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This paper described the use of a drone in collecting data and analyzing images for monitoring of rock
slope. The drone consists of four electric rotors and equips with 4K camera. Firstly, the fundamental experiments
were performed by the developed monitoring system with the drone. A measurement accuracy was discussed
for method of collecting and using image data. As the results, it is made clear for obtaining a high measurement
accuracy that the distance between slope surface and drone is less than 20m for collecting data, and that the
overlap of images is 80%, and that GPS data and coordinates of GCP (Ground Control Point) are used in
analyzing images. After that, the system was applied to rock slope of an open pit mine and a quarry. The three
dimensional model can be constructed with a high accuracy. Furthermore, the change of shape of rock slope can
be estimated with the lapse of time. Basing on these results, it is concluded that the developed system is very

effective for monitoring rock slope.
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Table 1  Field measurement method in open-pit mine of limestone and relation in this study.
. Required accuracy and Measurement .
No.| Aim Item State 4 y This study
scale method
Point,
[©) Fallen rock Surface *Red relief image map”
I P Several cm to several m Field survey
Distribution of .
@ fallen rock Surface «Difference of orthophotos
More than / month: 3)
5~50mm / 5day in caution: GPS
. . . it - 4)
® Securing Deformation of | Point, devise a countermeasure . APS +Difference of orthophotos
safety slope surface | Surface Multiple-point borghole
Accuracy:0.01mm expensometer
Geometry of . 10~20m:hlgh persm}ence Photo e
@ . A Line |3~10m:medium persistence . *Red relief image map
discontinuity . Field survey
1~3m:low persistence
Ex) Slope of T Mine
® 2D Height: 500m, +Image overlap of orthophoto
Width: 1km, T hical and CAD data
] Lenght:2km opographical survey
Geometry of - Aerial survey
open-pit Height of bench: Laser survey® *Red relief image ma
M pen-p less than 15m 4 € P
® |Management 3D Width of bench: 5m
. X +Contour map and cross
Area of working face: X .
1,400,000m> sectional diagram
. . . Estimation by
@ Produc?lon Volume 1.297million t(})nes / year: conveyor belt or +CAD from DEM data
quantity 1.316m’/day
dump truck
. . Photo
Environment Planting Area Field survey +Orthophotos
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Fig.1

Outline of monitoring system for rock slope using drone.
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Moving
image
MOV
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Develop Capture
ment of image
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Red relief image map,
composing Ridge &
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Extracting roughness
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~_sea \

Management using digital surface model
- Contour map and cross sectional diagram
- Production quantity (volume)

3D model by Dense point cloud
- Slope stability analysis by numerical method

Image overlap of orthophoto and pre-existing
CAD data
- Management in two dimension

&

PhotoShop ™

State of fallen rocks
and discontinuities

Differential image between pre-change and
post-change of orthophoto

Dense point
cloud

Orthophoto

Fig.2

Area of planting

Green area map of orthophoto

)

Image processing flow of the monitoring system for rock slope using drone.

(Numbers correspond to those in Table 1)
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[ . Camera
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x » " Controller

Fig.3 Drone used in this study.
(revise figure in http://www.sekido-rc.com/)
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L SWRIEIBR DB IE (STM : Structure from Motion) '3 o Hi#ii %
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Table 2 Specifications of drone and camera.

Drone (Inspirel)

Item
Size 438mm X 451mm X 301mm
Wight 3400g
Hovering Accuracy Vertical : £0.5m
(GPS mode) Horizontal : =2.5m
Max flight time 25minites
Operation range 2.0km
Max service ceiling 4500m
Max wind speed resistance 10m/s
Operating temperature range -10~40°C

Camera

Item
Image maximum size

4000 > 3000 pixels
Vertical : 94 degrees
Horizontal : 62 degrees
4K : 4096 X 2160 pixels

Field of view

Video recording mode

EBRTE D,

ARWFIETOSM Y 7 N 7 = 712 1L Agisoft £ ¢ PhotoScan
Professional Edition &\ 7=, 7=, Inspirel [ZH# SN TN2D
ALY FR8 DILA L XML THY, gl
RN & DOT B0 S72728, PhotoScan fHED Y 7 b =
7 AgisoftLens Z IV TOTAKIEM T XA =& &R, 1560
TeRF A=F 2NN TRETOEBICOT HRIEZIT 72, LoD
AT ERNZEZITH ZORIETL Y XOOT ZIIEAD vl HE
Th b,

PhotoScan % iV 7z SEIM TOMPRIZFNT, 3 RICET VDI
HLZE R DR BNV D AEE#IE 2 D 5, 120, Wi
DA BT —H %5 T Exif (Exchangeable image file format) 7 7 A /L
IR STV D GPSTEHRTH Y, &5 1 DI, HEENEER D
i LR TH D GCP DALEFH TH D, ZibIZL > T3 R
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Estlmatmg
camera pos|t|on Mesh generatlon
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Building

dense point cloud

3D model generation

Fig.4 Flow up to 3D model generation.

Rock
block

Fig.5 Targets and ground control point (GCP) around them.

BT IR B AT E SN, Fig. 4 OF GO TREN
5;5_,E@®% CNLEAHEE L, @EERRET — % & AER
L, D&ICAy v aZ Bl LT, REZIZ3RITETADERSN
b, TTIVNERT D ELLFIRT L 9 Aefix 227 — 2 IR H
hTnzencxs,

a) DEM 7 — % ®H 77 (Geo TIFF, Arc/Info ASCII Grid (ASC) , Band

Interleaved by Line (BIL) , XYZ file format, Sputnik KMZ {tfl )

HiFE i &SRO IE S RICKE Y, ZENOESEDIE
L S AR Rl % FF 72 H 72 DEM 7 — &&Lruﬁ%f&&f
W45,

b) 4/ 7+ b O ) JPEG, PNG, TIFF, Geo TIFF, Google Earth

KMLmosaic ftf )

L RO B RGME TOREEOENC LY, (KL
3WICEBICOT HAAEL L, BROEGBIZE, ZOOT 4
PEIREL 2D, ZOOTHERL L, HENDRIZL D 22
TORVEE, ALY T MIERLTHAT S, kb, B
I EER M G- STV D

¢) CAD 7 — % ® 77 (STL models, Autodesk FBX, Autodesk DXF,
3DS, Google Earth KMZ {1 )

RERMUK A 4T 5 12 8D 12 CAD THli il Al f2 72 AutoDesk 2
Lo TR SN D df 7 7 A MR ETCHAT 5,
B, REBEOTFT—2E2WOBEIE, xt 77 AV THIL,
% CAD V7 hU =T Cridirte LR TH D,
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d) SHET — % O (XYZ text file format fth )
3 WICET MAERRIR I @B ST — 2 & 8.0 3 IROTIERE %
txt 77 A VAR THIT D, ZHCE o THRx2Y 7 by =

7 ET3WITET VO RN ATREE 72 5,

3K B o= B!

3-1 HBE

B RN D T — 2 BNERE I R IZ T B A LT 5
= OISR 21T 5 7=, Fig. 5 18T X912, *GMoEBHIC
10m U5 NIC 8 4%, SmPUJFIZ 8 sk 72 X 9 I1ZF 16 /1D GCP

TRRE L, H AT BRI A< KO ICHEE L TiRER

1Totz. RMEMIARK, TI7AT 4 v 7 -OER, AHTHY,

b OHE% Fig. 51O d, i LizEBORIIZE Y, #F

W OEE N 60%,70%,80% & BT RIAEIZ /25 L H IS 115 KD

B i 2 TR 24T o 72, 72385, GCP 1Z4ME 9 em D Z8H|

W7 & Lz,

Fehits L7- R FEBRIIUTO L 5 Th 5,

@ GCP % & W= R EEEL 10m & L, 3 KITET LAEMM
W O E R E LT E o 00 GCP DOfLE T — # Z{# 1]
L, MigEOREEREET Lz, 2k, BRI, Fao—r

HEATHIANCxE L CBE D A 9 O EEOEE Th D, 22
T, GCP O{i@EEHAZHWTIER LI=EF L% [BMP EF
] RS,
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D ELAH MG A EE LT, 728, Exif 7 7 A /L® GPS [E#H % A
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R WEeT LOBEEFEE 0% L L, BMPET /LTI
GCP % 16 fHAWVT, ATEEZ 10m, 15m, 20m EZEH L7,
3:2 ERBEREER

RBWNE, A, AR E L, TNENEARF, BHA LS, 72
B, HRLRGE LN EE DK L7Z 3 RTET A TIEZ O
TERPHE SN TONRNZ EAHB L7z, ZiuE, &5/ LEokk
TIRONREREN B LTt B2 b, 2 ClRAMES
FIZOWTOHFHEZLT > T2,

REWOES, KEHFROREEIL, GIS Y7 &L, DEM
T =2 X VX% Fig. 6 O X iz, MEBY o s SF
¥) & JED i O S V0 EE G OmE & Lz, £, M
DEX MR E L, HEAOPEIVRIEORKELE Lz, I7bb,
ZOMEAVNSIEEMEIIREE LETUEEN TN D EF 25D,
(1) BMP ETILICHE T HEEFE L GCP MM RBEICRIFTHE

BMP &7 /UIC I A EE R & A A & AR OBUR O 5o B%
% Fig. 7 \27”k9, Fig. 7 (@) OFATlE, EHEFEICLHT GCP %
N6 U ETZEDMEPMIELOXEHD b ODIRIFE—TEDOME &
LHEmNA LN, —J7, Fig. 70) OAFHET VERLS L, GCP
OB LD E F O EN D72 <, GCP N 6 ALl E
TEOEMEFE—E L RDBMEANR O, £z, BHATERLD

®

18
16
—_
\.E/ 14+
S
4‘-“’ 124 I
>
o ]
w
08
|
T - R I !
[ 02 04 [ 13 i 12 i
Distance (m)
184 .
. Upper surfaces
154
Tl Lower surfaces
~ | 144
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o
5 | 124
© .
A Height = upper level —lower level
—_ 1 ;. H i
w

Distance (m)

Fig.6 Definition of height and inclination of targets.
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Fig.7 Relations between number of GCP and inverse of inclination in BMP model.
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Fig.8 Relations between overlap and height in BMP model.
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Fig.9 Relations between overlap and inverse of inclination, height in TIF model.
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Fig.10 Relations between flight altitude and inverse of inclination, height in BMP and TIF model.
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HiE  Google Map

Fig.11 Flight paths of drone.

(a) 3D model

(b) Contour map based on DEM data by CAD

Fig.12 3D model and contour map.
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Topographical survey

Drone photogrammetry

Fig.13 Comparison of shapes from drone photogrammetry and conventional topographical survey in
cross section of slope A-A’ in Fig 12, and root mean squared error (RMSE) in each direction.
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(a) 2016/2

(b) 2016/6

Information in analysis

Year/month i:ln:ngs Ana(lr\:(z;('i_st)ime No. of dense point
2016/2 652 13 1,265,222
2016/6 685 10 1,093,763
2016/12 665 10 1,131,154

PC used in analyses:

CPU Intel Xeon E5-1650 v3 (3.50GHz), Memory 64GB
GPU NVIDIA GeForce GTX TITAN X

(c) 2016/12

Fig.14 3D models and information in analysis.

Fig.15 Areas for evaluating volume change and locations of cross section for
monitoring shape of slope.

AR TR R 72720 2 A L 6 A DMICZ ORENHE T
KT an, £72, 2 AoWmEME RS L, B o &2
REL, METY OIRHEMTONTZZ LR TE 2,

5 RELRE

BALGD2 ADET VILEELESFEOKN 6 A, 12 A & g
LTHE BT 2 EEIE &L SR o 7o, U, %
NENDET MM LIEBEBE OB LD B2 LMD, 2
Aot i, RHEEREICE bIEFNAE TIZ 10 m, f&bHE
NTH/RY L= TH 70 ~ 80m Th-o7=, —F, 64, 12HD
EFIVITATI RS 20 ~ 30m THRE L, ZHI2IZ 80m 2
FEBEALT- BB D RIR % & b 2 e EBR AR L, EigeRTIci A
Lz, 20X 9122 ADRE CiIptmEmirns 0N < [T
Uk A R CHN—FT B OICHEBEHN L o T, L
Mo T, BT MERICHER L7zEmE§ 53 6 A, 12 Alck~£ <,
BORBE 10 J1~20 TRIEE S MBS, 2 ADETAVORNE
BEOM MR, i WE IS EKRIATE TN,

FERETEBR & W EER O, BT O RS XA L7z iR o

© 2018 The Mining and Materials Processing Institute of Japan

250
|
Kumamoto — = 74

o 200 Earthquake
OE happened
o
& 150
c
<
<
[S)
o
E 100
o
>

50 —®— AreaA

—®— AreaB
L
/ it
0
1 2 3 4 5 6 7 8 9 10 11 12

Month

Fig.16  Volume change from February 2016.
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Fig.17  Shape change of rock slope in cross sections.
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