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[Invited Talk] Interaction design with mid-air image by micro-mirror array
plates

Naoya KOIZUMI

T The University of Electro-Communications 1-5-1 Yamada, Minato-ku, Tokyo, 105-0123 Japan

E-mail: T koizumi.naoya@uec.ac.jp,

Abstract A mid-air image is a display that displays an aerial image by reflecting and refracting light from an imaging
device. This is one of the new visual expressions that can present information by merging video and real objects, but more than
that, it has become a new tool for interaction design in the sense that the video and the viewer share a place. In this paper, we
present an example of mid-air image interaction using a micro-mirror array plates, which the speaker has been working on. |
hope to use this as an opportunity to discuss the value of the mid-air image as an image to be experienced.

Keyword Micromirror array plate, mid-air imaging, interaction design

1. 208 & VI op A, I ENEBRLBESITS.
e b, MBEEONRLKH - BiITL, Z4# MMAPs 72 THELSHICEFTHREZLXZ RTELHDOD, £
EEFRTHLODOILTHD. TG L EWKE NETTEREREOT 7Y r—va o501
A SEEREBRDAETHY, TUX LA F— L, EREFERICIEE->TWVARV. ZOREOM®
VEA~DOISHABHMBIND. ZoEFBORRICHH Pz, @Y RS AT arT AU EITY, A
RHFRF L LT A 27 8v3I 7 —7T LA 5%EF(Micro-Mirror EOEOTL LA ABLERALIEONZ - RN
Array Plates, MMAPS) X 2817 H 4L 5 [1]. 2 AT TR VETHY, Az OEm D S >niT & Lz,
FREMROB/N I T—T L AIC k> THR SR,
BERT22HOKRKMICE > C2MARKNSE2H% 2. BRERNEZESH

FFTHY, ZPRENCTEEGHOMEICH BT D ERTF A AT VA DOMED 21, Forsnsg L
LBRTE, BHCETREZRTTHIENARETD DHEEOTNPRECHAYL>TLEIRATHD. £
5. T, TEHRVEEBZREHLo>ZPREERTT D

AFeTlX, MMAPsIZ X DEHFHBRA L XTI V3 ENREFE LW, TOFHEODESLE LT, ZZ TR

2020 Information Processing Society of Japan 1
2020 ITE



IPSJ SIG Technical Report

ER LIRS TWEEM R I S TEE
g Z2RESFEONEM BN T 5.

2.1. EnchanTable

T—T7 N EICEN LER B ERRT DN ERGE
& LT EnchanTable[2]Z# R L. ZiidzEdgz 7
— TN EIZRRTEHIEE, RFERET—TLOFT
R T =T NVROEMIZERET L2 EE ML LD
DTHDH. BERMPIZEANA—T7IT7—F2HWT K E =R
DEWT—T )V EHEFL, TOXFEZFAL TEHE
ERATDEMAMNIZ, SREFMALTCEFTROR L&
Wl EBRICERLEEYROMEZX 1 IZRT.

1 EnchanTable T ® 3 7~ {4

BEEKREZK21CRT. $TERRTIHIEFHROL &
LB RFEEHIT AT LA D MBLEELNEE
X, MMAPs @Y, HXIHRMEICERH D 24
ByorEoiciEt. 20%, 7 —7 NV KHE HM TK
WHysrZ T d B 1 28B40 sbc7nv=y
Ak o TEFBROELELTRAZLDbDERTT L.
INF TR 2 X e SRR ERELT, ERBOY
AT —T7INVEICHBELEZLOT, Z25EN END DN
EHSoTENTETNDIIICAELRZEEHMEL
TW3A., &5, kElhm~ETLXBREIE L T H R~
I A FBRT D L — "—7 ¢ )L A LF %, MMAPs
OFFIANCHET S, ZHICED, T 2848325 TR
TONEFBIERZNL, BEE—-TFTOBRICEL EWA
TOREEMMLTNDE., ZHICEsTTF—T NV EDZE
FgICEREZ5I L, TOEMICHRE INTZXIRS
EFOEBEZRZICSLSTES.

IoLE, T NAOTFIHEMBOE Y ETY
FiFnZ2 LT, ANEITH>ZENTED, 2L 2T,
=RV —=F—Z2WOffF5Z2 T, I—FZEL L
XA T IV ENHEHTL BT =L AT LR E~DILHAN
E2bND,

2020 Information Processing Society of Japan
2020 ITE

Vol.2020-AVM-109 No.4
2020/6/3

Midair
Image (I)

Image (D’) Display (D)

2 EnchanTable ® % %

2.2. PortOn

EnchanTable (X7 — 7 V72 E O HC, > > K & i &
D FIZHEEZRETLILERb -T2, Klng &~
DOEISVBE Lo, T L TR BEWAE T
ROHHKFEEICELS ZI CHERIRERETHZ R
T % J6% % PortOn[3] % #2824 L 7=. Z #1i%, EnchanTable
DHFZONEICEET WD FETH LN, e RE
THEERB LY G EEE OB KEEDFICRKRE
NTLEOMENELD. 22T, AT IREOM
HILILER GO TICR RSN B 2MET D HEL
LT, RiEEHWE., ZFBRICERRLEHEFZK3ICR
7.

2L DEd

3 PortOn

RREEERNDIBEORFHEZH4 (a) 23T
MMAPs & LF OMIZREHR P #3% &3 5. LF LV %
AHIZP EHRET L5 E, LE THENIEET 5 72 ORI
WRET D, TOEO DL EEKRT DI LN
T&ERW., LN ->TP % MMAPs & LF OIZFE&E
T 5. fHREOGE, 8 MITH D AT & 7O AN
K4 %, #2C, P2DOFEBEHEERTL X IIC
RETHZLETDALORARER LR 2D, HH#
ERETDLIENTED. WAFEEOLRWIIEE A



IPSJ SIG Technical Report

H2%A1E, D ORICP ZEELK4(a) &% LVRN
T2 & THRIGT B.

—, fEmY - BImIEOWBT 4 A7 v A B ERT
HZHAORFERAD) IZRT. ZOLEIEFI MO LRI
/4L EHW W, MMAPs & LF ORI P #RET 5.
TR, HEHRYE - BEEOSEAE, MICBYDIAALTHR
HDONFIEKEE L RN T2, DONMIHE KRS E 572
WIZW EZHRBETDH., ZNICE->TP 4D OFEiBihs
BERXTDHELIICHRBETHILETDLLONNER LA
K7y, KEEBNBMORERBERET LI ENTE
oo BOSCRAEIC K DRENHOBRER ERER D EE
Y,

(a)

MMAPs BOX
Polarizing
Plate

isplay

NG
|

I 1 !Reflective Surface |
1, [
Display

MMAPs BOX
Polarizing

(b)

Quarter
Waveplate

_FI . T
! ,Reflective Surface !_l
Display’

X 4 PortOn Ofpk (a) FHIHEOWHIBAD 4 5 FED
Ha (b)) RROMAENKFEELITEEDEA

5PortOn IZ X A ARERDFRE (£ Wyt IENZ L
D, RERHMPOBNAZD H: ZBRBEZTH
Hz25)

AVAT AT, RIREIREBLZEL Z & TEHPH

2020 Information Processing Society of Japan
2020 ITE

Vol.2020-AVM-109 No.4
2020/6/3

BTN TED, 22T, WA XOERY
AT KET—TNVZENWT, §7ADa<vn ki
HHLCERBA 2T 7 ara2EBHTLIERE
NTE D,

2.3. Scoopirit

EnchanTable & [/ ULk &2 KE X L TISH L7zo
N EDLIICHEFTARIELEEFHBEZTS WVWHITAHZ
EDOTED Scoopirit[4] TH D. VAT LEKEK6IC
LT, KEOmIZ2BEEE Ly VETIHRTL L
WWEVEHT22&T, FFTREBEZTSWVWET DA
VAT arEAREL L.

M6 KNS 2ERBHRETVET 2

Hand Position(30Hz)

Interaction RGB-D
Subsystem Camera Pe
S 3
Optical Hand L — Vo ticol
Subsystem| Position LN Position

Control

Display

D1

D2

Micro
computer

Linear Actuator I

[X|6 Scoopirit D T A T Af Rk

3. Z2HB CCT NI ORREHR

el L TRREINTZ CC T ARAZ %, #IEENA
SHEOED X SR GE B ET 2 B R E A 242
BEAEHINOBRIICE VA TS, Z LT CG
TNEDOE NS ORI #® %A%, Head Mounted
Display(HMD) % /i L THAEZ IR L, BlEHE B ZEH
BCGTNELLTIRLDES ZLNTEDHHDIZT D,

3.1 GoThro
HBEfe L.~ 723373 —T LA, IATD



IPSJ SIG Technical Report

MAOADEICXL D25 A GoThro[5]% /M5, =
NEFWDIXEF G TIT RS BRI AT 2R Ebt%)@
Th s,

Light path
—>

7 GoThro @ #% ik

AR TE, R7WZRT LI, ~4 71 IT7—7
VARTEFE->TH AT OBBELZEFHICEREL, %
FAOATZEEBLTNWD, L, ~47rI5—7T
VA RFIIAIHBEEPRIELTCLEI> D, I AT L
A7 I T—TLADHLTEH, WATDT F—F A
FMbREELTLEY, £2C, ML XEHATIZ
moftiFszbickoaT, 74— 2AFMERIESE
TWb, ZTOFETIHE, ~47v3I73—TLAHTI
L MBIEOHIITLURAECDN, Y=Y i)
THIZWLIEBWOEFT 2T 5% 80, WEEEN 2
WHRAIFRLTIEA LV ET 72 ar®2RBTEDLLOD
27> TW5d,

3.2 Levitar

AT @ GoThro % ZE G4 & M A A w7 il &
LT, X8Iz LT Levitar[6]Z # T 5,

IhiE, MoOZRT B, ERBOXF LD T
4 ATV AL . GoThro DI AT VAT LEN—T I T
—THRELELDOTHD, WATEZ2EHERT L &
T, WIREEERITDLILENTED, TIT, 2HD
1 A 7 % % Head Mounted Display(HMD)IZ 2% V) R
T5ZET,HMD 23EF Lz —F — 2, ZHGH S
OMBERRTHIENTEELICARD, £z,
HMD IZIZ =8 o R oNnTEBY 2 OMEE Y
®@%§¢@@@%’ﬁ%éﬁé’&’;of\%¢
LHHDEIICEFTBREBRIET D LB

2020 Information Processing Society of Japan
2020 ITE

ey 2=

Vol.2020-AVM-109 No.4
2020/6/3

HBT RZEEBEEOA 2T v a v EFERT L,

LG T N Z DR

8 Levitar (2

Light shield MMAPs

Mid-air camera
Mid-air image /

Concave lenses ,ABeam splitter

i Video
c\:’%z?'e mage Dual cameram Hotor
video Control 7 _Dlsplay
Virtual camera
Eomputer ﬁ Motor
Motlon'a'
HMD

X9 Levitar ® 2 A 7 LK%

4. BRBRRRIFIEDOH
4.1 Passive Midair Display

EEENZEMERS L2 %, MMAPs (2@ L, X
HAREEROT T, ERBRONFICT D Hik%E
Passive Midair Display[S]Z &4 L T\ 5. Ziidiik
TEHO LI MEREITRLT] EWOITEIZIR
DIAAWTEZER T 4 AT VLA DA BT T v aryTFA
Y ChDH. KT ZE DG & RARDH &R,

R AT LTI, BRELNHDL O E RGN ER
éﬂé%ﬁiﬁ?t%%’”¢@#@ﬁ@kﬂé4/
T varERBLTWDL, A XTF77varv A
TALEFEoTH, By EFERMLHLTWRNZD, B
MR RISNAIRETH D, ELRBROBEIZIE, MAD
Aw— K7+ VIR L T Z & BB éﬂé@& e
ROHBTHEREINTENLZEZEENDA L FZ T 7 =



IPSJ SIG Technical Report

Ybdhotl, o, REBRICEZEOLMBICELT XD
2, EEER—AANATRABIZLT, TORERLT L
BRIJozEFHBAHE LI T A v Lz, R—
NIRRT DI LT, ERBERETSOMMIZ F—
N ADBETHEMEIEDL Z LN TE, =2 —HF—n
~ AT =T LVARTFIZAVRAERWERNL N
THRLFT R R RoT, ZNICE s THEEZOR
TR ESIRT A 2T 7 vaveT AL,

(M)
“cam
Mid-air -
image
(M (
Image ’ Obstacle
(Reflective Display) '

10 Passive Midair Display

4.1 HoVerTable

MMAPs # 7 —7 V& L THWT, B LTE
7“'4:‘{27552‘%? L 7= ™ )% HoVerTable[8]TH D . 7T —
TAFEmBCERBE O e s g AT Y —
/%Eﬁﬁé_&f,7%7wﬁy774x7v
AL EBRBERFFICRRTDLZENTED. 1272
LZ®DFIETIE, MMAPs Zi L CHIRD R 2 C
LEHS>HEMNSHSH. £ Z T HoverTable PONG[8]
TiX, MR ELTWmET 4 A7 LA 2L,
MMAPs @ I C LF #B#hT 2RFHITHZ &
T, ZZHBOMEICKD TR A ERRT D ik
R L. 2RO ER 1112, kBt
HORHEDOR R Z R 1212 7R,

v E
" Midair
LF .+~ - images

72z o 2@\ \ AN\
IHIHH TR H HHHHHIH [T T

DuaI—S|de5~-._ '”VW\APS
displays
T

l l
0

11 HoverTablePONG D # ji%

2020 Information Processing Society of Japan
2020 ITE

Vol.2020-AVM-109 No.4
2020/6/3

LF# LF&

Xl 12 HoVerTablePONG (2 X % G o &

5. BbYic
AR TIE, EHENED -7 MMAPs Zi§H L7-22
BEENEHWIEA L H T 7 a Ol BN LT
Sk, IVERLISEHRERT 4 AT LA REDE
BT, BlEfx 2 < OFKRE & O R % i
HTWVE T,

X B

(1] WA EE), 20T 4 27 LA OB LISH
B, v—x v —HIR, (2018).

(2] o A kW, B2 H AL, N IRE W, A ﬁ%
“ EnchanTable : 7 — 7/Vﬁ@ﬁ§f€:ﬁﬁ W7o
T r 4 274", BRANA=F ¥ LU 7!
S SCEE, 21, 3, pp.401-410, (2016)

[3] A. Sano and N. Koizumi : “Portable Mid-air
Imaging Optical System on Glossy Surface. In 25th
ACM Symposium on Virtual Reality Software and
Technology. 27, 5, (2019).

[4] #9# 1&, /NR OE A “Scoopirit : /K i X & H W
ezl BT v a . ERAE YR
A SCEE, Vol. 60, No2, pp. 318-327. (2019).

[5] N. Koizumi, Y. Niwa, H. Kajita, T. Naemura:”
Optical design for transfer of camera viewpoint

using retrotransmissive optical system”, Optical
Review, 27, 1, pp 126-135, (2020).

[6] K. Tsuchiya and N. Koizumi: “An Optical Design for
Avatar-User Co-axial Viewpoint Telepresence”, In
Proceedings of 2020 IEEE Conference on Virtual
Reality and 3D User Interfaces, pp.108-116 (2020).

[7] N. Koizumi, and T. Naemura. : “Passive Mid-air
Display. ” In Proceedings of the 13th International
Conference on Advances in Computer Entertainment
Technology, 39, 6, (2016).

[8] H. Kim, H. Yamamoto, N. Koizumi, S. Maekawa, T.
Naemura: “HoVerTable: Combining Dual-sided
Vertical Mid-air Images with a Horizontal Tabletop
Display”, B 2 —~< A V¥ 7 = — A FZRHLEE,
17,3, 275 - 286, (2015)

[9] H. Katsumoto, H. Kajita, N. Koizumi, and T.
Naemura: "HoVerTable PONG: Playing Face-to-face
Game on Horizontal Tabletop with Moving Vertical
Mid-air Image”, In Proceedings of the 13th
International Conference on Advances in Computer
Entertainment Technology, 50, 6, (2016).





