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Trial inspection of landslide prevention facilities
(stormwater channels) using UAV-based aerial

photography
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Mg~y KEFIRIZONTE, EHD (2006) 21T U
L LT, KEBAERFORIERIZ UAV A< FIH T
&7, BOETIE, B3 2018 4F 5 HICHE I IREL TS
HEHX CRAE L0 LT, BARRT R 2T
b33 (2018a) 1%, 5 A 31 BICBIMIFHE 217 - 72 BRI UAV
ZHWCERL, ZoRE%BEZ 6 A 11 BIZA Y71 > TH
H L7 (BRI~ PSR IESE, 2018b), S 612, H
AHG A~ R ES (2018¢) X 6 A 9 AL HE
KOWEZITV, 5 A 31 BIREZmI{E & O 5,
2.9m OAEEN BEE BT 2%, /I - &7 UAV OFF
PEZ A LGl 2 EERENThIL T\ D, 72, B
KEER (2018) 25 HI S H7- TR MR 5 ER A T51 &
2B WTh, “$ﬁ§ﬁ®LMV@ﬂmmrénTw
Fio, T ROBLIEKE IRV, EMS (2017)
ﬁﬁ@ﬂﬁ%@hi@%%%%ﬁttbmmﬁwf,ww
ZEfRmgR A O CORA T EEZEHLTWA

g~ I OHECEN EOBIANZEI LT, UAV 2
fREE ZFH L7 SIM (Structure from Motion) %77 J OY
MVS (Multi View Stereo) 7z FIH L 7=#F9E3 1704 C
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R RR X, Ay v g, PAZE - HE

WHEZATHD, T HEORICE L CiE, filx
IBEREDS  (2015) 12X 0 UAV ZEREiE 0 OILETT L &
PERR L, HAEEHL, Hid =0 H, ZMEIA DRSO HIE D
R ORI SN TV D, #iT =0 BN EOFE IS
DN, xR - ik (2015) 1252 E Ik T OFRHIR
Hi9~ =0 M2 B B SEERAEEL D 2008 FIH ATRITHE
TN L7z 2 BOfLZE L —F — S F L 2014 4212 UAV
ZHWTHR LT BE D AR L 72 SLARE 7 /0 O Hfl 23
T CWbd, x5 e LB &3 m~%% 10m BT
HW b0, KERBEMITHT R0 RAEBKD 2008 1ZE
WCHALTWDZEERALNIC L, SmOREIZITES
fﬁﬁﬁﬁﬁb’<mﬁﬁif%,fﬁ@@mﬁ%ﬁi‘
FEMICITREN ARETH 5, FIKS (2015) 12 Ll
K1#ﬁmLfE&ﬂ%m®ﬁrf®?%ﬂRM§¢
BREINTWD, Ihx ERIAEMRH T HT XD Th
L, BMIETE B2 5N TV, M4~ HH~0HE
ML, RS (2018) 2 EICLVEAABNTNDHEZAT
HD,

i1 B iR S D RIS O W T, UAV 2RI L 7= sk
FENSEBMERASHS (2017) 2L > TRESATH
Do ARRREEEIE, BRAKES B ONEREEERS O iRz D W T, O
OEFUHAE TIE Imm LA R, AREEFHA CIE Smm 23R
REELE SN TWVWD, £, WIORRICENTSH, Ak
5 (2017) 12XV, UAV ZEfipmifs f OV & 0 AFRL L7237
RET ML D SR EITSh TV D,

PLED X 912, UAV 1T R0 20 SEEFRAREORAESL
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Tk RMER OMRE SRS S D 2 L3 X TE C
W5h, ZOTmw, KIS g B gk & w2 A A R
DLEGEEINLTWDHIT Y Bk figk o S EIZ BV T
b, UAV M A CE i bd b BN,

Hi9-~= 0 B 1k hagk O#REZ2 ML, UAV FIHIZR ST &
b, IRNETHEVITONTIRNo7e, LL, KL
o TEOEEWNE RSN TN D, M~ BhIkfiz
DNT bt R MM & [FERIC R F L itim & R e+
HZElEh, BHOKEE (2017a) I2XY, ZD7HOTF
FlENRARENTND, £z, M3 ~0 5Lz OMRER
Wi B2 oW Th, BMHOKEER (2017b) 1280 FolE0NA
Fq, BEAEEEHC K 2 ARG HMA, fik/Eid o H
BT X5 AEEH, T AGREZ e LI, &R
TESFIZ X D REMR A O K B I VT, TREBINCIEHER 72
FEBRZENTWA, Zhomd b, Jiask & ok
BT X v ftagk o FBw, R (L), B S e faiek
REOIEREZITY 2 & 2 HINE 325 A FEEHIZ OV TIL,
UAV TLEHRNBIEE(ET D Z LIk 0, SoB#EE % %)
Al AU TEDRBEENR S D, £io, UAV 2 H N TE
10m B2 bR LizE LT, AL RERIREOHE
BEOTHE, LB CHAIT DI TV DR
OREEE (EFEERASIEDS, 2017) THHOICHEBRTE
LEBEZBND, ZOROARBRE T, M3~ ik
OHTHH L2 BB TE 2R L VK T %
gl LT, UAVIC X DEERERMRZRIT LT,

2 REFE

2.1 REHMK

TR L, TSR NT AL B 5 EATHE B FTE He
FY B Ik Xk DEARR ) X & U7z, X OfLE % Fig.
IR d, K ofid~0 BhIEES OME I, 2015 4FFELIC
TR LIER L EEH O b O TH D, AHO
MATIE, FEEHO T NS, Fig. 1 1RT TBE 1) KO T8
5 2] 1ZhBW\WTiTo 7z,

AHK OFREFIT 1994 CFRk 6) (FTH D, KIANITHL
179 D M3~ 0 B I % O fE TR 1T 1992 CFpk 4) FJE
~2008 (Ffk20) FETH D, AW ORIGE LK T
O TAEEEL, B 1T 2007 CEEE 19) R, B2 T
2001 CFRk 13) ~2002 (CERE 14) FEETH D,

BEfFERHC K v itig S #id~ 0 b sRfisR ik, IRk
T, AKEET, JEKKET, WIRART, RFRT R OWEE T ©
bo, BRETE, chboHh, WRFEET.OM EE (1
) Z e T oS L Uiz, ZhERSRE T K
T) ERFELTND, 7eds, MORKIET, HEKE LEKOK
IKEE TAZ DN TIE, A X AR A 9 AUZ R R 0 e
SNHEIATZEHNL THLRAMTEDHEZZbND, 1272
L, BARFE TORE K ORFE TIZ oW T, i E2six
272028 UAV Tl TE 220,

FREERIT 2R T304.38ha ThH D, 2 b, B 1 O
GOPHIE, BRVEEEHEE 194m, FEAL 152m, [ 2.9ha TH D,

BLYS 2 CIEAPY 142m, 4L 102m, & 1.4ha TH D,

FBE IXIRN O R E 1K 80m~ I 250m, =1K75/ 170m T
&5, RIZHIRK 2R % B —KFHE TO 1 BOFRIT TRl L
£ ToL, FFRNLELRXHEE 150m 2825, 72
72U, ABRORITHRE S & L-fPEE, S8 1 TEE 90
~120m, MK 40m, Bl 2 TIEE 110~150m, S
40m TH Y, TNEN 1 BIORIT TR ICRHBEE B /N—
TEHEBILN,

B 1, B2 &b, BRI RRORERE S
TWAH0, BUEMEX TN TR LT, fif (A1 &%)
DOFEEPMTONT WD, EFNTITEICEDN DD, AW
IRE DI, HESOHIT 0 B IR OO E TR LT
v,

R, AHWTHIERANZ S KIRIVKA NERDZ &
RmEH AV, BW, S, BEOH RN,
FEICHEHL WD EEZ LN,

ek, BitX, FRATICHRAIFF A A LEE e N DB HX
(DID Hi[X) TlE7pu,

2.2 FAEAB - RITHME

FATREINT, M OBEL D73,
DTRENDEAHEIRAT,

MATHIL, 20184F2 H1SHE L, FHZ WA L L
TN, FATIES A TRTHRT L, YADKRETEY
FOENTH -7z, A - [IBOH TH Y HFFHIAAT
UAV OFAT - fRiZ i viE Th o7,

YR, FEL FEE LI, B, B2 KOEOHE
W THEERIORAT AT LTz, ARE TBEL T2 5 E
DU T LRI, BEEREE S0 ThEiE 1 T5 0k
B, Bi52 TI00RETH-o T,

2B, VHIORITPEHIZ 1 A25H, PiH 1A 26H
Tholz, LL, HANIESRS Y, BLAEEICED
NTIREICKER S DBENNH 72700, IEH LT, L
ok oiz, EBISRITLZHEIT 1 BTH o720, T
TRt s UG Lz BIERRAMIC 4 A Z S LTz,
O, BiI4E 12 A 14 HIZUAV Z2R7-FIC TRZ2(T-o 72,
F£7z, 3A 16 H, 22 HICHREHFFHOTHPEA 41T - 7=
o X5z, 7 - REEMZOLOIIENEDOTH -
=, TR, MEOSAS vy NEOFTAY, PHAEZED
HE5AFELTRY, SROMITTIREIMLES 2 H1E
ERBRIRMTE ol MK TOFEFZ RS &, &
BEDS (2015) DA, 8~20ha ® 3 IR DI ENZH 1
H, fEx K« [UAF (2015) OFd, 120ha OFFIC 2 HH
EELTCWD, IEORESRITEITHSESRMFIC LY KER
720, BB CIEAINREE R~ T ORELNEEZ B
%, B, FATEOBLO LD b, RSN e 5
tEZLND,

BINERIARFTE 2 010F, BERRELTTS & O RATEHH
MU CE TV D RMX 2 B H RO SRICR B D & &
2 BB, ZO%E OFEN IR 2 5 7o DI x5
BB OHIX THRDY KL SRaRITT 2 0ERH 5.

BRI ERT D &
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2.3 FAEIZAHUL= UAV

S 2 UAV O F724HKE 4 Table 1 12777,

F§FE 1L DII #10> Phantom 4 T, #x2 BIZHAENTAT
ARETH 72D 1 > ToH D, Phantom vV — X%, B
S COZERIAND UAV & LTI Z2 i AF T,
EARBERR O LR ESISIC IS Ab R TS, Bz
W, xR« A (2015) 23H3-~= 0 JoD Z24%(Z Phantom2
Z, KEIED (2017) 251D 224371 Phantom3 Professional
EHWTWD, £7-, HEMHEIZA (2017) TH, Phantom2
J2 0" Phantomd 23 T-Hiut B ek S o SR I 2 BEFE o i
it LTRSS T, BIE (201845 12 H 18 H) 12K
7 XN T WA EETIX Phantom 4 Pro V2.0 T, #HFDH A
ZMERER B (5,472 X 3,648pixels) N2 SN TV 5,

ROy 7V 2 ETeRITE &I 1,380g, <A ki
350mm TH 5, TSy T VEORDMERE GO TH, /I
BRI | 5 CHESGE CHEM T, S5 CIIHES ket
X E T 1 4 TOMBTHEETE 5, HARHET 20m/s,
BRI EUEHEHTT 10m/is TH 5, A TR ITHITESNT
HIRITINFRECTd 5, IERBGRE X 0°C~40CTH 2,
AFHE 21T - EREEICB W TCE, B ThiuEAN
THIENARERANZ N, 72720, BiKIEBEE T
RN, RS B ISR T CE RV, HIRIZIT GPS
DR INTEY, BELERITHITAD, £, HXE
THEAEE L CORBIRITL AR Th 5, HllishTn
%0 AT O FELE 4,000 X3,000 BFETH D, I AT OH
T 94° T, | MOBEOREHM (B0 S) 13t
B L FIEFR U Th D, IS HE B 50m Ty Sz
GEOM FRGEEL, K 2em/pixel TH D, T2, W AT
TP USRI TEY, EROIFIRIDFITTSCE T
DOIREVARETH 5,

Hi9~0 BhE gk o 0 & RS A E L4, UAV
RO BAVHMERRIE, BT, REJJIH TIRD & DN MET
HHEZZBND, ZYOORBKNT G FFH TR < E
HAT&EsZ L, PIMHECAZS ICERTE S L5 1T/h
BB THDHI L, BV LEBROEL - A ko
OIZHBRITNITZA D 2 &, MREHOSRTH LD, &
THARETEHZ L, BEEHNRICBIT 2ER AR
572128 em BUED LR A Lo B D B #4514 FF
Db, AEAWEERE I, b T TEZ LT
LlEZLNI,

2.4 WERE

2.4.1 UAV 4T - 52

Bt 1 OB 2 O 2% OB E ORI & RS &P o
FEEHE Fig. 2 [T,

BG LZBOWOL, #5077 e v 7 2 EE0ICHRE L,
DN TR 2 560 D B R AT LT, IR R
LR CHEMICIRE CE AR Y S T AE L E L
Too BREERELNY, BARTE ST FRIHE, BRERSTTH

Table 1 UAV O F7a{1kf
UAV specifications

HiES DJI#t Phantom4
58 1, 380g

5t 8 T ik 350mm

BRRARE 20m/s

RREEES [10m/s

ENEIREIRE (0~40°C

GPSE— K GPS/GLONASS

h A S HRIEE |4,000% 3,000pixels
HhASEEHH |94°

(2, [Al— &P CRI— B OB 21T, RIEIZE D R0
LT S OER AR Lz, BETRITICE T 2 i o B
X, E e (2016) #HZE LT, FA—a—2AAO
Biteze i BE L OBEMED 80%, MiEa— A DEhEE L
DOEBIEN 0% DI Hc7a 7107 Lz, HETR
TICEARENZKIT I BOT0 /T LT KTHD, &
BEOEBRE, RO Z R T, ISIE Rk Tl Sk
&7z, F£7=, Fig. 3187 9 MATICHL FIEHE S A B
L h—=F VAT = 2 AL D EXNEE R IE L, €T
JEDBEOREE R & LT, BZEOHEEMIZE5cm LT TH
STz, 7272 L, M0 Bk Sk OB SR B RS E T
NLE OIRIZ M B2 20, AFREUE S 2 s L&
IH T2 TR, D72, ARG COMBEF#RIT UAV O
GPSIZL Db DL, ZHUTMA THE 1 TIXBSLNOF T
7o LERRE L L DR LI b D TH D,

B 2 1T W TIE, RIS & 722 2 KO E 2 it
RS T 2 ik EFIT Lic, FEITRITICE W SA =y R
R A RS DK EZE R e D KO CIT L, Rl
THEEOBES PR DR AR TECVWD I LICHE
L2 O ERHZ @ cx 2 Lo Ik Lz, ¥
Ko 50 foCh b, BEOBEBEEL, TR aiPl oz
W, I ZIF ik TR T T,

B 1, 2 &b, RATEEIERR S U CHEERES T
5 30m UL k& Uiz, #HIE, Bl O NONIARSCRE L Ok
DORAR L OEFZERGIEDBLEN G, BAOES LV F4cE
WEEERITT 228 Lz TH D,

REAL, UAVIZFHRO I AT, R 74 —h A, @
HECIT o7,

MATEEDERI, M B 9 FRIBMG L B AR A2 5D T 14
RREICHET L7, 2O, FERITEEICMA T, "My
~ & OFATHIPH - mEFEOF bEDE, FLERONE, H
R T 7 1 7T MMER BT T2,

Fiz, RATEEIIARRE TR T=NFITMZ T, 4RI
ERPHED ORAT, Bhimoiisk, RO HNLOWMESEDL
AT Lz, ARG T, £EEoERAEONZEY 1
OHBIRIT - R L, BHIE 2 O TEIRIT - ORI
WCRLHET 5,

2.4.2 EREN
i L= 581X, Agisoft #5107 k7 = 7 PhotoScan
Professional % FVy, SARE T VR ONA LV Y ER AR L
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T2o TRHTICHNZ PC @ CPU 134 > T L® Core™ i7-4790
(Fatyth— - X—=2X@ERA L 3.60 GHz, ¥ —&K - 7
— 2 NI O R AR AW EL 4.00GHz, 4 27, 8 AL v )
Th D, QUHIFIITHRE 12 & bIC30 HRETHY, X5
FoREREM LGRS T,

B 1121 2 A0 Y Bifg OfR% £ 1X 21.6 mm/pixel T,
7 VALHIPHIZ A PE 194m (8,960pixels), FiL 152m (7,025
pixels), MK 2.9ha Th o7, BB T, FREE 139
mm/pixel, E7 /ALFIFAIZHPE 142m (10,246 pixels), FFL
102m (7341 pixels), [ffER 1.4ha T o7z,

IR T 0 S ERAT IR, ALY BHRICE > TV 5 KL
EERBERT D Z LICE T o T, SR BIEREEET,
RED OB BARIC L D TREEE GKHH) EMKES,
2017b) | FREEA A2 & U CTHERE OB & M7 28R O 8 % fif
WL,

G ORERRIT, LBV #EB b RnAY OF
VR TIT) ORI bEFEEEZ BN, L, EEN
ZNETOFTHEEMRT 5 DIIMEEENELL D, 20T
W, HBREMEEBRE L TOWAARE T, 1 oOmiE
THEHME LW THRTE 540 Vi a2 FIH LT,

BARMZERENAIX, PC M IR LA Y fifg
ZEMSEH L, REERICOWT, ZOE55 0K EEZ |
ETDHEELICEBESYy 7T v L, BIRNEOATL L
BIZHRIAFT Db D Th oz, EEREFIL, B 1, H
P2 E B ARBREIILELEE X i, BMFHAO T E AR
T2 LICERTEWEEFE ARV EEIDL XD,

T, BFERCHBREELEDD L, HHT7—4
WEFEIZDY, 2o OEBIFIEOR I - hFE b S
BMELEZOND, S-S T T — 21X, &R TFEHEX
(pdf : JXI% CAD TIERR Sz b D & lbhva), kLT
—H#&R (pdf), UAV 2 5 & (jpg), A/ Y Eif% (PhotoScan
F A LT jpg SO Wifg), STIREF /L (PhotoScan),
UAV @il (mpd), HIRIREEEHE (pg), IR (),
GPS Y (FXAN) Endbb, ZNHOT—X O
B O(BERE Mg NEChbiz b0, —mlb LT

Ul

(B8]

20m

R 1

ZTWRVWORBURTH D, 5%, F=FICHRSIZHR
AIRE7R T —# OFEHLITVE, #ofk LIZ < W—oofb L7 fR17H
BRSNS AVNENSH D EEZHND,

2.4.3 hERPEE

HHFRA T, BB 1 RO2 OKBKIBVICHESETIT- 7,

B G, BEFORK TFmEK (Fig. 1) KON UAV Ty
W LT AV Vi E BB IOKBIR N ESE, BEIZ LD i
RO FRF PO & AR L, K T ooy, R EETE
DOFEE & Lz,

RIS, * R TP mE RN EREZ A LIzb o L
2.4.2 TIERC L7z AV Y i & A7 L7= GPS BéReft & 2~
— M7 AV ROH T by MR ERS L, BUEALE % R
LN BB EIT o 70, F72, BRI GPS 1 4 —
R L, A ONME Rk LTz, SIEHREIT GPS Hfe
MEHATTIToT, LrL, BERHIZDLSRVAEHO
GPS OAFHEMNTEL, BIARICFEE SN TN E N FHRE & H 7
2HONEL R, RS CIREEEZ B L TR
EETLH L TWD,

FRACEE U2 IRERIE, B 1 T 1 R 30 oo RREE, Bl
2C 1R ETCH- T,

3 HHEMRR

UAV Z2HRE{EIC X VIR L7288 1 OB 2 o4
VB4 % Photo 1 % U* Photo 2 |2 FNEHRT, £/-EE
1 ROELY 2 oA Y migIC ST 2R L mbox
Fig. 4 X O Fig. 5 [ZZNEHRd, SO0V Tik 3.0 LA
TThAB,

31 mERE

R ST EHE O S L, BLY 1T 29~66m, ¥
51m, B2 T23~50m, F¥)33m Thoto, BERAHGE
138 1 T 11~26mm/pixel, ¥ 20mm mm/pixel, B 2
T 9~19mm/pixel, “FE¥J 13mm/pixel TH -7z, [H—D7 7

Big 2

Fig.2 R O EEE
Camera location and photo overlap
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Map of ground control points

A FTEHEHEIZ LIRS EICEZN A U S HHRIE, BRGME
RHITH D OITK LT, REHFIEN, HB) LIS s
V2R 2 b CHRE L7 AKCF, FEC b B EE S
—EDOEELE BRATONZTDTH D, gL —E
THDHZENLVEELY, UL, HERIT n /72
A EIAWE DI o Y 7 k7 = 7 GS Pro (Ground
Station Pro)dD 354, HEWRATHICIRE REEZ AT T 5120

RN L ICEE A RE LR TR B, TR EME
Thbd, FEITRITEITOBES, Moy MoLbEER
B s B C, AR W T B TR & Ot
EaE—EICRODOITHEYEH LW EEZ BND,

BiEr 1SRRI Lok 2ol (M BEMERD) o UAV 228
WRIZOW T, IRAELRFER]IZ Photo 31277, A£DE
EIX UAV TR - (RESNEZA ) YT Liitg (pg) Th
b, FROGEL, T /MELLTWHBICAE ZEZ,
SARETANLZITRLEH O EREL TCREEE LD
AV TH D, FAOEEL, GPS ff & #itihk CHY
IR HIAL 7201, AV Y g & geotiff TN L7z b D%
74 hLHvFY T FTBMP ICEHL, Bl LD
EOomEALEZ TR LIZBDTH D,

AR O SR RATIE o A4 v Y B {8 % PhotoScan
Professional DA CEAE R 72 H1T7 -7,

WMIRIRIN S, A U T IVER A R E T, BRI -
RAFZMR DT &, EfRORER I B Kb, © 7 /L85
MBI 72 577, BRI T3 5881%, KEOSBIcE
BERMETH D, BBAENL, WThoOmEg kst ol 5
DIRERDOF L ST 51307 b D Th o7z,

3.2 mRWEEZo-FER
ARIHTIE, UAV ZEHRIEHE T RRDS ATRETS - T FRIT O
THIRT %,

321 EHE#AGL
HENRRONPTHETH>2HITHONT, B 1 ©
Fig. 4 (1)&B%y DB H % Photo 4 |2/~ 7 5,

UAV ZEfiRiiiff T, U 5498 BRI R E T nsienc &

PHERTE D, JEIBIZOWTIHAL LY b o T D
7=, EERNES R LS, 2, BRICEVEALTWD 2
LIIMERTE 5, A CHER CTX 2RO B K DF
M ORERIT UAV Bi{& CrI Rz 220,

3.2.2 KEERDEAE - 1%

BT CH D KBEOMEICOWT, Bl 1 @ Fig. 4
(11)&B%r DG % Photo 5 } U Photo 6 |Zf5]-~9" %, Photo
5 X O L EIZITV S O, Photo 6 (HIH4FE & HL: X ]
DOEERTH D, ZOEANE, KT 13m ilblz> T
THVE L, SERICHZELTWD, BRI, UAV i,
B & HICA G IR TE 5,

FEPORWNERIT, AV VEGOMETHETHD (BLTF,
MOBEEIZONWTCHEEETH D), ABEVOEWREL D
N25H0HH LN, BBROTIOKE X OEEOEFIFK
VAN

3.2.3 &EKkHAZEOTH

LT EOTNIZHONWT, B 1 O Fig.4 QD5
H.% Photo 7 ([ZHI/RT 5,

ZOMEFTE, EAFREOI L 7Y —MRO I HD 1AL
DE 3~4em BETN TS (BEFORI), ZOTh
%, UAV Hifg, BE & HICKG IR TE 5, Z ZIThlR
FT5EIIE, ik em BEOH MO LOVENRNH
S7city, UAV B CTHREGICHERTE 5 LEZ 265,
728, AEIOBEOTIIL, K TOMRBIZEEE L/
LD THoliod, BIEOSHMERE LTCL, B LL
L7,

3.3 WMELMEEE

LA BT R TR ST B E A BRDY, T 4
&y F Y7 NTEGEZL L2 b D% Photo 8 XY
Photo 9 (27”9, ZOFEEITES 1 1ZBWT, RITEEF
¥J 51m, E{GARE LY 20mm/pixel THh o7z, T DOEHE %
T L, Bl 40mm/pixel (FRITHEFE 100m FHY),
60mm/pixel (FRITEIEE 150m FHY) CMGELAH LZD
DTHD,

REEAIROHEE (235 B L7= Photo 8 TI, fREEEIZH )
D BT HLEIPH S BRI HERE C & 72,

TR LT, EARTFED 2~3cm OXICER LT
Photo 9 T, f#4LSE 20mm/pixel RITEFE 50m) Tit-
DR T E LB &2, 40mm/pixel (FRIT 1 100m FHY),
60mm/pixel (FRATEE 150m FBY) & MHEFEDSHLL 72 DI
Lo T, Rz oTWn5,

EHEARE T REm O N E LS, KR O
LIMIREREROA I V== 7 DHERNE LT, T
TEEE BFMGIE 2 < LTH IR 2R+ 2EA
FHELEZ NS,

¥, T ZCOMEHE, MR 20mm/pixel (FRAT &
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Photo 1 Bl | DAL V&
Orthophoto at site 1
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Photo 2 Bl 2 DA /L Y E{E
Orthophoto of site 2

FMF- B UWTARTT
- RELL
i REnY

Fig. 4 Bl 1 O SRS L OFEHR

Checkpoints and lines at site 1
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" (10) RS

FHF 8 UAVTARFA

R REBL

Fig. 5 Bl 2 O it sl L O

Checkpoints and lines at site 2

Photo 3 UAV |2 L ¥ #2 Svioxf2eililk (/2 : AV /b, it : PhotoScan TOA /L YV g, 45 : geotiff Z#2C BMP (ZZ5 #i
SHe AV Y g, 2RO K E &3 30em TH5,)
Photo of marker taken from the UAV (left, original; center, orthophoto viewed in PhotoScan; right, orthophoto converted from PhotoScan
geotiff to BMP image. Marker is 30 cm.)

Photo4 Hu7pL (/i : UAV, f7:Hib) (7T Fig. 4(1)
Normal conditions (left, UAV; right, ground). Location is (1) in Fig. 4.
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Photo 5 /KIKDOPAZE « HIP (/2 :UAV, Ao b)) frEE g. 4(11) "
Burial and blockage (left, UAV; right, ground). Location is (11) in Fig. 4.

Photo 6 /KESOPAE - M (52 : UAV, Ai: Hil) (ifit1X Photo 5 IZ5uik
Burial and blockage (left, UAV; right, ground). Location is indicated in Photo 5.

Photo 7 fEKFZEDFTH (K : UAV, £ : #iF)  ALEIT Fig. 4(2)

Displacement of stormwater channel cover (left, UAV; right, ground). Location is (2) in Fig. 4
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A

DEHE (£ AV ﬂ‘/ (2mm/pixel),

%ﬁ;l,_‘tw

e e
45 : 60mm/pixel)

e 4

Eria |
o 40mm/pixel,

% T T IR :

Photo 8  fiff4 B 2 4 < L 7 A /K S
{ZiE X Fig. 4(11)

Photos of a buried stormwater channel at different resolutions (left, original (20 mm/pixel); center, 40 mm/pixel; right, 60 mm/pixel).

Location is (11) in Fig. 4.

Photo 9 fiRfREZ M LizEAMOFEE (£ AV ¥F /L 20mm/pixel), H1% : 40mm/pixel, 45 : 60mm/pixel)

{7 X Fig. 4(2)
Photos of displaced stormwater channel cover at different resolutions (left, original (20 mm/pixel); center, 40 mm/pixel; right, 60 mm/pixel).
Location is (2) in Fig. 4

Photo 10 HiED> [ (4 : UAV, 45 :Hib) (7% Fig. 4(4)
Stormwater channel covered by plants (left, UAV; right, ground). Location is (4) in Fig. 4.

F )
Photo 11 #1 F¥ (Z2 : UAV, 4 : #il) (L& I3 Fig. 4(8)
Stormwater channel below ground level (left, UAV; right, ground). Location is (8) in Fig. 4.
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Photo 12 /KIZDIEHES (72 : UAV, £ : Hib)  {ZiE1X Fig. 5(5)
Bottom surface of a stormwater channel (left, UAV; right, ground). Location is (5) in Fig. 5.

Photo 13 Hn & HIE (UAV 5 DEE)  ArElL Fig. 4(11)
Sunny and shady areas (UAV photo). Location is (11) in Fig. 4.



BRI JE sy ey T2 RJeitr % 3% CPi31 43 )

Table 2 B35 | O st A 2
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\Z=¢: 1)

e 221.0
UAVE R A Al 248.8
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B /MERIR

G 3
G1

F 28 - INERER .
G E%

=5 2wl

Photo 14 KERFAEERIO 3D 71 (B IL Fig. 41D N D JEN, # AL 513 Photo 15 ORI E

3D model of the area around a buried stormwater channel (left, UAV; right, ground). Location is around (11) in Fig. 4. Yellow letters and numbers
indicate locations in Photo 15.

G5
Photo 15 /KESHRERET OO M 1 HiRiZ 55

Photos of buried stormwater channel taken from the ground
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Trial Inspection of Landslide Prevention Facilities (Stormwater Channels)
Using UAV-based Aerial Photography

KONNO Michiaki*, YOSHISAKO Hiroshi*, INOUE Keisuke*, SHODA Daisuke*,
NAKAZATO Hiroomi** and HARADA Kohei***

*Disaster Prevention Unit, Division of Facilities and Geotechnical Engineering
** Groundwater Resources Unit, Division of Regional Resources Engineering
*** ASCO-Daito Co.

Abstract

In this study, we conducted a trial inspection of landslide prevention facilities (stormwater channels) using a small
unmanned aerial vehicle (UAV) in the landslide-prone area of Hosoo Yokone on Chiba Prefecture’s Boso Peninsula to
develop more efficient and labor-saving fieldwork methods. While the time spent taking aerial photographs was very
short, the process did not save time in terms of labor due to the amount of time required for preparation. We found that
it was possible to inspect for obvious problems, such as the burial of stormwater channels and the displacement of
concrete structures of up to several centimeters, by using images captured at an average altitude of 50 m, with a ground
resolution of 20 mm. However, there were several places that could not be inspected using aerial photography, such as
those covered by plants, situated underground, or located in the shade. We believe that it will be necessary in the future

to develop techniques to remotely inspect those areas as well.

Key words: unmanned aerial vehicle (UAV), drone, Hosoo Yokone, Chiba Prefecture, Ortho image, buried channel



