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Abstract Open-pit mine development requires continuous management because of topographical changes
and there is a risk of accidents if the current status survey is performed directly in the process of calculating
the earthwork. In this study, the application of UAV photogrammetry, which can acquire spatial information
without direct human access, was applied to open-pit mines development area and analyzed the accuracy,
earthwork, and mountain restoration plan to determine its applicability. As a result of accuracy analysis at
checkpoint using ortho image and Digital Surface Model(DSM) by UAV photogrammetry, Root Mean Square
Brror(RMSE) is 0.120 m in horizontal and 0.150 m in vertical coordinates. This satisfied the tolerance range
of 1:1,000 digital map. As a result of the comparison of the earthwork, UAV photogrammetry yielded 11.7%
more earthwork than the conventional survey method. It is because UAV photogrammetry shows more
detailed topography. And result of monitoring mountain restoration showed possible to determine existence
of rockfall prevention nets and vegetation. If the terrain changes are monitored by acquiring images
periodically, the utility of UAV photogrammetry will be further useful to open-pit mine development.

Key Words : Open-pit Mine, UAV-Photogrammetry, Ortho Image, DSM, Mountain Restoration

*Corresponding Author : Doo-Pyo Kim(ksosdgk@hanmail.net)

Received November 30, 2020 Revised December 26, 2020
Accepted January 20, 2021 Published January 28, 2021



LAFA PR QIS 8 FlE2 AEA HEt
Zasty LR Qg thfEe] A PRI} heArL
£ opy|g 4= U} TS, WA AR B0 A B
AbEo] o|FojA =t divtRel AR|7F B Y2
= AA Y] AS Fu7t gt gl Aol A
HE A SFol7]o] Al Ao] WAyttt o]
of AA A=F SFoE ASH RFTFY Hol7h
Aot = o]z QI3 FAEE A=Fo] AL
He7h Al g o]Foix]A] k7] fizo] ddAor &
| & Qe Weto] "asitH1-3].

S, EEo] 43} ARE ] £ 49 F ShE
A= TRt AlA Y] HA7E ZhssiAEA 1 88
A EG Eopx| T QltH4]. E2E T3t ATARE
AHEA EE JdS FASst] AASY 2 DSM
(digital surface model}Z AZotr HESE &9
FAAEE AFoteon 4= E4S fIste] F2
YA FS5T A RS FFST 4Tt Bl
SERTH5-7]. =29 AF Zofo] titt &8 7S
B7tst7] flste] GAFA A9 FgeE A5k
AR ARAF R A SR Eoke] &8 T
UERd v} QITH8]. shE oA = B89 &8 7t
4 4 AE HHoti A St A7t SRR
(9-12]. B9F ofye}, EE7]&S Helrledt g3t
&ote AT S7kekal UTH13-14]. o9 o] =
B2 Gt £2opoll 5950 &8 2 4 Sk 53],
TE ARSEE 7129 42l 5 ARXISTa vlast
o LS| G2 A&SHA FEst] 1EH9] &
T EE YD & Avke Aol ik

S, A9 Ful7h 331 FAPE EoF AR
7t U= A BAE S A9 B EEARISE
< Zgshd H|wA QHdsty E8Fog EF 9 AL
7} 7Fs stk olofl & At Abgel k] o
AR HFA AL Ao EE ARISTEE A8
of @4 54 9 7& ST Y S B 4 A&
7Fede Wit & A A% 9 O 4 &
Z-&5H b 9 S RARR} T2 Fof

il

94 34U FURRE o83l I, ETF,
AAET B8 7FsA B ST 2P @ Ang
739l 23} BHRES o

2. M=3s d

£ AL A EE NS B 15
U] 9% A0E EE 4L AShel A%

AR B E2
RO TGS BHY] Sste] A44=Ue] of
of AZHOR W FRsAA LA, Fig 1€
o

7o) A7 5EEE vehd ol

‘ Producing Spare pointcloud

Flight planning !

¢ ‘ Producing Dense pointcloud

GCP Surveying

Producing Ortho image
& Pointcloud

'

Image acquisition

'

Image Processing ‘ Check point accuracy

Comparison of earthwork
volume

!
| ‘

Analysis of result

Probability of safety
management

Fig. 1. Flow chart
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Fig. 2. Study area
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Fig. 3. GCP survey and target

Table 1. Coordinate of GCPs and CPs

Point X(m) Y(m) Z(m)
GCP1 301815.764 186889.092 118.881
GCP2 301806.651 187114.782 113.234
GCP3 301584.453 186953.387 140.587
GCP4 301828.248 186660.336 102.683
GCP5 301474.682 186472.101 191.980
GCP6 301514.338 186320.678 231.281
GCP7 301507.848 186884.214 142.747
GCP8 301517.766 186882.828 141.893
CP1 301596.276 186816.594 133.681
CP2 301645.287 187173.359 154.303
CP3 301690.069 187422918 183.911
CP4 301349.339 187262.870 211.757
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Fig. 4. Flight trajectory and image Location of UAV
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Table 2. Flight height and overlap

Flight height Overlap

End lap : 80 %
200m Side Iap : 65 %

Table 3. Specification of UAV and camera

Fig. 5. Point clouds produced using UAV photogrammetry

UAV model DJI Inspire 2
Camera model FC6520

Focal length 15mm
Image resolution 5280 x 3956 pixel
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Fig. 7. Digital surface model produced using UAV
photogrammetry
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Table 4. Residuals of CPs

GPS vs. Vectorizing

Point No.
AXY(m) AZ(m)
CP1 0.112 0.134
CP2 0.107 0.122
CP3 0.097 0.125
CP4 0.098 0.138
Ave 0.104 0.130

Accuracy of CPs

cP1 cP2 cP3 cPa

Fig. 10. Accuracy of CPs
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Table 5. Comparison of eachworks
UAV photogrammetry — GPS

Chain No. 5 3
Area (") Vol (m”)

1 12.05 241.0

2 1141 234.6

3 10.14 215.5

4 AR 192.5

5 10.55 196.6
Sum 53.26 1080.20
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Fig. 11. Rockfall prevention network and vegetation
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