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Hirotsugu Yamamoto

Sci-Fi / Screen-Free display Somewhat Funny display Standardization for Future HMI

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 
4) 7 Ph. D candidates (5 full-time workers and 2 full-time students)
5) 10 Master candidates
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

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

Technology Group

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

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.)

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

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

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





Somewhat Funny display
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Parallax barrier
•11-mm pitch
•4m 2m
•127cm in front of LED panel
(15-m viewing distance)

LED panel:
•3-in-1 SMD 6-mm pitch  
•512 288 pixels
•3072mm 1728mm
(140-inch diagonal)



Digital signage is required to provide !‘s.
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! !!! ! ! !

!:sensation, curiosity, fun, joy, ...”I want to watch more.” 



http://en.wikipedia.org/wiki/File:Stereogram_Tut_Random_Dot_Shark.png

Object shape Autostereogram
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Stereoscopic 3D provides !‘s..

Conscious

Unconscious

Conscious

Unconscious

Random dot
stereogram

Binocular fusion!

Binocular fusion!

Hidden shape
http://en.wikipedia.org/wiki/Stereograms



Conscious/Unconscious conversion
in spatial coding for optical encryption
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Decryption

Encryption

Conscious image Unconscious image

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

?!
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480-Hz LED panel

An LED unit contains 12 12 pixels. By tiling 16 LED units, we constructed an LED
panel with 48 48 pixels (96cm 96cm). The FPGA chip in the center bottom controls
emission timing of the LEDs in the unit.

Pitch: 20 mmBrightness: 5,000 cd/m2
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1. IoT

a.
b.
c. IR

2.

3.



International Standard on Aerial Display

Aerial display was selected as PWI in 2018.
Technical Report on aerial display was published in 2020.
In May 2021, NP of aerial display has been approved!

I’m the project leader from the start of PWI on aerial display.









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

Imaging with mirror array

Refraction based
floating display

Reflection based
floating display

Imaging with lens/lens array

Parity Innovations

IMUZAK
https://imuzak.co.jp/en/aerial-display/

https://www.piq.co.jp/index_e.html

Askanet
https://aska3d.com/en/index.html



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 degrees 
and reflects at 2  degrees.

Then, incident to Mirror B at 90 -  degrees
and reflects at 180 - 2  degrees.

• Total change of direction:
2  + 180 - 2   180

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



Focusing of light to the floating position















Retroreflective 
Sheet (RRS)

Light source  image

Light source and retroreflective sheet

Incident rays into RRS
Reflected rays on RRS

Aerial image is formed 
on the light source.
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Problem

Traffic sign and a car



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

Half mirror
Retro-reflective sheet

Light sourcesAerial image

Forming an aerial image
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AIRR



AIRR
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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).



Half mirror
Retroreflective 
sheet

Multi-layered
LED panels

Aerial 3D LED image

Aerial 3D LED display
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Feature
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Forming multi-layered LED signs 
Result



AIRR 3

Hirotsugu Yamamoto, Yuka Tomiyama, 
and Shiro Suyama, Opt. Express 22, 
26919 (2014).





sphere 2

Beam 
splitter

Sphere 1

Retro-reflector

Aerial 
image

Light 
source

64
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
spheres,” OSA Continuum,vol. 4, Issue 4, pp. 1207–1214 (2021).



K. Fujii, N. Endo, N. Hagen, M. Yasugi, S. Suyama, and H. 
Yamamoto, Opt Rev 29, 429–439 (2022).
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Observer,
Instructor



Touch sensor



AR interface
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Aerial 3D volumetric image

Generated volumetric image by light-field display

Light-field Display
(LCD)

Reflective Polarizer

Retro-Reflector
Quarter Wavelength Plate

Micro Lens Array 

Flat high 
definition 
Display

w/ Nikon





T. Watanabe, H. Takatsuka, S. Suyama, and H. Yamamoto, 
Opt Rev (online first) DOI:10.1007/s10043-024-00937-w



Multi-modal aerial information display
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Bunkamura 2016 11



Aerial walk-through 
signage is exhibited 
at our collaboration 

partner’s booth.



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

Over 30,000 
people  visit 
Bosque da 
Ciencia every 
year.

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













Yamamoto Laboratory 93/xx

1.

2. CG

1



VR Noh  Ghost in the Shell
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Real Medaka

Virtual Medaka

3D-CG Medaka

YouTube

URL https://youtu.be/h2FVFQJYRh0



VR Noh in Venice

95999999555555555



Aerial display for future ticket gate
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Aerial Display TR

Aerial Display NP

IEC1906

INPA

IS

CEATEC
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Aerial displays are no longer science 
fiction—they are entering daily life as 
intuitive, contactless interfaces. Their 
ongoing international standardization marks 
their arrival as real-world infrastructure.


