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International Standard on Aerial Display
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Viewer’s eye(s)

v

Real image(s) in the mid-air |

$ %

Converged light rays by the optics

Passive optical component(s)

Diverging light rays from the source

Incoherent light-source display(s)

(a)

Viewer’s eye(s)

R Converged light rays by the optics
Real image(s) in the mid-air *«,*

Passive optical component(s)

Diverging light rays from the source

Incoherent light-source display(s)

(b)
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Passive optical component(s)

F\"eal image(s) in the mid-air

%

Diverging light rays ~ Converged light rays o
K

Incoherent light-source display(s) o

Viewer’s eye(s) A

o
(c)

Key performance indices

Touchless Aerial signag_e for the AR/VR and
application general public general use
A AA AA

Floating distance

Image size B AA AA
3D position AA A AA
Luminance A AA A

Qualified viewing space A AA B

Stray light A B AA
Light use efficiency © A C

Optical resolution © B A

Distortion and skew A A B

Image quality © A A
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Zerh i ,f% O)'Eﬁg T 'ﬁﬁ : ; EQit =] Aerial interface requires integration of

aerial image and 3D sensing.
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Exact matching
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High-Speed Feedback
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touchless aerial terminal w &= 10 3
application | product makers | general use
Floating distance AA AA
Image size
3D position accuracy
and stability

Viewing angle
Ghost image
Luminance

Light use efficiency
Optical resolution
Distortion and skew
Image quality

AA

AA

AA
A
A
C
C
C
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(B) Smoothing LED gaps

(A) Forming an aerial image

Retro-reflective sheet
Half mirror 7

/if

@ Aerialimage ~  Light sources

Aerial image is separated from the light source
at the plane-symmetrical position of the light sources
regarding to the half mirror. 6

68

Result (D) Alignment tolerance

C) Forming multi-layered LED signs
© 2 L g — Putting a retro-reflective fabric —




AI RR (Aerial Imaging by Retro-Reflection)

~

AIRR features:
1. Wide viewing angle
2. Large-size scalability
3. Low cost and mass-productive optics
H. Yamamoto, et al., Opt. Exp. 22, 26919 (2014).
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Optical
Designs of
AIRR

Optical see-
through 3D

interfance
w/ AIRR

Aerial 3D display

with AIRR (aerial

imaging by retro-
reflection)

~

w/ Nikon
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Quarter-wave Retro-

retarder reflector
Reflective
polarizer

Aerial limage
and
virtualimage Light source
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Quarter-wave Retro-
alasder reflector
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polarizer

virtual image
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Light source

— AL —BIZERRIR

Quarter-wave

Retro-

virtualimage Light source
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Our proposed display is composed of
3 key technologies

(2) See-through
aerial imaging.

(1) Secure display by use of
polarization-processing

ES) Head-tracking
nction by use of 3D

(1)Structure of polarization-processing display
to realize secure display

Half-wave retarder
Polarize

.
¢

n;uu.gn// / . e H H H
' r aman" D)D) W) Q) e,

Analyzer

o 907 v !
! — 1 o)  LCOpanet
> . . ' i
L h, ancl I
Structure of polarization- — o l A o0 o i ::::m:a
processing display. i

Ex = fr @ bx

fie» bie, Ex, € {0,1}
@ expresses XOR operation.

Multiple modulations of polarization angle by two-
layered LCD panels and a half-wave retarder.

(2)Aerial image is formed by utilizing transmit light.

3D camera
Bl Retro-reflector

Aerial ———m,,=
imagef} “,-Quarter-wave
retarder
Reflective
polarizer
.................................. LCD panel

Half-wave
retarder

Backlight

Principle of see-through aerial display.
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(2)Reflected light shows the virtual image
for a user in the opposite side.

3D camera
Quarter-wave Il Retro-reflector

retarder
Reflective
polarlzer

Mirror
image

LCD panel

Half-wave Polarizer

retarder Backlight

Principle of see-through aerial display.
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(2)Viewed images of see-through aerial display

Quarter-wave

Aerial  Retro-reflector __retarder
image,, == = .
98, Reflective
polarizer
= Viewed image
from the user’s directions.
\ /
Half—évave ) () panel
retarder E. .
Backlight Polarizer

The structure of see-through display.

Viewed images
from the opposite side.
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Retro-reflector
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’ Reflective
polarizer
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Polarizer

Display
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Light source LCD display Touch sensor

Size 10.4 inches Size 230mm

Resolution 800X 600 pixels Sensing area 230.4X208.5 mm

Outline dimensions 236X 176.9%6.3 (mm) Minimum object size 5 mm (diameter)

Touch resolution 0.1 mm 9 3

Luminance 2000 (cd/m2)

—2)V—ECLDIEENSY T RF v —ZRE T8

Reflective
polarizer

Retro-reflector

Aerial image

uarter-wave retarder
Camera

Polarizer Observer,
Instructor
Display

ByFUREDRAVF—-T1T—2R

Operator

Light source
[Tnstructor |
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Compact

REHEDT v kAN =D

Viewing direction

i

’
N. e Aerial image
\

Half mirror
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ZBHTETH) i “— — | Retro-reflector
LED panel
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D. Nishimura, M. Yasugi, and H. Yamamoto: “Proposal of moire-free aerial
display based on the LED panel and apertured retro-reflector,” Opt. Review,
(2021). httos//doiore/10 1007/s10043-021-00642-y o7
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K. Chiba, M. Yasugi, and H. Yamamoto: “Multiple aerial imaging by use of infinity
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Nowvel design
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Aerial Clear sphere 2
image
Beam
splitter

Light Retro-reflector

source

Clear Sphere 1
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K. Fujii, M. Yasugi, S. Maekawa, and H. Yamamoto: “Reduction of retro-reflector and

expansion of the viewpoint of an aerial image b the use of AIRR with transparent 105
§2Eg;§§ OSA Continuum 4, pp. 1207-1214(2021)

105

11


https://doi.org/10.1007/s10043-021-00642-y

EAEK EHHASDETZZERRR

Beam splitter

Light
source

Retro-reflector
Clear Sphere
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K. Fujii, M. Yasugi, S. Maekawa, and H. Yamamoto: “Reduction of retro-reflector and

expansion of the viewpoint of an aerial image bg the use of AIRR with transparent 106
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K. Fujii, M. Yasugi, S. Maekawa, and H. Yamamoto: “Reduction of retro-reflector and

expansion of the viewpoint of an aerial image bg the use of AIRR with transparent 107
§QE§;§§ - OSA Continuum 4, pp. 1207-1214(2021).
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« BEREK
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Retro-reflector ~ 110*110mm (W * H)
110 (mm) fH= 45°

Light tools 9.0.0

[Transparent sphere 1

Light source
50 (mm)

108

1. BIRRSIZRFIC AT B¢

BEIABKIR L
BEREKICK DT, HRDIEADIESN TS,

BERERkHD D

109

108

109

1. BIRRHIZRFICAGTT B¢

llluminance[Lux]
Vi 5.8E+

04 110 g
* 4.97E+04 \

llluminance[Lux]
45E:

— 9.
) } f * 8.1E+04
N y 6.75E+04
e §

E 4.14E+04 E )
£ £ \
5 55 331804 § 5.4E+04
2 | = L,
8 248E+04 g . 4.05E+04
N 166E404 > | 27Ev04
8.28E+03 1.35E+04
0 55 110 0 0 55 110 0

X direction[mm)] X direction[mm]

R . R N

EREKIR U EBAEkE D

BIAIKICE DT, BRREFEFICAHTDIANED
5NTun3.
EAHBBEOERAMER N TND. 110

+04

LERIEFDE =L —2 3>

Detector(Reverse side)

Detector(Reverse side)

Transparent sphere 2 /-

X
Beam splitter

\ Transparent sphere 1

111

110

111

12



BBk EHAEDETZZRRTR
LEBAER LA

i

BlRETFORN

- BE A
c RTOUYINBTEHENNEZ D
- RERGH A X -

FORTTEIR

BBk EHAEDETZZRRTR
(B8RS D DA

- BBANLE RS
- RFOYNE THISEZ AL
- REREIDRCBSR

ForTTE

112

113

ERLBDRETH

ERBRD D
EaH45E

BEABRIE L
ERHI30E

IS, EAHBEORTFHIL RO TNS.

K. Fujii, M. Yasugi, S. Maekawa, and H. Yamamoto: “Reduction of retro-reflector and

BRI S A A DRI R Ty

1 A == E
1 I =

(ZE T T

FS-—PTIT—3°?

27 EDBHA\DHA?
TR TIZS0).

expansion of the viewpoint of an aerial image bg the use of AIRR with transparent 114
MMM“ DD, 12071214 (2021)

115

2hT ¢ 2TV S
BBZE V97 1 — DI Kl

1. BARZE[™ VYD T — I3, 5GEAD
information / humanMREZ1BS.

2. FERDOFPDM EICEREZEEDA—RT —XR
([CI UIE S ERET RO SN D.

3.1 —DREDI T AFv—DEIYYY
T AllCKBR\REEMMAIENDEDCE
THFrovyYalUXARBEENDYZT ML
DF—5F0.0IY—-Th?.

A&

s BEMEDAY RPYTFT 1 2TUA (k6%
BIEADRBEOBEBICFATES.

- () BEIEEF N HREATIICRIE FF THER CE2T « AT BifidC &
201 9FDHURBIBRRII2IES260/ FIL (MarketsandMarketsiB\)

s IROEERBICHONTFREZLULCEET
Sy FERBEODTETIMARZIBECT D.

c ATMSEICRNTIRSAHBBLED DEE
HNEBEEDZEPRY VICHBATED.

« IRFEERDO P I 2 — XA DBICTHNTR
UBIBE CEIEZEDIBEZTD.

118

119

13



System A

System B

Amusement

NRRIZESRBT ¢ ATLADT Ta~X 4~ - RBTA
Applieation’ o{ it machine

Dipley with ATRR for 4
Anescrmcmt Machise
" BANERT R
e . W O (o Nk’ Opncs&thomcsjapanzowr_t%ézt GERES
31aP18) . 122

122

ASSISTANT

CES@Las Vegas, 2018

125

201 /IERE — Q—ya—

EREEHALAIE zERINERR —

. BEER- A TERCRE

B 2017/10/26, R v THA
123

Coﬂaborat|on with Clarion ] = ¥

JWAEE : TV —TA XYk

[Fo&—--ayRYYR]
A Bunkamura® A —F v — F7R—JL 2016F118

T NCI

Bss-sqrIRBRER]

https://youtu.be/ruXWgmuagE8

126

INPA (National Institute for Amazon Research)@ Manaus, Brazil

Over 30,000
people visit
Bosque da

Clencla every ; m

Collaboration with INPA, Kyoto Univ. and JICA. Renewal open: June 5th, 2019
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