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Development of a Multi-Rotor UAV to transport a Small Rover in a Mountainous Area
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Tele-operated mobile robots play an important role in observing active volcano areas in restricted areas.
However, it is very difficult for current mobile robotic technology to traverse a whole path from unrestricted
area to the destination in restricted area by itself. Therefore, we drew up a scenario in which an electronic
rotary-wing UAV transported a small-sized mobile robot by air. Based on the scenario, we developed a
prototype rotary-wing UAV and conducted some field experiments, in which the UAV carries a small robot.
In this paper, firstly, we discuss changing factors in thrust of rotary wings in different altitude, then introduce
the prototype UAV, and finally, report some field experiments and evaluations of them.
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Fig. 1 Multi-rotor UAV named TOBI.

BIFAERETORITIIREEE S T& 7=, 2oL,
EEBACITRE S BARIE L & KRR Ic L - CThl & i
TEAND, UFTIHEZDO 2 50T, HE RIEFT
WZDOWTIERB,

2.2 BEFENHEIAARIITEE

BHRES UAV 23FATT D@ EN LT 28, KREBED
K TFICES TREF OBBEEN/NS L 725, BREERFO T
MEEEMENWL S P ra P T, BEEEDETIC E-
TRRIEN PR T3 272, BRI Z B3 HIME T L
FATICHE L 25 HEAIN B on/eled, ZOHS
RTFBNEKNE A2 EHREAE UAV OMRATE FEICIXRAN
FEL TV,
FITARMETIE., Ly Tux P2V UAV T©
137, BB EOE—X EERT L~ LT a— 2 e A
WpHZ bkl L, FEEREEZEIEEE 752 LT, BRE
FENBHRE~OHINCEET L L0320, kLY
HEVEETORIT, 25NN, B 1— FOHEHEN
FRE L TR B,

2.3 RRREHNEI~NRIFTEE

[FHRE G DD DR E SIE, EICKRKEE IR
LTW5 3, o, RREEOKRE JIIKIR, KUE, WE
DEBEZT, —BNIEEED LRI TR T %,
ZHOLlZEnD, KO LA, JIEOKT, 726 ONTiE
EOEFIZE > TREEEIINEL Y, BEROG L H
IR T2,

S B/ MIOEERZIZEI LTI, AT Re(L A /L X%K)



Fig. 2 Devices of TOBI.
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Fig. 3 System configuration of TOBI.

Fig. 4
Wire cutting mechanism.

Fig. 5
Micro controller of TOBI.

Fig. 6 Propeller of TOBI (APC 13 X9 inches).

2%, FATREORCRIAIEREL AN, £ 9,000[rpm] TH 5, AT
DEE, —oORERR B T- V12 1[kg] LLEOHEANER SN D
7o, FEHERITITTo bR NS < BEDH D DA AN,

Flo. BEioARy FERITRICOBET 5720, BIK T
WCBEI TR Y OIFAAN— A &R T, 22Tt D%
WaAT 5, HBEEEIL, BEOZD, LN, BE)
2Ry b ORI ST DR TED 72D #9054 (T4 =
V) 2 EEGRTREE IS AR L7z (4),

ZOMOLEE L LT, A RO T AN A T 1
KL GPS v T — 25l LTz, BADEIRITIL, 16.5[V]
92[Ah| DV F U LT =T A4 My T U EHWE,

3.3 ARG

RO ZEEMHIN 1L, TR &40 TW D RC FH O ZLEAHI 1)
oy hua—T &% AWz, BUROBEOEEZ W T, RC
A7 mRIcky, ANHBEHRTE DHEPANICINT, k@
E&1T9, ZIELIEERE, v 7 a2y ha—7 CUOP
S, BEGH = br—T, ROTBEEREOHIE 21T 5,

3.4 ®BEOAKRY K

ARl FRATARBRIF CHSRCS D PRARRIE, BRI S DBEgE LTz
GeoStar-Mini([¥ 7) Th 2 [7]. ZOHEMIL, FITEMEO
ToDICHEEN 14kg] &/NVH - RETHY | M LAN £7-
3. BRI A O CIERR I S OBYENFTRETH 2.



Fig. 7 Rover GeoStar-Mini.
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Fig. 8 Separation test(1,700[m]).

Fig. 9 Separation test(1,300[m]).

WRNZ LD EBEOTEE ORI Z OEMIIAZHT 5
LT, MR T D LRI TE D, E, S
1,700[m] (2361 2L ERAT & A 1,300(m] TOBE =R >
kOB R L Z L ons, K@) 1,000[m] &z
LEHETH, KIEEZIT ) 2O OBEa R v kORI,
~“NTFu—FEPNFERTHDL L ERTIENTE T,

5 #E5

AHFFETIX, KIREZ1T 9 mIEEER o/ VBB o R
N, A ERE L5 KL EH F TS 5 700, ~
NFu—F OB EED TE -, ZORBICHIZY., &
WIEEENCRBT 5 KEABEDOR TP RKOIRENHES I E %
LWBOBENEE LD, £ 2 CTARTIE, IMLOREL
BT, TATRORKOIRENHE NI K& BT H 2 b
ik, UAV ORUYEICH T2 0, BEIRGETCOREIEE LT,
ZOWENENEZE LT ban Eailim, &k
2, BUEL 7=~ Fo—2i TOBLIZOWTREAM L, TOBI
I L BTATRERD O, 25 1,000[m] 2B 2 5 miEmEmIcB 0
T, [HEZEA UAV 2 W= BE#o Ry b OFEER ffET
HDHZEER LT, SRIL. ZoOMKEET A I—A L L
T, RATRRDIE RS, B v — REEOHINE V-
T B EED, ERRICKLREC/NIa Ry b EERT S
ZEMARER e LT n— X DB B D B,

3k

(1] Kadea], Wk, 5T, MR, DL, mmE—, 2
TR AR, /INHBEB R R > N OEEREIC X 2 K IITEB Rk OBIEE- 7%
MINZI T B 2012 47 ¢ —v FatBR-, 95 13 EFH E Bl
VAT hA VT I — a3 MR SRR UE, pp.648-651, 2012.

[2] FNER, INRETE, HRIEERITE R » &, AAEERSY 25, Vol.106,
No.1019, pp.774-777, 2003.

(3] /s, VAR T2, 2w 4k, WK 1 K, 2009.

[4] John, B. Brandt., and Michael S. Selig.: Propeller Perfor-
mance Data at Low Reynolds Numbers, 49th AIAA Aerospace
Sciences Meeting, 2011.

[5] Robert, W. Deters., and Michael, S. Selig.: Static Testing of
Micro Propellers, 26th AIAA Applied Aerodynamics Confer-
ence, 2008.

[6] K&k, TARIEEE, MR, KaEEF], HHfmsk, mEL ek
9 [RERZR N UAV 77025 OHEME F OFEM, B AHIZE5 54
FadbHSGm 2013 4k S JSASS-2013-H028.

(7] WD, BRI, S, AR, R, PG, i
SRR IIRAE TR > N OB L iml@ s ERER, 55 13 (8] FHEE i
R VAT A VT T b— a UEIM S fRUE, pp.652-654,
2012-12, 2012



