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Sci-Fi / Screen-Free display

L ] B -" -1

somewhat Funn

Standardization ior Future HMI

y display

Yamamoto Lab.: 31 Members + 8 Visiting Professors

1) Professor — Distinguished Professor —
2) Project appointed professor and assistant professor
3) Secretary and 2 part-time researchers
) 7 Ph. D candidates (5 full-time workers and 2 full-time students)
) 10 Master candidates
)

4
5
6) 7 Bachelor candidates

IDW’25 will be held in Hiroshima in Dec. 3-5.

1. Vice Program Chair of IDW’25
2. FMC-WS ex-chair, PRJ and 3D WS member
3. IDW core member

IEC/TC110

1. Head of Delegation of Japan National Mirror
Committee

2. Project Leader of aerial display, aerial display optical system,
and contact lens display,.

3. Member of working groups in JEITA (WG6, WG12, WG19,
AGS, etc.)

The Optical Society of Japan (OSJ)
1. Vice Program Co-Chair of LDC2025, held by Laser Display
Technology Group

SPIE Program committee member of

1. Ultra-High-Definition Imaging Systems Conference at Photonics West

2. Three-Dimensional Imaging, Visualization, and Display at Defense +
Commercial Sensing

IMID Co-Chair of AR/VR and 3D subprogram committee.

3DSA and IP2025 will be held in Taipei in Sep. 3-4.
Program Committee Member.

SID
1. DSY Sub-committee Member for Display Week

2. Vice President of Japan Chapter
3. President of Display Training School in Japan Chapter
4. Advisor for Student Chapter in Japan




SFF4RXRT7TLA%5

X HE : YouTube AIRR Tablet: Floating Display with High-Speed Gesture UI
(Z/F# : Ishikawa Group Laboratory)
URL : https://youtu.be/iJd7fpH8n6M
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LED panel:
-3-in-1 SMD 6-mm pitch
512 X 288 pixels
3072mm X 1728mm
(140-inch diagonal)

Parallax barrier:
-11-mm pitch
4Am X 2m
-127cm in front of LED panel
(15-m viewing distance)
2007.8.

14




Digital signage is required to provide X's.
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I:sensation, curiosity, fun, joy, ...”l want to watch more.”



Stereoscopic 3D provides X's

‘ | Binocular fusion Randomdot @'

Hidden shape stereogram
© http://en.wikipedia.org/wiki/Stercograms

o p—

Object shape Binocular fusion Autostereogram

® http://en.wikipedia.org/wiki/File:Stereo gram_Tut_Random_D()‘[_Shark.png16



Conscious/Unconscious conversion
in spatial coding for optical encryption
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Decryption

Conscious image S ke Unconscious image

H. Yamamoto et al.: Opt. Lett. 28, 1564 (2003), Opt. Express 12, 1258 (2004).



480-Hz LED panel

#1100 0

r — r .
w & RSB SR B s o R R R BB BBR 2O S W SRR LR

Brightness: 5,000 cd/m? Pitch: 20 mm

An LED unit contains 12 X 12 pixels. By tiling 16 LED units, we constructed an LED
panel with 48 X 48 pixels (96cm X 96cm). The FPGA chip in the center bottom controls
emission timing of the LEDs in the unit.
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Author interviews at SID Display Week 2014 @San Diego, USA
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Introduction
SF Display
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©Nao Kurokawa (Utsunomiya Univ.)
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International Standard on Aerial Display
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IEC IEC TR 62629-51-1

L]
Ll

TECHNICAL
REPORT

Edition 1.0 2020-05

colour
inside

3D display devices —
Part 51-1: Generic introduction of aerial display

2020858 Aerial displaylCB89 D Technical ReportHNECH S5 F17.

International Electrotechnical Commission, “3D display devices —— Part 51-1:
Generic introduction of aerial display,” IEC TR 62629-51-1 (2020).
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Aerial display in strict meaning forms a real image in
the mid-air by use of an incoherent light-source
display and a passive optical component to converge
diverging light from the light-source display.



Optics to form floating/aerial display

Refraction based Reflection based
floating display floating display

I\

o

Side view

Light source Image

\ N\ Al -
- r G I'\J o N
a b \ ) | A A} -

Parity Innovations
https://www.pig.co.jp/index e.html

IMUZAK Askanet

https://imuzak.co.jp/en/aerial-display/ https://aska3d.com/en/index.html

Imaging with lens/lens array Imaging with mirror array



Reflective optical elements will meet the

requirements

A typical reflective optical element is lobster eye,
« Kind of compound eyes
« Each eye have dihedral corner reflectors
« Enable wide field of angle




Image forming by use of dihedral corner

reflectors

Incident ray to Mirror A at 6 degrees
and reflects at 20 degrees.

Then, incident to Mirror B at 90 - 6 degrees
and reflects at 180 - 20 degrees. 90-6

Mirror face A

Mirror face B

» Total change of direction:
20 + 180 - 20 = 180°

* Every outgoing ray is directed
to the reverse direction of the
incident ray.



Focusing of light to the floating position




NP (New Work Item Proposal) has been approved!

110/1326/RVN

RESULT OF VOTING ON NEW WORK ITEM PROPOSAL (RVN)

PROJECT NUMBER:
IEC 62629-52-1 ED1

DATE OF CIRCULATION:
2021-05-14

REFERENCE NUMBER OF THE NP:

110/1303/NP
IEC TC 110 : ELECTRONIC DISPLAYS
SECRETARIAT: SECRETARY: CHAIR:
Japan Mr Yoshi SHIBAHARA Mr Xiaolin Yan
OF INTEREST TO THE FOLLOWING COMMITTEES: PROPOSED HORIZONTAL STANDARD:

O

FUNCTIONS CONCERNED:
O EMc 0 ENVIRONMENT O QUALITY ASSURANCE O saFeTy

TITLE OF PROPOSAL:

PNW 110-1303 ED1: 3D display devices - Part 52-1: Fundamental measurement methods of aerial display -

Optical

APPROVAL

P-MEMBERS VOTING P-MEMBERS APPROVING P-MEMBERS NOT APPROVING ~ APPROVAL %  CRITERIA  RESULT

11 10 1 90.9 >=66.7% APPROVED

PARTICIPATION
NUMBER OF P-MEMBERS P-MEMBERS APPROVING AND PARTICIPATING CRITERIA RESULT

22 5 >4 (if <16) APPROVED
5 (if 217)
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The International Electrotechnical Commission
expressss its sincere appreciation of the valuable and sustainable contribution by

Hirotsugu Yamamoto

Expert of the IEC Technical Committee 110,
Electronic displays

Nominated by the Chair and Secretary of IECTC 110

In recognition for his contribution as Project Leader to the development of [EC TR 62628-51-1
30 display devices — Parnt 51-1: Generic infroduction of aeral dispiay.

On behalf of the
International Electratechnical Commission

Gereva, Switzerknd, July 2021

Do BlE Sow. R

Dr Ralph Spover —-—-——i Philippe Metzger
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Retro-reflectors

Life vests

\ \
A

I\/Iicro—ads type I\/Iicroprism type
(Ball lens) (Corner cubes)



Traffic sign and a car

Light source and retroreflective sheet

Retroreflective

Incident rays into RRS
Sheet (RRS >

Reflected rays on RRS

Light source = image

Prablem

Aerial 1image 1s formed
on the light source.

&/ |




Forming an aerial image

Retro-reflective sheet
Half mirror '

A
X»
I P

[ v

@ Aerial image  Light sources

Aerial image 1s separated from the light source
at the plane-symmetrical position of the light sources
regarding to the half mirror. 58



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).




Aerial 3D LED display

Retroreflective

sheet ' Half mirror

Multi-layered Aeri :
erial 3D LED image
LED panels ! N\ g

60



Result

Forming multi-layered LED signs

61
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Aerial Image
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BRNOFSH I ZEPRM

XHH D YouTube [Siggraph Asia 2015] R2D2 w/ AIRR: Interactive 2.5D Floating
Display (E1E#& : Yutaka Tokuda)
URL : https:.//youtu.be/TPH35eVDbFY




Aerial Image Forming Between
Transparent Sphere and User

Aerial Transparent
image sphere 2
Beam

splitter

Light
source

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

expansion of the viewpoint of an aerial image by the use of AIRR with transparent 64



Eye-matching Communication
With Aerial Video-calling Displays

Camera A captures
userA.

User A _ User B
Display A shows image Display B shows image

taken by camera B taken by camera A.

Ty, ke asug. M., Suyama, mamoto. H. *Utsunomiya [niv.

'Developmentior ¢ve -m: calling system using aer 14]_&_11}3:1]&1‘?

basedieilaenalin reflection (AIRR)" Optical Review,
JIadLL: L2 Fu R '

Mail: k fujiif@yvamamotolab.science

K. Fujii, N. Endo, N. Hagen, M. Yasugi, S. Suyama, and H. 65
Yamamoto, Opt Rev 29, 429-439 (2022




Polarizer Observer,

Reflective _ Instructor
polarizer Display
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Aerial display Retro-reflector

Touch sensor / L
\ I .

Beam splitter

Sl J

Operator Instructor




AR interface




High Resolution

( ens- nhanced ),




L eAIRR (Lens—enhanced AIRR)

(a) Conventional AIRR (a) Image of a convex lens

(b) Proposed AIRR (b)Image of the proposed system



Optical
Designs of

AIRR




Aerial 3D display

with AIRR (aerial

imaging by retro-
reflection)

Flat high
definition

N,




o0 = &7 '
Aerial image
Received: 20 February 2025 Revised: 12 March 2025 Accepted: 14 March 2025
DOI: 10.1002/jsid.2056

SPECIAL SECTION PAPER
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Aerial display for future ticket gate




Robot x Optics

R
E
A

L

FHERFE aRT4 7R - LR




R (DR ) & LLIAE (22

7ﬁﬁ:ﬁﬁﬁ
#E£¥[o

xx;%IE_

H5+ AT L)

‘—74’ /’7%':%73113L1 RBRANERIE

BERICH L TEHRRGEZRE S

Zrh Ry FNRIL

ZhTF 4 RT LA ESE . 7
;;Zif‘\

IR T

BIBSHFOO Ry k eI gE

TR A —=




ERDERET (BAD S PHEFA TN

i
10
R
[~

20255

20254E55 E EEARDIFR - 77”)/7—/3 /F‘pﬁ%ﬁ




2025%
20254
9
22

2025%

F6HYH)
F6H8
53093

53070~
“649

D IMRBRME - TADBK

: FEPEKEFE
PN ER

¥ (E
nit $E

- FRE T/ D

8IF30%) : HElm~ER | (1111 Ll
—T Am:\gggyﬁ@m
‘_- 3 /f%ﬁ’/fg’nf{ ‘hm/ el . \L;

KW - B fﬁfﬁ!ﬂm ey U

7’3"; \
IO UTZ
A

HENVRNRIZT

Fohk LIzO/Rw I~ FiBELIR




2025F6H9H(H)~6H22H(H)
2025F8H4H(H)~8H17H(H)
ORY b&EEUT A XFT—23>




12 ) Eli/'—__;—'\EE 7_]'<7j_ 7AT\§/T

BEELIFBTUT : BEEMATHAIYT L. . )
JOOHONE @A @3 2 «a "3 g Ga
BEEEE- B e - MM EE- AT LEAERE Ofyk-E—R— - PoFaI—3EET : = =
AN —tF—oFEEEsShERBAEAN HELEESYEREHETCoAN

%%’

: MIRAI

' .1 | -
i~

i, ; AEEOERBART—<xL
LHTORERECRESRETIENT

BEELETSIVT

==

”

m—‘ Dhfch DB BR-EIX-JAMTTY
R m e =F ok [ 8 B 2 A

ERERRTIERALSKER, 10:00
—ROEBRPEVIa VRS HiERA DEHHE, 1 1 > 1 2 !
_ 2025 Thu Fri

17:00
S B s TP ! s e . s s
@“M”‘ (el -‘ - ek Jn w3 YA S ClE Al

Fo=rirERsFN 3 [ e L EFEER LD
0 FRR i PR L 47 &

ERAE NS

Bhimnzs (@) O Orientalmotor

i.ﬁfal‘m.tfﬂ i §¥ L L"I%#E ‘i (
AF7hn

MOTION MIRAI PARK Q )

70 h =




DEIH &

ICmIlF T




ZhTF 1+ A7 V1 EERDER

\ 4

=8 EHE[ERTIRATLA

OZEFTARTILAIZET 2 ERAEDENE OBAR LI FRFA
y5Fy BEE—S—3—, CESLa— > O12AIDWHE
SEEH HNBER-REYRISHE > (DERE) » O10A EIFMNHEADrAZE
BAD—/\(RI%:CEATEC, DSJtER > O8H SIGGRAPHHE X ARETHEFHRE (RS £FXHWE) —201948A
—a>:IDW, SIGGRAPH ASIA% S HK » O9AJISAP-OSATURHFESR, OSAFiOFKEKR —» OI12ADWHER

ERGHK: HtREREMARLANL), #REBER(BERERELANL) ——» O10A HEITHFHE O108 #HAER (BEEBHEA—H—MRIT)
BASUNSC:5A7a IMTEAEDLE > O(XRAMEDHAFHEED)—201956F HEIHZERE

2019 3 8 2020 oo AR
OINPARIIE ISR CE L | | OEETARAMGIETARIL AR ESER
SERILICE (- REARR > BDBHOHE > TOr TR > BERR-HE
RHMEOEETEORE —> EEHEAONSE — > EREEIEC/TC10) (S5 ERIEELED -

A/ A—Lal MR

KERALFr—OBL LM 08
s fA/A—a AR,
BRAERIZEDRRIE 3 20T .

E AL OB, ©Aerial Displayo)TRbfﬁfﬁ'

Lt | MRS DRI T L.
3 | EME-E&E~0o—Fes i atEe.
XERALTFr—DBRI,

2021 y 2022 3 l 3 R l
‘ > > >

Rt E - EBERZT (S)ICHEE OEMRFZE (S) IZHRIR

\ 4

OERTCARMAITICERA L FI—TI—RER ik
MRALRE - > (ARSI REE > EhAUATI—REBELUREETFOERIE
S w0 (R REOSYTFLAL/ OFLERIY AR b BAD—/ AEIR BRASHANOVA, BRAKHANSC
JEERRAE D=8 DERETARA k& rEZRrEgs—2R] ERIRAE L SRBRTL D=7, SRATIVE
=HEIA] [ZEAIbS e OCEATECEST S T2 E

TIVTRT JLISA 1 BRF SR

> ISEIT

©Aerial DisplaydDNP#ER

EC1906HEZE  JTSUNOMIYA UNIVERSITY 104



Q EhsF 427 A

BAREEEMELES NORE

hIZEORERE L,[/

g | x [ 2E ] Cfig | x| 2B | x  Fikmabis
N\ BRI B O A B

WEHNFEND | N\ AEIBX

B ER [T
| EENES S | BROES | ¢+ EIEES .
RERERETL R OREFEIRIZE — K0
EUTAREE(L/SED e ICEBE?&!IS%EI

BARBEREMREET (EHNEE)

BAERRERES EFBERE

MYFEREDH
12 BAVFEEMELETI
—BERREMELETIL—
54648
BAREXRERES
BEABEDS

UTSUNOMIYA UNIVERSITY

105



i ~ O — ~ "

CEIVEa—T a0 D
e IDXRIFHDPINETRDIY

Ea—71 2V DDFERE

« AKDOYVE2—-H—-EY3Y,
HhsRIRER (AR) 78 E D¥xedift & {52
ARAUCTIYIVAERCMIEHER

DIRERZ Y — LU RITHE. Spatial
Computing

- ZEEIVE2—FT 1 VTS,
> FTC

.« N Information/ Connectivity
« RXUT Data

« XD
CENTEBINTOENIC S
JVEa—FT 1 VDR T D.

https.//wired.jo/article/vol53-spatial-computing-101/




ZZRRA T 4 T

75\5:5< HI\/Hr*

T4 /N\N—ZZE CIREZEED

ARHZRTAD




CRrNey

AT 4 AT

t FOREEICHERTTRE
AVR7 —RE/ ) I5IRERR

%?‘E%‘J’J‘%.
LI — TN OHMIEM D EIFAIC
ZZALDDDHD.

2. S NBIDRRERFED b DOEHIERBYSIL—IU
FERRIC KD NMEEMED B2 A D.

3. EFBOBEICKDERGEZ NN EIESND.

FHEEFLAHARE

Yamomoto Lab., Dtsuncmiva thiv.




ﬁerial displays are no Iongzr

iction—they are entering daily life g&
iftuitive, cantactless interfacés. THEil
ongoing internatiQnal standardization marks
their arrival as real-world infrastructure.




