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Mid-air Constrained Haptic Interface Using Wind Power

Takemura, Haruo
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In this study, we developed a haptic interface using wind power for a user
to perceive forces of object stiffness and weight, or to navigate a direction. In particular, the
device was designed to allow a user to grab instead of wearing for higher usability. As a result,
the developed device could let a user to perceive the translational and rotational directions with

gore than 80 % accuracy. Higher accuracy and quick transfer was achieved especially in rotation
irection.



M X C—19,. F—19—1, Z2—19,

1. WA SO &

JRWZERI Ca— IR E2R TR T 5720
2. T R B ZERNCEE L7V FEREH A
TN, ZADBARDPEMMATON TN D, —
J. 8 kota—H¥A %7 x—2% (3DUD
THIEZIT Y%A, BRIC7 Y —72fRRET
R —HOHBERMERERIN TS HRN
ANNOREERA ETH5ZERMLRTND,

2. WO BK

AFRE T, B X iz T g A&
(D—FRd DT BEE)ZEEIE, &7
FELTA VBT = — A EN AT RE /2 22 R )
WD NEA X T = — ADFEBITHER L
2o MADHHEH NS Z LI2k, B
IZ[EE S A W IR )RR 2 BB 5,
FEXIFRIRENC K 2 5P 722 FE B ) R H R
2T, BEOA N ORRIZE Y #Him
EADONOMENEZIZL VWEEZLND,
ORI M ERAD T E S —va v
EcaEEZLND,

3. Mo Hik

X 1IR3 B0, BT 50 0%
AW itz B E L CHW s h
TIEREEDOHIE 21T o7, DC 77 %
a2 & T, R o JERE ) R R g
B AR U, BRMIIE, 5EE % B
L7V VR O lim 245 1 H2EE
L., YUV ORBHEIEIZ LY, RUmE
(R L 723 At ), e & (2 EJE L
AR OREAIREE 5, K4
IROMASNL T ER T Z v F A hof
Fipoo Bx41%.3D 7'V o4 MakerBot
Replicator2 (2 L 0 #fEL 7=, 21213,
THE T AN KA OB O E R
7

air fan

displayed force wind pressure

‘\‘I\Ill | --i';

gripper
gimbal __ _«
connecting

M2 7% yF A& BN OBER

CK—19 (Jtm@)

4. WFFEARR

BRI L7oT N R iE, B3k oicvy
NI E D TR ZDEBIZ L HTHREL
T HMORN R THENTEDH L
L L TRY, AFEIIM4DEBY E
BRCOBBT 2O Y LB HWTE
L7,

B L7731 2% VTR B A
ITol-%5. 50X 5IT 8EILL LD
RCHRFTAZRBREIELENTETH
LD ENEREINTZ, ZOLHIicT eSS —
a0 BLURTCIE ) RIETROE D)
PENFER ST,

4 28T LR N G

=]

0.6 0.8
| |
H

Correct answer
0.4

0.0
L

Translational force Rotational force

X 5 J7 MR O IEfF=R



BRENEFICEA TS Z b, B E2H
W2 B D SRIETRRE D TR R DR EE - BRI
WD iATeZ L & LTz, ZHETIE, =—
WILT NA R % FICRFOLE N B 5 PR
DT NRAAZFFR LTV, L, M
B L TRV RIL D R —F v LB EE & 1
BHTERWEWIBMEND L=, BN
WII N —F Y VERE TR L DHh
— L TR, AN S AR BT
HENEFLWEEZOND, £ T,
AR CIE, —WI2km Y LT &
TRT DB T S, R B TR ENE LU
UAV(Unmanned Aerial Vehicle) % fiv %
:&f#%%f%ﬁ?éﬁ%%ﬁﬁm%w
FTERL, ERESE SUI2016 THIFEW
RICOWTREEZIT-T2, K61%, S1DiE
IR AR &+ H 2L Ta—F s O
AT U TR o J8 ) 8 ) & s
LT ET, EROME, BN R0
émm&fk%ﬁﬁmﬁﬁﬁﬂ%&@of
W5z kﬁ“bé O REETIC, &5
R OEORBEED T NEEZTND

(a) (b)
! 1
/L \ with airflow i without airflow
h
: vy

pressure
sensor 10cm 10cm
03 0.3

moving average moving average
02 ?, | — originaloutput > -~ ceeen original output

Force (

p Ay B ; >

e oY il

111 2131741 51 61 7181 91 101 I H;Z\ 3\ 4I 51 6I 71 B\ 91 101
-0.1

Time step (At = 10 ms) Time step (At = 10 ms)

X6 Ja ) zZFH LR, BJ16 0 ick
JoRE o) (EX) . B LIZEBT
LR To Sl (HK)

5. FERBRImILE

GEaEamsc) B 2140)

1. Y. Kuroda, K. Seki, K. Kiyokawa, H.
Takemura; Non-grounded Haptic

Display by Controlling Wind Direction,

IEEJ Transactions on Electrical and
Electronic Engineering, Vol. 12, No.
3, 2017. HFEH Y

DOI: 0.1002/tee. 22391

2. G. Kato, Y. Kuroda, I. Nisky, K.
Kiyokawa, H. Takemura, Design and
Psychophysical Evaluation of the
HapSticks: A Novel Non-grounded
Mechanism for Presenting
Tool-mediated Vertical Forces, IEEE
Transactions on Haptics, 2017. #&¢
H» Y, (in print)

DOI: 10.1109/TOH. 2016. 2636824

(P& GE 91
1. G. Kato, Y. Kuroda, I. Nisky, K.
Kiyokawa, H. Takemura, HapStep: A

Novel Method to Sense Footsteps while
Remaining Seated using Longitudinal
Friction on the Sole of the Foot,
AsiaHaptics, 13A-1 (2016/11/30)
Kashiwa—no—ha.

K. Yamaguchi, G. Kato, Y. Kuroda, K.
Kiyokawa, and H. Takemura. A
Non—grounded and Encountered-type
Haptic Display Using a Drone. ACM
Spatial User Interaction (SUI ’16)
pp. 43-46, 2016.

G. Kato, Y. Kuroda, I. Nisky, K.
Kiyokawa, H. Takemura: A Novel Method
to Present Vertical Forces in
Tool-Mediated Interactions by a
Non-Grounded Rotation Mechanism,
IEEE World Haptics Conference 2015

pp. 400-407, (2015/06/22-25),
Evanston, 2015.

PTEILESE, HRHEZE, TIAIRRE BT
FED LI H D720 DFGE %Via
L—Yary, ERFS DB R},
PI-17-067, pp. 67-72 (2017/03/28) N
&3t

g, BHEEEZ, EESRE, 1B
i, VikliGHE, WEFREIC L 538 F4E
KF 4 AT VA, Ba—vr AL RT
= — AT Uy AR T U NimXE,
pp. 391-396 (2016/09/09)

VE LA, BHEEZE, PIRERE,  Jifil
TR EEE O FIE~OB N EF O
FETE, BAAN—FT Y LI T VT ¢
ﬁééé SE A, 14A-03 (2016/09/14)
Bz .

INpERERTT, HHEEZZ, I 3, A
1B, mIfR H MO REE~DPEE ﬁ%ﬂ%
L 72 B BT D R 5 B R 3t
AAN=F X VU T VT 4R %ﬁ
AR 11A-03 (2016/09/14) Sk,

gL, kR, BHEZEZ, 8
&, PiAHieHE, Behind You!: i@
WCEDHERT 4 AT VA, A 5T
7 v oa v gm X #, pp. 774-776
(2017/03/04) /IN&sFE.

HHEE: EREE L IR A 2T
7 vay, AREREBRTES F 3
ERREHRSE, HBd1(2016/03/12). (FRFF
AT



(£ Dfh)
R—br— U

PR S — b
http://www. lab. ime. cmc. osaka—u. ac. jp/

WFFERR I~ — (BRHEZER)
https://sites. google. com/site/ahchlab/

6. HFFEHERR

(D) AT E

ikt 1Rk (TAKEMURA, Haruo)
KK s A NR—=RAT 4 TR H— - 2
£

WFeE %S © 60263430

(2) B e 5y 3

HEmH #F7%  (KURODA, Yoshihiro)
KR« R FLRE T2 R) « B2
WFgEE &5 30402837

B 15 (KIYOKAWA, Kiyoshi)
KIEKE s A NR—=RAF 4 TR H— i
Hfz

WFeE %5 © 60358869

Kk B (OSHIRO, Osamu)
KBRKF « RFERBERARE T FF5e R - 282
BFgeE &5 © 90252832



