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Development of an Inexpensive Fixed-wing Drone for Volcanic Observations
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Synopsis

Drones have been said to be suitable for 3D missions, that is, dull, dirty, and
dangerous missions. Volcanic observations, especially around a crater of an
active volcano using drones are obviously one of the dangerous missions, and
quite appropriate missions to use drones. However, the more dangerous the
mission becomes, the higher the likelihood of losing or damaging the drone
becomes. If an expensive drone is lost, economic and emotional loss becomes
greater. Thus the authors tried to establish inexpensive volcanic observation
system using a drone with no hesitation to use by integrating an inexpensive off-
the-shelf parts which compose a fixed-wing drone such as a motor, an electronic
speed controller, a flight computer, an airframe, and so on. The final goal is to
establish an observation system using a fix-wing drone that can take off and land
at the west sand shore of Yakushima and perform several missions such as in-situ
visual observation of the crater and a collection of ash and gas at
Kuchinoerabujima in Kagoshima prefecture. A current status of the fixed-wing-
drone-based visual observation system which was built using off-the-
shelf inexpensive products and the issues to be solved for practical use
in the future are summarized.
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Fig.1 Kuchinbierabu Island and Yakushima
Island(Google Earth X v 1Ek, BEIXEHfRE)

2. ERULERORE

fiuiE i R

A7k BB (B 657m) ok 1%, Fig. 1 1ZmR1 k&
SNZBA B O FITALE T Dok HATE S 5 W Idok
72 e & BRI A AV O 2 B 20km DR
BES S 0, KERTEE KBV R, Fig. 1 |k
R LIEEE (ELERE) PO bbb X911, Fr
— L D3HE - U E R BEWVIEWEFTTH D, —
W22 EER Fa— 2 ORITHE 75~100km/h TH
AU, 20km & D BEEET AR 7R O 13K 12~13 5D
HEtchH D, MEIZ K > TRATHRIBNIZZE(L T2 b D
O, FEFFRIZOC|BKRICAED > Th 30 pRRE L
HEEND., ZHICAKOMETOREREI v a i
s U7 AT HRER] 2 00 2 UL, S EMTHe R EIE 45 2~

SEE 1000hPa TR E

JRIE [m/s]

JRIE [m/s]

JEE [m/s]

Fig.2 Average wind speed prediction near
Kuchinoerabu Island from 2015 to 2024
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Fig.4 Fixed-wing drone system for video

transmission(Picture by the Author)

Table 1 Specifications of the subsystems
Item Specifications
/Manufacturer
Airframe Volancex Ranger2000
Span 2.0(m)
Total mass 3.0(kg)
Propulsion Electric motor
Battery cap. 5000(mAh)

Flight controller

Hardware Mateksys F405-wing
Software Ardupilot
Data and movie transmission Herelink
system
FPV camera SIYI R1IM
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Table 2 Prices of principle components

Item Price(JP¥)
Airframe 33,000
Motor, ESC, prop. 30,000
FPV camera 15,000
Flight controller 20,000
Onboard data & 100,000
movie transmitter
Subtotal of onboard 198000
system
Ground data & movie 100,000
transmitter
Total 298,000

AENE, TR O 52RO IS 2m, HEEK 3ke)
HR—AL LTHAL, KT A XC#EET HE—
,7aX7, Av—FKarvita—7, H—KRE—%
FEOWHmBL Oy T —¢, F—XEBERLLOH
BBENFRFFICAREZRBE VAT A, I —7
VY —ADOHIE T v Z T APFIHTE D HIEEE S
AT EBFIRLCTHEBNCEEAL, Fig.4 27T L9
IRV AT LEIEE LT,

Fig. 4 EEEMIZRLIZ2Y hr—T T, #AD®
v BT v 7B XORIT L — MOMRITHE, & E O
EEATI L LB, RITHICEIRITT —FDE=X
BLOEHBE=ZNAERTHD. Fig.4 EHOLM
WARLTWD DR RIS T — 7 W{EHE, A
DIRATHIELERE Tdh 5. Table 112, &% 2T LD
PR s% T4, Table 2 12453 AT A DHEMSATHE
T

BRI, RN EE T 7 AT v 7 O HRELR
FEBIOCREIR) oL 8(ThHY, T—X
RV —RE—F R R D NER B D LM
FVaryEERETH D, E A0 (B D
2.0m&dBY, MOVBNLEST, HLBREDOA 1
— PN TRER Y A X ThHBH. RITHED 70~
100km/h FREEThH 0, BEELEEPEN 2D, FRITHE
1 L JAMREREIC X DRI E 722 DA%, FBEEIEEN I
o, BEICRDE EHICHEBOETEBEL TS
e, RATREMOERICHE ST 5.

RATHIEEEE & U TiX, Ardupilot (Ardupilot
(2025)) LFFIEN D A —F v Y — 2Dl = — R
FEITARERN— R =27 BREL RGBS TEY, £
OFNLETRICH L L2 MR b o Fig 4 5 LD
EFHAM, Mateksys F405-wing) Z IR L7~. Z ool
L, BEFERDEHLORETRESATEY,
BIFRLY —RE—F, GPS 72 & OHERIERE & DB
BACHMBERE 2B TIIAE ST LY, HEIC



JEL Ty — v (R ICEMT 2R EOLERD D
N, TOREMTHL. HHa—RF(I7 R ho=T)
T®HD Ardupilot 1E, =TV —ATH DD
Bchv, EFE2ENICHEL, SELLTERY
NI T 4 7 ALBBEA TR TS, — kR Y =
ARA Y MRITCERIB S WVLE, BELZIEEL T

RATEE D5 ThHUL, +a7eligziroTWno.

S5z, EERFo— OFRFICL S 8BRS
HEISREE LA L TR0, [EERoOBES REERGEA
FLEFRELZRVAIZE S TYH, vV FaFZWHRIT
B REEICR> TS, 7L, AT
BHEIEY HIEEOEENLEBRMRITE LOooEE
%%kbf%ﬂ#éﬁ&f&@ o DR DR
N OEMDI=DIZITHIREDIES DS D5 %
MEELT 5. E@ TOT=DITIE, RATHIFEEERE 2

D L BTG T A —H @aﬁﬂ%ﬂ%%'@% D0,

T 7 4V N T B HIER SEAAENR TR Y,
EHEOPBFETO L BBEBEORFET LNL VI
alb—Ta VETIVEBEL, HIERERFEZTOL
I, E2, HIERT A—ZIZOoNTIET 7+
U MERRE SN TNDD, ZITHEEREIC L -
THEBEOLERDHD. FEIRITTEDAX LA
TWIE, TRATHICFEIRAT S BEIRITZ 80 & 2
T, AN FIA—F2TESTHZLLARETHD.
— B EOIKRT/NT A —ZRENRK T I X, [H
BB AR C o AV BN TR T 5 M FE
M1 EJ5 (Ground Control Station, GCS) D/ N— K17
e Lt [ [ ARl e ST ONT I C 3 N AN SN /N
?%L Jo— Xy a vy ERERT D BT,
IHFEED ) — "Xy arbirnwEy T Ly e
LTON—RNU =TT, BitHB JOWE L EF
%@7~&@é§ﬁ%b%ébﬁt%@f%0,%
(Z1% Android 28R LTV 5. 72, HARENOH
T I HERE A REA (W 2 Hol) 2B E A Th Y,
il I & 7o o TR AT O BRSO BT M. GCS
DY 7 b7 =T, Audupilot DY A K5 Mission
Planner &CBEIINADGCS V7 bo =T %, O &E
BcHx v rr— KL THAARETHS.
T2 BLOEBO N7 Ay % Table2 (2
AL OF TEERbEMTHY, BSOS E
SERLODMEES T v aRMEORELY,

MEEEE DR O b MR 2 EF L TE TV 5.

ENTHEAATREZR 7 — % B KOG OIRE T AT L
i3, AR TH R0 Bk A ARDERIEIC L
STRELMREZITTEY, SRS ~EHRE
D—=DThdD. £z, AT ITHEEEICHERL T
D, BRI E 2 —OBEGRENARETH 5.
B &0, FICFHRMZTOR L bREED
LEINETZ T NTHBTIT O & & biT, sk

EFEAER.

FTCHAMRBIR VAT APRER TE 2. F I EREITR
ITSECRERMER 2N EE2HERLE. AR
T AREFICE L HIT Table 21" L2 ERD T
L., HENETIZRY D50 T—4F - Wi T
A v O ER(GCS) ZFRWIZHLOTHY, B ET
AT N E LT, Il IC LTHI 20 555 THEWET
FRER VAT AMMEH T LI RSN, T —
X ETFAREVAT LD =y FELT, &
B L0 LM bORFATENE, IHIEa A K
THRETHZLEDRARETHDL EEbhs.

4 BE

SHROMEE LT, BEKOCEME, #aikicil-

IEM, BIEEOHIR, 3>DMHEEICR %ﬁﬁ%ﬁ&
HEEBEZTND
BB X OEREDORE

AENET7 4 =TV T 4 AZT AW, KUK -
KWWHTADY T T =" a v R—Fr MR
OEffli7ebDNLEIRL, A>T 7 —varT5
LIRS TTA My FEEEBRE L. Ll
Bo, SEEBALEBEDOSNS 2 — R AR—23+
FEFEVEES, A%OKILK - KILT AT T
—OEWEERT DL, SERIOEELIV VL ED
DRERLOBLIEICRD EBbNd. #MEYaAX
DREL 2D E, —ENTITERIECE Y H23 R %
WZRDOTIHARVWLEEbANLTH DN, EEIZ
X, IR A AR RE DT RISEORERNKE L
(PoL VIR0, BEIEES THD. -, RITH
FEIIH AR RIS K > TIRE B8, BiEY 14 AN K&
<&himﬁLFik%<@D JEE DAV ELIZ IR
725, BHCHY v ErTRe e difH (EE ORI
ihizﬂ/mifHWMJ;%%k%H®%W®
FHRELTND.

SEFALE XS 7%, ZfitnbdsHiRO 7Y
a v HEEEERT, BEMERTIATFy 70K
TR LR EDBIZEWHEIRRA S TS Z
ERIFEAETHY, T kOftEommEicii
b d EIFEx v, BEIRR B & L TFRP (Fiber
Reinforce plastic, #kHEsRILT" 727 1 v 7)) &H]
AT, HrRECIREICImMZ s &ixEb
NN, MHENAEFLTLEI LV VL r~EE
ATCWD., ZOMEDMRLOEDDREBRNA

WD ZHTHD.

HAEICE LT, FoRMBEERT —% 1 b,
D BWRATHER RB S . T7hbbh, EI -
JEGHIZ & o TRA R~ Dk REE M ORAT & % 4
ZHZLETHD. EHIKITAKBEHED X S 72 ML
W oo . ARl ARk L i b B RRSEE L, kD k2



WA LR B LEET D0, KEENSOEE |
AOLDIZHATE, ERZ AL —Z2fHL
7 ELETe. FRCHREL, EEME L OFRPE W
OREIXH B bOD, b EFHLI-EN 2 E
HAbAaEThHIrEEBEZOND. 5K, YIa2lb—v
g VI L ARENT L o T, DR EREICOW
THRFT2LERDHS.
fiZesk OBRE

WLZEIE D 7T, #EAMZERIC BT o D 43 13 AE
AEICEBH SN TETER. 2013 L AN KEFAAD
FHANCHEHL L TW A2, 20264E6 H v b i, THE T
BEEN TV ) T — MIDGEA D[R E A " HEZR 1D
BZEE) ZHBRT I ENLETHL. FDHAT
BEIRBEZITV, A ABOBEBEMECER T i
IZEFEWTH D JAxxxx7e & DFE & [FFk OB IEEERE
FEIRAL, BIKICERTH20ERH D, TRITATHE
R BMEEIC L s TR ED LN TEY,
WAEIOI vy va ZEET 250 e LTk, [
KEIIKED B 150mEL EORITEIT O HE) &,
THHARIT AT O HmE] DSONRHY, Zih
1 THERETRAT JHEESE (2025)) ] & LT —RDIRIT &
KAlSNTRY, FFEMRITEZITOHAICIE, RITT
272 NCHRATRF AT G 21TV, ARER/TH LRIT
THUENDD. HHVIE, AEREEFENs 5
BIZ Lo T, BT B2 FrE T IS IEMOFF Al &
BClE, MITATAICEEMEZMZERICEBRT L2 &
WEoTIITESE D HELH 0, WTnizLTh
HEATOMRATHF AW E, ABEALE L 72D, KILTES)
PIEFIZIR > THORITIHFATHFE AT > TV T
R A DR WZ®, WRINICEFERGEN L & 7
L. B, FERITICRY T 28546, MITT 2 8ikic
LB A BEEE | #EiT 5085000 k> T
BB ERT I T IV D EERLAVTT
Y —MBAEET D, E5I, HETRITSE A HEK
NEANDOLETH- T, SEAK L LS 728 1EHK
THRATE B DEAITIE, LRIA3GEMETN S FAT
DOFRATEFATHGE - ARBPMETHD. T2, ZOBAE
W20, AL — Z AT AL ZE i O R B A 3 R
OHND. BAB~OXKRBEOMIZIHAY &FH
HWEEZRD Z EI3REH TR, SbAY EH
HEZ2L] OFT TV —MERDEEBIC, VWOME
KPEZDODTLOLR W0, FEiz@ELEz L
ANABSTOEFERGFELY L TR, EaflC@®M L TE
M+ DZENFAETHIEEZLND.
EREORE

HAENIZEBWT, Fe—ro@ERIcE > TKRE
RIBEEL o TE L ODOOE DIZEBEMICATY
LT X DBRETHD. GiFR L CEATE 54
MET LOEINFTIOMNTH Y, NAKT T F %FH

LTHEERBIIEVEWEknTH 5. 55 35%kMH Ly
BRIER L2 A LT, IWREDOREE S
EHEHOTFT—Z@EH D VI T — & {5 OEM I
ARETH LN, ENTAFAERT —ZBEHOE
TAFRBRFEE L ToERICR L2, FRIIEW
DRV, FREEBEEOZOICIIEBREETH D
5. 8GHz#H#s & (X B 72 5 5. TGHz HY DR ik 7Zn B 25 & FI FH &
AHUENHY, X 5IZJUIM(Japan Unmanned system
Traffic and radio Management consortium) & V)9
R A L (A2e1005M), HHRHCEEOEND
MCEZTHLERS DY, [RICEHATES L
[EE=T R AN

EWNOLIERRZ A L7-€T & (Wb 5LTEE
TMEHATLHELH L. BHEOLTEE R Y,
ELZET T2 B bDOERNTHAMLERH Y,
57T/ H OFIEHZ L - CTF — & B EHIR TH A
THIENTE, BARB~OKBEHMEIZ—HLTEZY
TELTHR—=ENTND LI THD (P—ERAT
U7~ 7 NIT Docomo(2025)). L2>L7Z23 5, #E
HERRTH-NICsinZEATHALERDH D L&
OB, HEVBENTIZROD SR,

H 9 —D>DA[FEMEIE, Starlink (Starlink (2025))
B X WaudStarlink Direct(au Starlink Direct
(2025)) TH 5. 20254E11 A W5 TlE, HEEICITRE
RNbOOT g ZABRENO EEFHE 720
HTWARW, FIHAFEEEL 22 DR OMETH
A9, 722 LStarlink® 7 7 3 F 7230em A FEE
LREL, BER Fa—ZBHET 22310
Tk, ez 7raFokEskyvbRaEkhsn
(=) RERAL, BANHIIT VT T ENET S
e EDHIEZ L > THHATE AAREMHIEH 5. FIH
b4 6 H 48Y6, 500~Y11, 5002 ETH 5. L LA
5, HEBHNIBE~100WE N K&, KEED
NRyT Y BT I0LERND HI-DBEESTIEd E
D BLEETIEAR .

BT THO 25, Starlink & #EETE Hau
Starlink directiZHLETH B2, BIRFARTIET F X
FAYyE—=YDOHOEBYFNTH Y, FFiZStarlink
directZFIHT 270 DRIR &L ARETH D, 3k,
T A EERCEGEE bR A D X IC L, aud
A= 73 U EBHITNIZELIL b0, i
FELEbhs.

5. BhYIZ

ARG T, KK B OEBEIT, KK, kil
AR EOZOGBACERE R ENTE L R
fiZg e —BAREITO) &2 HME L, FIZEBA
FVa R D AKBME KA Z 0 S LTRIT S 25 [E



ER R —2OT7 A My FEEEZITV, RITRER
I > THEAMIBEOMIEEIT ) & L bz, 5%ICH
FCORBEMHEZTo7. EE#R e —r0BH 72
HEpsh, T7bbHk, £—4%, A¥—Far btr—
7, 7aXg, Ny T U, BN Ry 2T, b
AT, T—F WHQRREE R E &, R ENEAM7R
TR DORPNLIBBINL, AT 7 L—1 a3 V&7
oz, DI TH LHIEEREO Y 7 F Y =T OM
REREED Y 7 by TIZo20 Tk, A=Y
— A T& HArudupilotI L OMission Planner % F|
AL, BAELL CHLR20 M THELREED VA
T AT EATY, KLLMD ETIZ T 5 iE T DO
1TTRBRIC KL > TEOMERE LT 2.

S, BAB TR LW O OFE, Thbb
BRI L ONEREICBE T 2 EICER Y e 2 &, M
ZEEICBIT D L3 50 TED ST L, F7z,
BRI L2V KD ERNR T — 4 - B{§R%E
DFEEFR LTV, &5, ML E R L,
TS T 7 & 2 LT Wk LIZ BV T,
FEREIK AT 2 AT ST OMBERR L, Sbi
LEREME 21T, eVTOLL bR I A CHEAM 2
VAT ALETHILERETTETHD.

A

ABFFEE, BAHESR B KA SERT, — AR AT E
(2024GC-05, ” :khk 1 EZ2E @ In Sitw B H
Expendable Drone DBHZE” | 2024-2025)IC & 5 #iBh %
ZUTEBLELOTHD. ZZICHEEZELET.

SE XM

T N R S E - Tesfy KIDANE - BB {i—[ -
Mz {#— + Ameha. M. MULUNEH + 22/ f{f#& -
A W - e BFn - AE 57 - B2 L - MR
TN - GFF RS - R ' - RS (2020) ¢
[=F A7 ORM THIEERILRRGE 4 HL ) —=
FAET T 7y —VMHll, T L— MERETOM
EREMR PR EGHIEBE R E) —, FHEKRTF R
I 42 AT 4E ) (No63B), pp.-93-99.)
W fh—BR - 4K BUZ - i A XS - Rl FF -
M oRE-RBE B— Q40 - RB 4 (2020) :
U WRER S5 BT S A ZE R B > A T A B

P& L MEFN L B 2e B A A iR E o = 7 m Y VR
ZEfHAE ), FEMRE K}, 65, pp.21-44.

[KET W EORET — ¥ & May 20257 7 & R),
https://www.data.jma.go.jp/stats/etrn/view/nml_sfc_ym
.php?prec_no=88&block no=47836&year=&month=&
day=&view=pl

REITT — XAV DVF VT — & T HGPV AR
KA AEAFEIBFFERT,2025), https://database.rish.kyoto-
u.ac.jp/arch/jmadata/gpv-original.html
HF—e 2> Y7~ NTT Docomo (May 2025 7
7 R),
https://www.docomo.ne.jp/area/service_area/map/?icid
=CRP_AREA service_area txt45_to CRP_AREA ser
vice_area_map&rged=09&cmced=5G&scale=250000&1
at=31.556678&1ot=130.560261
[FHEE4E] HEMRIT L 1T (May 2025 7 7 & R) B/
fEPL/E Fwr—> Y+ —F /1, https://drone-
journal.impress.co.jp/docs/words/1185665.html

May 2025 7 7 & X)),
https://www.au.com/mobile/service/starlink-direct/

Audupilot (May 2025 77 7 & R), Ardupilot, versatile,
Trusted, Open, https://ardupilot.org/

The Conversation (May 2025 7 7 & X)) : Ukraine

war: Australian-made cardboard drones used to attack

au starlink direct

Russian airfield show how innovation is key to
modern warfare, https://theconversation.com/ukraine-
war-australian-made-cardboard-drones-used-to-attack-
russian-airfield-show-how-innovation-is-key-to-
modern-warfare-212629

Funaki,M., Sakanaka,S.,

Nakamura,N., Hirasawa,N., Obara,N., and Kuwabara,M.

Higashino,S., Iwata,N.,
(2014): Small unmanned aerial vehicles for Antarctic
research: Results of aecromagnetic surveys in the South
Shetland Islands, Antarctica, Polar Science, Vol.8,
pp-342-356, 2014.

Google Earth (May 2025
https://earth.google.com

LTE EZ27 2 > (May 2025 7 7 & &),
https://www.docomo.ne.jp/charge/lte-joukuriyou-plan/

Starlink (May 2025 7 7 & X)),

https://www.starlink.com/jp

accessed),

(X ZIH : 202548 A29R)



