

where ∆xi, ∆yi and ∆zi are the differences between reference coordinates and the coordinates determined from the remote 
sensing data and n is the number of points in the set. The RMSEx and RMSEy errors were used for the calculation of the 
root mean square horizontal error RMSExy as follows: 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑥𝑥𝑦𝑦 = �𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑥𝑥2 + 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑦𝑦2        
(4) 
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The RMSExy is one of the most common horizontal accuracy criteria for sets of points and was used as the primary 
measure to compare data between the test sites and between various configurations of GCPs/VPs. 

GNSS measurements 

A new GNSS campaign was carried out in March 2020. Together with the previous measurements, they provide a 
possibility for a qualitatively new evaluation of the studied landslide processes in the region of the Botanical Garden. 
Two sets of measuring systems providing the necessary accuracy with a predicted stay of a point of 30 minutes have been 
used during the field measurement. GPS measurements were carried out for the 8 points of the network. The equipment 
used for measurements consists of GNSS receivers KOLIDA tracking the signals of GPS, GLONASS and Galileo 
navigation systems. According to the product description, the accuracy of horizontal and vertical coordinates are 
respectively ±2.5 mm +0.5 ppm RMS and ±5 mm + 0.5 ppm RMS. Another GNSS receiver used in the field campaign 
was EMLID Reach M+ tracking the signals of GPS/QZSS L1, GLONASS G1, BeiDou B1, and Galileo E1 with the 
product description of accuracy -  static measurements with horizontal 5 mm + 1 ppm RMS and vertical 10 mm + 2 ppm 
RMS. All GNSS measurements are performed in static mode with a registration rate of 5 sec and an elevation mask of 
100. The field campaign was carried out according to the previous scheme of baselines, which cover the area of the 
Botanical Garden and are preserved by the established geodetic network. The closest permanent stations from the 
infrastructural GNSS networks of the private companies 1Yocto Ltd. are used as reference sites. The GNSS data are 
processing and comparison with those of measurements in previous campaigns, the last of which was in 2006. 

RESULTS AND DISCUSSION 

The SfM-MVS image processing is performed in the Pix4Dmapper environment, obtaining the initial parameters of digital 
products presented in Table 1. 

Table 1: Multitemporal UAV surveys performed in the test area of the Botanical Garden, Sofia 

N UAV configuration Date Flying 
altitude 

Number 
of GCPs 

Average 
GSD [cm] Camera mean RMSE 

[m] 

1 DJI Pantom 4 Pro 10.2019 75 m 10 2.08 FC6310 0.016 

2 DJI Mavic Pro 10.2019 45 m 10 1.47 FC220 0.012 

4 DJI Pantom 4 Pro 03.2020 65 m 10 1.69 FC6310 0.019 

5 Autel EVO II 07.2020 60 m 9 2.28 XT701 0.021 

Estimation of the internal accuracy of the model using validation points in Pix4Dmapper 

Evaluating the accuracy of the validation points in the Pix4Dmapper software can be considered one of the earliest 
evaluations of accuracy during photogrammetric processing. The accuracy assessment was performed using 13 validation 
points (VP) (Figure 3). In different flight configurations, validation points are not used in model georeferencing. The 
RMSE of the differences is calculated for each flight to detect systematic shifts. The positions of the validation points are 
determined directly in the 3D point cloud in Pix4D using the built-in RayCloud 3D Editor. The results are presented as 
histograms (Figure 4) of the differences (dx, dy, dz) between the spatial coordinates of the validation points read in the 
three-dimensional cloud clouds and they are precisely measured with GNSS equipment coordinates. 

a)  b)  
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c)  d) 

Figure 3: Orthophoto mosaic of the different configurations:a) Mavic - 2019 ; b) P4P Pro - 2019; c) Autel – 2020;       
d) P4P Pro-03.2020  

Spatial errors in the position (dx, dy, dz) of the validation points (ground and control points) using the Phantom 4Pro,  
Mavic Pro and Autel EVO configurations are presented respectively in Figures 4 and 5. 

a)  b)  

RMSЕxy = 0,051 m , RMSЕz = 0,038 m RMSЕxy = 0,022 m, RMSЕz = 0,086 m 
c)  d) 

RMSЕxy = 0.042 m , RMSЕz = 0.080 RMSЕxy = 0.034, RMSЕz = 0.16 

Figure 4: Spatial errors in the validation points positions (ground and control pilar points) by UAS configuration 
Phantom 4Pro and Mavic Pro used in 2019 

 
a)   b) 
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c)  d)   

RMSЕxy = 0,050 m , RMSЕz = 0,069 m RMSЕxy = 0,039 m, RMSЕz = 0,084 m 

Figure 5: Spatial errors in the validation points positions (ground and control pilar points) by two UAS configurations: 
Phantom 4Pro and Autel EVO II for the March 2020 surveying  

Application of UAV-method 

In the present study, the applicability of the UAV-SfM method for accurate reading of spatial coordinates of control 
(validation) points in the process of monitoring landslide areas was tested. Two types of validation points (ground points 
and geodetic poles for forced centring) were selected to assess the point cloud's accuracy, depending on its structure. The 
geodetic poles are part of the monitoring network established in 1988. Such control pillars are placed for monitoring 
landslides and other disturbed terrains and are used for accurate measurements and analysis of the movements of the 
upper layers of the earth's surface. High-precision measurements (angles-lengths, levelling, gravimetric and GNSS) are 
performed, and the data are processed by specialized technology to determine the coordinates of the points accurately, 
respectively the displacement of the studied points (Tsenkov et al., 2006). The test site includes pillars № 8, 9, 10, 15, 16, 
17, and 18 of the geodetic monitoring network (respectively numbered as follows VP 4008, 4009, 4010, 4015, 4016, 
4017, 4018, see Figure 2). In the present study, planimetric and height accuracy commensurate (equal) with precise 
geodetic measurements is not intended to be achieved. Instead, the idea is to study the possibility of detecting deviations 
in the location of the studied points, which will draw attention to further high-precision research in the test landslide area 
of the Botanical Garden. Furthermore, this hypothesis can be applied to complex and hard-to-reach areas, where 
monitoring may involve high financial costs and much time. 

From the histograms of the planimetric and height errors for the validation points, shown in Figures 4 and 5, it is seen 
that the planimetric errors (dx, dy) for the ground control points are higher than the planimetric errors reported in the 
geodetic pillars. This result can be explained by the more precise marks used for the pillars than permanent ground marks. 
The opposite trend is observed for height errors (dz). Forced centring poles have significantly higher errors than ground-
level validation points. Here, the quality of the generated dense cloud points from the photogrammetric processing of the 
captured images already has a significant influence. In turn, the quality of the three-dimensional point clouds strongly 
depends on the quality of the UAV optical system and the spatial accuracy of the cloud points - on the methodology for 
georeferencing the spatial model. Therefore, choosing a suitable drone configuration with a high-resolution camera is an 
option for further, more precise measurements and analyses. The following inference can be drawn from the conducted 
experiments. If we assume that 0.05-0.10 m is the limit for changing the planimetric location of the studied point, then 
the UAV-SfM method for accurate reading of spatial coordinates is an alternative and cost-effective solution for 
monitoring control points for large areas that are poorly accessible or require re-examination. 

CONCLUSION 

Metric surveys of landslide areas that are active and present a problem of safe access require planning of measurements, 
including the choice of technique/methodology and its proper application in compliance with the requirements for 
accuracy. Modern methodologies make it possible to use different techniques for studying landslides by combining, 
supplementing and overcoming possible operational shortcomings of individual techniques (Casagli et al., 2017; Zaragoza 
et al., 2017). Researches in Bulgaria on landslide areas using modern technologies such as GNSS, DInSAR, UAV, 
inclinometer measurements, and others are at an early stage of development. Several test studies are performed to find an 
appropriate combination of methods and software programs for joint analysis and interpretation to ensure normative 
accuracy in establishing real deformations of the earth's surface in areas with varying landslide activity (see, e.g., Ilieva 
et al., 2018; Atanasova et al., 2021; Pashova et al., 2021). 

In this study, we tested the ability of budget uncrewed aerial vehicles in different configurations and the applicability of 
the SfM-MVS photogrammetric method for accurate determination of spatial coordinates of control (validation) points in 
the process of monitoring landslides. The test area is a landslide zone with a minimum annual spatial displacement. The 
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test study demonstrates the UAV remote sensing as a practical, fast and low-cost approach that could complement the 
terrestrial geodetic techniques in areas where it is sometimes difficult or impossible to perform the direct geodetic 
measurements. The reported results showed two strong dependencies: 1) The quality of the optical sensors and 2) the 
Configuration and location of the GCP, which achieves accurate georeferencing of 3D point clouds. More significant 
fluctuations were discovered in the reported values for cameras with rolling shouter (Mavic Pro, Autel EVO II) than for 
cameras with global shouter (Phantom 4 Pro). But the planimetric errors (dx, dy) do not exceed 0.08 m for both camera 
models in all UAV surveying campaigns. In the case of elevation errors (dz), significant deviations are already observed 
in the reports of validation points - geodetic pillars: in the Mavic Pro configuration, it is dzmax = -0.358 m, and in the 
Phantom 4 Pro configuration- dzmax = -0.210 m; in the Autel EVO configuration - dzmax = 0.156 m. An essential factor 
to note here is the steep longitudinal slope of the test site, namely the Botanical Garden as well as the fact that these 
maximum values of RMSE are reported on a geodetic pillar on the roof of a building (VP 4010). VP 4010 is a pillar with 
a height of 8 m above the surrounding terrain, and the georeference of the entire three-dimensional point cloud is obtained 
with ground control points. The future research aims at evaluating the application of PPK / RTK - direct georeference of 
UAV images (Dinkov, 2019; 2021; Dinkov and Kitev, 2020); thus eliminating the influence of the number and 
configuration of ground control points for accurate georeferencing of the three-dimensional cloud point. High-precision 
GNSS measurements are also planned; they will be analyzed together with the collected data and information on the test 
study area of the Botanical Garden in order to determine the changes from the first studies in the 90s to the present day.   
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