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Abstract: The flexible movements of flying robots make it difficult for novices to manipulate them precisely
with controllers such as a joystick and a proportional radio system. Moreover, the mapping of instructions
between a robot and its reactions is not necessarily intuitive for users. We propose manipulation methods for
flying robots using augmented reality technologies. In the proposed system, a virtual plane is superimposed
on a flying robot and users control the robot by manipulating the virtual plane and drawing a moving path
on it. In this paper, we present the design and implementation of our system and describe experiments
conducted to evaluate our methods. Also, we consider features of proposed methods.
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Fig. 1 Proposed system.
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Table 1 Comparison of the proposed methods with previous methods.
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Fig. 2 Example of proposed method operation.
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Fig. 3 Operations in proposed system.

BEEIER BT L, ZOBTORNY ¥ 28T 5.
4. 7ON&24 7

4.1 FARIRIE

AT T AR v MiZiE, Parrot 13 AR.Drone 2.0 &1
L, # 7L v Mk & LT Apple #3 iPad (10S7) 112,
Objective-C & JHWTEEL L 72, (REFMm 2 E 2 ER S
% AR BRE: L LT Qualcomm F#EDE/NA )V AR T4 7
71 Td A Vuforia R LTV 5.

4.2 BEI1>271—X

AR.Drone OJEPH 4 W IZH{E~—H 2L, Thr ¥y
7Ly MaREBRO N 2T THt, TR EEET 5.
IRFECEI 1, B~ - OF S @A FEHE e ->THBY,
B, JLKMENDP TR TH L. LTIy vy F R
)= BT ) BIEH 2R 5.
4.2.1 RIEEFEEE

RATER Y FOBENT TR UEEEH ETirbh b 2 &
FHELTWE72D, REFHOME ZTEICETT5 2
& T 3RILZEMOBE D HE L 7 5. AREEFHE O [IFERE
i, Yo F A7) = n 048Dy sy y S LRIC
BEAZ) =V OHEST NI v 7/ T52 LTI, 04
BEWHHIZIOSDa Y 7y FEHBENSL T 7 4V b
DIETH L., 728 v TIE 1 RDIETIT> T B0, 4
Wi 2 WERY , BRI 215131 ARTIF) 22 2§ 5.
MERE 24T B, 2 #ibl EoFEREE T v ZHET
179 C DWW 728, BIAEIE M) 2 S5 510 1 i
RE LT, F/2, BEEHEIITRICRIRTETH L. W
WikEE TR, WETFHIE~— P LR KX STHERREND
2%, AR.Drone # BEj X7 WHEAME F THFRHOKE &

© 2015 Information Processing Society of Japan

FEIEK/HEA

Uiy, =
W

/ / _|
EVFTINEVFA2 N

4 R ORE T
Fig. 4 Operation of the virtual plane.

WEWTWRWEEDNEZ bNDL 0, T—FIEEIF
WO KN EITZ A LI ICL TS, BEEY v F 22
V=% YEyFTIbTAIETIR, EVvFAr$52
ETHINEAT S . BRI EORR T 2R 4 (RS, £
7z, AHRET ABOME LR L OREL LOFFIXE
i, BT O#ipIEE REYHEEZFRRT A2 LT,
B R A B ICER L TWA,

4.2.2 BIEER

4.2.1 TR L2 PIHIREIC L o C, SFHORE S &
& &P L7tk Pl EIcBE) S8 72w IR E 2 155
T4, BEOREIWEZ K9y 7452 LT, Bl

35



EHMMIPFSH/YEE FU4/)0>72Y Vol.3 No.2 32-41 (Aug. 2015)

Fy(X9,¥9520)

P(x,%,2)

5 [ H ALY

Fig. 5 Free curve array.

K7 v 7 LTwaARIE AR.Drone OH.LA5H ¥ v F LT
L EFT ISR BRI A FIR S, WA OIRL T &1C X
) AR.Drone (I#EKICHE > TRENZ BT 5. BE L2
H12i> T AR.Drone "BE§ 25k &2 1 —HI27 1 = F
Ny 75572812, AR.Drone 2SBE) L TW A, AEFE
WA 7)) — > FiZEE SN A, % LT AR.Drone DBH)
DT L7z, BEWOFHOME &0 4 X &R - K
P2 R~ — 7 FICHERT 5. BT LT
|12 AR.Drone % B#) S ¥ 7204, RKEFEHASA 7 ) — >~
W2 L CHEE R MERRIC R 2720, KOTSRS
E T AEESHE L BB EPHEEND. 2D L)
R, =Y H 52 AR.Drone QI H A2 B E) 3
AHE, MEXEEMNNTAIETEORELRETX 5,

4.3 AR.Drone Dl
AR.Drone O ¥ E)ER AT 12 B Bl TRlak T
& 57, AR.Drone IZBEifRR%E 52 281213 % 5 %
HIPE CHRGE L 722 L Cwab, B ITRT LIS, B
B Py 25, RICHEEIS 25 Py, Po.. BEIF T HL
ﬁﬂhﬁwﬁﬂﬁ@ﬁﬁWﬁ%v—ﬁr =2 CTRD, BTEH
LROME L TOBE MDY PVERIET L. 1556
?(Lt’\7 I V% AR.Drone #kDHi#, iifi, ET&#O
CARL, e oREHEE % P LT AR.Drone
2P, 5 Py NOBEM A E%ES. BEPIEANXS L
@k%ékT/FVH%/7T*bt%@ﬁ%%1BO@
BEICE L, BEHEEEL LR - 2R E T Py ~ORE)
MWET LIz HET A, ZLT Py ZHAEMEL, RO
P IO LCHERICEIEZ L, BEZ1T). Dlhoon
Y A 2 BUEHLEL Py 2> SEEHIDFERL Plose $THED R L, #E
B 2 BN A FER L T b, 728013 1/30 M
TR SN D 720, KHOEEIIECREEIC L > TELT
L. MHEOHEECS U CEREZZIT 5 L) 1CHE 2179
Z LT, B OFLRERE & TRy b OBEHEE E s S &
TW5,

Ty FAZ)— 2R 2KRDIGTY vF L, BiHEAHIC

© 2015 Information Processing Society of Japan

K7 v 7422 TERR, EAAICFIYy 73562 L
THIER O m4 % AR.Drone (2344, Z OO hEREE L
fﬁ’]ﬁ343ﬁp/ﬂf—ﬂsz)b, TE%X?'J—‘/ﬁ)%%ELf:
Fr s TS 2% 5. $72, AR.Drone ODFE)H 2
V=V % TIWVE Yy 7452 ETCRICEILGS 3% V)
FDHTHNY) 795,

44 Ty RrazZ>r7J

WATT — 4 oSN D RIRN A L LA TR OREE T —
yhBERESL, BET—F Eabes 2L THEME Y
ZEMEREE L THEILNT 2 &) WM E T o7z, B ORERE S
EATE LTHEONIEMERE T — 21, csv BT T 7
Vor—3a O T ERBHCELEFEING L) ICREL, %
IZHUATHLER 2 BT 5 2 LT EECTH 5. 150 N7 BRI
4.3 HZIRR72 &) ISR EF MO P DR, SR
LTWah7d, Fy FLaZy 7/ CHEE &5 Bk
NS, VAT LB G2 v,

4.5 TOMNZA TETOEZDHDODLERG

HWEOEHEIIBWT, AT 2BOLES 7, D\T z
ARG, BEmERIE, WA Y T Ly MgRO L H I

A F LW AT T@ﬁéﬂfbxéﬁ\ﬁﬁ’ﬁ)é. %@WEJ:~

RATEHAR Y b EREFH A EERRSEL700, Rt
Ry bHH AT OREHFAIZA > TORITIUER S v,
FEEREFROBICHHT 2RATE AR v MR L 2%
=N, FEREKEDON AT THRTELLENH L. #
L CHIEmAR L RATE ARy NECTHBEEZIT) 720, HWw)S
HERR LAN CHERCE D2 PN EE L 5.

5. FHm=EER

51 XEk1:BHNEAR

RETFHETE, 2—Fea Ry POMEBRIZESTHE
B e R RAL Z ENTE L, BHLSFHENS
VaAATA v A TOay hu—F LRIV, iR
RFEORFEEZMEE L 72, 21X, AR.Drone ORI

36



BEMESLHTHE FU 40272V Vol.3 No.2 32-41 (Aug. 2015)

6 FEIR1RIEE
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Fig. 9 Experiment 2: Average time for six paths.
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Fig. 10 Experiment 2: Questionnaire results.
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