Bubble-Pixels: Underwater Display for Drawing Figures Using Bubbles
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Abstract: The performance of the displays have been improved, and it is possible to present a high-resolution
and colorful image as if a real object existed in front of you. On the other hand, there is an increasing demand
for new interfaces that present other senses due to the diversification of contents handled. Water displays
are attracting attention as a new interface because it is easy to design shapes and sizes, possible to stimulate
multisensory using touch and temperature, has elements of mystery and illusion. In this paper, we describe
the design and implementation of a mechanism that controls the movement of bubbles in a novel water
display that uses bubbles as a pixel and has high operability. In the experiment, we changed the inclination
of the super-water-repellent surface and confirmed the bubble trajectory and its change over time. Finally,
we drew figures with horizontally moving bubbles as pixels.

Keywords: water display, super water repellency, bubble, interaction

1. EU®IC

TIOINALT Y DELNLEEET 4 AT VA IZFERE

b ORRURE R A IR
Graduate School of Interdisciplinary Information Studies,
The University of Tokyo, Bunkyo, Tokyo 113-0033, Japan
2 ORREEIE R v Y —
Information Technology Center, The University of Tokyo,
Bunkyo, Tokyo 113-8658, Japan
OBlE, Vet at
Presently with Sony Corporation
) t.ukawa@ogawa-lab.org
b)  ogawa@nc.u-tokyo.ac.jp

© 2021 Information Processing Society of Japan

N, ~UARLHEHOI Y bo—ITHMESNLZ LT
FTERTHo72. TAATUAIIECIEE & Bl
BHEBEEI KD SN, S TIIHOROFEY & B 5Foon
HZWIZEEREM R EREDTTEEE > T 5, ITIERIAER
T &, KA LRGETT Y VHEASHWS N, T4
ATVAWRFERT AT Y bERELTwE, 20
728, PREHEEROAEIRT ST A AT LA THE%
Wil A V8 T 2= ANDEENHT->TBY, 21—
ﬁ BREIC X o TRIKICBIRDZIL L, 22— L DL R
A5 a P2 bOPMEFEEN TS, 20
LIVBEFEOT, 7407 T T4 NG A=

11



IBIRNIBSLHYEE FUZLALTEY Vol.9 No.d 11-20 (Feb. 2021)

%38 L CHEET A GUI (Graphical User Interface) Cld7
<, MBENLRFEROD 5 EHReEE, B, #ET 5 TUl
(Tangible User Interface) [1] 257 EH S CTw5, TUI X
STEDOA YT VI LS A T v s R EHe, 44
Lo s B E0sEBWEECH 5. WEIRFEMRL LT,
K (2], [3] W [4], K] R, bR ERNY
ZLHWHENT WA, 728 21E, Yoy MREEF—L L
THMY 5 F— K — FROEZETDH % Hydraulophone [2]
(&, WARDIRE 2 FIH L 72 22 2 BT 5 I0 B IS &
D, A8 7x—ALLTHLMErBELTND. &
WNOKDIREER A ))& $ 57 —24 3> 1 —F Splash
controllers [3] Tld, Z—HIIKDPTEHE S N72E 8% TAH
L, ®BTY, W52 LT, HoOKICEIZEE 2D L,
TEIZIB LT, KAUEND 5 ERERDA ¥ 5 7 = — A3z
VT A= RNy IDSPRIRE D, 2D K9 IIKE YRR
e LT 4 AT VAR DTO L) 2 (6] ¥ 5.
(1) JER 04 A X0 H DS

2) BRI L REIITHF A 0T B

3) AT AV F CRBUGLE H T g

4) ANOZ AR AL BREEA O BFVE AT

5) fHEL, ZJHM R RKIFITTE S

KOG L2 IE T TIET I 22— X A v Mk
REDIYYTA YA MIHTELAONE., =247
KT T 4wy 1) EFRT, KOFahs KRBT %
F=R=7THY), BEZT T EMPEE L LD
(ERADEAERE . AR—ZT) ¥ — (8] RIETT
KM TLFERERELZ VT WS, FIBREICETALT
YUY MREHRR, TOLMMIEEOANEEEDOITT
W,

—7J7, Koz Wz L L THW 5 The Information Perco-
lator [0] 13K % FoH L 7245 3000 F 0 & G182 B & 4, Aok
T FATHRE TR EI L T L. uhdo
TR F T X T LRDHETIEIEL L, AT Hk 2
/L SELREDSH L. LrL, ERTIZEEHCTY
52k, —EORMAHEE T UTEIBIKEICEREL,
T L —EDOLIIIUR LT 5 2 L3 T&Rw. £
7o, BEAMPO R LML 2 D720, T—FIERBICH
LTt sEn7 7 varzbt b LIZNEETH 5.

Z ZTARLTIE, KPSz mFZe LT, SidilE
PRIV CIREWT R R, A V9 T 0 T4 TKTA AT LA
Bubble-Pixels [10] # 2% 3 5. Kb o5iax HwizkKy
A 7 L1%, The Information Percolator & [FJ4k(ZJE BH D
e EERZTABOBAREEL SICL2REFEFTE,
KHIZF 2 ANKREIBIN S 2 LT, Z Ol i
THE LS, [@ZHRETIHLVTA AT LA TH
b, RETAATVAZFEBT S0, KPTT1 ATV
AMICRBEES S, KRPECREERBESEL T L10X
D, Fiarmiie L-KEE R SRR 2t L, £l

o~ o~ o~ —

© 2021 Information Processing Society of Japan

IKFZRRE LA R T4 AT VAT EPSREZ D
TRET, KEH»S T2 ANT, e AN CTEIEIZfnl,
BESELIEDURELD.

DT, 2 B CHEAIZEICOWTIRN, 3ETIFREY A
T LADOBBEIZOWTIRRS, 4HETIE 7Y by 4 TO%F
LHEE, 5 ETREIEOBENFEICE T 2 MEE, 6 E T
REVATLERCIREHMEBL A YT 72312
MLTHRRS., BBEICTEICBVWTERGLOT LD L4
DI |2 DN TR B |

2. FBEME

Water-Dome [11] 1&, KE~EEO 7O Y = 7 & 55 0k
GaRET 5, RBREIIKEELHES L) ICY AT L5385
L, KICHE S 72lg 23 L7210 T <, AKBLICRZ S
HOFEFRROEM, &, &V 2B TELL. AR
RELOBMMEOE S, HANREEIR R EKT A AT
LA OTREME % Rt L7z, HydroMorph [12] IZ7KED IR
REICHBT AL VT T AT TAATLATH S,
0O 7Ta Yy Fr 7TV a—Vaflfl L, KEICTHS
HHZLITEY, KEEZERSES. KOBRZELEZFIH
L, THOFHRVFEER, KOWH% L, wHrHEKE
TGO HEICEE LT 7 r—2a v 2REL
7z, KAESIIKEE A L2 ZZMAEBM T 1 2 7L A [13]
RIRELL. KEHELPFRIRICERTET S, THrS
TUY sy THHEERRE L, KEEEE L L7 2 RooH
BERMELL, 72, KEHEOETMNEISL, 70 x
IINEDOMGEEYYBRR LI EICEY, BIEICE->TA
A S D 2 RICBMEDEEIZ X B 3 RITHUGEDLEIRD
THETdHA. Aqua Top Display [14] (ZHHEN DK 2 T
0YxryhoBEEHRE LT, NGO SEREIEE AT
ELREE KT A AT LA TH D, KB TOFIROH)
FEICIEB L, HANICHWSZ LICLY, HATHEEKY
BATET T a P Thb. Tz, Wik IZL—
TarEEAL, RO XL UFRR SN AW AN
FlETLEEE G272, KTAATVAEEOH 24~
¥y v EIRELT.

AT S [15] 13, HBEERSLGEEEL AN L L TKFD
RBxEBEI Y Na—= V5405507477 — b%il
EL7. NOEIGICHEE L HRBHSIER L, Fo:
BIED % &b %) RIEAH L WRER, HRmEX T 1
TELTCOBERERNDLILERLI, NTVT A4 AT L
A (6] \&, AHEPICRESERBEAZY - L, 70
VI nOWHEERRET S, RBRE IO & LTEIK
AEALSEBL LT, MGEEDAL Y F T 7Y a VASHFET
HDH. KFOFIAFEBL, KT14 AT LA OFpME%EE
L72ifel LT, HESDY AT L L HMEIEY. Rt
DLDEWEEL L7274 A7 VL A121E, The Information
Percolator [9] X, Bubbowl [16] &% 4. Bubbowl Ti, &

12



IEHMAIPHSH/YEE FTo2/)0>72Y Vol.9 No.1 11-20 (Feb. 2021)

SORICE DB L M 2 RBormEL Lz, 5
WY AT L2 0hbod, 77— MO X9 IZKmE
THEEE, BREEOFRPFEHRTELREYNH 5.

HIAROEDIE [17] 2, 7 A Y RO [18] 12T s
5 &) BRI R L 72RO & 1L, EH)Ee
HCI 3 T4 < AoN b5 —<Thb. WATER LOGO
09 [19] *° MOMENTum [20] |37k 18 O _FCKiE % KT
BIAIVTREITAZEICLY, UERAREN RNy —
Y7 % FKIL L7z, Polka Dot [21] T, #KMEDOIK%E
ZALS D LT, KFOBRKRE S, BZ2HlE L, 1Hik
PR T A i EET L7z, Programmable Droplets [22]
i, Tl ravey s Y IOERZIGHL, EEZN
25 ZET, KiEDOEAKMEZZLSE, KiFOH) = Ol
4107z,

3. BEVRXT L

3.1 F4RTLIBRE
ICIRET A ATV A OMEZ IR, BEKa— %
i L 7R & R ACERE L, DUBsICiE, ETFICE ) =77
7 Faz—8 WY HT 5B, RIS s i S
NIEEBE Y 72T 22 L1280, KIEOWRE AR E
WARELT) . ADDY) =T T 7 FaT—F2@iht
&Y, ORI ZIREL, #OKE EEZES X9 1A
EBENSE L. WEAKR LT AL, BEIIC L) SiaE K
FICHE L, RiaxmiEs LRz i <.

3.2 REDTERE & KFEE

A &R AR 2 B, Vi & FERTE L D% T ATH
BEA 23] IS X0, EERKREABAETD S5, HKE
THLPRERILSI NS, — I, K& DM 150 B
R LYKIIBEAKTH L L END, WKL ET S
PrikiL, AR CRENZH VRSB ZE L5 [24), [25]. 2D
ZEGHRAIVE 2 & FIaA T 5 L, RiBED o5k A B4R
JEAS DRI LY, ZIIZZeEE L AT 5. KT
&, WMoBERIEFHERETLZLICLD, WIS
BOKFEREZEHT L (F 2).

o725

3.3 TAIlL 3 ERE

RETAATVLATE, B3 IIRT LI, KIBOFH
ERE) ARV RLEELZMET 5. M3 OfITiE, 420
ZiA, B, C, DO & BREKROEFLERIZL 28
BA# D EL T, WAEERHIWTWS, BREIKIE KT
o2 T, MM LA A—=VIEHEHZTIRRLE TS Z L
HUETHY, EATHEETA A— V%Ml L TWwizit
VAT L IR DR THL, A A=V DL
W&, B Z R L TR E OB LTI LT
THETH 5.

F72, -FILLBFEOBECHED TR TH L. 15

© 2021 Information Processing Society of Japan

avEa—% }~—
BRI

[SAOKRE HLMVWAHBR %

R —

l Wywmﬂ:ﬂ%h

1 T4 ATV A OBE
Fig. 1 Display overview.
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Fig. 2 Force interacting on a bubble.
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Fig. 4 Super water-repellent plate.
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Fig. 5 Results of basic verification 1.

EEDORD L2 5iur5@md 5 & 9 1ISBEAKa — MIEks
BB L CTWa, Ry 7oK EIX 46ml/s & L,
WMoBEEHaE® 1, 2, 3, 4, 5, 10JEE2ML&¥, &% M
DRPLZB% 30MEH LAz, ZokE, WrbEhs
AR EEmORETRETE 500 BOEE % B
JELERT H. F7o, BEIHEER, 30 T RCTORIEI IR
FHFCRETEDL LIREOR WD, K EMICHET S
CENTELZIWBMORIBIZOVT, ZRENENE 1T
ORED S OFEEEFHIL, 20O % BEHE & L7,
4.1.2 R

WOMERHEEE I § B RN EARE L BEIHELXR 5 12
R OROBEZED 1.0mm A5 3.0mm DEETIE, §X
TOZANK P T CRETE, EEEIL 100%TH - 7.
FIANRD LA E#E L THIR2 SN TICBETE 52 &
PR TE 727280, BUCKE@OFEA S L <I1dlvaAi A
DREEBHET LI LEHTRTHL LV Th o7, &
{BOBENRELL, WOMERAEIKRE 2B LD ->T
BN 2S5, ROBEZEPRERZ>THREDOKE S
CHHE ZEVII RS2 oY, #HEOZILIE, WoHEFA
EAFBRLTWAEEZEZ NS,

© 2021 Information Processing Society of Japan

100
80
60
40

Fixation ratio [%]

20

Distance of bubbles [cm]

5 10 15 20
Discharge air amount [ml/s]

Fixation Ratio
- 9=50mm  -x- @=40mm A~ @=3.0mm

4o @=20mm e @=10mm

Distance of bubbles
<~ @=50mm % @=4.0mm A @=3.0mm s+ @=20mm e @=1.0mm

6 ZEREMGE 2 OFFHR
Fig. 6 Results of basic verification 2.
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Fig. 10 Inclination change of bubble trajectory.
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Fig. 11 Time variation of bubble trajectory.
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Fig. 12 Fixing time variation of bubble trajectory.
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R 1 SUAONEOERERE
Table 1 Standard deviation of bubble position.

o(X) [mm]  o(Y) [mm]
0.25 0.12 0.30
0.75 ¥ 0.14 0.90
1.25 ¥ 0.27 0.77

Fomiaf

13 SUaTH W 2RIE 06
Fig. 13 Sample shapes drawn with bubbles.

MRS 72D TR BN EERZTWA, —T, KEOH
W& ISR I e ST 2 2 L3 TA AT LA L LT
DN BN S B 720, WBEZLEESELIODTRILE
SHH$ 2561218, SUaDRBS 7% SO W TIRETT 5
LEBD L.
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Fig. 14 Drawing process.
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BITIE, 42FTOFIATHC L WRERMIE L LT
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e b 2 WHEREPE 2> TnA 2 25 h 5. &
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LEIded2e, Sia0BEHEME < % 5 72O 0k
PEL 2L, JEOBHNKIIAV 2 RBHRTHESND
A, TH AT TEMEE A IIZRIR T 5 729012 5 (1
OBV ETH -7 (H 14). HFmMICIER 3 1R L7
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% 5Ja DFRIE
Fig. 15 Manipulation of a bubble by the finger.

=2 RIEOHH

Table 2 Results of drawing constellation.

EGiA Hh R (7)) #Ehn%x ()
N YAV 3 1.09 2
IR BD E AT L 1.35 3
koL 5.36 5
B LA 6.03 5

EBD ANMOBE TREDE T T 5755, HWETICE > T5IE
DBEEN R LD Z ENEELTWA,

M 15 LKAz TRE STV AT 2RT. TR
@i s &, SJEAHRICR WA &, BfEE LTt
FloiEd L) BB THESELZ LN TEL, /2, B
BRKI—- P EEOFTCLE ) OBFITIEH T Y HERET
v, KiaE 23 )EA L) ISR 2 & TR
ERITT ZEDHET, AELZIEEZHIRTE 5. Kafk
EPERELLICLLEWEEREDWRETH D, Bkl
21, SaOBEICHEEMAGDE TN TV SR
EERLEY, BEILENTAIEEEZTWD, BREK
WOMHE % AT 1 v 7BIECHIBT 23> ho— 5 b 5%
LThBY, A7 1 v 7 xfLAbE&an 1 24k En,
274y 7 REIL7ZHIAICREE B S5 2 EDSIEET
»H5 (X 16).

REVAT AIFRENLREE 2D, KRLFAIBICHE
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B 16 I hE—FI2%8 2K
Fig. 16 Manipulation of bubbles by a controller.
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