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Development of an Unmanned Observation Aerial Vehicle (UAV)
as a Tool for Volcano Survey

Kazuto Saikr* and Takeshi Oua**

An unmanned aerial vehicle (UAV) named “Osaka University Sky-1” was developed as a field survey tool
based on the concept that the researchers and the staff of the municipality who investigate volcanic field were able
to operate it easily, safely, and at low cost. Sky-1 is a radio control airplane with wingspan of 90cm. It is
controlled by three channel signal for motor, aileron, and elevator. Remote control distance is about 400 m
limited by human distance vision. The strong points of Sky-1 are as follows; custom-designed manufacturing of
the black polypropylene foam for the airframe material, an electric ducted fan is employed to secure the safety,
portable on one’s back because of the new design of the airframe division, the payload that reaches 300 g is secured,
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and achievement of the high flight performance against the strong wind around 10 m/s.
performed at Kusatsu-Shirane volcano on 15 May 2008.
crater lake and data of H, S gas concentration in the air.

was held at Osaka University and Kansai Mokei Airport (KMA) on 3—4 August 2008.

Field test for Sky-1 was

During the field tests, Sky-1 obtained movies of the
A training course in assembly and operation of Sky-1
By the field test and the

training course, we proved that the development concept of Sky-1 had been achieved.
Key words: Unmanned Aerial Vehicle (UAV), radio control, airplane, volcanic survey
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Fig. 1.
span is 90cm. The position of a ducted fan unit

Photographs of Osaka University Sky-1. Wing

is indicated with a white arrow.
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Table 1. Specifications of “Osaka University Sky-1”.
Name: Osaka University Sky-1 (Basalt-color)
Maximum length: 90 cm
Maximum width: 90 cm

Airframe Material: Expanded polypropylene (EPP)

Weight: 450 g (with battery)

Payload: 300 g maximum

Battery: 11.1V Lithium-polymer battery
Propulsion: Ducted fan with brushless motor
Thrust: 500 gf

Control: 3 ch (motor, aileron, elevator)

Technological control range: 1 km
Actual control range: 400 m (limited by human ability)
Flying time: ca. 5 min. (with standard battery)
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Fig. 2. Disassembling instructions for Sky-1. Sky-1 can
be disassembled for its transport and reassembled
on site.
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Fig. 3. Observation equipments installable on Sky-1.
(a) H.S sensor, (b) GPS, (c¢) SD-video camera,
(d) Wireless camera (150m range), (e) Wireless
camera (500m range), and (x) Wireless camera
receiver. Details for each equipment are shown

at Table 2.

Table 2. Equipments onboard Sky-1.

Equipments Weight (q)  Cost (yen)
(a) H2S sensor, Cosmos XS-2100 69 70000
(b) GPS, Garmin Geko201 89 20000
(c) SD-video camera, SEGA-TOYS Movie Carrier 151 12000
(d) Wireless camera (150 m range), RF Tiny-3RH 56 50000
(e) Wireless camera (500 m range), RF Pro5H 167 78000

(x) Wireless camera receiver, RF TP-6R not onboard 70000

B THAESL 2 ENTED LD ITH S, ([HHED
EMMOIEL CEnTE IR THENIEC 2, BHEH
ENHISTORE & SHERE ~ 5 7OV RR DR E H 5
TR TE 5. FEMEEEREBEBCHML B, &
BHLS» o RUIMER T 25 6 0gEL 73 5.

4. BAEE

BIMPEE S L CIRAI300g 2 TObDAEHT S C
ENTE S, B, HERNNCER L TV 2250 IS A
*Z, SDH—FEFAA 45, GPS, WiltkFZe=1%
(Fig. 3, Table 2) T& 5.

A A FHBRICIGC GERT 5. A, BRES 4 5
AT 5 &, TR OMYEE ) Ty A4 A TERIEIC
FBETEXEDT, BIL 72 WHBE S ERGEE D & B S0
Bene, 178 6 O TG & RS S I N & A
AT TENTEDZE VSRS S . F7, KK
ERZEECIESANOREAILHbE THFS T 5710 L,



KILBEY — v & L oM ABHIE O FA%E 141

AR E & TR THIEE Rt OB 2 I S RIE e S 7 &
T, HECX D 943 v 7245 bTE 5.
fefZ L, [ERARERIFCH - Th, BIHIREIC X - T
GO REBIRICENS C Ehib 3D T, TBXEZED
AT K BEBEIEE L V. F 7, HERLD A4 T IHEEARED
A2 MEDGEMTH B0, BRMBITTHARRIZE 5 72
HopEIREms, —F, SDA—FEFHLAE
FAHASIL, BE, avoes b, pOEMEOT, &
BRI T EMTE S, HBRIEIRTRICANELVE X
23, EREOHBEESLENTEXELHICSD EF
FHASERBETLELTESE. TNHDH A3,
74—V RERET AU F— sl REEE LTO
FHGEAONS. GHISBRTO DT — 5 2 R_FT
%, HBH5VIEREETLIHKEENS DV bDIE, EEMSLS
A, BMTHBEHNEZV, 2T, INEOFHIZEDOZE
IR AEH A S THRET A LIk ->T (Fig. 341, %=
HTDF =% ZRfFd 5 ENTE B,

7 A 5 LRBRICEE SRR L GPS Th 5. /MR
BOGPS 2#fidT 2 LItk 1 BT EICEEDAIE,
BEhn, BEhEE AT S &0 TE 5. GPS O
FHEBHE 2 5 P BBAERSR ORI E S bE S T &
T, HEELHEMEERE L IEENS L TE S,

NS OEIAISS 3 HE = 300 g OHIFHAN T HHIC
HAGDOLETES TEMNTE S, HIZIT 54 EOZERH
ERTI3, GPS (89g) LHEEM # T (56g) #4# L, 55
FEOWALKRIEENERRTIZ, GPS (89g), XN £
5 (56g), WAL/KFEEF (69g) 2k L1z, =D, &%
H AT (56g) &SD EFAH AT (151g) & GPS (89g)
EE L, BEALEAEE S £ 5 THEZE L 5> SD 4 £
S TEEERGEETO> EVWIBELH 5. BililgTan
v R EMET —7TITS DT, EOELMLEZE KL
EZRNEICKREMFS AT, BIETHBREHEA
Bbd THRETIEIT 5 &N TE 5.

5. EIEH B

Sky-1 DFEIEEER % 2008 45 A 15 HICHHEAR LT
1o 7z, BEAR L HEEEZEEEERITICE T 5
55 2160m O KILITH %, THEMITICRKOEBS O, B
SLIFENEBDEHIE 72> TV B, UTEO KT ST LK
FEHAMEH L TWE K - fth, 2000). &lalid, 55
DILENCAIE T 2 H A DMK Z ($h SHkE L 2o, SEEE
REATIE, Sky-1 OBFE T v &7 b DN FEMEEE] [
SR TR 2 MR L 7.

5-1 Sky-1 D:EHE

KIEFOFHEHIH ICZE TS RWE I AL %L,
HHTHEBTE L ENVTETH D, T, 1ERLTO

Fig. 4. Photographs showing how to carry Sky-1. At
Kusatsu-Shirane volcano on 15 May 2008.
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Fig. 5.
track of our survey party (white curve) imposed

Flying track of Sky-1 (gray curve) and walking

on the map of Kusatsu-Shirane volcano. Point J
is the junction of the national route 292 and a
mountain trail. Point S is the point where the
party started to walk. Point A is the take-off
point and point B is the point from where the
photo shown in Fig. 6 was taken.
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Fig. 7. The flight absolute altitude of Sky-1 obtained by an onboard GPS and the ground
elevation of the sub-airplane point on the air photography mission for the crater lake.
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Fig. 8.
H,S measurement mission.
objective view of Sky-1 flight.
view of an onboard wireless video camera shooting
the indicator of a portable H,S sensor. These
two frame are synchronized by a video-editing
software.

A screenshot of the observation video on the

The main frame is an
Sub frame is the

INHETWa EHEES NG, ZFEEOFEEHD H X
LXK D & 5 1L CRIFREE D JREE O MU 3\ T
3 L EbN AT 2581, A0 HET b
DIV, BmEEOETHEENRE(ILTVE LD
GRTIE, b o ERINEEDOHE v —BUNETH
5. AblE, 7= %2FKRTELHTERVHIZGED
T =7 EBENA T TIRTHEVDITA TTMNI £L
T T &2 L 72,

6. BETOTSL

i NI 2 T & H S NER T 2 720ic i3, [BHED
BN ENTTE 2L ENSH S, Sky-1 2EH L TH
W) E=Y —HHEEFEOWH 1%/ T, Sky-1 DAL
T« JRITEEE 2% 2008 4E 8 H 3~4 Hicfr-72. HOH
D Sky-1 ZH TEYEL, #HHEIB LT 5L 0D BHT
b5, BIER, BREE CHEEZEE MR S5 ihH
HETEH Q2), =7V VE s =7 o vZERH]
FEITERZRE T 2 R¥#HE 14, KB - BESEH
WG AR 2 REbed CRILERR = & & » OBIER
B D) Oo3fThd -, dflE, Rl o MR T
B R — b v oy 7OEMFICKIEL 2.

B—HHIE, HohUdHy b LEREAE) 7oL
VERANTHEADY 7 b T v a=y NERFABELK
RED SRR DBUEZ IS L C, TEZERFRNIFY 10 R ¢4
BHSO Sky-1 Z5ek S ¥ 5 &M TE L (Fig. 9). T
OIEEF 1 HTIT- e, TEECRIBE bt 2700l
VT THO B EL W Ebr - 7.

B OHHEIEG, WTIEE Sky-1 OFHBTRITEIT- TV

Fig. 9. A photo of the training course for assembly of
Sky-1 at Osaka University on 3 August 2008.

5 KMA BAPEIRAR T CRERAIED <cfr-72. %
FHEE, 9, BERahR T v Y U THERRERRR
T OERNC TN, Dk, HH T o7 Sky-1 D
tERA AL 28, —H @G 751 VEE) T LZETO)E
[FFRITASCTE B L DT - 7o, MEERREY 5 7 T2 D
VILEAISE L T dMmc L 5L, MAZEIRD B,
B THtEEA Y ARITHA TE 2 L DI 2 HL IR
40754 FMEEEWHSTETHE. 1 HOMITIIFET
b, H%—ATHEZT 3 720 OEH O K0 B
EVHREEEN D 505, HCEHES 512133 HiY
BEOHBEMEYKE BN 5.

HE7or 5 L,0—EE LT, BIWRITHEOHD
TR TRE ~ 3 2 L — & BHERF L 72, MERUHRIERIT
He~Varsy—viar—s&LTHRRTHDAT
\\ % Flying Model Simulator (FMS) (R. Méller * M. Méller
WEKEWE) EWH 7 1) —DY 7 vy THH B, WED
754 b ¥ a b — 8 IR THRO R 5> S O A O
BCEMtT 20 LT, MEERRHEY I 2 L =513,
it 2 EHEE RS OMB TEIET 5. Tk, #
KD T T BB ES NS> TRAILK R
D, ¥EADSC B DI > TR BB IZERAE O 72 DG
HNCWR S 578 &, MERAES S T 13 ORHERT 2 (R 5k
TAHIENTES, FMS LT Sky-1 2t cx 2L 91
3 5% Sky-1 ORI T — ¥ 2B L, #FE (EH) ©
# A b (http: //astrosis.ess.sci.osaka-u.ac.jp/MBO.html)
KOy vo—-—FTELLHIICLTHS. D Sky-1 1
KI5 T — 7 14, Sky-1 DR, O, BftaaIdd 2K
I, EEERE, Ty —EHERIICHBIT 5 L OME
RENTWB0T, [HHENHETTRICEEL S
LT EMTES. F7z, Sky-1 DEARKG D7D DK
RITIC BIEHT & 3 (Fig. 10). BRROMANT « HITeH



KILBE Y — v & L oM B OFA%E 145

@ Michael and Roman Moller

Fig. 10. A screenshot of FMS flight simulator. A
virtual Sky-1 is flying in the virtual field.
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