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A Multi-dip Interface with Water

MicHIHIRO IKEDAT! and MAsaHITO HiIRAKAWA L

In this paper, we propose a multi-dip interface which uses water as a medium
of interaction and allows the user to draw gestures in water. The system con-
sists of a transparent acrylic tub that is filled with water, two video cameras
that catch user’s gestures, a video projector that sends information from com-
puter onto the water, and a PC. The user communicates with the system by
not only a touch on water but motion in depth direction, having tactile feed-
back characteristics. Experiments showed that performance of position sensing
is reasonably good by considering refraction of materials. We explain several
applications of the system. In an exhibition of the system to the public, around
1,000 out of 5,000 visitors including young children enjoyed interacting with
the system.

t1 0000
Shimane University

2103

1. 0000

0000000000000000000000000000000000000000
00000000000GUIDO0NO000000000000000000000000
0000000000000 0000000000000000000000000000
ooooooobo

0000000000000 000000000000000000000000000
000000000000000000000000000000000000002%0
00000000000 000000000000000000000000000000
000000000000 00000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000OMicrosoft 0 Surface®
O MERL O DiamondTouch® 0000000000000 O00O00O00O0O0O0OO0OO
oDooooo9o
00000000000000000000000000000000000000 20
00000000000000000000000000000000000000000
0D0000000D0Ooooooo”™®n
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000 0000000000000000000000000000
0000000000000000000000000000%000000000000
00000000200000000000000000000000000000000
ooooooo
O00000000000000000000000000000000000000
0000000000000 00000000000000000000000000**0
00000000000000000000000000000000000000000
000000000000 00000000000000000000000000000
000000000000 00000000000000000000000000000

(© 2010 Information Processing Society of Japan



2104 0OOO0OO0OO0OO0O0OOOOOOCOOOOOO

oooboooooooooooooooobooboooooooOoboOoboooooooooDono

gobooobobooooooooooooobooooool1ooooobooodooooonoa

ocoooooooooobooooOoOoOobobOoooooo10b000b000OooobooOobO0O0 0000000000000 10000000000 PCOOOOODOOOOOO LEDODO

goboogooo oooobooobo2000000000000000000000000 500x%370x 100 mm
gooooooooobooovwommOoOoOooooooooooooooooo 200

3. gooooo

2. 0bf8b ooo0O00 1emO000 1560000 LEDOOOOOOOOCOCOOOOOOOOOOO
gobobooooooobooooooobobooobOOoOobbOOoOobOboOobOoboobooboOoo goooobooodoooooooooboobooooboOoobobooOoboOoooboooooDoo
gobooooooootcoooboobooOoOoboOooboooOoboOoooboOobobobOoOoDboo ooooO0O0o0o0o0o0oooooOoOO0OO0O0bOocoOoOoOOOOWEBOOO 200000
00000000oOoY 0000000000000 00000000000000000 ocooooOoOoOO0OO0O00000000o0b000ooobooboo0O MMommd0OODODOODOOO

goooooooooooooooooooobooOoo0oobooooooooOooooDbonoo
gobobooboooooooooooooooobooooobobooooooboobooooobObooo
gooooooooooooooooooooobooboooooooooooooooooo
gobooooooo

000oooOo0O0OD00O0000000000000000000C000000000OThe
Floating Words'? 000 0000000000000 O0O0O0O0O0O0O0O0O0OOO0O0OOO0
gooooooooooooooobooooooooooobooboooobbooooDboo
gooooooooooooooobooooooobooboo0ooooobooooooDoobobo
ocooooboooooobobooobooooooobooooOobOOobOOoOoboOooooooboooo
oooooooooooooooooo

00 13)000000o00oo0oo0oo0oDo0oooooo0oo0oooooo
gooooooooooooooooboooboobooooboooooooooooOooboa
goobobooooooobooboooooooooobobooooooooggooooo
gobooooooon

goboobooodooooooobooooooOobooooboobooboOoooboOoOo0oOoooooboo
goboooooooboobooooooooooobooobooboOoobOoooooobboOoooOoo
goooobooooooooocoooooOoobobOOoOo0ooOobooOoboOooOoboooOboOoDbbo
gobooooooooooobooboooooooooobooOoboOoooobOOooooobobooObo
gobobooboouooobooooooooobooooooboooooobooOooobooooooboo
goooooooooooooooooobooobooOoboooooobooooOoOooooooboo
gobooooooooon

01 00o0oooo
Fig.1 System setup.
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Fig.2 LED arrays.
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Fig.3 System in use.
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Fig.4 Object sensing through total internal reflection.
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Fig.5 Multi-dip interface.
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Fig.6 Spatial relation between object and camera.
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Fig.8 A tool for experiments.
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Fig.7 Determination of distance with consideration of refractive indexes.
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Fig.9 Experimental results.
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Fig.10 Measuring points.

oo 10mmO0000000 93mmO0000O
gooooboooooooooooooooobooOoooboooboOoooooboOoOooo
O00O0000O0O00000O0000000000000000000D00000 OpenCV
0000000000000 000000000000000000000 OpenCV OO
goooooooooooooooooboobobobOoOo0oooooooooooooDbono
gobooooboooooooooooooboooobooooooooboboooooooboon
gobooobooooboooooobooooboboobb0o00oOb0 T04000 2800
ooooooooobobooooooooobo1000o0obooOb0b0O0oO0oooooOoOoboOoOoooo
cooooooooooooooooooOobobooOoOoooooooooooooooOon
oooooooooooooooooooobobooooooOooOboboOooooobooooo
OO05.0mmO0000000000000O0OO0O0O0O0OOOOOOOCOOOOODOO
gooad

5.2 0O 0O 0O
oooooooooOooooooov0o40000000000O0O00O0OOODODODO
goboodooo 1100 12000000
Ullobotodxyoooooooooooooooobobooooboooooo xbObOyooo
000 24mm0 0000000000000 x0000 —20mmO0y0000 —3.0mm
000000000000 x000 024mmOy 000 027TmmO0000O
gobooooobooooooocoOobooboOobo12000000D0O0000DOCOO0DOOO
gooooogouoooboobooooboooboobooooboooobooooooooooooboo
gobooooobooooooobbodb 1 1mmOO00O0O

000ooooooog Vol 51 No. 11 2103-2111 (Nov. 2010)

=LH=Z2
AT Mo FHlRRZE
+5
N |
2
(mm) |
' Xéh Y
Sl 7 1A
011 000000000
Fig.11 Errors in horizontal direction.
3 ZLIHIER
RS H O FHIER A
45
==
.
R =
o, -
37 5 = oh
(mm)
0 o T T T
B0 5 10 15 20 25 80 35 40
FHNGE (o
012 000000000
Fig.12 Errors in depth direction.
53 O g

gooooooooooboooboboooooooboOoboOooooooOoboooooDboOoboo
goooobooooooooocooobooOooooobooOooOooooOooOoOObOOoOoODoo
gooooooooooooooboooooooboooooooobooboOoooboooooDoboo
Oo2mmO000000000O0O0O0C0OO0O0O0O0OOOOO0O0O0DOO0OOO0OO0DOAO

(© 2010 Information Processing Society of Japan



2109 0O00OO0O0OO0O0OOOOOOCOOOOOOO

oooooooooooo2smmbOb0O0OO0OO0OO0OO0COOOO0OOOO0OO0OO0O0O0O00O0OO
goobobooooooooboooooooobooooooooooooooooooond
goboooooobooooobooooooboooobooooooooooon
O00000000000000000000000000000000 1992-1994 %
oo0o0oooo0O0ooobO0o0ooO00b0 20240000000 174mmO000 15.2mm
ooooooooooOOoO0OOO0OO0OO0O0O00O0OOODO0O000x00D0 0.24mmOy0O0
O027rmmO000000 x000 +24mm0Oy 000 -3.0mm 0000000000
gobooboooooooobooooooooooooOoboOoOoOoboOoOobobOOoOoOoooODOboOo
gobooooooobooooboobooooobooooo
gboooooboooooooobooooooobOoooooOobOOooboboOobooOoOoobDoboOon
gboooboooooooobooooboooboooooooooooboobooooDbo
goboooooboooooooboooooboooooooooo

6. DO0OOOOOOO

6.1 JO00O0OOO0DOO0OO0OO0O

goooooooooooooooooobobooboobooooDooooooDonbo
goobooooooooooobooboooobobo0ooooooooDbooOo1Bmouoooo
cooooooooobooooooboboooooboboOoooboooboboOoooobooooo
ocoboooooooooooOoOoOOoOoOoboOoOoOoobooobobobOOoboOoooobobooooDo
0000000000000 000000000000DO000O00O000O0SO00000
0000000000 000000000Star 0000000000000 0O0OODOOO

013 0O00O0OO0ooOooooooo
Fig.13 Application to language learning.
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Fig.14 An example of drawing.
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Fig.15 Demonstration of the system at an exhibition.
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