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EO&ERMA Y2 () ZHBE L, AL TLELRIBEROTREE, —2D A v a ETHEN;
TE5L91ICLiY,

@ MPEEMRIHFIEORZ  EKHEBEYHICHFET 57 7 2AF v 7 Ofittis LOFHIHEM &2 4277 L,
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TR 242 BXOHANEBAKREM TLAN6500] 12X 2FEZ2 I L. 20204 2V S LB T 42
i Ihnd ) kst E2Em L= (K2-11)

<

146 148°
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T=a—A b2y MM, Vv F71a7 7 —8 LUTEET &4 — - TLAD6500]
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ZITH 2 LT, MIEHBEMFR O T T AF v 7 THOFHENOEENEEBH TEL, 7 IfMay
IZOWTIE, WA ZEE 0 B a7 ORI AESCHAKIC OV TORWADLE R D - -, BE LR
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ARETH D Z ENRENT,
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BLROBIERFETHDL, T TORFIEICLDEET 7 ZTHEBEOREER X, E8UET (B h
WMo 727 T Zha, R CHBRTHET2) ICX2EET 7 ZHOMMAER L O AE L THRIE
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P77 Zhze AW ERIEICEWVRERZS O, BERICBWTIE, thois: & X THED
RTERR BN, Zhid, MEFEET AN, AR IH LR L2 ICRKT 2/
MTHs, BUAIYHIZ, BOKLOEENRS, IESNCAGT 7 THEMFEE XTI L%,
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HAEKRZL2OICKAME TCTHRAMEZE L, —h., BEFE X 2MMICES 2 REIT.
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FiExR, Fr— X omzEllEz iz Eoxkib s, REdE 2 5% e LomBgmric L2
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Fo oy NOFEREN ZBEF L, YOO EICIZ2 5 722H % v M X0 #H 72 FEEMPs O £ B AS 7]
BBTHDHZLEZRLIE, &BIC, RELEY V7 IVORMAHE TEZ G0 T, Mil/aMPsOBE ik L
T, BAPMFTIR (MicroFTIR) &M 5L K O FHAM(EOtF L OMRE) 78 £ % FH v 7o i By o Bohl 2
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THEBICFIEEZMET 5, ¥—U— NiE, REERMEELE I A—F 2@, 2 EO KB, £
LTHTHRHATELZRMAETH D, ZNHEEBTHH, RIFETIE, Fr— It K280 L, &
g7 E w L LT BmGITEIN A A S D, F LT, WMREEEZADOTHZEDD L EIND
(Derraik, 2002?) 7' J Zhz @ BT 5 FIELZMET 5, AR OFHHBGIL. ®FGRE - &HERE
FENENIIT VAN T 2 LTHIAT LI LT, MRESET 7 ZHORKEZHET 28120 5,
ZOEHRIL, KV RAORMERIEROERS, BET 7 ZHOMEBHAORE, BE ZAHABWNIEXDOE
REMWFOREREICBNT, EFICEE RO LD, RiFEEZEL T, £ TOWED MM 5
W FEO RIS L CHMARTRER, EE T 7 ZHABRGFEEOWHE HIEOMN 2 EHESED 2 ERNAMN
Ths,

2. WEEEE

BEMEDO @V Fe — I K2R oMENRE L, WETE 2R E L-EgMir 2 artbd s 2 &
T, PR ZHORBIKE T 5 Z LR AR, WREE T 7 ZAHAERICTFIEEBET 5, AW
FEDO AL BIEIE, SFREL T Tl T HRKRENBE TE 3 2EERESE ZAHBBGES AT 4%
BETHZLICHDHD, MBFEHBELBEL Bl ESoEd) . ERRCTRELEFEOEIEER K
OHEERFEZTT 9 o

3. WIZEBERBNE

3-1 R — 2 K DO M2l &

REVR R A E R Bk, RIRGERE)NNT RS,
IOFMMKRMET., BLORKERLETRE K p—
T (X3.1) . DIIfE#lo Ko —> [Phantom 4
proJ . [Phantom 4 RTK (Real Time Kinematic)] .
Mavic2 ProJ . [P4 Multispectral (LAF, P4M) |
mEEMWEO - 21T o7 (K3.2) » K
FETOBANE, Fo—r ok - et 8ncs
T ORI, R RE, Fa— U ICB B EN7ZGPS 5 gy
DIEESZP LT D007 A MM THL, F

7o BEBER O BEL T T T4 (K3.3) ZWEEICERE L,
ZORBEE RN RET L2 FETHET 272D OB i
WMHIT7R o7z, —F. s, S 2Eihi. BEET
OBMT, EBRICESEL WAL T ZHEERILT S
OB THD, I SEMOMKHERE L. ST
RHEEBORBWFICEBNTIE, PAMIC K 28BS Ei L7z, PAMZRS £2TO Fr— 2, 4K 7 A
TREH S TWD, —F, PAMORGBI A Z X, 2A T E 7 EALTEHL OO, ZTHITIA T, #,R,
H. bk Rz w P TR, O5HOOF vz (K3.2d) AL TEY, EnEnEMAEDLEDL 2
T REWRENICE ) R BB 2 ER T D Z LN TE D,

32.5°N

128.5°E 129.5°E 130.5°E 131.5°E

3.1 Fr—12 K58 & FhE L 721
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Rw— 2 K 2 #iZefl#13. DIt iPad/l 7 7"V & — < =2 > DIJI Ground Station
PRO (https://www.dji.com/it/ground-station-pro; iPad GS-PRO)Z= H\»TiT > 7=, Z DiPad7 7V 7 —
3 a2 IE, REHPH E MG ORE, BIXOBHEIRIT - HKED. Fe— ORI EBHIEA T L L
ICHRBLARETH D, Fhxld, ZoOMIELZ AW THlEO —fEEH (KX TI50m x 70 mO#iPH) 2177,

3.2 B fEH L7 Re—> (a) Phantom4 Pro, (b) Phantom4 Real Time Kinematic,
(c)Mavic2 Pro, (d)P4 MultispectraliZH#FHD~NLF AT "ML AT

ARBFENER L2 Fa— AT - | 0720 0% EIL.

TATHEEN 1 m/s, BEEEDOA— T v 7RI E L FEHE 2T
MHZ1X90%, AT HIIC1260% (RTK & PAMIL, I 5[ dt
80%), M1 FEFEFIENS mmTH D, Smme VO M FEE
SPEE. EEHPRRESEITL TV D TUAVE V72 A3
BV = o 70 CERR9FE) Y ICRedE S e [ =Rot A RE
DOALERE S U7cH EEFESHE] 23BIC8RE Lo(F

3.1), BxDr—2Tik, i EEFEFE%iPad GS-PRO LT
Smm ERETDHE, MEEEITEINICEEITmERTE
EnT, 2L, MZEREOREMIWEAIZIE, #3112
IRENTHERMEREXS OISR, 22T, Eiio~v=
27 E, RS (EE) 2OxRYOE 0 ITERE LRt
ZefEk (K3.4) ECOEME h—X VAT — 3 (TS)%
CEHLHE & L, Z ORGSR % ool 2 R g o 7 E E A IE [43. 3 KRB DR T T A F v 7 D
THZEEHERL WD, Bz, Fx bRBEOMIEZIT

S7c, ZOE, KFE, mSHFRENENOIEMRAEGRIZ, QY EDICKE S ot 225w (1K
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3.4a, SRHIN) R0, UEE ORI ERE L7z SR 25 88
% (X3.4b) ONEEHREZTS TR EST D Z LIk
D&, 7272 L. Z OB A il S 22V EHR T © [RER
A 772, MEMIEOEEME SRS LT, BB o FER R

X5z, M BRI SR I D EEEHR 2T A
T5H5RELT, Fe—rnbBo NN EERE M1

3.1 rEREE &M o BE%
(UAVE WAL E~=2T7 v L0 8 H)

0.05m B 0.01Tm A
4+ ARTKFHF R (Phantom 4 RTK & PAMIZ Z OKERE DN #4

L. =3 .
ﬁouEM%maﬁﬁEéﬂb,!a%)k\‘ 0.10m Bl 0.02m BN
Differential GPSH =, (DGPS: AFZEIZ W THIER %

\O 32 é}ﬁ'ﬁo “/I/‘,\ IE: /o 7). »
1ER%, X3.2¢ B%, MEICERT R L o SR

ERETHHRMIE) ICLOMEMELERL, Thb
DA MRESBE LT,

3-2 N — I RIT X 2R D3R IE AR E 7L DR

Fo— RN AELATEER (LT, Fr—r@E#) X, X UHIZ, Structure from Motion (SfM;
WAHELEPT ZARER LD, ETOE T BNV OMKE - BRE - S SEREHET I HE) V7 b
VT ThDHT T Fa— 8 dTerra Mapper % VTl AL X J17-(Terra Drone Corporation;
https://mapper.terra-drone.net/en/ ), Terra MapperiX, #FED “RILHBE, T VXY —T = AET L
(DSM), A/ Y it CGERMAMIEIC LY EZHREBGOELEZMIEL, B LSO Lo RICZ#R L2 H#)
D72 OICEH L7z, Terra MapperlZ & 2 BEHEENT XK D3I OO AT v Tk D,

—DOHDAT v I, SRITRBEOIER T D, 3WITRBET —Z 1%, EilgFEO 3 RTHIRHE ((LE

(a) (b)

3.4 BT T AF v 7 ZHOEDICHE LT (a) M2 GRILW) & (b) @ SHiED
72 ¥ O SLARKE ZE R %

WEte) EKMLET =2ty b ThdH, MIZ, ZOT—F 1y NORERWVHEEN, &R E KT
DL D, SIMITEB T OR L 7 BV O ERREZRET LD bNLTTiE (Thbb,
CHIV T 7L UR) THY, IRTRHET XX, Fe—r BRI SE O EER, @E, EaR
B2 E N BSIM 2l L CHER SN D (AKX, Vo XOBELROFEEZMHETHIL U AXFy U 7L
—a VIZER) o Fe—rEBIERNS EENOERE SN TWA D, BT O RS O TE iR E S
RESEWET H1-OIIE, ZOFEERNLETH D, IRORAT v FIE 3WICARE % A 72DSM D 1 4
Th b, DSMIE, WEFEDOIRITCSEET AV THY . AEALEBFHRICMZ T, HEOEHSERLEATH
%, DSMIZ, 3WRICHEBEZMBEI L, ZTNICHZFHZED 2 LIk TEREND, KEZIC, EBEN
cm/pixel D AV YV Wi ZDSM BAEKT 5, T OMPRIX, Terra Mapperx V5 Z & TR THEITT
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HLIEMAETH D,

3-3 WRETEAEB L LomBMATIC L 2EE YT ZH0 BB

BRSO BRYIL, Re— VBB LoWFE 77 ZAZBERHT 22 L1Ch b, TNEEBRT LD
W2, W77 R EERTHIMFEOEDENEFEH T HREFTEET VEBE LI, RIFRTIL.
Python H DIEE % 7 L — A U — 7 T 5 Keras(https://keras.io) ZfHH L CTIREFEET L2 F# L.
WETT ZHOHEBHEIT 72, KerasiC X3 k72U —27 7 — 3L FTO@EY TH D (Chollet,
20177) .

ERMOT — 2 & Wi T 5,
EUF—FEANT OO, WROBHPLRD Xy N T —7 T FALEERT 5.
HURBIS, 477 4~ ¥ L OFHEREERT 50 OBEEIET 5.

Fe O R LEE RIS,

AW N~

ZOU—=r7u—lEoT, £, FEHT—Z&E L7z, T ZTiE. RGB (Red, Blue, Grenn) £
el L TR ENZ Fe— 2 litg s, HSV(ftH:Hue, ¥ JE:Saturation, B :Value of Lightness)ta %2 I
WCEEXHMZ b0 MW, BEFR EETOT 2 M — 2B W TIE, 201846 A6 HICFE M L 7=
FEHNT — 222 T2 L TCHWE, 20MoERE COBRIICBWTIE, HE0—o0iH 80
ML, FETFT—FIHEH L, il LT, K352, RERIZBTL2FET -2, 20TV Y) 7
R MREE T 7 ZHOBYIT) 27T, ZOTXY U 7E, FEETEmL,

ARPETE, BEFEHOIEEAITONNC, BT — %% fHEXT AT —X%0or NIZEHT 5, filx
E, HHEZBLMICEBWT, BET—ZOENH=12,S=80,V=80Th-7=HH. 256DEH KD~
J RO L, ZOFSOBEFEORNLERD . ZALSMNI0L 2D, T 2 TRINFEZ256L LB HIE,
OpenCVOHSVIE D KEN256 TH 5 Z L IZHEKT %5, OpenCViX, BSDT7 A B A TDOA—T Y —
ATATT7YTHY, KerasE 5Lk x =2 —TF —3 v h—TU—JAPITOEBUE Z VKR — ML T
W5, ZORBEDO%, FETFT—F%E, THE 7BV OIFHT—F L. 457 v LVDOKEET — % ITEE
B Lz, ZOR, BETFOWEEEESE T T ZHANEDLEAEZRBEICT S L, SR REE RS
ETNAVDOINEEITD Z ENBAHETH D,

ZRIL

N7 Nk
Layer 1 ATl
- T6DENE

ATTF1414Y . SEMEAKESE: ReLU

RMSprop Layer 2 i
-E%L

. 16DENE
- EMEEaE: RelLU

Eale Tl
! 4 . SEHELBRH: Sigmoid

i LY v

(3.5 AHFFE T L7 RiE 58 €7 L DRk
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WIZ, =a—FNVRXy NI =T ETNVOERERE Lz, M3SICARETVOMEKEZRT, 3EDO=
2—=F )Ry NT—=I MBRAHARET NV, TNENI6ORNEZ RS> SOFEEOES>DOHT

JE CHERL 4, FEJE CTlEReLU (Rectidified Liner Unit)2S, 1)@ T FHEIED 2 2 7 (0225 1D D
E)YE2HAT DDy 7 RAEEEBEEE L CGEA SR TWD, BEBEEESTT 1~ 1 VI,

Chollet R017)MZHEV, “fEAZ==T Y b B— L RMSpropa T NEN AW 72, ABFZE T, BiE (7
Vo rr—242) L THUEOMESMOERER, X2 br—Ths, HEAEKIL. F—=7%
ETLEBRICRNERDBDOTHY, AT T 4~ A FIXZOREEEEX T, XYy NYV—2 52T v 7T
— 55, 2FEV, ATT4AVEEIA Y PHEALET HICOICEAETEHT 5, FHBRT
i, BEFEETAESRY T ADOI =Ny F TRy 7 Ol E T D LRI, RIET— ¥ &2l
STETINVOEKBELEE (EE) OREITo, REZIZ, AV EEN O SN ESE ZHO
T v V% Cannyit (Canny,1986!'0) ICX > THIH L., TNEZDSMIZANT 22 LT, =y VICHENT
HAOEEEEmS (Thbb, K ZHE LT,

4. MRRUBE

4-1. Rua— 28l L 3kTE B &R R

R ERICHRE LR T 7 ZAEDSMETHBE INTZBE T 7 ZA0F % XK3.612R7T, /-, 4
VEBORFEZ K3 7R T, AL, FlE LRI Bl OEB LA T2019F6 H6 R IR L= b D
Thd, M3.60RT LT, BT T ZA0MFEOBKIL, DSM ETIEMIC3RITHICHER ST
% FELWHERZR) o S220KIE, @EITmhLORE TH-Th, Xy MR AT I NF
VREDRUTT Tk, FAICEEBTETHSZEERLTWS, TA ML LT, ®ITEHEL
17TmU EEFBRELEZSAETIE, Xy hAR MY A XOMEMORBENREF LK T L, F2, 5FE
EINUETTF DL, YHEREDTIE, ERMAEOHRET N e - ORENNECTH -7, HitR L
DN VS REO —HIZB W T, ARy MAYIZ10 m & E TOBM A Fii L7223, B OB
W2 5DHT, MBYOBRBBRIITIREREBANAON N7, BT, RITEEITm (Thbb,
o REFESTVE =5 mm/pixel) (X, BEET T THEREMTHOORITEEL LTHLTWD VR X9,
ok P —ra2 AW BROFTERRNIL, EHE ORI E . TSICK2BMHAIEE TED T, K4
ReflCdo 2, (MUl & F020FR . R e — o228 £9304 . e - MUt IR o g, S —v
Z Al o 7o W B O 0 LU T OFT B T 5,

(3.6 DDSM & X3, 7D AV Y #ifgix, Fu— 2 RN oAb, KIB30EGmMRT 22 &2k
STHLNELDOTHD, EL, 2O ZEKRT DRI, BIHIHIEORREZHNT, Fr—rofE
HHITME L7z, WELZDMSORIE LT, REEEEXTHENL Y EMER, EETAEEOKE
WEOLDE, 7 =A—3 3 & L Thttps://www.oce.kagoshima-u.ac.jp/~kako/Drone/goto/DSM-1.mov
o (B

3.6 i CTHRE SNTEHUL T Z ZH () B AT THRELIZSD (b)) DSMTHIE LSO (¢) DSMTHEEL L 72iffj# £ o B
TIZHEREERETVOMBE b LIRS AT L0,
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WEOIWITLET NOEREEFEHT D ETO, Re—rno A0 G WaliE o 25
AET 570, TSICL DM ERD EELOKMETENZTNDSMARE L, b Oxf 22253 M o Bk &
I Z Lo, K381, TSICKDMIEZIE S 2WiGE, &R T30emEE (10m &H7- 9 5 ~ 6cm)
DFBEDBNDZEE2R LTINS, MIICESTIE, BENIHIZKEL, TSHIEZRLODSMIZ., #
90 cmDI KFHM CTH 5, Zhit, Fa— B HINTZKEF N O RO CEEFRIC, KEAegaEn
HEENTND I LEERELL TS, Kakoetal . (2012)V281F 5GPSOREZEL FRt L RERE RO T, =

LIIGPSHARBUET 2D THA I, LonL, Ny MR MREERE, 7T RF v 7870 EOKE
WEZITO ETIE, ZOBETHFATERY, M2, Fe—r2nofG o EFEROMEIILEATH
5

—J7. Phantom 4 RTKIZ X 2 HEMZEM EIRBEN R, TOREIZSOmbHZ0 1 em FZE L TSI

KAMWELHEARNEDTH o7z, DGPSHRIC L AMIEIX, RTKE VW b EFRENRL LI OO, KX
SMBEBREZR ESELZENAETHo (KAL) . LOLARRL, ZOMIEOHMMEIL, HFHO

e 5

B3.7 R EWRIC IS T D AL Y RO G, W ISR E S AU 7ok AR I Mk A O T, SEAROR ZEERRIT Ao A THE R T
Do F—HNAT—a (TN & o THIE S ok 22 M O FEEEIL, BETRENTVD, J2EEEEZIN. TSER
BELIZEERTH D,

(a)2KFEHm (b)yE&AmMm
100 100
75 75
50 50
—_
£
i . [
~—
% 0 _“—_ - _- 0 __- T
& | []
o8 -25 -25
-50 -50
-75 -75
—100 -100
12 24 17 49 710 911 1011 35 56 68 12 24 17 49 7210 911 10-11 35 56 68
N R ES NIRRT

3.8 h—Z VAT —La LK HBHMPEDORERN S D5E & 72V I5A 231 5 Digital Surface Model PN O X} 22 5
A O (a) B & (D) S D&,
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B RESEZEERE LA, BERE LK T LE, 2k, AR E Fe— 2 MoERER
Ll ep b0, BTHREROZEHEENE GoE) Z ICEKRT S, o, BMIEZ KIS
HI1F, ZET2HE, EEOME, MA~AZ R EoMAEEDLEE, N TAT LV R2T—I2L - T
REDZVERDHDH, DFEV ., DGPSHRIC L DMIED —EIL. ADOEBORBMICKE IKFET D, U
FORRERE 2 T, ZAUBEORIRIE, K - hEFmIEIC, TSH L < IIRTKGRUT K 2 #H1E % i
U 72 B D AT S R D I % 7R T,

4.2 VRAEEH & A w_«ﬂﬁ%ﬁ%fﬁx%w = ORRHEE.

5:&(7?:&%Tft7tw%@m¢é &)k %n%®I//<%ﬂ)%%m¢5 & b,

Ty VEBRNT L2 LT, TOHANOIREREE R IND, XEMORELE 7 B LVHEMTRDD Z &
MABEL 722, ZOFEEZRAVIIE, 2EOKREZ T TR, Hx OXEHORE L B AEETH 5,
K3.91%, EEFEET VOIS REZRT, RPN RT IO, BEFREETVORBEL, IO

B2 EH L, 20y 7 THRK(0.98) &7 5, iTy?®@¢TﬁfﬂﬁTTé%%ﬁ\ﬁ?%ﬁ%o
TWAHHREMERH D DT, ZOROKRIHIRBELER T2 2 LIFFEFICEETHD

(Chollet,2017?) .

“3 1013, VRO A L Y EgO—H L EIZEE 1.00
| BT A L, BT T ARERE L ...000""""'
f:ﬁ%f%éo T, BT ZAHRUSNE R TR 0.95 .
DIELTWD, Eo, WEYEIC X 2EERMITINZ 1
T, EBIAICIER Lﬁ@%ﬁ (color reference:
Kataoka et al., 2012% | i L iEE 7T 22 KT+ 5
B2, HHRICE 2 EBLCIRE) 2onic, MFE L &P
T ZhE LR BRIICR T, 20T —
ZIXFRT—F LML DO THDL I LICHERIN

o
[Ce]
o

accuracy

ot
)
v

0.80 -

@ Training accuracy

W, ZORNL, ELLOEBENTFiEEZHNTS, —— Validation accuracy
BT T ZhERBERSMEHTEL ZERDND, L O T s 1s 10 1o
L, BEFHETANLELNTERERIE, Xy bR Epochs
MRT T AT w78 Tk FBURNT & T 43,9 VEIEEE T T L 08 thi

ELSHHTE 2L bR TE 5 (K310 HN)

(a) AV v F i (b) B EIC X DRSS

v
X3. 10 ¥EFOA N Vi, (a) WEEESTEAT,. O EBFFICL > THRHINTERLETZ 24, (c) Kako et al.
(2012) & [AER D EBUFEHTIC X DB T ZHOBEFER, (b), () IcBWTIE, BERMITICL > T, WRERTEZ L

EERTBROBELTVD,
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ORI RENHDERE L CiE, BEBMTICHIT 2RO EHFIEOENEZET LI ENTE D,
wEFEET VT, AEREBRVIRLYET S EC, RNOBL EMRIC ESET 2RICREILI LD,
— T, EBIRMBHT O EIT. 747 =7 —IZ X Hcolor reference D FAEEIZ L AV KL D
ERRIC, FOREENRKE IEEFET D, MR, RO (color reference (W) ~DInIE TE 220,
SOFY, RTOEEZHOIMEITHE L7z EBA 72 color reference DIERIZIX, RANSH 5, HEFH T
T, WA/ A, WEOBYVIRLOPBEELEET 7 AL LTERBRELTHDIHOD (K

3.10b) . T D D@ S ZIEFITIR W T D RBHEE IZIT 5 L,
B43.111%. [3.10(b)7> & Cannyi (Canny, 1986'0)Z FlVTHEH L 7=
LT T ZHOEy T THY, K3A0b)E DN LEDT Y Uk
BERBRHLTWDLZ ERnb5b, LI oA/ EfIE, H
BRAHEBRETH LD, MBEWME R0, £ 2T, T EERoN
EH A JCIZAutoCADZ W CHEg O A ATV, Zivk
DSMIZ AN % Z & TR« SRiETT M OALEE @& FER T 5
(X3.6c) » ZOWEEITH Z LT, =y Y TCHENTHSORESE
FOELOEHBENREH TE L7720, [M3W (SEET T TH) OFK
HERDDZENAREE D, OB, EEZHORED & KEDIT
i cEL, mIEREZTITEFBIIIRETE D720, HEIC
TIAF I Oy VhkRIET D HEIXR, T2 & 2 B
EEBREHLTH, 2206 IEHRITEFITIRONO T, (KEHEE DK
TR B LR, Tx DRETLFIET. L 2A48mohH )
R TH->TH, TORKOEBMERET 5, Z OfEIX. WFEE
T THOEOEEEMD X0 b BEE e iR O R EHE L
ZOETIZ, IvEHATH D,

321, MHFICRE LIZRU T 7 ZHOERBEE R FIEIC L > THEE Lo/ R & EHME O R R %
AT, 120 HORZEZ, MORER LR THBAORE REZ TR, ZHNEEIEREEET LD
DR ZE TR (B13.4b) 2 R E LR o e Z L ICRERT 5, DE Y | SRR A 5 7o & & Ol IE
X, REOHEREEICRE REEL LTT, IhERTIE, KFIEZI0%L FTOMETEELE T 7 ZHO
KEEZRBELDZENARETH D, £7-. Phantom 4 RTKIZ L » CHEMIEM ENE SN/-T —XIT &
o THEE SN OREEIX, TSTMEMELZ LD LR THLREARNLEDTH 72, #HIZ,
Phantom 4 RTKZ ] L 725513, £ OMEBRZBIMPEOH R EZ MW TEEET L b, KEHEZ
EREEICAT ) T ENHRETH B,

3.2 AFIRICLDEE T T ZHOBBHEER R & RREO iz, BA,

phantom4 | phantom4 | phantom4 | phantom4 | phantom4 | phantom4 | phantom4 | phantom4 | phantom4
Pro Pro Pro Pro Pro Pro RTK RTK

3. 11 CannyikiZ X - T, [¥3.10(b)
THRHE LR T 7 ZHhOx v kiR
H U 72 3,

=flfE 087 087 069 089 089 104 104 1.04 1.04

#EME 098 1.01 071 098 094 100 1.08 1.05 1.06

so 0.11 0.14 0.02 0.09 0.05 -004  +0.04 0.01 0.02
b (+13%) (+16%) (+3%) (+10%) (+6%) (-4%) (+4%) +1%)  (+2%)
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4.3 @B SIS X D R

FRROBBFEET VL, WRERE T 7 ZHOBERDEVEAE, 77 ZHEELI R TE 2N
AN T D, KB, L RESE CTOBNTIE, BIEORYIELOEENRLS, AFRIZT TS
T ARG AN T 52 ITEE Lo 7o, i E O FiE(Kataoka et al., 20121D5) Tix, L8722 color
reference (fa72 & ZDWENAR) o, MEEZZOBMEEZ 7 — AEITIED Z L TERITHL L7223, A
ZETIRE D REBMNREGUEZITO 20, 2O HEEL LT, “REAHIVELNDIHEREOR SIHE
WAL RM L WEEAR) ZHEEREICTRY ANz, $ETOEAZEICHELN &S IE#RITZ. P
— VK AMERNEFAEOLDOTH D, ZOFEREHVNIE, R ELOXNRYOBMO ARG, BE
O FETIEE ORI [E L 7= (Kako et al., 2010b%); Kataoka et al., 2012'D45) M0 K L ORE S
BHTHD,

el 7 T ZHOENEE FICHEAET A6 2 K3.12al7 T, ZREABEVELREE ST —21E, ¥
OB LI FE EOXM G ERHMATRETH L 2 E08bnd (K3.12b) . =72 L., WEIFENTWD
DT, ZOT—FEZOEEMH LT L, RS, BEUITADEDOT v DI & O A
HEORmS (Thbbf) DN Thd, LirL, K7 EMCEW RO 2GR T IUXR %Y
DTy VRBRENDOT, FIZEBESMMENTHTEH, IBHERMTE D, K3.12cl27T X 5T,
WY L nid, &5 ik, ik, #E) ICBbLd ., MREAROREMNOAL T, oMY
ELOEELZTT, ROy PRENITRETH DL, LrLAans, EAEZFALEZT Y UK
HIZ, MARLEELFMFICHRHT 5, 70, BIMBNLE Sem DL ERERITIX, I EiH Tt
W, SV NIE, T ATy 7 BOEO X H I, FEFRITEO RIS RE AR O B T T E A2,
Wz, ZoWREAR EERBETFEET NV EOMAGDLEN, WMREESET T ZHRBICIIEHTH D,

(a) _ ) (c)

3. 12 5Bl 7 7 S HOENEET D6, (a) 4L VB, (b) LUESND OEME 7L —H T —CELE
bo, () (b)2bEE LA,
4.4 Bx RIIROWRICEB T HIEE T 7 ZHOE R
WEERIZBIT27 A MITHEATCTOERE LS 2D, RERL, ZOWREITIZIFEHTESE Y Z
THERUZHDOELRES BRI DOTHD, RFIEOHEDMEEL, EBRICHBREICEE LT 7 Zh%
RAWTH T2 72912, K3.11CR Lz 3 DO (R, Bk, B R, ik, KB, k) 12
BOWTRr—VBRlZTo7z, ZALOWEIE, R EREESTEROWM LS (FE@hE1 8 |
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FLEEZHOBOEVE/NS WD, EFEE @
BRICEL TWbEEx k5, Brlo, BilEFICE
Wik, B L7z X 912, HSVEIFH O A TO
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IV. 3T Abstract

Comprehensive Studies on Oceanic Transport, Environmental Risk, and Advanced Monitoring of

Marine Plastic Debris

Principal Investigator: Tadashi TOKAI
Institution: Tokyo University of Marine Science and Technology, Minato, Tokyo,
JAPAN
Tel: 81-3-5463-0474 / Fax:81-3-5463-0399
E-mail: tokai@kaiyodai.ac.jp
Cooperated by: Japan Agency for Marine-Earth Science and Technology, Kagoshima University.

[Abstract]

Key Words: Marine plastic debris, Monitoring, Microplastics, Measurement methods, Floating debris,

Sediment, Drifting debris, Upgrading, UAV, Deep learning, Image processing

Recently, there has been concern regarding marine litter, particularly marine plastic debris (MPD)
and microplastics (MPs). However, scientific data and information concerning MPD are still
insufficient. Until now, MP surveys have primarily relied on neuston net sampling, and thus have
focused on MPs floating on the sea surface, particularly those larger than the net mesh size. Besides,
there is no efficient survey method to estimate the exact amount of MPD accumulated on beaches and
reefs, where people cannot approach. To solve these issues regarding MPD including MPs, we have
developed new monitoring and measurement methods for collecting and detecting MPs of finer size
floating on the sea surface and in the water column of the ocean (Subtheme 1) for detecting MPs in
marine sediments (Subtheme 2) and estimating volumes of MPD accumulated on the coast (Subtheme
3).

Subtheme 1 developed a method for collecting fine MPs distributed on the sea surface to a depth of
800 m using a multiple open/close net and a deep-sea pump, as well as a pretreatment process for the
collected specimens and an efficient microscopic Fourier transform infrared operation method for
detecting fine MPs. Furthermore, the effectiveness of coumarin as a fluorescence index was clarified
in detection using optical characteristics of MPs, and a detection method based on polarization
parameters of MPs was suggested to be effective for detecting MPs in water.

Subtheme 2 successfully collected samples from deep seafloor using a newly developed aluminum
tube device for push and multiple corers and a density separator and concentrator to simplify the
pretreatment process for MPs detection in sediment. Notably, this subtheme found MPs in sediment
samples of the trench-trench-trench type triple junction in the Japan Trench and suggested that MPs
may have been supplied to the trench via sediment flow from shallower waters close to the coastlines
of Japan. In addition, an automatic MPs detection method was developed to clarify particulate or
fibrous material and measure the number and length of MPs.

Subtheme 3 proposed and developed a method for estimating MPD volumes on beaches by combining
unmanned aerial vehicle surveys and image processing based on deep learning. This method can be
used to improve the efficiency of MPD beach surveys and identify beaches that require preferential

cleaning.
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