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Introduction

N

Background

« Resolution of high-definition CGH are being comparable with that in
classical holography.

« Computer holography is the technique for creating CGHs.

o Digitized holography is the technique to digitize the whole process of
holography; real-existing object waves are recorded by an image sensor
and the object waves are reconstructed by CGHs.

« In computer holography and digitized holography, object waves are
handled as digital wave-fields, and thus both can take advantage of
virtual optics.

Outline

» Source material of 3D scene in computer holography

« Some techniques used in our computer holography
— Polygon-based method and Silhouette method

o Creation of holographic stereograms through virtual optics with
numerical methods

» Techniques to realize digitized holography

o Digital editing of 3D scene and resizing of 3D object in digitized
holography
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Some of early works

The Venus, 2009
The first work
4 G Pix (64K x 64K)

Aqua 2, 2009
Hidden-surface removal
8 G Pix (128K x 64K)

The Moon, 2010
Texture-mapping
8 G Pix (128K x 64K)

1K = 1024



Some of early works

&

The Metl Venus I — | |Sh|on V2 2011
2010 The Metal Venus 11 Image hologram
Specular flat shading 2011 White light reconst.

Specular smooth shading

Bear 11, 2010
1K = 1024 D|g|t|zed holography
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/Computer Holography: A Concept

Source materials

Multi-viewpoint @ Picture image @ Polygon-mesh Real-existing
|mage 2D obJect 3D obJect obJect

Field synthesis J [Field capturingJ
® Multiple source materials are [ Digital editing J
used to build the 3D scene.

® Synthesized or captured — -
fields are integrated in a Printing fringe pattern

virtual 3D scene using field- Y-

based digital editing. Computer hologram
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3D scene in computer holography

N

— Multi-viewpoint image (Background)

Captured field (Real-existing object)

: CG-modeled 3D object
/ (Virtual object)

Photograph

el or illustration

4

® Conceptual illustration of a
typical 3D scene of computer
holography.

VAR

Hologram
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‘Computer holography for polygon-mesh objects

Multi-viewpoint @ Picture image Polygon-mesh Real-existing
image 2D object . 3D object | object

[ Field synthesis ] [Field capturingJ
[ Digital editing J
.
Printing fringe pattern

.

Computer hologram
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Polygon-based method

N
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Point source Surface source
of light T of light
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rendering LI
Polygon-based method is usually faster than the point-based method in

rendering surface objects, because the number of the polygons composing a

SYrface object is much smaller than that of point
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Amplitude Phase
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Surface function
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Surface function
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Texture mapping in polygon-based method

Texture

a- (% Yy =i - (6 Y:)

l.(X,, ¥, : Texture image

Amplitude Phase
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Brothers exhibited in MIT museum

N
N

The shape of live faces are measured by 3D laser scanner,
Konica Minolta Vivid 910.
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Optical reconstruction

N
N

Brothers, 2012
Diffuse smooth shading, Live faces
Big hologra , 25 G pix, (196,608 X 13
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Exhibition in MIT museum

Massachusetts
Avenue

...:'}
Welcome!

-
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Exhibition in MIT museum

N
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Digitized hoIograth:
Computer holography for real-existing objects

Multi-viewpoint @ Picture image @ Polygon-mesh B Real-existing
image 2D object 3D object | object |

[nterference

[ Field synthesis ]
® The object field is l’ Digitized
captured by the technique [ Digital editin Holography
of digital holography. - = J
® The captured field is - LN

digitally edited and mixed Printing fringeZpattern
with virtual 3D scene. XV Diffraction

® The mixed field is optically
reconstructed by Computer hologram

computer-hologram.
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Problems to realize digitized holography

N

1. Expansion of captured area (Increase of number of samplings)
2. Reduction of sampling intervals

Image sensor
3,000 x 2,200 pixels
(3.5 um x3.5 um)

® The captured area of
current image
sensors is not
sufficient for high- y . i
definition computer I
holograms.

® The sampling
interval of the
captured field is also
not sufficient for
high-definition
computer holograms.

T

Shion, 2010
072 %X 65,"

9. RIXH
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Techniques for capturing large fields at high-
'sampling density

N
C

1. Lensless-Fourier setup for reducing sampling interval
2. Synthetic aperture digital holography for extending captured area

Interference
fringe

Image sensor

> As the sensor moves, a part of field is captured.
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3D scene including real-existing fields : Penguin

N
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160 ————% Wallpaper of 2D
<< v digital image

S0 ——=< F= CG-modeled 3D obiject
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2D digital images

Captured fields
of real-existing objects

Hologr
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Optical reconstruction

N

Penguin, 2012
Digitized holography
8 G pix
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Field-based digital editing of 3D scene

Y

a
am> Component 1

i Component 2
Component 3
#, — | Component 4

® The 3D scene in computer
holography includes many
components.

® The mutual occlusion among
components must be reproduced
in optical reconstruction.

® \We use silhouette method to

achieve this.
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The silhouette method: light-shielding
by opaque object
Silhouette mask
: vWave-fieId
AVEE NAEDN

YSEAE vt

N

Object
A} N § § % § \ AN \ §
Real object Wave field rendering

® A real opaque object shields light behind the object.
® In computer holography, to prevent the object being a phantom
image, the field of incident light is masked by the object' silhouette.

® We calculate the background field at the center of object and then

mask it by the object’ silhouette.
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Example of Silhouette Masking

Backgrnd Object plane

N

Hologram

® The background field,
propagated to the
object plane, is
masked with the
silhouette of the
Venus stature.

pl)ftgpagation\> 2nd _ ® After superimposing
/ < propagation Venus field, the wave

field is propagated to
the hologram.

Wave-field
of background

Superimposed wave-
field in object plane

Wave-field

of object
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Silhouette mask in digitized holography

N

binarize
Numerical and
Reconstruction reverse
Small part of Amplitude image Silhouette mask

captured field

® In digitized holography, we have no information about the object shape.
® Numerical reconstruction of real fields is used for produce the silhouette mask.
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Problems of self-occluded objects

N

Masking by silhouette of object Masking by silhouette of polygon

Self-occluded
object

® Masking technique by object silhouettes does not work well in self-

occluded objects.
® To properly shield light of self-occluded object, fields must be masked by

the silhouette of every polygon.
® However, masking by the polygon’s silhouettes is very time-consuming.



Procedure of switch-back method

N
N

\

olygon P, |

x Polygon P,

R

Hologram

Polygon P,

® The SWItCh back method is developed to speed up masking by
the pongon s silholiettes. | |

® In this technique the field of object is humerically propagated
back and forth and masked by the polygon’s silhouette.

® Many formulas are necessary for the explanation of the
Aeghanishmn 2012: Symposium for Holographic Display Technology and Art, Tainan (Taiwan), (2012.12.11, Invited talk)
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Hologram for self-occluded object

Rose in Ring, 2012
Self-occluded object (Switch-back method)
Specular smooth shading
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USE OF VIRTUAL OPTICS
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Resizing objects in digitized holography

Magnification

N
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Computer hologram for resizing objects: Hamsters

Background

Fields of resized

Original object field

Hologram

® Hamsters was created for testing Original
the technique. M=05 M=0.25
® The 3D scene include 3 resized
object obtained from the original
field.

@
Hamsters, 2012
Resizing objects




Using multi-viewpoint image as background

N
N

Source materials

MuIt| V|ewp0|nt Picture image @ Polygon-mesh Real-existing
|mage 2D obJect 3D obJect obJect

[ Field synthesis J [Field capturingJ
® 2D digital illustration or j' j’
pictures were used for [ Digital editing J
background so far.

® Multi-viewpoint image is O
desirable for the background Printing fringe pattern
of the 3D scene. D =

® A holographic stereogram is
numerically produced and Computer hologram
arranged in the 3D scene.
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3D scene in computer holography

N

7 IR

o % \

G-modeled 3D object
Ntual object)

Numerical
back-propagation

View pane
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Hologram using multi-viewpoint image

Parked Car 1, 2012
Multi-viewpoint image as background




Software

N
N

» Software can be downloaded from our website:
http://www.laser.ee.kansai-u.ac.jp/WaveFieldTools
— Or search keyword WaveFieldTools
— All contents are written in Japanese.

o The current software is prowded as lerary of C++.

Windows software B
x Google 2Pz - Gm;‘%» o4 gy - x &Em v BER

will be available in a
few months.

Home
03079 Visitors
&S5 FWaveField Tools/ATH Tk A

IO A+TIE, A 2RO TST4GTER#SHEN S S /CGH, T4
VRO 574/ DENERY S — VABEARL T\ GREERCAR ). Ch
DY —JUFHRAT ST T TIZE5<EF 2 TR EFRFE 2al —>a VI TEH
TRETT.

| AHTEBGT HOUO—F
| e, MEAERIR 27 LFRECONETHRLA T 2= 2h055 4
PETOBEEBER L AEAMLTOET QAR AMBIATE).

What's new
Tools History
.04.09 m.gf EROER 7' =5
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Conclusion

N

 Computer holography can use many source
materials and create brilliant CGHs whose
reconstructions are comparable with that by
traditional holography.

o Computer holography has the advantage that
the 3D images are digitally archivable and
transmittable.

o Real-existing objects and 3D scenes can be
incorporated into CGHs by using digitized
holography or as holographic stereograms
through virtual optics with numerical methods.
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