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Flying Head: A Head Motion Synchronization Mechanism
for Unmanned Aerial Vehicle Control

Kerra Hicucur»?®  JuN REKIMOTO!3:P)

Abstract: We propose an unmanned aerial vehicle (UAV) control mechanism, called a “Flying Head”, which
synchronizes human head and robot motions. Previous telepresence research has centered on the use of robots
that move along the ground using wheels or legs. Recently, telepresence research has expanded to include the
use of remote flying robots. The accurate manipulation of such robots, is difficult, as their control typically
involves hand-operated devices such as proportional R/C systems or joysticks. Using the Flying Head system,
we can incorporate a robot control using human motions such as walking, looking around and crouching.
Our system synchronizes the operator and UAV positions in terms of the horizontal and vertical positions
and the yaw orientation. The operator can use the UAV more intuitively, as such manipulations are more
in accord with kinesthetic imagery. The results of a user study shows that this method makes controlling
the robot easier than with a joystick. In this paper, we also discuss flying telepresence applications such as
capturing platforms, teleoperation, and sports training.
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ELTRENLZY af AT 4 v 7 %@L 2. 2 DR,
2 ODEEEE b Flying Head 2V RIC RIAF 25 R %257,
BB, B L7 sy 4 72 AT 2Ol REIE &k
X, REEFEDEN LT 7V r—y aviidm L .
2. Flying Head XHA=X L\

Flying Head (%, A XL —% & UAV OBIfE% [ S ¢ 2
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NAADBET BPMDEE hg 120 THD, Wit VeV
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42 RE1DFEREER
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T

P, = T (11)
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(b) DX ITe—ADWYRFIE > Tw 5 & EiZ, B
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CaA AT A4y 71F35.8 %k FERIC R o . BB
D3kyvarvPHiit tBELZE IS, plHld0.012
R, KFEPHRBICRIFRHERTHoI2E VX 5.

K 10 1356 2 I8 5 UAV oBEREcH 5. AF
T, 77V — VORISR > T UAV 2 B8 3 ¢
HIEMTETCVLIEDDLDS.YaAf AT 4y 7Tl
77 L= OREREE» 6 KRE N —Fzio 7
D, A¥—=FMEDPSIZIEE o720 ER>T0S. 2D
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TETCVDIEDRBINS.
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tyravHIYDUEDR Y > aryDiH, UAV DOiEt]
AR R BRE L 7: LCRET 2 2 LN TE S, AT
TlZ UAV Z VB D ICEIECE 2720, fifPey > a
VEBENPDIBICRIFICRoTWIDEEEZLNS, Ya
A AT 4y 7 CIREHOBEREZILAS ) L5 L, HF
IR U TLTLE W 2, 3y a vy DlHkEED
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&, TV —bERERLE, Ty =084 v Tz
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Q5 | BEIEPERNIZEY) S E b F L 7o
Q6 | FEEIZEAEDOMIEEIC 2 D £ LD
Q7 | FEBRIFB Lo/ LU F L72d?
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L7, TRTOEHICEBWT, FHEIEVIE ERBIFaiER
THsB, BM11 77— FDRERERT,

7 Vr— bk Q8 DFfEED 6 Flying Head TlX, 4L —
I H IR T Z b ot, RAFEIZTFT AL A
BARICHARGEHEIARE L k5720, REOMAHICIX
M2 7 WHRENEDS D B, Z Do, RFFIIMOEREIES
T 2 RETH 5. RFHEITAB DI ORI A g
REZICHMTH D720, kDS -HIW~OBE %
L580C1F, ZoMOFRIUIVEZLZETEFRL—%
DWHEMZOND LEZ S,

5. iHam
RKETIIHRRO 70 b ¥4 7L A7 LDHIRFELE Z0

R4, Flying Head X 1 = X L2 X % UAV #1EDSEG %)
BTV —va ilonTEmT 5.

5.1 HIPREIE

EBAREICBWTREERE—v a vy v 7F v 2
TERWD, OMEIEEMZEAL ZTUI RS R
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IR TICEIT 22 L3 TE 5,

AR TIE, A—DFRETEHRO>Y EV 7281 &
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R—=YFIcB VLT, B2 1% Ty Er 795
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TR DALE & D ANBIDSHIT I 2T % £, UAV 234
HET 5, RMIOMELD, Wiz EN$52ET, UAV %
FRAAICEEZE S I ENTES, £, AMoBENT
W3 J5HE (yaw) 1%, Flying Head &R U & 9 icHEHZ
5, RFHETENY 278 —DEZHET 20683780
72®, UAV OBB#HFICHIRD 2\, 72, yaw AOFIM
I3 UAV IS NP vy A upEFa v SATHETE
5. 2D, UAV OMEHRIN AT E % B T3 Flying
Head %, PZEMINCTE 2 WERBICIIAFLEZFHT 2 L
WOSE G A[EETH 5.

5.3 ‘®EITIVYNTA—L

VR & AT MZB TS 2 5 OA7iE L %z, HiE
FIICTRE T 3 STIEDBIZE I N T 3, Ware 5 1ZTICH-
TR A X 12 K-> T, R D A X 5 ALELEA % RE
L7z [5). WYRPEETIE, av Ea—¥ 75749 7 ADN
A9 =0%, FEBEOHATHRDOTF N 2% TS L
WX DIREL TS, DU, FH#H 51k UAV I L D BIEH
RN ZZHIRI DR n A X 57— 7 BB T 2% %
L7-. ZOWfRIc kb, BERITO UAV I X D IREERR
BB L S IRE T2 2 LR EBILZ (6. LoL, FEE
DMEIREICBE VT, EDXIBARXTT—7 TR T
ZIEANBDRET 2068035 5, K A7 L% UAV I
XA L HAADLE B Z LIk, HWilins —vi
A, EHnsy — IZ A FREIEIC X DT 2
Loz, FrLolgay 7 Y HlfENREIC % 5.
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5.4 =@M TOESR

HhET ARy NGRS 2 REN RS L LT, I
B 2 RHEEEBOXLENH 5. 7L — v RPNy FHlD <
2L —=%ICLD, ARV =¥ 3EFEE>» SRy bR
BEfEL, MREHZ 352 ENTE S, i, UAVICIE~
—EalL—=FiEownTnwinid, BEEYOKRLEREIXT
7z, Lindsay 513, UAV IS/MED 7 L — 2 ZHLD fFHF
52 L2k, UAVIC X 2RSSO 7 2RI L
72, S, UAVICw=F 2L =38R MIF6 52 LI
iU, Flying Head TIXADEE) & H OB & THE)% H
BTX270, BELv=_E 1L —% 02 P EET
L EDMEERE EEZ D,

55 IVH—TAVAVMERR—=YNL—ZVY

Flying Head &RV EERLAERD X 512, A OE% 5
H 6 A2 EHTES, TEDxUTokyo 21} % Flying
Head DERICEWT, 50 AL EOBEEBEL . %<
DREFEDS, UAV DH X7 D35H 5 D% 5 K% sy L 7 g
Z HMD TR L &2 THZOREZEBINICRAS L wH ik
BRIZWEETLAZED v, EW)EEZEEL Tk
AFHIT K B UAV BIEEHBEOW L S H 6, =v ¥ —74
VAV N ERREHTE RS B,

Flying Head IC& W AR =Y bL—= v 72T 5 2
EbEZoNDG, BEEVEPETAEHOTHTOE R
MERLZNE, PL—ov %2352 EIF—MNTH 3,
K 2T LEHGIUE, UAV D35S 2RO ED S ik
WL, BODEZVT7ILIA LICHERTZE0w) FL—=
VIOHEETES, e, Vo= EDF—LEFEO
L—=Y 7B WT, UAV T L 72 1220 & OGS
EEBATHETZZLICED, 74—X—=vavFxzy
P ED ML=V VRIS B,

6. PBEEMRRE

UAV O#AERICBIS 2015818, TFEEA LR D DDdH
2. HHS Y 2 AF ¥ I2 Xk 2 UAV OB/EFEZREL
TWw3 (7., TNEDHEIETNA ZADRY L= L
NDANE, P AF Xy EVYZLTw5, Quigley
513 UAV Ol N7 A =8 2T 270Dk L LT,
PDA®YaA A7 4 v 7, HHmmebiliay ba—77%
ERFHN L 72 [8]). B a Y Fu—F 13 UAV OBHE) /T
ZEBRIICIIE T & 2208, BEIHM 2 & O /FRt 2 #E4
52 EDEEL . Vries S IZUHEREBERERET A X 7 2D
31572 UAV 2% L 72 [9]. Giordano 5 & CyberMotion
simulator 12 & D JEF #8229 2 & T, UAV OBHEIREZ
AR —=F BN 5 2 L ZAREIC L 72 [10]. ABETIE,
ARV — 8 DEFEEIC &L D B ALEP LA Z UAV O
Wl ST X =S ICHEAW L T3, 2070, szl
TH UAV 2@ ) Ici s 22 L3 Tc& 5, £74, K
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WHECIIBENAE ) SARRTECEROLIZIC KD, UAV O
BEIRAE L EIE R A R L —F IR 5 2 L3 TE 5.

7. ¥EH

AWFZETIE, UEREIE L UAV % A S & 28 EX =
ALTH % Flying Head ZIRE L 72, A XL — % 135 KH)
%o THMET 2 2 EBTE 570, UAV DR OEED
Bl R F X =8 ZMHNIREST 2 2 L3 TE S, £, &
B 5 UAV OB B)E 2 fiHIC S 2 2 L3 TE S,
AWFZETIE, AL —% & UAV OGEEX v v 7280
27ODFEEFEEL %, 2 ODIREHEBICLD, Flying
Head DHZIMEZR L7, AWEOBRRIC L D, A& X
B 2 kR RO UAV %, ARV =9 BHATDED X
IHETE DR DAL B HBTE L,

HE AU, HARAMHRES R WL B 520 2 24-
10424 DK Z 32T 7o, SRIRHERIC I SEBREE B4 2 )
SxHEW,
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