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ABSTRACT Unmanned aerial vehicle (UAV) remote sensing is a state-of-the-art technology that integrates UAV, remote sensing
sensor, GPS differential positioning, communication, and other technologies to achieve rapid collection, processing, and analysis of
geographic environmental information. UAV remote sensing is considered an important supplement of spaceborne remote sensing and is
recently being widely used in the topographical surveying and mapping, precision agriculture, heritage inspection, and emergency
rescue, etc. For the traditional mining industry, high-quality and real-time UAV remote sensing data can be obtained at reasonable costs
and benefit the mining operations, particularly for numerous small- and medium-scale mining sites where equipments and professional
expertise are expensive. However, application scenarios of UAV remote sensing in the mining industry are rarely reported and lack
systematic review. Therefore, the definition, platform composition, current status, and general workflow of UAV remote sensing
technology were summarized in this study. Then, through significant domestic and foreign literature surveys, the application scenarios
and practical case studies of UAV remote sensing in the mining industry were systematically presented. Finally, the development trend

was analyzed on the basis of the shortcomings of current technology. Results show that (1) UAV remote sensing technology has the
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advantages of low costs, strong maneuverability, flexible data sampling settings, timeliness, repeatability, and high resolution. (2) The

current applications of UAV remote sensing in the mining industry mainly include the operations management of open-pit mines, safety

monitoring of tailing ponds, emergency rescue, environmental monitoring of mining areas, and prevention and control of slope disasters.

(3) The development trend of UAV remote sensing technology application will include the standardization of UAV supervision,

simplification of UAV control mode, augmentation of UAV endurance time, improvement of the quality of results, and further expansion

of application scenarios. UAV remote sensing technology has broad application prospects in the mining industry and is bound to become

an indispensable part of smart mines.

KEY WORDS unmanned aerial vehicle; remote sensing; photogrammetry; mining industry; smart mine
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Table 1 Specifications of common consumer-grade UAV drones
. . . . . . Maximum
Type Product Mass/ ngspan/dlagonal Battery capacity/ Surveying sensor Maximum ﬂlght Maximum s]peed/ transmission
kg size/cm (mA-h) endurance/min (km-h™) )
distance/km
42-MP Sony RX1RII
. camera/oblique
Feima F300 3.75 180 - module/thermal infrared %0 - 10
module
20-MP S.O.D.A.
SenseFly 'eBee 0.69 9% 2150 camera'/Sequma + 50 90.0 30
Classic multispectral
Fixed-wing sensor/thermal sensor
uAv TrimbleUX5  2.50 100 6000 24-MP Sony a5100 50 80.0 5.0
camera
PrioriaMaveric  1.16 74.9 — Digital camera/thermal - 5 ¢, 101.0 15.0
infrared camera
42-MP Sony RX1RII
. . camera/multispectral
WingtraWingtraOne 3.70 125 6800 sensor/thermal infrared 55 57.6 8.0
sensor
DIJI Phantom 4 "
Pro/Feima D1000 1.39 35 5870 20-MP 1"CMOS 28 72.0 7.0
Multiotor ~ DJlnspire2  3.44 60.5 4280 24-MP Zenmuse X7 23 94.0 7.0
UAV
YuneecTyphoon ) 4, 52 5400 20-MP 1"CMOS 25 72.0 1.6
H Plus
ParrotANAFI 0.32 — 2700 21-MP 1/2.4" CMOS 25 55.0 4.0

AR B2 0, 38 806 B ML T A
BILAE 52 I 2 XY 1 B A )iz 9 TE AL Y
A, WRASCTHEWE S, 55—, bE T AL
N G SR B, TG AT 2
WAL hh | 200G WOLTEIA | MURE S AL RS IE W1
AR Ak R Ak Y A AR, TR A MR
PR MBS IR A L T HETS WE L a7 B R S A
S U LA, R AE 32 B9 3 5 Mol A B
e B AL
1.3 fEdriiE

TG ARAIL B o A ML S I 5 2 ] e )
T —M R AMLEBIE . 1555 T I ANLE AT
N &5 i S R E ) T k532 Y =P BL
ARSI s R, TEARY
T Agisoft 7% ] ) Metashape( JiL 44 Photoscan) | Fiy
-+ Pix4D /» F] #Y Pix4Dmapper. ¥ [E Acute3D /A )
A9 Smart 3D 34 (#% Bentley 2~ 7 W 4 J5 5 44 R
ContextCapture) . ¥y ¥ f& 3¢ Capturing Reality 2 ]
) RealityCapture, % K #] 3DFLOW 2\ w] i 3DF
Zephyr, 15K SimActive 23 7] #Y Correlator 3D, &
UK PR 2> 7] B DP-Modeler, 1 3% 4 4F 5 Bk
2= W BA B & B9 VirtuoZo. Jb 5 it K 7% B2 Al By
PIE-UAV., 7 ¥ B} 5 K27 i BABE & /Y Altizure, I
PR HLAS N2 wHE A — b T AL KA.
BRBMAEESERE BB, BI7HE. 25

BE s L BUOR AT M R SRR A
TAIAFE 22 57, T B6 A i 3 5 45 A O P R SR )
AT DL TC ML 52 I £ R 491, A 28 TE AL
o SRS A AR 5 AL B R AL R, QA 1
. RS TARTHRI BT, 5525675 1l i X 4T 55
H b5 50 e &, DA S A S Al 2 4. g b
43 ¥ % ( Ground sampling distance, GSD) S& i1 1] [
PN SR 0 S Z T P FE B8, i AR AL Sk £
FE | AEPLAR IS RS L A4 BIR 58 B2 A AT e B
DU 35 S A AL R P, R A 28 LR (ARG R RN T 4
WA R E R APHEEGRRE ALRR BE, B I AL
oo Wi v e | A OQUE I B R . B R, R
F AR A (A Ar R AR 40T ORI .
WAEOLN, ©ATE R ARPUR RS R IR
K, AR5 GSD {E /N, H M PLER L Ik 2
ARG AH L, AT AR i 1 3 S IR LT A AE AL
ZCIEALAE T R4 Tl 9 Te A HLIE AT 5 2 5
K B S 3 75 22 43 (Real-time kinematic, RTK) % Bl
W&, BEAK 4 Bk 2 i ( Global positioning system,
GPS) AR g i i 25, 5 LRI, ARl I 45 38 5 i
T (8 T S P AR 2 ) B 10 Ml T 4% ) A ( Ground
control point, GCP) , 5] 45 15 76 I [X. 5 $K A5 Ml 45,
i H & K B 4 Bk 7 R 4 ( Global navigation
satellite system, GNSS) & Ml i 5% GCP AL b5 5, DL iE
— A PR B A R T i b BRAE I 0 4 R RS R, A AR



TRERLF2ER, 26 42 5, 5 9

- 1088 -
Plan Field survey
Interest area Plan
Flight height p implementation —
Flight path Image
GSD acquisition
Hardware Geographic
UAV platform coordinates
Equipped sensor > GCPs —
GNSS, IMU, Deployment &
RTK/PPK acquisition

Process Data
Extraction & .
. extraction
matching .
Image calibration Orthomosaic
o DSM

Point cloud & mesh

generation Output analysis

B 1 AN R MR e
Fig.1 General workflow of UAV photogrammetry
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