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Topographic Survey at Small-scale Open-pit Mines using a Popular Rotary-wing
Unmanned Aerial Vehicle (Drone)

Sungjae Lee, Yosoon Choi*

Abstract This study carried out a topographic survey at a small-scale open-pit limestone mine in Korea (the Daesung
MDI Seoggyo office) using a popular rotary-wing unmanned aerial vehicle (UAV, Drone, DJI Phantom2 Visiont).
89 sheets of aerial photos could be obtained as a result of performing an automatic flight for 30 minutes under
conditions of 100m altitude and 3mv/s speed. A total of 34 million cloud points with X, Y, Z-coordinates was extracted
from the aerial photos after data processing for correction and matching, then an orthomosaic image and digital
surface model with 5m grid spacing could be generated. A comparison of the X, Y, Z-coordinates of 5 ground
control points measured by differential global positioning system and those determined by UAV photogrammetry
revealed that the root mean squared errors of X, Y, Z-coordinates were around 10cm. Therefore, it is expected
that the popular rotary-wing UAV photogrammetry can be effectively utilized in small-scale open-pit mines as a
technology that is able to replace or supplement existing topographic surveying equipments.
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Fig. 1. Ranges of coverage area and error for each topographic surveying technology (Siebert and Teizer, 2014)
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Fig. 2. Aerial view of the study area (image source: Google
Earth, http://www.google.com/earth/index.html)
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Fig. 3. Locations of ground control points (left). The number represents the ID of ground control points. The coordinates

were measured at each point using DGPS (right)

Table 1. Coordinates of the ground control points (GCPs) installed in the study area

GCPs X (m) Y (m) Z (m)

1 4111386.840 440882.984 280.6

2 4111366.981 440902.329 280.2

3 4111338.775 440662.342 284.5

4 4111082.765 440825.581 307.5

5 4111109.994 440853.899 308.7
7 Y 2

()

Fig. 4. Views of (a) the Phantom2 Vision+ and (b) a smartphone application for automatic control
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Table 2. Inner orientation parameters of the camera mounted on Phantom2 Vision+

Item (unit) Type Calibration value
Width 6.4852
Sensor (mm) -
Height 4.8639
Pixel size (um) 1.4074
L . X 3.2487
Principal point offset (mm)
Y 2.4765
C 4,146.682
Affine transformation
F 4,146.682
Al 1.70868E-05
Polynomial coefficients A2 -0.007318617
A3 -0.140084756
| ize (pixels) X 4,608
mage size (pixels
& P Y 3,456
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Fig. 6. Procedure of data processing using the Pix4D mapper
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Fig. 8. 3D visualization of the study area using the orthomosaic
image and digital surface model created by UAV photo-
grammetry

Table 3. Differences between the X, Y, Z-coordinates of
ground control points measured by DGPS and those
extracted by UAV photogrammetry

GCPs Error X (m) | Error Y (m) | Error Z (m)
1 -0.242 -0.011 -0.007
2 0.142 -0.013 -0.023
3 0.049 0.087 -0.048
4 -0.021 0.036 0.070
5 0.111 -0.120 -0.149
RMSE 0.137 0.069 0.077
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