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Technical Group at a Glance

Focus

« Various aspects of display technologies

« New device technologies used for displays: OLED, MEMS, etc.

« The evolving field of 3-D displays: 3D holography, 3D light-field, 3DTV, etc.
« Display holography

» Investigating display and sensor technologies used for creating augmented reality and
interactive environments

Mission
« To benefit YOU and to strengthen OUR community

« Webinars, podcasts, publications, technical events, business events, outreach

* Interested in presenting your research? Have ideas for TG events? Contact us at
TGactivities@osa.org.

Find us here
Website: https://www.osa.org/en-
us/get involved/technical groups/iapd/display technology (it)/
 Facebook: https://www.facebook.com/groups/OSADisplayTechnology/
* LinkedIn: https://www.linkedin.com/groups/12205201/
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Presentation Notes
OSA Members are encouraged to join technical groups in their areas of interest, which offer:
Exclusive networking events for a chance to connect with fellow members
Special events with tailored programming at OSA meetings
Online forums to engage in discussions with members across the globe
Focused information on the latest news and developments in the field
Opportunities to explore emerging topics in the group’s subfield of optics and photonics
With over 40 different technical groups to select from, you can be sure to find a community offering the latest news, information and events of interest to you.
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] Display
Today’s Webinar OSA Tochnical Group
Free-space volumetric displays

Dr. Daniel Smalley

Brigham Young University, USA
Smalley@byu.edu

Speaker’s Short Bio:

He experimented a great deal with holography, and for this reason was
led to attend MIT where he earned a B.S., M.Eng, M.S., and Ph.D. degrees
while working to create the world's first low-cost holographic video
monitor. Now as a newly minted BYU professor, he is continuing his work
in electroholography by fabricating new waveguide-based modulators.
Professor Smalley aspires to create large, high resolution, interactive
holographic and volumetric displays. He is also part of collaborations
pursuing novel brain probes and tractor beam technologies.
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Freespace Volumetric
Displays

Dr. Daniel Smalley

Brigham Young University

OSA Display Technology Technical Group, June, 4th 2019



Brokenhearted

Business »

‘Star Wars' holograms -- the next
promise of 5g technology

Jos Mayes

A scene from the original 1977 "Star Wars” film. { (AP Phofod ucasiim L1 & TH) |

We're told next-gemeration 5G mobile technology will unlock o future of self-deiving cars, augmented
reality and robotic surgery.

Now how abont 3D holograms?



Brokenhearted




We want displays like this:
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Replace a Rivalry with a Great Harmony
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Are holograms physically impossible?

Thics caallas

=seviously had details. They are now in a comment

@ redd" @ r/NoStupidQuestions v Q. Search r/NoStupidQuestions

refined and extended: The unsettling lifelikeness of

became even more eerily uncanny in such projected r/ NoStupidQuestions

improvements were accompanied by popular antici

extrapolated into the certainly [RDOSSIDIEIStar Wars

the holodecks in Star Trek: The Next Generation of 1

Posts

projected a holographic image away from the viewe

4+ Posted by 1 year ago
Despite these unrealistic expectations, new discover

3 Are holograms scientifically impossible?

important new variant was developed by Stephen B 4
later the Massachusetts Institute of Technology) in 1 Answered
1970s. Popularly called the rainbow hologram, it wa:

s . 3D Holograms like you see in the movies (Back to the Future, Star Wars, Iron Man 2, etc).

optical component: a horizontal slit that limited vert ) ) ‘
Humans can't see a photon unless it enters your eyes, either directly or reflected off something?

foreground objects to see behind them. When the h
A 3D hologram can't do either since it's supposed to be just suspended in air and we can't see air?
Examples:
e Iron Man Il

e Ghost in the Shell



There is hope!

Thanks to Freespace Volumetric Displays)!

BYU
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RAY WAVE
(lightfield) (holographic)
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POINT
(volumetric)

Optics and Photonics News, ‘Volumetric Displays: Turning 3D Inside Out,’ 2018
(Ratified lllumiconclave II, 2018)
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Definition:

Lightfield: display that...
modulates the position and

direction of light rays (x,y, theta
and phi)

lllumiconclave I: Article | Section 1.3




Definition:

Holographic— 3D info in spatial
frequency

lllumiconclave |: Article | Section 1.2



Definition:

Volumetric--colocation of image
points and scatterers

lllumiconclave I; Article | Section 1.1
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Berthelot & Bonod (2018)



Swept-Volume

w

VX1, Courtesy of Voxon Photonics
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Static-Volume

Courtesy of Dr. Curtis Broadbent, University of Rochester
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Freespace




-reespace: Optical Trap (OTD)
Display

potential

trapping
site

RGB

illumination
dichroic

mirror

X,Y scattered

# scanner light (PO.V)

O



Freespace Advantages



RAY WAVE
(lightfield) (holographic)
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No Screen

Screen

POINT
(volumetric)

Optics and Photonics News, ‘Volumetric Displays: Turning 3D Inside Out,’ 2018
(Ratified lllumiconclave II, 2018)


Presenter
Presentation Notes
Illumicon II










Screen—2>Clipping




Screen—2>Fuzzing

3D images at different depths
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Screen—2>Fuzzing




No Clipping, No Fuzzing

HOLOGRAPHIC VOLUMETRIC



Additional Advantages

Specific to the OTD display
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Color: low apparent speckle
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Voxel definition 1600dpi
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OTD images are physical objects.
Retinal 3D Displays


Sci-Fi Displays



(Formerly) Forbidden Images

‘Leia’ '‘Avatar’

(long-throw Projection) (Tall Sandtable) Iron Man

(Wrap-Around)

FE E




Leia (Long-Throw Projection)



Avatar (Tall Sandtables)
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Iron Man (Wrap-Around Display)
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Forbidden Geometries:
Tall Sandtables




Forbidden Geometries:
Wrap-Around Images



Hybrid Systems Possible




_ow-Computational Complexity
-0r Sparse Scenes

20cm



Pixel Bandwidth vs. Particle Bandwidth
(hologram vs. OTD in 20x20x20x cm Volume)

1015

- Hologram (constant BW)
1 Trillion pixels/sec ................................................ :

400 Million .
pixels/sec |
(Graphics Card) |

105

1010

2 Million 6 Billion
Particles Particles

1012



<400 MPixels/sec (commodity
Graphics card)



OTD Improvements



Improvements:

* Trap

* Particle

* Scanning

* Scaling

* Occlusion

* Robustness
e Safety



Challenge: Trapping

potential

trapping
site

RGB

illumination
dichroic

mirror

ke
tilted ) : X,Y scattered
Z-lens™ " scanner light

D. Smalley™ et al., "A photophoretic-trap volumetric display," Nature,
vol. 553, p. 486, 01/24 / online (2018).

3D Image
(POV.)



Challenge: Trapping




Challenge: Scanning




Challenge: Scanning

OTD parameters

Max Particle Velocity 1,827mm s’

Max Frame Rate 12.8 fps

Max Acceleration 5.679

Max Hold Time 17.2h (term. by researcher)
Max Pickup Rate 87% (N=67)
Computational Complexity 9bytes/point/frame

Voxel Dimension 10um

Linear Resolution 1600dpi

Addressable Volume 100cm?

Color 24bit



Challenge: Scaling




Challenge: Scaling

Violet Trapping Laser

Z directional grating

Trap Site
2D Dammann grating
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Focusing Lense

Two particles trapped,
spaced laterally

1-Dimensional Dammann Grating






Most Volumetric Displays
Limited to Ghosts and Hulls



Challenge: Occlusion



Occlusion

o),
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you would also be able to see both hair buns at the same time, always!  They're could, ofcourse, be some viewer tracking and back face culling, but in the end you would still be restricted to making ghosts and hulls.  
Now it isn't impossible to make a volumetric display with occlusion, But I haven't seen one yet at least not one that remained a volumetric display by our definition.


Occlusion impossible?

view volume

9 8 >, <

\

rays not
viewer 1 generated viewer 2

See also: Cossairt, Oliver S., et al. "Occlusion-capable multiview volumetric three-
dimensional display." Applied optics 46.8 (2007): 1244-1250.



|sotropic Scatterers

objective

: plasma 150
mirrors - /
® o °2
. 1808
light block

camera

210\

270




Anisotropic Scatterers

Anisotropic Trapped Particle Brightness vs. Angle




Alternating Particles

Two Anisotropic Particles with Alternating Brightness vs. Angle

26° 78° 104°












Challenge: Robustness



What if the particle falls out?

M g0



Challenge: Safety



Safety: Particles

Particles:

et

\./




Safety: Particles

Particles:

3000x




Safety: Lasers

7%‘/7/%}/ Violet I ‘.2

)

Eye Safety



Safety: Lasers




Improved 8in display—=>6000hrs



Freespace Volumetric Display
Applications



Early Application




Intermediate Application
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Long-term Application



Before: Photons



Now: Photons + Atoms
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We’re excited to see what light matter interaction displays can do for us in the future.
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Thank You
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