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A Study of the Nail-Mounted Tactile Display for Augmented Reality System
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Fig.1 Proposed method to give tactile sensation.
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Fig.2 Composition of experiment system.
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Fig.3 Installation of experiment device.

000000000000000000000000
ooo

0000000000000 100mm] 00000
000000000000000000000000
0000000000000 70[mm/s] 000000
000000000000000 0.50(N] 00 1.00[N]
000000000000000000000000
000000000000000000000000
ooo

3.2 00 BOOOOOOOOOOOOOOO0OO
oooo

00000000000000000000000
000000000000000000000000
00000000000000000000000
00000000000000000000000
0000000 voice coil 01000 1000000
00000000D0D00D000000000000
0000000000 000000O0ONECOO0ODO
0 Type33000000000000000 mass 0
voice coil 10 00000000000000DO00
00 132H7] 0 00000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000D0D0000000000000000 20[ms|
000000000000000000000000
0000 90[% 000000000000000 2B0
030000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000D0000000000000
000000000000000000000000
000 20ms)] J0000000000000000
000000000000000000000000
000000000000000000000000
0000000000000 70(mm/sj000000
000000000000 0.50[N] 00 1.20[N] OO
00000000000000000

3.3 00000000000

00 ADODODDOOODDOOO0OODO0 1000
0000000000000 400000 40000
000000000000000000000000
000000000000000000000000
000000000000000000000000
ooo

00000000000 D00000000000
0000000000D0D0000 10000000
00000D00000000000 40 (a)10[ms|0
(b)20[ms] 0000 D0O00O0D00O0O0O0DO0O000
000000000000000000000000
0000 10000000000000000000
000000000000000000000000
00 BOODODOOOOOOOOO0OO010000

2027



00000000000 2004/11 Vol. J87-D-II No. 11

0.6 WL DIFHE — 1.00[N] = 0.50[N]
- YOI (O]
£ 04 f | E!t
! \ I
R
wmwwlﬁ Aol Wm . ?ﬁ % N

\ M k) lMy h sM;i ft [fl‘w
o = WY v UN
0 10 20 30 40 50 60 70 80 90
E FARH5OHER [mm)]
S THT7T7VTTTINTT7 77T TN 7777777770 7T 77T
g 0 10 20 30 40 50 60 70 80 90
& AN S OER [mm]
04 0O0O0O0ODOODOODOOOODOO AO
Fig.4 Force characteristic to finger under real
environment.
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Fig.5 Force characteristic to finger undervirtual
environment.
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Fig.6 Element separation of edge part force.
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Fig.7 Nail-mounted tactile display.
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Fig.8 Perception experiment of convex width.
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Table 1 Result of straight line regression analysis.
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Fig.9 Spatial resolution of real and virtual
environment.

joooooooooooooooooooooo 10
gboobooooboooobooboobooboooboaoon
00000000000 3.8mm)]00000OO0OO
oooooooooOoooo((@ 1yoooooo 1o
gooooooooooooooooooooboo
gooo9obooooooooobobooooooaan
0000 1mm]0000000DODOOOODOOOOO
00000000000 3mm) 0000000000
gbooboooobooooboobooooo
gboobooboboobooboooboooobooooa
gbooboooboooooobo

010 boo-ooooooo-00o000000d
gooooooooooooooboooooooboa
goooooooo-0oooooooooooon
oooo38mmOdO00000O0O0

020 ODOo0O0OooOooooooOoooooooa
000000 1mm)D000000O0OOOODOOODO
0000000000000 O0O0O 3[mm]

5.3 0DOOOoooo

00 (l)boooooooooooooooooo
gbooboooboooobooboobooboooboaoon
gbooboooobooooboobooboooobooon
gbooboooboobooboobooboooboaoon
gbooboooboooobooboobooboooboaoon



000 Augmented Reality 00 000000000000O0000OO

poooobbobooobboboooboboooboboboo
pooooooboboboboooooobooboboboooda
pooooooboboboboooooobooboboboooda
poooooobobobboooooobooboboobooda
gooodoOOooDoOooDoOoDoOo iomoooobooo
goooobobooboobooboouooboobooo
O00000D0O000000O 38mmDOo0oog
goooobooboobooboouooboobooo
goooooboobooo

00 (2)0000000000O0O0O0O0OODOO
poooooobobooboboooooobooboboboobooda
poooooobobooboboooooobooboboboobooda
0 1mm]0000000000000000 1[em?]
00000 1000]00 (1500000 1fmm] 000
goooooobobooboboooooooooooo
0000000000000 0Ob000O00 3[mm] O
goooobooboobooboouooboobooo
00000000 §mm|00000DOOODOODO
pooooooboboboboooooobooboboooga
pooooooboboboboooooobooboboooga
0000000000000 0O0D0000 3[mm] O
poooooobobobobooooooboboboobooga
poooooobobobobooooooboboboobooga
goooobooboobooboouooboobooo
ooog

gooooobobob4.000000OobobobDbOO
gooooboobobooboobobooobooo
poooooobobooboooooobooboboboobooga
ool oooooboobooooo
poooooobobooboooooobooboboboobooga
poooooobobooboooooobooboboboobooga
gooobooboooobooobooobooooboo
goooobooboobooboouooboobooo
goooobooboobooboouooboobooo
goooobobooo 3boooobooobo
010 Dooooooobooo

020 DO0O0O0O0OO0O0O

030 bOo0oOOooooooo

0o00oo0oo0o0oooDOoDOOooOooO 130Hz O
gooboobooooboooobobuoboboboo
0000000000 o0oooooUoooO FA-II
O Paciniand O SA-I0OMerkelD OO OO OODOOOO
(HFA-IIOODO0O0ODOO0O0O0OOO0OOOO0OoOOoDOO
goooobooboobooboouoobooboo

#EMALRE
TEYBE

EMhSR
EAAE
HE S NI=1E
R %=L % =18
010 0000000
Fig. 10 Perception gap of convex width.

000000000000000000000000
00 FAJIIOOOOODDDOO0000000000
000000000000000000000000
000000000000000000000000
0000000000000000(2)000000
000000000000000000000000
0000000000 SA-I[199000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000 4000
000000000000000000000000
000000000000000(3) 00 [8]0000
00000000000000000000003.0
0 6a000000000000000000000
00000000000000000000 6b00
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000 (17,[18)000000000000000
ooo

6. Augmented Reality 0000

0000 Augmented Reality 000000000
ooooUooooooooOooo yooooooo
00002)000b000o0Ol3)0buooooooo
pobdddoooooooobobobobooboooo
poooooobobobobuoooooobobobbood
poooooobobobobuoooooobobobbood

2031



00000000000 2004/11 Vol. J87-D-II No. 11

000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000 (2000000000000
0000000000000000
O0O0OVROOOOOOODOOOOO [20],[21]00
000000000000000000000000
000000D000000000000

7. O 0O O

gooobooobobooboobobbobob
poobobooooooobbboooooooobobDb
o0o0ooo0ooo0ooo0ooooooooooooo
o0o0ooo0ooo0ooo0ooooooooooooo
Ooo0oo0ooo0oo0ooooo0oooooooog
o0o0ooo0ooo0ooo0ooooooooooooo
gooooooboobobooooobobobbon
Augmented Reality 00 000000000000
gobooobooboobbobbobooobon
pobooboobooboooba

o0 obooobobooboobobbobob
000000000 00o0o0oooooooooo
ooooooooooooo

g O

[1] T.H. Massie and J.K. Salisbury, “The PHANToM
haptic interface: A device for probing virtual ob-
jects,” Proc. ASME Winter Annual Meeting, Sym-
posium on Haptic Interfaces for Virtual Environment
and Teleoperator Systems, pp.295-301, Chicago, IL,
Nov. 1994.

[2] DOOOO0OOOOOOOOOOO“000000OO0OOO0
0o0o00oO0ooooooooooD SICE s12000 0000
0 0 pp.59-60, 2000.

[3] H.Iwata, H. Yano, F. Nakaizumi, and R. Kawamura,
“Project FEELEX: Adding haptic surface to graph-
ics,” Proc. SIGGRAPH2001, pp.469-475, 2001.

[4 D0D0D0D0DO0ODOO0O0O00O0O0O0O0O0OODDO ®O«d
goooosAawOdoooooooooooon oooo
0000000o0oo0o000dvol.s, pp.303-306, 2000.

[5] 000000000000 000D0 ®Oo«0000000
Jo000oo0o0o0o0oooooo0oD 00o00dD-11

2032

(6]

(7]
8l

9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

[21]

vol.J84-D-II, no.1, pp.120-128, Jan. 2001.

T. Iwamoto, T. Maeda, and H. Shinoda, “Focused ul-
trasound for tactile feeling display,” Proc. 2001 Inter-
national Conf. on Artificial Reality and Telexistace,
pp.121-126, 2001.

ooooooooooooon2o01.
00000000000000ODODODODOOO O «O
goooooooooooooooooboooooooo
0o0ooo0oopo0oO0O00o000000vel.33, no.7,
pp.680-686, 1997.

00 Oooo ooooooo«ooooooood
goooooooobr ooooooooooooooo s
0000000pp.287-290, 1998.
gobooooooobooo Oooo oo«oboood
gooooo0oo IcpFOO0OO000O0O0O0O0O0O0DO SICE
ooboooooo0obo0oooooooOonoosI2o02,
vol.2, pp.407-408, 2002.

R.T. Azuma,“A survey of augmented reality,” Pres-
ence, vol.6, no.4, pp.355-385, 1997.

M.M. Minsky, M. Ouh-young, O.W. Steele, F.P.
Brooks, Jr., and M. Behensky, “Feeling and see-
ing: Issues in force display,” Comput. Graph., Proc.
Siggraph Symposium on 3D Real-Time Interactive
Graphics, pp.235—241, 1990.
0000000000000 000 ®Wo«000000
ooooooooooooooooobobOOoD Ooo0oo
goooooooboooooO0Ovoel.7, no.2, pp.193-200,
2002.

0000000000000 000 ®Wo«000000
gooboooooooooooooooooOoD oobooo
Jooooooooooo0oO00Ovoel.s, no.3, pp.339-348,
2003.

OO0 obooooooooOoOobOOOOmoOO oOoooood
Ooooo0ooooooooonigg4.

H. Ando, T. Miki, M. and T. Meda,
“SmartFinger: Nail-mounted tactile display,” ACM
SIGGRAPH 2002 Conference Abstracts and Appli-
cations, p.78, Emerging Technologies, 2002.

S. Mascaro, K.-W. Chang, and H. Asada, “Photo-

plethysmograph nail sensors for measuring finger

Inami,

forces without haptic obstruction,” Proc. IEEE In-
ternational Conference on Robotics and Automation,
vol.2, pp.962-967, 1999.
gooooOooooO0oooO0oO0oOoOoOooOoOo«c0o00n0
goooooooooo0ooo0ooooooox 0oooo
Jooooooooooo0O00Ovoel, nod, pp.379-388,
2003.

A. Iggo, “The stracture and function of a slowly
adaptiong touch corpuscle in hairy skin,” J. Physiol,
vol.200, no.3, pp.763-796, 1969.

00 0000000000000 ®\Eo«0O00000
gooooooooooooorooO0oooooooo
vol.15, no.6, pp.868-877, 1997.
goooooooooboooooooooo«o00o
gooooooooooo0oooo0ooooOooooo



000 Augmented Reality 00 000000000000O0000OO

000000000 80000000 pp.37-40, 2003.

[22) 0000000000« 00000000000000
000 ActiveClick,” 000000000000000
0 O vol.2001, no.5, pp.25-26, 2001.

000 150 110 280000160 50 2500000

ooooo oood

obboOoOoooooOoo nnooOo0Ooo
oooooooooooobo 11000
goooobooooooooooo 120
00000 BMCJRAOOOO 1300
‘ . ooooooooooooooooooo
‘ ooooooooooooooooooo
goooooooo NTTOOOODOOOOOOOOOOOO

goo0ooO0o0ooooOo0oooooooOovrROOOOOOO
ooooooooo

oo oo

014 000000000000000
go0o0o0oO0ooO0o0oOoooooooo
oooo0oooooooOoooooooo
oooo0ooo0ooO0ooo0o0ooooo
go0o0o0oO0ooO0o0oOoooooooo
BMOO00000000 140

oo oo

ODe0000O00OOODOOOOODOO
sioooooooooooooooo
; Joooooooooooo11o0ooo

gooooooooooooooooooo
‘ . 0oooomoooooooooood

/'Q goooooooooooooooood
g00oo0o0o0oooooOoooOo0OOooo 150000000
gooooO0oOoOooOooooooooooooooooooo
Jodoo0o0ooooooooooooooooooooo
g0ooo0o0oOoooooD iomoooooooo 11@oo
00000o0ooooO0oooo0oooO 120IEEE Virtual
Reality Best Paper Prize 0 00 0O 1510 IEEE Computer
SocietyOOOOOO0O0O0000O0OOOOOODOOOOOOO
goooooooooooooooooo

oo oo

0120000000000000 140
ooooooooooooooooooo
0o00o0o0o0O00o0o0ooNTT O
ooooooooooooooooooo

"‘ . oooboooooooboooooooooo
- goooooooooooooboooooo
gooooooooOoooooOoOooOoOoboOoOooobooboOooo
ooooooo

oo 0o obooo

Oe20000000000000 620
goooooooooooooono 400
ooooooooooooooogoend
oooooooooonoononoooonon
012000000000000 14 NTT
goooooooooooboooboooooo
goobooooooooooooooOooooooonoooon
gooooooooboooooooboooooooooooon
ooooooooooooo

2033



