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Abstract
The use of conventional surveying methods and instruments is common for a geodetic measurement of the
terrain surface. New technologies, such as UAV digital photogrammetry, bring new opportunities in the
documentation of Earth's surface. This technology allows using low-cost UAV digital photogrammetry to
document the Earth's surface for purposes of geological studies or analysing mining activities. The aim of this
research is to analyse the accuracy of the digital elevation model (DEM) obtained by low-cost UAV
photogrammetry and close-range photogrammetry. The open pit mine Jastrabá (Slovakia) was chosen as the
test area. The open pit mine has a morphologically dissected surface and is thus suitable for verifying the use
of UAV digital photogrammetry and close-range photogrammetry to capture fairly intricate details of the
surface. Individual point clouds with different density were mutually compared.
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Introduction
In the surface mining of the raw mineral materials, we often encounter with the requirement of 3D
model creation of the quarry to update the mine plan and to document the progress of mining process in
the quarry. The geodetic measurements of the surface quarry are always performed regularly according to
the mining process or according to valid regulations, at least once per year. The terrain, the objects in the
quarry and the position of the quarry wall are measured. From these data, a Basic mining plan, a map of
the surface and a 3D model of the quarry, which is used for the calculation of the volume of used
resources, are compiled.
When geodetic measurements in the quarry are used, the classical geodetic methods and instruments
are used most frequently. Geodetic works in the large surface quarries are time-consuming (KIM, 2016)
and the quality of the spatial model depends mainly on the number of measured points and their correct
choice in the field (FRAŠTIA et al., 2014; PUKANSKÁ et al., 2014). To obtain a more precise and detailed
model of the quarry, it is necessary to survey as many points as possible (HURČIKOVÁ, 2011).
A suitable alternative, which is common to document larger quarries, is the use of aerial
photogrammetry. The overall cost needed for acquiring and processing of aerial images is significantly
higher than using the traditional terrestrial methods are used. Nevertheless, the use of aerial
photogrammetry is increasing, because it allows generating a dense cloud of points obtained from images.
In the environment of the specialised photogrammetric software, the resulting set of points is comparable
with point cloud obtained by laser scanning. With regard to photogrammetry and its efficient use in
smaller quarries or smaller territories, especially aerial photogrammetry from unmanned aerial vehicles –
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UAV is advantageous (ZHANG and ELAKSHER, 2011), (REMONDINO et al., 2011), (SHAHBAZI, 2015),
(LONG, 2015). Aerial photogrammetry using UAVs is a relatively inexpensive and sufficiently precise
method for documenting quarries for the purpose of documentation of the mining process. Aerial
photogrammetry from the UAV is also dealt with in works of (TONG, 2015) and (LEE, 2015).
Material and methods
The aim of this article is to compare the accuracy of terrestrial close-range photogrammetry and aerial
photogrammetry from UAVs, respectively, with the possibility of combining them in the documentation of
quarries. The low-cost UAV carriers (1000-1,500 €) are an interesting solution in terms of reducing the
cost of the documentation process. The performance and cost ratio is the main criterion of the carrier and
camera selection. Such compact device must be able to provide outputs that are also useful for surveying
purposes. Devices with a price below 1000 € generally do not achieve the required technical parameters
(camera quality, carrier stability, flight time, etc.). In our research, we focused on verifying the quality of
the digital surface model of the quarry wall obtained by aerial photogrammetry from the low-cost UAV
with a comparison of the digital surface model of the quarry wall obtained by terrestrial close-range
photogrammetry. The main idea of the research was to prove that the accuracy of the surface model
created by terrestrial close-range photogrammetry and photogrammetry by the low-cost UAV are
comparable. In this case, the obtained models should be considerably cheaper, denser and more detailed
than the surface generated from the measurements by the total station (TS) or GNSS.
Area of interest
The surface quarry in the cadastral unit Jastrabá near Žiar nad Hronom in the Slovak Republic (Fig. 1)
was chosen as the area of interest for testing the quality of digital models of the surface of the quarry
obtained by close range photogrammetry and aerial photogrammetry using the low-cost UAV. In this
quarry, the excavation of perlite was started. For the mining company, it is interesting to verify the
progress of the mining process by cheap and fast surveying method based on the comparison of terrain
models created from data obtained with a one year time interval. The surface of the terrain in the quarry
is unstable and morphologically rough. Geodetic measurements are therefore complicated. In the
direction of the general slope, there are numerous furrows of terrain that have been formed by running
water at heavy rainfalls. These furrows are deep on average 15-20 cm, but some reach a depth of 50 cm
(Fig. 1, 2, 3, 4). This terrain is interesting in terms of the complexity of its documentation using the TS. The
detailed survey of the entire surface of the quarry with the focus on all furrows would be time-consuming,
and, nevertheless, the resulting model would not be able to be modelled in the required detail.
Measurement of the all smaller rows (about 15cm deep) is practically impossible.

Fig. 1. Area of Interest - Jastrabá quarry.
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The quarry Jastrabá was chosen to investigate the possibility of combining terrestrial close- range
photogrammetry and aerial photogrammetry using a low-cost UAV for documentation of the quarry wall to
create the most detailed and sufficiently accurate surface model. This model must meet the accuracy
requirements of the applicable legislation regarding the National mine-surveying direction (VÝNOS, 1993).
Instruments and equipment
The following photogrammetric methods were used to survey the surface of the quarry wall:
 aerial photogrammetry using UAV
 close-range digital photogrammetry
Photogrammetric images were processed in Agisoft PhotoScan® software. To meet the principle of
the unified methodology of processing, the Trimble RealWorks® software was chosen to process data
from geodetic measurements and point cloud processing.
The UAV DJI Phantom Vision 2+ with a built-in 14 Mpx FC200 camera was used to obtain aerial
images. The sensor size is 6.17x4.55mm with the resolution 4384x3288 Pix; the field of view is 85°. The
flight was performed in 6 air strips at height 35 m above the average terrain level (Fig. 2). 135 images
were captured. Overall, ten ground control points were used to transform the object into the
coordinate system of Datum of Uniform Trigonometric Cadastral Network (S-JTSK). The coordinates of
control points were determined terrestrially using the total station from points determined by GNSS
technology. The results of the photogrammetric data processing can be described by the following
characteristics:
 Resolution (GSD) is 10.1mm / pixel.
 The error in the position of the measured point in the image plane is 1.96 pixels.
 the RMSE for control points is 0.043 m.
 The overlap is 80% and side lap is 60%.

Fig. 2. The digital terrain model created from UAV images (position of images and control points).

For the close-range photogrammetry, the 18 Mpx camera Canon 550D was used. The sensor size is
22.3x14.9mm with the resolution 5184 × 3456 pixels. Canon EF-S 18-55mm F / 3.5-5.6 IS lens was
attached to the camera. Overall, 241 images were taken. For the transformation into the S-JTSK
coordinate system, nine ground control points were used. The coordinates of control points were
determined terrestrially using the total station from points determined by GNSS technology. The results
of the photogrammetric data processing can be described by the following characteristics:
• Resolution (GSD) is 2.79mm / pixel.
• The error in the position of the measured point in the image is 0.538 pixels.
• the RMSE for control points is 0.006 m.
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Fig. 3. The digital terrain model created from images obtained by close-range digital photogrammetry.

Subsequently, close-range and aerial photogrammetry images were processed in Agisoft PhotoScan®
software.
Results and Discussion
The objective of the research realised at the site of interest was to analyse the density of the point
cloud created by the aerial photogrammetry from the UAV, fulfilling the accuracy criterion defined by the
Slovak Technical Standard STN 013410 for the 3rd accuracy class of mapping. The point cloud generated
by UAV aerial photogrammetry was also compared with the point cloud created by image processing
using close-range photogrammetry. In this case, this data file was considered as a reference, i.e., the exact
surface. A similar problem has been elaborated in (KRŠÁK et al. 2016) and (BLISTAN et al. 2016) where
the results obtained using aerial photogrammetry were compared with the data obtained by direct
measurements using a total station. The results of these publications show that the aerial
photogrammetry using the UAV offers sufficiently accurate results that are useful for the creation of
thematical large scale maps according to given technical standards. The criterion for assessing the quality
of the surface was the accuracy of the points determined by STN 013410. According to this standard, the
mean coordinate error mxy, which should not exceed the limit value uxy = 14cm, is defined for the point.
Similarly, the error of height determination of the point mH should not exceed the limit value uh = 12cm.
Thus, the spatial error of the point determination corresponds to the limit value up = 18cm.
The process of evaluation was done as follows. Generated point clouds obtained by processing
terrestrial images (Fig. 3) and aerial images (Fig. 2) were spatially sub-sampled in the Trimble
Realworks® environment with the spacing of points of 10 mm. For the further processing, a 60 x 11meter sloping quarry wall was chosen. The area enclosed by the polygonal fence is highlighted in yellow in
Fig. 3. Points lying outside of this area were removed from further comparison. Thus, individual created
point clouds for further processing are shown in Figures 4a, 4b.
a)
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b)

Fig. 4. Pre-processed files - point clouds created for processing in Trimble Realworks®. a) point cloud obtained by
processing terrestrial images. b) point cloud obtained by processing aerial images.

Further processing, including the comparison of the point clouds, was also done in Trimble
Realworks®. The absolute distances between the corresponding pairs of points in both clouds were
analysed. Deviations between clouds were evaluated as the number of points in the range up to 18cm; up
to 16cm; up to 14cm; up to 12cm; up to 10cm; up to 8cm; up to 6cm; up to 4cm; up to 2cm and up to 1cm.
The results are presented numerically in the Tab. 1 and graphically by Fig. 5 to 15.
Table 1. Number of points at intervals
Deviations between point clouds
whole point cloud
deviation up to 18cm
deviation up to 16cm
deviation up to 14cm
deviation up to 12cm
deviation up to 10cm
deviation up to 8cm
deviation up to 6cm
deviation up to 4cm
deviation up to 2cm
deviation up to 1cm

Number of points
573 936
549180
544519
538363
529843
517 393
498442
462621
375438
188174
74016

Percentage [%]
100
96
95
94
92
90
87
81
65
33
13

700000
600000

count of points

500000
400000
300000
200000
100000
0
full pointcloud

up to 18cm

up to 16cm

up to 14cm

up to 12cm

up to 10cm

up to 8cm

up to 6cm

up to 4cm

up to 2cm

divergence in
interval

Fig. 5. Number of points at selected intervals.

Fig. 6. 3D inspection of point cloud with deviation of the corresponding points up to 18cm
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Fig. 7. 3D inspection of point cloud with deviation of the corresponding points up to 16cm

Fig. 8. 3D inspection of point cloud with deviation of the corresponding points up to 14cm

Fig. 9. 3D inspection of point cloud with deviation of the corresponding points up to 12cm

Fig. 10. 3D inspection of point cloud with deviation of the corresponding points up to 10cm
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Fig. 11. 3D inspection of point cloud with deviation of the corresponding points up to 8cm

Fig. 12. 3D inspection of point cloud with deviation of the corresponding points up to 6cm

Fig. 13. 3D inspection of point cloud with deviation of the corresponding points up to 4cm

Fig. 14. 3D inspection of point cloud with deviation of the corresponding points up to 2cm
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Fig. 15. 3D inspection of point cloud with deviation of the corresponding points up to 1cm

Figure 6 and table 1 shows that 96 percent of points in the comparison between the clouds belongs to
the range up to 18 cm. It means that 96 percent of the points meet the condition of the spatial error
according to the limit value defined by the Technical Standard STN 013410. The greatest differences
between the point clouds are in deep furrows. This is shown in Fig. 7 to 15, where differences between the
point clouds are displayed with ranges from 16 cm to 1 cm.
The Fig. 5 shows that about 80% of the points are corresponding to the difference up to about 6 cm.
Therefore, the accuracy of their determination is close to the accuracy of point determination by the GNSS
technology. Deviations between the points that lie in the deep furrows are resulting from the absence of
points covered behind the edge of the furrows. This error can be removed by adding denser positions of
the images captured from multiple angles, or by a combination of aerial and terrestrial images.
Basically, we can say that the obtained results are relevant for the combination of terrestrial and aerial
photogrammetry from UAVs in the documentation of complex terrain shapes that are not well
documented by only one of these methods.
Conclusion
The Earth's surface changes due to human activity, and it is important that these changes should be
accurately identified and documented. Such changes also occur in mining activities, for example in surface
quarries for raw materials mining. Terrestrial geodetic methods of objects documentation are still the
most commonly used geodetic methods in surface quarries, but advanced methods of data collection, for
example, LIDAR and UAV photogrammetry, are getting to the forefront. Their great advantages lie mainly
in the speed of data collection, the density of surveyed points and their financial availability.
To assess the suitability of the combination of the close-range photogrammetry and low-cost UAV
photogrammetry (as alternative methods to classical terrestrial geodetic methods), the research in
Jastrabá (Central Slovakia) was realised. The surface of the quarry was documented by the two mentioned
methods to compare the surface models regarding the accuracy and detail. From the aspect of accuracy,
meet the requirements of the valid national legislation for the measurement of detailed survey points –
STN 013410 Technical Standard, was to be fulfilled. With regard to the results mentioned in the previous
chapter, we can state that - despite the local errors in the generated surfaces – only 4% of tested points
failed to meet the established criterion.
The results of the analysis according to STN 013410 indicate that low-cost UAV photogrammetry in
combination with terrestrial close-range photogrammetry can be recommended for the spatial
determination of points according to STN 013410 and the results of this data processing are useful for the
creation of digital terrain models.
The surface model created photogrammetrically using UAV in combination with terrestrial close-range
photogrammetry utilises the specified accuracy criterion. We can consider these separately used methods
or their combination as a suitable tool for collecting data to survey open-pit quarry walls.
Acknowledgement: This work is a part of research project APVV-0339-12 - Perlite genesis and innovative
approaches to its exploitation and processing, supported by Slovak Research and Development Agency.
References
BLISTAN, P., KOVANIC, Ľ. ml., PALKOVA, J., ZELIZNAKOVA, V., 2016. Overenie použiteľnosti nízkonákladovej
UAV fotogrametrie v kontexte banskomeračskej legislatívy Slovenskej republiky. In: Kartografické listy.
Roč. 24, č. 1 (2016), s. 3-11. - ISSN 1336-5274

50

Geographic Information Systems Conference and Exhibition “GIS ODYSSEY 2017”, 4th to 8th of September 2017, Trento – Vattaro, Italy
Conference proceedings

FRAŠTIA, M., MARČIŠ, M., KOPECKÝ, M., LIŠČÁK, P., ŽILKA, A., 2014. Complex geodetic and
photogrammetric monitoring of the Kraľovany rock slide. Journal of Sustainable Mining. Vol. 13, no. 4
(2014), s. 12-16. ISSN 2300-1364, DOI: 10.7424/jsm140403.
FRITZ, A., KATTENBORN, T., KOCH, B., 2013. UAV-based photogrammetric point clouds - tree stem mapping
in open stands in comparison to terrestrial laser scanner point clouds, International Archives of the
Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XL-1/W2, UAV-g2013, 4 –
6 September 2013, Rostock, Germany.
HURČIKOVÁ, V., 2011. Digitálne modely reliéfu. 1. vyd - Košice : F BERG TU, p 87.
KIM, S.-Y., IU, J.-H., YU, Y.-G., LEE, H.-J., 2016. Database enhancement for development of open-pit mine
monitoring system in open source environments, Journal of the Korean Society of Surveying, Geodesy,
Photogrammetry and Cartography, Volume 34, Issue 1, February 2016, Pages 21-32
KRŠÁK, B., BLIŠŤAN, P., PAULIKOVÁ, A., PUŠKÁROVÁ, P., KOVANIČ, Ľ. ml., PALKOVÁ, J., ZELIZŇAKOVÁ, V.,
2016. Use of low-cost UAV photogrammetry to analyze the accuracy of a digital elevation model in a case
study. Measurement. Vol. 91 (2016), p. 276–287. ISSN 0263-2241
LEE, H. J., KIM, S. Y., JANG, B. J., and KIM, K. D., 2015. Availability of UAV for the monitoring of open-pit
mines, 2015 Conference on the Geospatial Information, The Korean Society for Geospatial Information
System, Korea, pp. 91-92
LONG, N.; MILLESCAMPS, B.; GUILLOT, B.; POUGET, F.; BERTIN, X., 2016. Monitoring the Topography of a
Dynamic Tidal Inlet Using UAV Imagery. Remote Sensing, Volume 8, Issue 5, 387, DOI
10.3390/rs8050387
MANUÁL Leica. Leica FlexLine TS 02. [online]. [cit. 2015-11-05]. Dostupné na: <http://www.geotech.sk/
downloads/Totalne-stanice/FlexLine_TS02_Datasheet_en.pdf>.
NIRANJAN, S., GUPTA, G., SHARMA, N., MANGAL, M., SINGH, V., 2007. Initial efforts toward mission-speciﬁc
imaging surveys from aerial exploringplatforms: UAV, in: Map World Forum, Hyderabad, India.
NORMA STN 013410. STN 013410. Mapy veľkých mierok, Základné a účelové mapy.
PUKANSKÁ, K., BARTOŠ, K. and SABOVÁ, J., 2014. Comparison of Survey Results of the Surface Quarry
Spišské Tomášovce by the Use of Photogrammetry and Terrestrial Laser Scanning. In: Inżynieria
Mineralna. Vol. 33, no. 1 (2014), p. 47-54.
REMONDINO, F., BAREZZETTI, L., NEX, F., SCAIONI, M. and SARAZZI, D., 2011. UAV photogrammetry for
mapping and 3D modeling–current status and future perspectives, in: H. Eisenbeiss, M. Kunz, H.
Ingensand (Eds.), Proceedings of the International Conference on Unmanned Aerial Vehicle in
Geomatics (UAV-g) 2011, Zurich, Switzerland.
SHAHBAZI, M., SOHN, G., THÉAU, J., MÉNARD, P., 2015. UAV-based point cloud generation for open-pit mine
modeling, The International Archives of the Photogrammetry, Remote Sensing and Spatial Information
Sciences, Volume XL-1/W4, 2015 International Conference on Unmanned Aerial Vehicles in Geomatics,
30 Aug–02 Sep 2015, Toronto, Canada
TONG, X. et all., 2015. Integration of UAV-based photogrammetry and terrestrial laser scanning for the
three-dimensional mapping and monitoring of open-pit mine areas, Remote Sensing, Volume 7, Issue 6,
6635-6662, DOI 10.3390/rs70606635
VÝNOS, 1993. Výnos Ministerstva hospodárstva Slovenskej republiky č. 1/1993 o banskomeračskej
dokumentácii pri banskej činnosti a niektorých činnostiach vykonávaných banským spôsobom. In:
Jednotný automatizovaný systém právnych informácií, Ministerstvo spravodlivosti SR.
ZHANG, C., ELAKSHER, A., 2011. An unmanned aerial vehicle based imaging system for 3D measurement of
unpaved road surface distresses, J. Comput. Aided Civ.Infrastruct. Eng. 27 (2) 118–129.

51

