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Abstract

We explain aerial photography techniques using multicopters, small-scale electrical multi-rotor radio controlled

helicopters, and show our survey examples. Low-cost multicopters with GPS flight control system, which are

easy to fly and can navigate in auto-pilot, became available very recently. In combination with high-resolution
compact digital cameras and Structure from motion (SfM) technology to build a 3-D model from pictures,
multicopters technology enabled us to take photos of disaster areas from low altitude and to model precise
topography of landslides and active faults. This paper describes basic knowledge and techniques necessary for
introducing multicopters and their operations, aerial photography techniques, measures for safety operation and
notes of caution, related regulations to be observed, followed by some of our survey examples. Multicopter aerial
photography will spread rapidly. Safety operation and compliance with regulations are the two highest priorities to

avoid accidents.
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Fig. 1 DIJI Phantom quadcopter and its own controller (right).
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Fig. 5 Manipulation of transmitter sticks (Mode 2).
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Fig. 6 Movement of a quad-copter (top view).
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Table 2 Shot intervals (bold letters) for various flight heights
and flight speeds assuming 28 mm lens (equivalent to
35 mm film size), 65 % overlap, head-forward camera

orientation.
%1  UJZ—GR & GoPro Hero3 Black Edition (%5 Flight height (m) 10 ] 20 | 50 ) 100 ] 150
Table 1 Specifications of Ricoh GR and GoPro Hero3. Left-Right size (m) 129 | 259 | 64.7 | 1294 | 194.1
. GoProHero3 Black Front-Back size (m) 8.6 17.1 | 42.8 | 85.7 | 128.5
Ricoh GR o
Edition L-R shot interval (m) | 4.5 9.1 | 22.6 | 453 | 67.9
Resolution 16.9 Mpixel 12.4 MPixel F-B shot interval (m) | 3 6 15 30 45
Image Sensor CMOS (3:2) CMOS (4:3) 2| 1.5 3 TS 15 22.5
23.7 X 15.7 mm 6.3 X 4.7 mm 3 1.0 ) 5 10 15.0
Angle of view
75 d 170 d 41 0.8 1.5 3.8 7.5 11.3
(diagonal) 8 8
) 51 0.6 1.2 3.0 6.0 9.0
Shutter Interval 1, 2, 5, 10, 15,..10.5, 1, 2, 5, 10, Flight Speed
(sec) (10+5n) 60 (ws) 6| 05 1.0 2.5 5.0 7.5
Lens f 03 03 71 04 0.9 2.1 4.3 6.4
Weieht incl 8| 04 0.8 1.9 3.8 5.6
eight incl.
batcard 245g 73g 9ol 03 | 07 | 17| 33| 50
File format JPEG, RAW JPEG 1003 | 06 | 15| 30 | 45
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Fig. 10 Tarot T-2D two-axis brushless gimbal for GoProHero3,
configured to have vertical view angle regardless of

multicopter's pitch and roll.
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Fig. 11 Picavet for GoPro camera.
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Fig. 12 Picavet for Richo GR camera.
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DJI Phantom with 2200mAh battery
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Fig. 14 Battery voltage, maximum flight time and payload for
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Fig. 15 Battery voltage vs. flight time with different battery
capacities for DJI F450 with Richo GR camera.
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adhesive tapes.
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Fig. 19 FPV system FatSharkTeleporter V3 (left) and a demo
flight.
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APM after a flight.
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Fig. 50 Type Approved mark shown on a wireless receiver
with a built-in function of telemetry data transmission.
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Fig. 51 GPS tracks and take- off and landing point(A) of
multicopter aerial photo survey at Akakuzure, upstream
of Ooigawa River, Shizuoka prefecture (LP data by
Agricaltural and Forestry Research Center, Tsukuba
University).
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Fig. 52 Controlling multicopter at Akakuzure.
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Fig. 53 Photograph of the scarp of Akakuzure.
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Fig. 54 GPS tracks of multicopter aerial photo survey of
Yamaguchi-Shmane heavy rainfall disaster along
Uyagawa river.
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Fig. 55 GPS tracks of malticoputer aerial photo survey of
Yamaguchi-Shmane heavy rainfall disaster along
Nayoshi-gawa river.
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Fig. 56 Aerial photo survey of Yamaguchi-Shimane flood/

landslide disasters along Nayoshi river (at point A in
Fig. 55).
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Fig. 57 Aerial photo of a Naoyosih-river flood area caused by

2013 Yamaguchi-Shimane heavy rainfalls (at point B
in Fig. 55).
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Fig. 58 Bell tower of Baclayon Church damaged by 2013
Bohol Earthquake in the Philippines.
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Fig. 59 Aerial photography of a land slide of a Chocolate hill
caused by 2013 M7.2 Bohol Earthquake.
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Fig. 60 Aerial photos and 3-D topography model of uplifted
coastal terrace of Maribojoc, Bohol, Philippines.
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Fig. 61 Multicopter aerial photographing of land slides of
Izu-Oshima Island caused by the 26" Thyphoon
(Wipha), 2013.

6.5 {7 D3 Ei i ISP

U D& MG BAR TR W H SR ibizee &
FIL7Z%38 O 1 DT, & #6384 604 m, =
FIZ 038 L F 0 A— ), Z2HETIE - LR
O-ZHA O—LAR/NES. 5 Oo%BNIL R &I
N2 S S (AT R L, 1923 § 508 R
WEOTEEANImBHLZENWDNTHD, F
S ICHE QFNE T SICE 25T DIk -

RANGF -HARIC L D F ORI 2P S5
T 20 DFFHY OERE D I, k25
FALRE 277 O g /& B RUN /& .88
Fell i T & TN TRIVF O — g
PEIFLE. Y 63ITIHET Y LREPF DD
B2 EAT .

@ H % 7* |3 3DRobotics 4 %! 3DR Quad & U I —
GR T, H§ITHEEkD APM2.6 12X % 9 B EHET AN
ol Y64 TEEMNIOmD D N
BT DEZFE ORI, Y 65 12— /1Oy
FRDIwI gy r7D1IDEAT. §Ivi g
TG F T I A 220 B 60m o5z eh o/,

TDI=DDTIF AT 5 ==y -1 -3

Y62 TRE2SFE260%5 0 TS UeiEn A
AP RONO, YIVF AT iy
fBoNZFP Y (24 —5%.0.5m)

Fig. 62 Digital Surface Model with 0.5 m contour interval
of a land slide area of western Izu-Oshima caused
by the 2013 Typhoon Wipha (#26) obtained by
multicopter aerial photographs.
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Fig. 63 Aerial photo survey areas (rectangles) and surveyers’
walk trail (blue lines) at coastal terraces of Enoshima,
Kanagawa prefecture.
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Fig. 64 Flight preparation (writing mission to 3DR Quad
multicopter and battery voltage check) at Kamegaoka-

Hiroba (park) of Enoshima.
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Fig. 65 Example mission map of aerial photographing at
Enoshima coastal terrace.
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Fig. 66 Hand-launching of multicopter at Enoshima coastal
terrace.
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Fig. 67 Sample of continuous aerial photos taken from 60 m
above the ground level at Enoshima coastal terrace.
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Fig. 68 Orthophoto obtained by PhotoScan applied to the 522
aerial photos of Enoshima coastal terrace. Camera
positions are also shown by blue rectangles.
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Fig. 70 Multicopter DJI F450 with GoPro Hero3 attached by
Tarot T-2D gimbal.
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Fig. 69 Flight rout for experimental aerial photographing
at a foot of Mt.Hokyo, Oda, Tsukuba.
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HitecGPS - ajE F L AR —7ZZEL /= DI F450, a foot of Mt.Hokyo.
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Fig. 73 Aerial photos taken from 100 m above the ground with
GoProHero3 (medium FOV) at a foot of Mt.Hokyo.
Each photo overlaps 80 % to the adjacent photos.
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Fig. 74 Orthophoto obtained by PhotoScan applied to the
66 aerial photos taken from 100 m above, along
the predefined rout of the mission at a foot of
Mt.Hokyo. Camera positions are also shown by
blue rectangles.
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Fig. 75 Digital Surface Model of the survey area at a foot
of Mt.Holyo generated by PhotoScan and plotted by
GlobalMapper at 0.5 m contour interval.
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