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Abstract

This paper reports the results of a trial study for utilizing structure from motion (SfM) with photographs taken
from small unmanned aerial vehicles (SUAVs) or handheld camera for disaster prevention research. Low-cost
software has also been integrated into the form reconstruction technology, and camera position estimations based
on SfM or scale-invariant feature transform (SIFT) image processing can generate three-dimensional models
from photographs. Improvements in sUAVs such as the electric multi-rotor radio control helicopter and compact
digital camera photography from a low altitude have resulted in lower costs, improved safety, and greater ease
of use. We integrated a SUAV with SfM for application to natural disaster sites and historic disaster materials. In
slope disaster areas, we generated orthophotographs with errors of less than 1 m and a topographical map with 0.5
m interval contours. Moreover, with respect to historic disaster materials, we were able to restore and decipher
very clearly the character of an old and weathered stone monument built after the 1923 Great Kanto Earthquake,
where interpretation of the character had previously been difficult. We also developed the necessary expertise to
apply this technology. The SfM and sUAVs offer an alternative for generating a highly precise three-dimensional
model that is safe, simple, easy to use, and low in cost. This is an innovative tool for research in natural disasters,
geomorphology, and historical disasters.

Key words: Structure from motion (SfM), Unmanned aerial vehicle (UAV), Digital surface model (DSM), Detailed
topographical map, Historical materials
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Fig. 5 Shaded relief map with 10-m interval contour (SfM sources are aerial photographs taken in 1976. Blue border encloses the
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Fig. 6 Orthophoto generated by SfM (sources are aerial photographs taken in 1976. Blue border encloses the area shown in Fig. 9,
while red border encloses that in Fig. 11).
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Fig. 8 Orthophoto generated by SfM (SfM sources are aerial photographs taken on October 17, 2013, immediately after the slope
disaster. Blue border encloses the area shown in Fig. 9, while red border encloses that in Fig. 11).
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Itsukushima Shrine in Shirahama, Minami-bousou

City, Chiba Prefecture.
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Fig. 20 Textured three-dimensional model.
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Fig. 19 Wireframe of the three-dimensional model generated by SfM with estimated camera positions.
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Fig. 21 Top: Photograph of 170° field of view taken by GoPro2,
Bottom: Undistorted photograph.

RGB & f78bit, & 256 DHEFZSE D. um, iz
IEHE KD - DIREBE T DR DR D X PV
W2 IR BH— IR ETIE, 8bitF—4 D 256 T
TR R, AENT 555 NHDH. RAW F—
Y D34, RGB § 6712 ~ 16 bit, § 4,096 ~ 65,536
DEFRER DD, BBl M NE 2 %27 5L
TE5Hoaee NG <725 (Y 22, Vv 23).
6.1.4 A & —)N)VHJCHEEE
T AT EAETUAV I23580T 25, UAV
Iz ,ﬁ/ﬂ? WA =2y RMEWZEEA 5 — NN
f(&4A77zf§§4>%samx'@, Lz, 4.F
BT 74 NSEEAITE S, 1A 25 —N
WG NERTEDER W, BREFTA =N
BN ORE, SDH—RRBEDHEAT 17D
T ERAHAR XK TEEENETE DRI &N
HB. AR TIA MalB R BN TEENES D,
FHETHERETLHLNDH5.

|H



SIM Z R W= JoeBT VDS REXTFP AT P 2 g 2T 274 —+ F

Y22 -cmiEo- 3T AL 2 JPEG B g, o
RAW 5= 7 58 RUE 7oL 72 it

Fig. 22 Top: JPEG image showing the problem of white jump,
Bottom: Developed photograph modified by RAW.
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Bottom: Developed photograph modified by RAW.
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Fig. 24 Example of wrong resolution (taken by GoPro3,
Display in actual pixels).
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Fig. 25 Examination of resolution by ISO 12233 Test Chart
(Top: GR, Middle: GoPro3, Bottom: GoPro2, all
images are displayed in actual pixels).
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Fig. 26 Example of wrong photograph with ISO sensitizing and
mosquito noise (taken by GoPro2, display in actual pixels).
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Fig. 27 Non-photographed region occurs in case of an sUAV
with constant overlap.
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Fig. 28 Determination of handheld camera position.
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Fig. 29 Camera positions to capture images of a building.
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Fig. 31 Undistorted image by PhotoScan (red guide line shows
a curvature modified to a straight line).
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Fig. 32 Terrestrial three-dimensional model generated in
200 thousand face count (SfM sources are aerial
photographs taken in 1976).
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Fig. 33 Terrestrial three-dimensional model generated in 10
million face count (SfM sources are aerial photographs
taken in 1976).
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Fig. 34 CPU consumption by PhotoScan when in process.
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