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Interaction system touching the aerial image along with
the tactile sensation
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Abstract: The conventional virtual reality (VR) technology pursued it whether a user realized a feeling of
high immersion. In this article, We realize the style that users can touch a virtual object directly in the real-
ity world. We provide a new interactive information interface which is union of an aerial three-dimensional

image and the tactile sensation .
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Fig. 1 An overview of the glove type haptic device
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Fig. 2 Mobility of the finger

% 1 BMF100 Ok [11]
Table 1 Specification of the BMF100[11]

FEHEE R [mm] 0.1
FEHFAET [gf] 70

EHEFHOT A (%] | 4.0
FEHERR B EUE [mA] 200
FRUERREEIE [V/m] | 27

HHiUE [Q/m] 135
515R D B [kef] 0.8
HE [mg/m] 50

THH, ZOREZTREHRELIER. £z, 61,02,0;
BERTOP] D& XA FRMBRELITR. M2b) EF
SO OMNITREZRLUTE D, MOE»TFHICHELET S
¥ CHMET B LA TES.

FHEIZIEZA Yy 2B Y, AIEEREIFE T TH DT

¥ VY (sparkfun #, Flex Sensor) A INTWVWS. T
Nz ko THoEE 2T 5.
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HBHIENEHETHD. AEHETIE, NIPORELRT V
FaL—REUTSMAR—ZADTAVTHINA T AR
NV (hF - a=FRL—rarFkRaedi® BMF100) %2M
Wb, LARZDTA¥% SMA 71 VEER. SMATA
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Fig. 3 Displacement amplification mechanism of the SMA wire

by the multistage pulley[12]
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Fig. 4 Tension maintenance mechanism of the SMA wire
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Fig. 5 Interlocking movement of a finger and the transport
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wE, et IVEET S
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Fig. 6 Overview of the relationship identification experiment

of SMA wires and bending sensor
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Fig. 7 Relations of PWM signal and the resistance
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Fig. 8 Error of the actual value for the approximate curve
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Fig. 9 General view of the space image indication system
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£ 2 Tuvzs X PJU-2100 DLFk
Table 2 Specifications of projector PJU-2100

B4 1 X [inch)] 5-50

B BEiE (mm) 200-2000
FEEE [lm)] 20

fi 4% [pixel] 640360
IV hIAb 1200:1
% [mm)] W80xD60xH18
HiE [g] 64

MERESF v

S MEARER

10 A2V —VIBREE

Fig. 10 Screen formation device
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ANAZY =V EEKEL, ThEHRL LI T 2EHI
BBEILTAIY -V RREIELHMBMINIR[IETHS.
7L, EEANUYLT DO A NPT OIS
MBI I L 3R D, BEIZAZ ) -V 2BKRT 5
T2ODTRNPBRELR D,

3.3 /X)laz=v b
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DI ATV =B B e BT, BENRAZY —
VEBEDNARE—IZ B, ZOMERERT S0, I
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(a) CAD ®7 )V (b) Ek

(a) CAD model (b) Actual machine
K11 /Ara=vh
Fig. 11 Nozzle unit

(a) CAD £7 L

(a) CAD model
®12 27—-35 (GEmiisERE)

Fig. 12 Swirler (turning style generator)

(b) Sk
(b) Actual machine
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A EET B TIA N7 —2F&EL, /X2
=y FNIZHRET A I A NOBMAEGEEI NS,

AT =5 &Rl I A S T80 —I13RR & U TR T iR
ERioTHY, A2V —VEEBKRARRNG -5, £
T, JANVIZERAV Y N2RITEIELTIAITIE—D
MG G MR 2 582 T BIHT. K13 IZBIRAY v b O
CAD EF NV e EEOME Z7-3. A Y v MEIE 5[mm],
FEE 1mm], MR 1[mm] OERIRITHATNS., Z0%
AV Y b2 ZVIZEO M5 Z & T3 A NAERE S
WZhi-> TSN, A7V —vE2E LIRS,

M14 IZAT—5 L BFEA) v b 2EELURED ) X
Va=y bOElEZRT. FHITZ2ETO/ Xva=y
IR U TR DEM A WS,

3.4 IR MEAER
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(a) CAD €7V (b) S
(a) CAD model (b) Actual machine
B 13 #|AY v b
Fig. 13 Rectification slit

(a) CAD €F NV (b) St
(a) CAD model (b) Actual machine
B 14 AV—FBRAVY FEEELLZ AV2=Y b
Fig. 14 The nozzle unit which attached a swirler and a recti-

fication slit
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(a) CAD €7V
(a) CAD model

(b) St
(b) Actual machine

B 15 I A MG
Fig. 15 Mist supply
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R 3 EMET 7O [14], [15]
Table 3 Specifications of the ventilation fan[14], [15]

€ RDDS8025B UCTBS
#E [mmAq) 8.38 1.47

X KJEE [CFM] 57.78 27.94
[HI#E2L [rpm) 4,000 1,600
EXE) [V]/[A] 12/0.4 12/0.15
¥ [dB] 40 15
~HE [mm] 80 x 80 x 25 80 x 80 x 25

K 16 ZErB R IERDRR T

Fig. 16 State of the space image projection experiment
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SR TIEH B, EEMEREVPEHLTEWI 205
RET 7 v EGET 5720, TER) 2a—LE2EL
JEBFREMMALUEZ R T4 NZ2ER L. 2L, 77
VOEEREEAE LD S R AL E CFETHRET 22N
AHETH 5.
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5H5DTH5. AZV—VEDIANTO—%2ERT 7
&, WEOEREZ2HE LTI AM2THEAL .
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(a) BRMG (RIERTR)

(a) Projection image

(b) A2V =Y DM

(b) Image on the screen

(reversing display)
17 IAPRZY BB I NG
Fig. 17 The image which was reflected by mist screen

R U2 BRI EBR IR S - g 2 RIERR L7z 5 D
Thd. A7) —r ETRHEINMEIIERN 200[mm)]
(9-10[inch] #H24) T, HMXEFTHMWMD L LAMHITE 55
BIZBHTH D, £/, TRV 7 XEEE -V DHA
BEEHIZAZ ) —VPREELRAUEI L LTAZY =V
EFRFATILT, 7uVz 7 X0ONEEMRTSHI 5L
BEIBEABETHD. ZOIEho, KRVATLANT A
7Ny TTORAIZBWTHENREREZREO>EFEZD Z
ENTE D,

A7) = VBB EBNTTIIAZ ) — v 2 ikT 5 &>
I AMBHENRTWSED, A2V —rHEII#RE—ICE
BENTED, IANREFAITRN TS Z Ehbh
5. ZDZehs, AT=IBLUERAY v b ARERK
WHERELTWA Z 2 hbh s, —h, BRAV Y Moo
TAZ ) —VHERIZHRELTEY, AV hoOK
RiIZIFREBORMDAE SN, /2, TT7H—TFTVDOHH
WZEDDDSTAY AT LAORBBRETAZ Y — Vi
LTHY, MEIZEXA2AROEEAEZRTILENDHD L
Eriohbd.

4. RE -IMEREA VYTV 3aVIRAT A

X 18, 19 1TRT & DT, EhBRFREE & HRERR
BB JEBE BN VR FHIRAR & 3DCG M EMi 2 A ED
¥, TN 2MAMNGENTEL Y AT LEMKRTAZ L
T, 22N - WEREEEOH ZH/E - HEHEGT V&
TV aVVAT LEWMET LS. Ihd, KX TRET
S Z > TREPMGICEREMN S A VX5 a vy
AT LTHD. FEEMENEFHINCIE Leap Motion % FH Y,
3DCG D, 2GR, HIRRRO 7O DOREE
BIREDIHIZ—ED PC THHFET 5. 3DCG DR ERE
(Z1E Unity % i\ 5. Unity R DRk~ REEBED N, K>
AT LIZBWTEREE R D HRHIN R E DN Ic
F5.

e 3DCG MR A5
o WHEEE (BAHER K NFIE A Y) Malts
o MIHERE (1Y) DY) FILBIEIZ & B A
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AlRE

o AR Y (KRECTIE Leap Motion) DF|ANES

o RIEMAREZFMMT BN —F A2 7~ DRFEA
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SMA 74 Y 2S5, &b, HHEREBHEICIX
BT 7 2 R E T DREBENNEE N 28D, EHAE R ERENE 4 7
EONFHEHRIZTET PCARELTT 7TV hT 5.

M 21 IR TERBRTIX, B INIARTBY 2
WCRUTAZELIETY e —F L, B0 Eihi
HIhdzZrl, EMEREEOERTILNTELZ LN

I NSz, LR EOEIET TR A 572D EE R BT
SOHMMLIZL L, BMEED T 7a—F IERRIZ R 5.
Z D78, SMA 71 YUK D O3 BRI, B
FEOBEIICIVAE LIS WEEE R -7/, SMA Y
A Vil OB X 1%, —[mHARROEA & 0 WAL E
TOHEMIZRSRWR D AETE Lo 7.

AYVATFLATIEIANAZ ) =TT 52 —HHEEP
BRI E O BRI EE Y 425, BFEEME CG %
MeTINSIZARBEND DS, 2—FDOFL CGHD
FOETNVOMNBERBPRTNBENE %5, LizA-T,
WEDF% RLEREP S OMEBEBRENBETH>72. F
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