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Abstract
In this study, VR image capturing equipment capable of approaching targets and being
inserted into vegetation was developed using an unmanned aerial vehicle (UAV) and an
omnidirectional camera (VR camera). Furthermore, a capturing protocol for this equipment
was established. The effectiveness of the equipment was confirmed through field operations
in various wetlands in Hokkaido. To satisfy the requirements of equipment transportation,
operational difficulty, flight duration, positioning accuracy, portability, and image quality, a
suitable UAV and VR camera were selected. Subsequently, custom parts for the equipment
were developed to satisfy these requirements. To enable efficient and rapid deployment, a
dedicated capturing protocol was also developed. Performance tests and VR image capturing
were conducted at 26 wetlands in Hokkaido using the developed equipment and protocol.
Issues encountered during capturing were addressed, and the parts and protocols were
improved accordingly. Consequently, 85% of all flight and capturing attempts were
successful. The previously existing issues associated with using UAVs and VR cameras have
now been significantly improved. As a result, a method for acquiring high-resolution VR
images with high-precision coordinate information has been established. This non-invasive,
immersive, wide-ranging, and high-resolution capturing method has the potential to be a
significant tool and monitoring technique for the accurate archiving of the status of wetland

ecosystems for future reference.
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Drone, Virtual reality, 360 camera, Flight Protocol, Panorama tour
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%  OWHIIFIRORIGICIVK I NG Z LS Wiz, NN RREZCOFE % BE
ICZ T 5\, EBHLARE R O 72 2> T b FRICIRIR DY) © S A Rtk (37K 7 S0 7K BT IS @ TR
BTG % 729 (Nakamura et al. 2002; Rydin & Jeglum 2013), b3 272 BREZ b ic X
S THIDRETBEIICEN L B\, 2o 0HED2 5, b IisE Cild 238 L wAiER
ThbEMEITONTE Y HECIIE Rk &) 48R D 51% (Zedler and
Kercher 2005) . EIN T 28R - RIERFUCHETE L 72D 60%LA Eifd L7z L iR ST
w3 (BREEA 2004), BEELTWREHTE 23 HUET L T0RIRIICH 225, {BE
DEHF 2 JLiRHE T, 1990 FLABREARE TN T 3T A0 b2 35% T, 5
Hoxe=2Y v EflEEto BEESER S hTw 3 @KIE 2016), bl L
5., HIE LTV 3BFOME - i -oicd, &b a0 4 ER 0 HMk & 7o 2 Hl4
Zlboe=%1) v 732K TH 5,

ek, BEOMARA L, HRECHMEFIEML &2, T/ LEX, 1D
AV IC X BHE~DERA =Y XV F a VEOHVEV~DHENP L, AHLEETH -
TOHRAHAET —2B3B ORI BB o7z, ThBkDE= %) v 7EHIEAE O
NOTELRHHER>TWE, ZOEETIE, TRAE=Z) vIB¥TbhzwE L, R
DHECHEDBHEITT 2dDEFEL LN,

—J7. BOL Tk, v ARy b AL (NTRIRE) . E{RAET. SBEHE 7 & o S 5357 )
NAREFI DD LTHIFRFINTE Y, FRCAMZH (Unmanned Arial Vehicle, A
%, UAV) 12Tk, ZERICR O THABYEHO 28 4 Uik4 ol cisf v
% (fz1F. Cruzanetal.2016; Dronovaetal. 2021), % ®%%., KAEZEMOHFTHED X 5
ICHERE B CHEZTE 2 VREMAEEE2ED, 250 A 27 (VRAXAT) ot
b, EYHE. HAHE. HEEEFEOMAL BB OMMHBED b, Z O
BEEX T3 (HBAIZA 2023), 95 L7z VR EMiZFIAT 2 C Lic X - T, HithiA#k
DEIE - FhECICER T 2 20 T, ARROBEDOL % L Y BFE IR VIRE TRl
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L. WET AL &b, 207, VRMG%E UAV CLRE L TS % 7k %
T B e, TR OREE R L, HEED BT b A RER OB & IEHE 7R AL
R L CRERICER T 720 I B ENRTE L 2 2 L HE 2 T b,

295 L7 UAV & VR A X F%FIH L7z AT LB IZBEIC W O EE L T
% (1 z1¥. Lan etal. 2016; Humpe 2020), 4RER # Mk 24 0E=% ) v 7% HIY
L L7 VR BMRIREEA & B 2 (BRI 2 2021), ZOWMED R0 T, VR 1 X2 7% UAV
ICHEET 2B BRE TRICAET T 2 MV HOMRANRTE LRI EnHb VRAXTEZT
FORPNCHELE S 5. B 50 IEA A7 AFREFENTICIAT 2 & v o /- TEofEYH
FHECEIREEESLELEHI LTV, ZoMBEICHIET 320, Frlk, fE
AT AL Z ONE DR % "lhe & 3 2 EH O M 2L T& 72, L22L. Thb
IACHFE R — b ARREE & B DFRAE DK & iR E O FRMEDR m v, #EITEREL T 7
£ A LEEGEG T C OREMAR A 2 REE, TRATIRA ] 238 < o fiPH 2SR o 5 & v ) [TE D &
577,

Z 2T A TIEEND DMEZ R T X UAV B X VR A X 72 HwT, WRY)
ICHAE, filE 7 EICHR AFTREZ: VR BURIRSEHM OBRTE L 7 1 b 2 L O 1T\,

B4 g coEMAZEL T, 2N OFRMEEMHERL 72,

REEM DETE

E¥ 5k, 2 E TIC Matrice 600 Pro (DJI) & Insta360 Pro (Arashi Vision, Inc.). [&
FYILRE D 2 v YR CREE L 72 @ R UG e R B & 4 7', Mavic2Pro (DJI) &
GoPro Fusion (GoPro,Inc.) THEEE L 7=/Nl X 4 7D 2 DM 28 I/EL T3 (X
D, A X, 0.68kg DNy 7V % 6 fHIEHL 721 1.13 m, && 1.03m (w7 v LW
VR A XA 78&T), #wER 125 kg O KB OFEEM CTH 0 . HM OEM L B2 EHEL W &
WIOFRED D o7z, HBEIZ, B024m, £X032m, HE 14dm (7Y FBXUOVRA
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AZ7&t), BER 1.2 kg /MR CERL S VWH oo, RITRIEDS 10 R LR <
ACPRIGIRERE & 10 m 2L LR & w I BNED B - 72,

IO OHHEE RS 572012, UAV & VR 1 X 7HOREBEEEAZEE LIE L, iz
EGUREM A BUE T 2 2 L & L7, ZOFE. UAV 31T & RATREREL, ISR % 1) | X
52 LREEDFMIC L, VR A 713, RATHRHZ AP 2wk Hic, T 370
BETHD L, MHFECHERR W &, R 10 BLAND 4 v & — U ifgR % &
FRCTE Db, X OICHEENIE DFERE % Exif (Exchangeable Image File Format) §# & L
TRFRTE 2 Z L BEEDEM L LT,

% 72 UAV %3 L 72555 UAV I IR RS B 28 5 < #E1 TR I B 1 72 Matrice 30(DJT)
REELZ, ZOBARIZREX 047 m, 18059 m, & 0.22m, #REE 3.8 kg T, AR
T2 48 53 CH 5, ORI Y BAAEET, Y BAFFCIE, B 0.37Tm. IE
0.22m, HX020mDKRKZTX &b, AT, RTK (Real Time Kinematic) {#HIf7 7 —
2T 5 2 L23A[EETH 5 RTK M€ — F CTHRIT X 2 7256 IR 13, ZKF 0.01
m+1ppm, $7E 0.015m+1ppm & 7%, TNEfEHT 22 & T, GCP (Ground Control
Point) % MW7l 1E%° GNSS M5 DR ESFE L R 223 H 5 4

VR 77 A 7122 T, Insta360 Pro, GoPro Fusion, ThetaX (Ricoh Co., Ltd.), Insta360
X3 (ArashiVision, Inc.) % %Zh 2 UAV ICHEHERL T, 2022 FICHA RS, SRR, £
R, <27 v VR, BRI A e, RERGH. AR R IS T o adBR
EML. ZNENDH AT ORI ZIT o 72, £ OREFR. LICBTF 52l R L <
W7z Insta360 X3 %#3&E L7z, DA A Z XL T 72 Mpx DR IIEER% R 5 & LA
TX, A 7> 3 vDInsta360GPS 727 v 2 v U2 v (ArashiVision, Inc.) &ffH3 5%
&G, e E T O E B % Exif [ (Exif 2.3) ICRg#x3 2 2 &3 C& 5, 21 b D UAV

E VR A AT BB GDLE CIREEMEEWET 22 L & LT,
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(UNC1/4 4 vF) MEEBLTw3 (M2a), 2= =% a4 v id, VRA AT EZH
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T, AATHWY T 7N — D DN Z BT 2 X 5 iCkoTw2 (M2b), £/, 7
A7 ORE %I 2 2 ifRb, N —ofEnE iz 2 HlBEEE e LChBEET 5. Coffioff
JA Y OMEDITFHICE Y AN DB 2P TZ 2 L5 IC LT b5, EeICkidfT 7%
B oS — DR NSRS T ICTRATH IS BIR 03RVE 3 2 RTREE S R £ B 72, o T
BRI IIEE A ET 5,

1A TR =13, BELOECEAPLHEARNICHATZESZ XHIC1Im DA —F A
7 UME12mm) L= N—FAVa v EEES b 0T, JRIciE s X TR
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L LEE X . AT RTREIRREL. GRS RS, HEATME. B & v o 2R UGE S i, E 7z,
P E WO BRSO N 2 b O O S GRE CEkEEREEREZ G325 VR Hig%

UAV CLE L THET 2 )TEREITE b D LEEZ T WS,

BEHYlc
AWEClE, 727 e x Wi niEEREZoE=4) v /oYy —1 b LT, WEoE
PN L C VR B2 e 32 2 L D TE M 2 8UE L 72, ¥ 72, ZRITHEN
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297

o R BT 2 70 b a vz ER L. SRR oFMERRIC X Y 20 EMEEHERL 72,
ZNOEM LT, SRR CREREEEESRE AT 5 VR Hiff% UAV CLE L CHFT
5 J7E R ML T & 7o, MIZEEECHREERICED  ERHFE T T EMA 7 & ORENET
DIEWHBE O N o 7225 (Fl 2 1F, Xieetal 2008; Adam etal. 2010), T DHFFFITiEIC X

D, WERDOHEAETAE IR EE O 7 — 2 S % 13 U DG 2 EYHFAE R REL 725 b D
LEZTWE, $7-, HRBEBRPMESTED 7 v F vy r— 20l iEE LCLitH
AJRETH b, T 9 L7zimh~DLH A D ZfEb e WillEN AL 725 2 & T, HEDRNHE
W7 — 2B OREMED ] E3 HAD 27213 T, BB ORI A LIC X 34D
BOPES 2 IR AT REL 5, T 513, BIF LT — 2 0&EfKIC X v 4k
FOENERLKDONOTAEL VAL BN A2 LA TELZ XS IChDEELLND,
ZH L7y —nig, ARROBRNZ EMEZRiiixe L CRNRICERT DI B dbD L b
72595, 53, VR # X 7 OMERD Y 72 4 LEEER ) T £ A4 LR YRR
. FEICTITo Tz UAV O FREO HBIL R L OWRABIFEL L THRI N5,

HE, HEE ok, 29 LMK Z D20 23 id#ks 25 VRGO T —Hh A4 777
HFE ZFOEBLZ VRIE X W HIfEL 72 VR 2 v 5 v Y ofliEHIC O WTHET L Tw 3,
ANDILH A Y 238 L Wigi©d VR Mgz W7 BRIEAE O EE RO I o b
25 Y (Ouetal 2021), % < DR TZ DWURAHAH E 1T 5 (Fl 2 13, Ducks Unlimited
Canada 2024; The Wetlands Institute 2024), Z#NZ#i¥ 2 T, BREHF L2 HWIC VR Y 7
—DfilfE e REAZED TV B LA THE (B VREF 7 v—7 2024), 5tk k4 %k
FRATOMRICL 2T —h A4 TptiER, €= v 7/ CREHE OHM & L THZF
Hand 2L T3,

BfBIC, T2 CRAMZEEDMT R Y UAV ORIT O R AVEMEMR-L AN 2 WA I3 E
B L7z, 7oy OB OEE TSCERIKICH 72 2 720 ORI IZUUEK L L
TOBFBVEL D, 200 OFMIC OV TIREAMEEORITAL — L (EHLZRE
2024) FZHERL CLAICEMN L TIRL W,
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W

K clit, UAV B XL A AT (VRARAT) ZAGWT, WRYIcESE, fiks
ISR AATRE 7R VR HIMMGIREHEM OFFE L B0 7' m b a Vo R R 1T o 72, BRA 7riith
TOEMZBEL T, 2o OEMEREREL 72, B BT REFRIRIT. HIMREE
ERECEZEE LT, UAV & VR A A 7 OFEE & FHAA—-VREZI T, T b %
HABbE M 2B UYE L 72, I 5, CoEME2ERHcORNIcRITEIE 5 2 L
RHIIC, 0871 b a v EFR L 72, Z OB ERE L Y 7' m b a vk v, il
BN D 26 fEFTOMEEIC THRERB B X O VR BURZE R 2 FEMi L 72, P icE L7277
MG L, A=y 78 P avOWRZITI T LT, &7 74 FH 85%DIRIT & I I
KL 720 UAV & VR h X J % 0 72 g B D3R & 7 o T 728800 sl & e L g
&, MRATRIBERER. AR, H1T1E. W OFEDYEE S h, SRR C w1
WaEHET 5 VR BRZEUST 2 ELHELCE 72, JEREER T, EAKLE < ILEP C,
EIRREED VR WHR DG Z AlRE & 3~ 2 RFikid, WM ERRR OB % Bl Zisk e L C
FERICERTEN Y — VLR )V IFiEE 2272595,

5| RS
Adam E., Mutanga O. & Rugege D. (2010) Multispectral an hyperspectral remote sensing
for identification and mapping of wetland vegetation: a review. Wetlands Ecology and
Management 18: 281-296.
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#1. VREWRAMERY &
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Matrice30 HANZ 77— =TT v 77— b, WEOEHEZITO 2 &,
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#3. Insta360 STUDIO C o {5 25 #akr oD 3% .
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396

397

® 4. it E ORI — L

x4, BEEAORR—E.
D Site Lat Lon Date Whether Battery Take-off (%) Battery Landing (%) Flight time (min) Flight distance (m) Trouble
N45°16'07.15" E142°13'48.05" 2023/8/24  Fine 89 41 17.57 1700 {4 )51 0D A< — 5
101008 A1 T IR 2023/8/24  Fine 89 49 11.85 1018
2023/8/24 _ Fine 89 56 9.95 666
101012 ea el N45°12'42.72" E142°14'57.68" 2023/3/24 Cloudy 90 47 12.80 1584 Wi D A
101080 N42°55'55.43" E143°59'28.14" 2024/7/11 Cloudy 99 24 20.32 1301
2024/7/11__Cloudy 99 32 19.07 1446
N42°51'18.72" E143°52'30.00" 2024/7/4 Cloudy 89 29 17.40 1112
101081 R 2024/7/4  Cloudy 99 28 18.77 1345
2024/7/4  Cloudy 92 47 14.02 1178
N42°39'55.55" E143°36'03.94” 2024/7/11  Fine 99 22 19.65 1401
101084 A 2024/7/11  Fine 99 28 18.88 1621
2024/7/11 __ Fine 92 60 10.45 1323
N42°37'10.55" E143°31'32.57"  2023/8/3 Cloudy 99 33 18.83 2128 Wi S DA
101086 TEIAE 2023/8/3  Cloudy 96 45 15.87 1910
2023/8/3  Cloudy 99 47 15.10 940
N42°33'19.24" E143°29'24.51" 2023/6/15  Fine - - - - BT [T — 4
. 2023/8/2  Fine 88 26 17.68 1711 g DR —E
101088 AL 2023/82  Fine 89 52 11.33 1198
2023/8/2  Fine 100 51 13.93 641
; _ o N42°32'37.00" E141°57'08.87" 2024/7/3  Fine 90 25 18.92 979
101093 5 - 714y T 2024/7/3___ Fine 89 36 15.65 828
N42°33'34.40" E141°22'47.68" 2024/7/3 Cloudy 99 61 10.70 705
101102 EEESNG 2024/7/3  Cloudy 100 36 16.75 841
2024/7/3 _ Cloudy 100 69 9.15 876
o N42°37'54.63" E140°21'26.85" 2023/7/21 Cloudy 89 64 7.98 590 L RiGR
101107 B 2023/7/21_Cloudy 63 40 6.55 307
N42°34'15.61" E140°25'52.38" 2023/7/21 Cloudy 87 20 19.43 1952
2023/7/21  Cloudy 89 48 12.17 1171
. 2023/7/21  Cloud: 89 45 12,97 985
101108 AR 2024/7/17 Rainyy 90 30 17.73 1109
2024/7/17  Rainy 90 25 18.83 1602
2024/7/17 _ Rain 99 31 19.65 1646
N43°19'24.06" E141°48'38.24" 2024/7/16 Cloudy 92 26 19.83 1175
101127 SR 2024/7/16  Cloudy 99 25 18.92 1356
2024/7/16__Cloudy 100 55 12.35 1059
101011 LU= N45°13'19.79" E142°15'17.57" 2024/6/29  Fine 97 45 13.30 501
101026 — N44°0326.28" E144°08'52.80" 2023/9/6  Cloudy 99 58 12.93 630 71 A 7 i - WEZ) R IE
2024/8/3 fine 98 15 21.98 1458
N43°56/'07.78" E144°23'35.03" 2024/8/3  fine 99 35 16.35 1949
101029 TR 2024/8/3  fine 99 24 20.03 1860
2024/8/3  fine 96 20 18.82 2099
; N43°2321.29" E145°03'38.52" 2023/6/16 Cloudy 99 38 17.52 777
101043 AR 2023/6/16 Cloudy 100 15 24.35 1360
s N43°24'53.12" E145°15'04.73" 2023/6/15 Cloudy 99 15 24.50 804 Lo R
101046 KER 2023/6/15  Cloudy 96 17 24.17 905
N43°15'49.56" E145°13'10.83" 2023/520 Cloudy 96 53 14.02 1515 PR RN
2023/6/14  Cloudy 93 50 23.40 1895 Lm ST g A v Ml
101052 JEHE) 1 2023/9/3  Fine 82 19 21.07 1929
2023/9/3  fine 99 27 24,78 2411
202393 fine 100 83 5.37 780
N43°21'43.65" E145°45'54.95" 2023/520  fine 85 18 17.17 1978 PR RN
2023/5/20  fine 100 66 10.67 1736 B A T WA E
2023/6/17  Fog 95 ) 16.90 1304
101060 ARk i HURE 2023/6/17  Fog 70 23 13.13 867
2023/6/17  Fog 87 76 3.68 239
2023/9/3  Fine 96 18 23.63 1230
2023/9/3  Fine 96 22 21.35 1060
N43°11'45.06" E145°3123.60" 2023/5/22  Fine 97 57 12.78 833
101063 AT 2023/6/17  Fine 100 44 16.87 605
2023/6/17 __ Fine 99 34 19.35 759
N42°38'27.16" E141°45'57.15"  2024/6/4 Cloudy 94 16 20.32 1056
101100 F KA 2024/6/4  Cloudy 90 22 20.42 1432
2024/6/4 _ Cloudy 99 91 2.65 633
N45°05'57.23" E141°42'07.20" 2024/6/28 Cloudy 97 30 17.77 1546
tonn4 VR 2024/6/28 _Cloudy 97 16 2.13 2047
101187 i i i N43°06'16.73" E144°29'07.78" 2024/7/27 _Cloudy 90 49 12.30 823
N43°10'46.95" E144°30'05.04" 2023/10/24  Fine 87 68 6.70 3178
101189 DAL 2023/10/24  Fine 90 82 2.82 237
2023/10/24 _ Fine 81 44 11.23 1773
s N42°53'14.54" E140°40'36.22" 2024/9/12  Fine 91 46 12.73 636
101140 SRR 2024/9/12  Fine 99 16 19.97 786
. N42°54'09.31" E140°36'12.54" 2024/9/12  Fine 99 79 4.68 393
101141 Kt 2024/9/12  Fine 78 24 12.58 837

21



398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

X &5t BA

1 VR $5%Heht. a) Matrice600Pro - Insta360Pro A% % 4 7, b) Mavic2Pro - GoproFusion
N R AT

2 oM R =Y, QA TEi~ Y v, b)a = N—=F AT af Vb, )N AT
FIERAN—, )T v T4 v 7 AF v F,e) GPS2= v F 7 —2x, UAV offkE TV
12 DJTWeb # 4 b (https://enterprise.dji.com/) % {#ifH.

3 VR Bu§disz ] UAV.

X4 HHEY =4 K4 FOECEE 774 br— F OB

5 BEFEE ORT. a) BEFERFORCE D) EFERFD 7 v T 4 v 742 vy bRV A 7 OffE.

6 HRFEERAALHEIC X Y K L 72 VR EifRO—f1] (2023 4 6 A 17 H¥&ARE O o

GIEON
7 W R AL XY 4K L 72 VR EifR o —f1] (2023 4 6 A 15 HZREGH DHEAENER D
HifR).

8 F AT L 72 VR Hif % VR /R THLAR L 7261 (2023 £ 6 A 17 HEHIRIR).
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