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An Interactive Projection System Using Air Bubbles in the Water
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Abstract: In order to deal with information which is becoming more diverse, it is expected that a new display
which enable users to change shape flexibly and perform intuitive operation is developed. In this research,
we propose the bubble display using air bubbles in the water focusing on the following characteristics of
water (e.g., permeability, fluidity, and affinity for people or environment). In the proposed display, images
are projected onto the air bubbles generated in the water by the projector. Users can interact directly with
images by changing the motion and form of air bubbles. We focus on the shape, the number, the motion of
the bubbles as important elements for realizing interactions between users and contents. Three operations
implemented in prototype are following: “transformation” is that users change the form of the bubbles in
the water by a closure plate, “cutting” is that users divide the bubbles, and “scrambling” is that users stir
the water by the closure plate or their fingers. In this paper, we describe the bubble display and discuss the
issues identified in implementation of the prototype.
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Fig. 1 Bubble display.

© 2014 Information Processing Society of Japan

LI—WEWG L DA 5T v a YSTRETH 5 [3], [4].
Ty 47T, REAFEOROP T, 2-¥ICL 5%
YedsuTae7Ze [RAR], [$d, T8h&) ISEH L, 2—%H2
NHEEAIELIET, WREDA VY T v a vk
WLTnw5

PIF, 2w CTRMMZEICOWTIRR, 3ETIINTILT 1
AT VA DMBEIZOWTIRANREL, 4TI AT LR,
5%@@4V&57&a>%ﬁﬁ&’ow1i& 6 # T
5911’%2:4"/9'77“/3/ TR AEELMEERNRD, K
I %WTKmi@i&bkA&@%ﬁ ZOWTk
5.

2. BEME

KERNZZTF A AT L AT, BESO R0 BIKT 1
ATVA Bd D 5. TOY AT LTI, HikZE I HE
2e8H L T THRBEEER L, FOKREIZET THERD T
mylﬁyﬁgw&%£$¢5 BB IKIE 2B 5 &9

, KIZH o 727205 T KRB L IR 2 24D R
&k%ﬁ%f%é.ﬁ%ﬂumht , KICBFEFNAHZ L

IZE o TROFENLEEREY ZRELAD T2 LAHE
T, HEZT TR IMERPTEE, WELEAKTEEION
BFA4AATLA ERoTWD, ZOL)ICBESIZHEE
THICBWTARESE L IFE IO E KD R 2 R
RiGd 28T, KFA ATV A OF 2R Z RV
L7z, —, BGEORESRA ¥ 57514 7O Bk
EHEA R S AR T 5.

K2 Barnum & [6] °°, Eitoku & [7] DKET 4 A7 L
AWHITENL., KiFEHEF SN HOREL T
LT, EHBMAOL AL BRI ENTESL. ZRHD
TA AT LA TENVT 2RI L, K2 ERRICE T S
w, K121 217/u vy sy ThEHRETLHILET,
i G WBEOMERToTWAh, TOLXD RETT LK
NIRRT A1, EERKEORIE D L dhsy
5707 0 OFENLETH A, Lk [6] T, N
T, AT, Tade s yORMEEIIZEY, UT Vs A

KON EEZ T v X 7L, RERETHIETE
FRIGIEP OB LAY NS0 5 25 RIEDT A AT LA %
FEHLTWE, LhL, TOYATFLATIERAMEZRS 720
DFXFx)TL—23 UPEFICEETH L7720, RS
kL <, #HETEZ LGOI, A4 XIS RAVDH 5.
T/, FOMND Z LI X B MERIEDS TR A v 5 T 7
TFTAT VAT LARRRELTCVED, FEREBIIEE->TW

v, JUKRGIET7 + Z12BIT Ao RE o 2
CERFIHL, BMEO 74+ FA YY) — TR 572,
SARIY MR RIAZ THEIC L T\ B (8], B HsA: S d 7

74 ZIZETD S Rl HWHE E ARG T A5 2 £ T, £
BREIHEAE I X o ThkA 2 A 2 LA TE S,
ZOMBHDBHBET HEICA L LEERAIC LD, FEREIC

17



[ESRAIBFLH/NEE o207 >Y Vol.2 No.d

L COARI e G 2 R34 2 L 2 WERIC L7z, Thud
KOFE B, HFFEREEZIE» Lz, KT ATV AEE
DERBFEE VR, EHELDP1OOHELE LTWw5HETH
MR E ATV —T Y 2TV AT AL b EMEANE L,
I BIR TR V.

IKZFDDDTIE R, KFOFWWEFIHLHE LT,
AT 512 & A “Water Canvas” ’i’ “Liquid Sculpture” 7 &
WH % [9]. “Water Canvas” 1, AKIENIZHAEL2F@T
ﬁﬁ%ﬁ<?4zib4?%% ST D SR O JE
ICRE SN ENV T Z2GIE L, EATA5REDA T
RIOCH B HERBHEFTEICL TS, 2B, ERTL50E
ET7UILVAYy bTHEI o TWA 720, GiaE ) LAYH
WICTHT 2283w, 2, ZOVATAIIKESE
DAVE T T4 THBELTWS, KEBRETIXF—KR—-F
WCEDHBICX TR ANTELLZIT TR, A=A &
DFNA AL EAICIES &, FHREOMBEIHFEEINT,
A ¥ =7 OB B ERGT DN T H 6 S Jl & FE S
B Lo BIENTEETH H. A I, KEARTIEE
CkFZ ERATHEIEEV) HABHRIEHL, ThET
ZEAERENTI hh o 25iaMEEo 46 &7 12k
LR LEREMICEH L., 2L, 2OV AT LATIEE
RTC & BIHHITHA 2 ZRITCBIRO AT, T —FKJIIT
%&wtbr4z7v4ktfﬁﬁﬁﬁ Wh oLz
Z 72\, “Liquid Sculpture” 1, K% FARIKICT 5 2 &

SRTMRFEBZTRICLTWA, FEBEIL T HAET
T Ak EBRINT 22 &2 T& L. ERTARRDZ
EIELE O A TEES AN TR AE E W) JIZEHL LT,
“Water Canvas” & [Ff1C, RIETE EHRITITKE 2]
R3S 5 .

3. NTIWTF1ZXTLA

3.1 #®E

TERDKT 4 ATV A 1FZ2RI T D B\ ISR 12 WG %2 P
950N T, Kb TOMGIRIRIEATRET
Hotz. METINTIVT 4 AT LA, KPICHEA R
AL, =W EWg L OMENERAPTRERA ¥ 5T 7 T4
TTAATVLATHD.

KW & 3R $ 5121, STk (6], [7], [8] @ & 9 12K
RT7 4+ ZRICLIARISZHBHT 52 LT, e#Els &
T, WREFERL T 7zhs, KB TR A 2RI
LI LERANETH L. FIT, FHIFETIE, AFICHE
é%tﬁﬁ’%%&%bf [ N AN . [ e

, REBEIWOWETIIDH 575, KIBHKE & FEED
&%%%ttfw%.+ PN S WER RGN SN
7, KRS ASREHEIEA L, #0528 T
RHELSE L. 00, FJAEL v XD L) ikEE R
2L, $ATHSPREELTVED»D LI ICRLZ, Kian
1212 DT 4 ATLADKY b1 21230 d 5 &

© 2014 Information Processing Society of Japan

16-23 (Feb. 2014)

I, THADETHZETTFA AT LA L LTOREEE $
729

3.2 1>257v3>
INTNF A AT LA BWT, BE2IRT 572012k
FRORESE-EEIE, MRS 2L LN LTI
LoTERAL, KEICTHHET S, ZO—HOBERFEIC
BT, KFOFHEIF LL—FDHae oA v 5 T2 3
VERITIET, VT A LIKRET GRS
T, A5 9 0574 7ar7rYOPRREFERT L. K
TR S RIAEEICIE, FORKRE, SiEF0bo
DEERKRESRE, MALRBEENMFHETHEEZLNS
A, AL TE, = HIE (Z) SERTneEEZ
bhs [RIR], 5], T8 KEHL, 2 b2 HWT
I—FDAL 5T ary B, [UE], [ &R
*FEHT 5.
TR . =P 2 L T AR T TR E W T
WoZ-DELADT L ETRREZLSELEMETH S,
ZOEMEE, FIAHEORRE BT AL THEEHTE S,
FattoOIRIE, SIEHNICHFET A4 7Y =7 POk
R LY, RSN IWMERAOIRE AL S0,
Mg 7 oY OREHPE AR L7220 35 2 L ICFHT
%Z;. (B o455 arvarsyyhlzaE 21
L KHTTHRAE SR RIBIEH SO L FIANEDS K dt
%Lﬂb,n@#iA% EWRIRE RS 5725, 12—
3 EATOIRBERTENTALZ LT, [JJaFEr 225
WIEZ D ZEHNTE, ZORIRZALIZIE U 72 BE AR
END, 2L 2L, ROKR— LAY FEERY KL % A8
5, [IAHNZHBICEHC 7= A—Y 3 Y IiZBWwWT, &4

b)) Fvva

X2 ZBAYT7arnfl

Fig. 2 An example of transformation interaction.
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Fig. 3 An example of cutting interaction.
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Fig. 4 An example of scrambling interaction.
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Fig. 7 Projection image from each direction.
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Fig. 8 Transformation interaction.
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Fig. 10 Detection of transformed bubbles shape.
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Fig. 12 Scrambling interaction.
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