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The Projection-Screen Dilemma

And what fool buys
a projector when he
doesn't have a free wall to
project against?

Say, what's that vase
doing on the top of
Kate Winslet's head?

Oliver Bimber The Potential of Light Fields




B KU G

NNES KirLER Computer Graphics

Projector-Camera Systems

Surface or Yolume

transport of light:

P measuring

» representing (T)
) processmg (TT APl L. )

Adapted
Optics

Cameras

Models of Visual

Perception -omputer Graphics

Computer Vision



8 JKU €5 rose

JONANNES K(PLER Computer Graphics

UNIVERSITY LINZ

SmartProjector'™

Ll

VIOSO

SchloB Paars, 2010

iy SRR L o o L A

T ANEL ANRR AN A AR
O YR




ﬁ J KU c’: Institute of V|OS°°

JONANNES K(PLER Computer Graphics

SmartProjector'™

UNIVERSITY LINZ



file://localhost/Users/oliverbimber/Documents/Work%20Talks/Qualcomm11/Qualcomm11.key
file://localhost/Users/oliverbimber/Documents/Work%20Talks/Qualcomm11/Qualcomm11.key

ﬂ -J KU CI I(?g:::tjeteorfGraphics V|°so.

SmartProjector™

UNIVERSITY LINZ

EON, 2010

LN

-

-
- awho

W
e




H ,'OJ.:,... U <'-Institute of VIOSO.

SmartProjector'™

X R
1Y LINZ

‘.§3 -y

IVETE-Show Madison Square Garden, New York,2010 -~




H K ( ’IZ! Institute of

JOMAN
UNIVE

Computer Graphics

S

NES X(PL
RSITY L

R
INZ

SmartProjector'™

-
-

-~
¥ S

Y




a J KU ‘ 0 Institute of
lOuA

xern Computer Graphics

l LIN




Institute of
4 Computer Graphics

,

What are Light Fields!?
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The Potential of Light Fields
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What are Light Fields!?

ray parameterization two-plane parameterization spherical light field
in 3D space of light field parameterization

Oliver Bimber 12 The Potential of Light Fields
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What does a Camera Capture!

Image Sensor

Camera Optics

Principle of regular Camera

Oliver Bimber \ 5 The Potential of Light Fields
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What are Light Field Cameras?

Image Sensor

Camera Optics
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Principle of Light-Field Camera
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What are Light Field Cameras!
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Synthetic Aperture Reconstruction
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Synthetic Aperture Reconstruction
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Spatial vs. Frequency Domain

® Spatial Domain:
® 4D light field is sheared and * * * 444
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Spatial vs. Frequency Domain

® Spatial Domain:
® 4D light field is sheared and ﬁ ﬁ ﬁ 4444

B LA 1 e |

integrated on 2D image plane T e
AT e T A

® Projection-Slice Theorem: 2T R
. , n . . d ol Sl Y =) )y
® projecting a higher-dimensional TSy S
Y S sl WY
signal onto a lower-dimensional o1 oa o

4
slice and Fourier-transforming it, AR I IS
is the same as Fourier-
transforming higher-dimensional
signal and take the slice, that is
perpendicular to the integral
direction in spatial domain

Oliver Bimber 24 The Potential of Light Fields
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Spatial vs. Frequency Domain

® Spatial Domain:

® 4D light field is sheared and
integrated on 2D image plane

® Projection-Slice Theorem:

® projecting a higher-dimensional
signal onto a lower-dimensional
slice and Fourier-transforming it,
is the same as Fourier-
transforming higher-dimensional
signal and take the slice, that is
perpendicular to the integral
direction in spatial domain

® Frequency Domain:

® Fourier-transform 4D light field,
take 2D slice, inverse Fourier-

transform 2D slice
Oliver Bimber 25
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deconvolution
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Transformations

shear + integrate

 ———

4DFFT + slice + 2DIFFT

= shear +
T s =
ntegra rate
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** perspéctive image
A (original)

input light field

Light-Field Retargeting

-

= focal stack slice focél stack slice z-stack slice . Z=stack slice
4 (back) o (front), 7 (back) =3 (front)

perspective focal stacks perspective z-stacks

synthetic aperture // : // : / / : // : / /

reconstruction . / / / / / / 3D deconvolution’ / / / / /
VAR - S A LA AL

parallel projected seams /
\“\ !: / {j accumulation

center-perspective light-field image

Ve berspective image
(seam-carved)

Oliver Bimber

seam-carved perspective z-stacks output light field

R s

TR T ) | B,

[ A 1 REUEE TR S perspéctive image
(x,z)-slices of seam-carved perspective z-stacks ' retargeted)

Siggraph 201 |, Eurographics 2012
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Vlsuallzatlon of Large Datasets

B

green: new volume
rendering (full
resolution)

red: new volume
rendering (low

?ﬁﬁlutlon)

r'a_Y' Fach el :
field ren
(full esolution)
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SLM pixels: (1.64um)?
camera pixels: (1.1uym)?
on specimen (field plane)

TVCG 2010
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Modulation by
Specimen
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Closed-Loop Feedback lllumination
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Light-Field Microscof

intermediate
image plane

microiens array

imaging path

‘illumination path®
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Flexible and Transparent Image Sensors

Palo Alto Research Cente
(Applied Physics Letters 2008)

University of lllinois

(Nature 2008)
Oliver Bimber 56 The Potential of Light Fields
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Luminescent Concentrators
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Image Reconstruction
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Current Results

Oliver Bimber The Potential of Light Fields
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Color and Superresolution

Incident light
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1 1
2 LCthatconvertsredtolowerred

LC that converts green to red
LC that converts blue to green
3 3

1 ... sensors measuring red color channel of the image
2 ... sensors measuring green color channel of the image

3 ... sensors measuring blue color channel of the image

TR = BHHE

TlLLLLLL EEEEEEE
e samele HHHHHH-

BEILIEEEEN

sample up and combine
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Computer Graphics

Where is the Potential?

we are here now

I
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Digital Computational
Photography Photography
(direct view, change (change focus and
contrast, brightness, and || perspective, reconstruct

color) 3D)

| Fully Multiplexed
Digital Lighting Lighting
(LEDs: temporal (light modulators:
multiplexing) spatial+angular+
temporal multiplexing)

Analog Lighting
(bulbs: on,off,dim)

Lighting
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What are the Challenges!?

®|maging!

® maybe not...
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®|maging!
® maybe not...
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Computer Graphics

What are the Challenges’

®|maging!
® maybe not...
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Where is the Potential for AR/MR’

® Imaging: light-field camera instead
of normal camera

® consistent and adaptable
rendering (occlusion,
illumination, focus, etc.)

ez -;'?0 |mproved tracking and
A~ reglstratlon
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Where is the Potential for AR/MR?

® I[maging: light-field camera instead

of normal camera

® consistent and adaptable
rendering (occlusion,
illumination, focus, etc.)

® improved tracking and
registration

® etc.

® Displays: light-field displays
instead of normal displays

® consistent and adaptable
focus

® improved eye-tracking

® etcC.

Oliver Bimber
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Display with optics
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