Multiple View Geometry in Computer Vision Second Edition
Richard Hartley and Andrew Zisserman, Cambridge University Press, March 2004.
http://users.cecs.anu.edu.au/~hartley/ http://www.robots.ox.ac.uk/~vgg/index.html

Marc Pollefeys http://www.cs.unc.edu/~marc/
Full Professor
Computer Vision and Geometry lab Adjunct/Research Professor
Institnte of Visual Computing Department of Computer Science
Department of Computer Science University of Morth Carolina at Chapel Hill
ETH Zurich
Tel == - (919) 962 1845 &
Tel B - +41446323105@ Fax:(919) 962 1699
Fax: +41 44 632 17 39 E-mail: marc/@cs.unc.edu

E-mail: marc_pollefevs(@inf. ethz.ch
Webhttp www_inf ethz ch/'personal’pomarc

Multiple View Geometry
in Computer Vision
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M. Pollefeys, L.Van Gool, M.Vergauwen, F.Verbiest, K. Cornelis, J. Tops, R. Koch, Visual modeling with a hand-held camera, International Journal of
Computer Vision 59(3), 207-232, 2004.
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Figure 1.1: An image of a scene
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Figure 1.2: Back-projection of a point along the line of sight.
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Figure 1.3: Reconstruction of three-dimensional point through triangulation.
.
C ?
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Visual 3D Modeling from Images
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Photo Tourism mEmE i B

g N Seess fe T [
. —— 31 A
i, o ‘ _ ‘Q’Jf

» http://phototour.cs.washingtom

/

= w « 8 <TI

ST nE P -
PRIV o P
=i UV SR WA ' v

Photo Tourism
Exploring photo collections in 3D

3:..

v o ey |

Noah Snavely Steven M. Seitz Richard Szeliski
Uniwversity of Washington Microsoft Research

SIGGRAPH 2006
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http://phototour.cs.washington.edu/

Building Rome on a cloudless day, Jan-Michael Frahm, Pierre Georgel, David Gallup, Tim Johnson, Rahul Raguram, Changchang Wu,Yi-Hung Jen,
Enrique Dunn, Brian Clipp, Svetlana Lazebnik, Marc Pollefeys, ECCV 2010

Building Rome on a cloudless day
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Lowe, David G. (1999). "Object recognition from local scale-invariant features". Proceedings of the International Conference on Computer Vision. 2.
M. Brown and D. G. Lowe. Automatic Panoramic Image Stitching using Invariant Features. International Journal of Computer Vision, 74(1) 2007

Au t O S t j_ t C h The AutoStch rocess

AUT OSTTTCH

AutoStitch | Gallery | Download (Windows demo) | Buy Autopano | Licensing | Press | FAQ | Publications

AutosStitch :: a new dimension in automatic image stitching

25 of 57 images aligned

Serratus

Welcome to AutoStitch. If you have an iPhone, please check out our new iPhone
version of AutoStitch below! If you're looking for the windows demo version, you can
download it using the link above, or read on to find out more about AutoStitch.
Thanks for visiting!

New! AutoStitch iPhone

AutoStitch now brings the latest in image
recognition technology to vyour iPhone.
Stitch images in any order or arrangement,
using photos taken from your iPhones
camera. Just select a set of images from
the camera roll or photo albums, and
AutoStitch does the rest. For more details,
see our webpage, or go directly to the app
store:

=
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C:/Program Files/autostitch

ra y Arcas : Seadragon, Bing Maps, Photosynth, MIT Technology Review TR35 in 2008

Photosynth

» DeepZoom & HD View
» http://photosynth.net/

"  Mcosoft
4 A Photosynth' Home | Explore

About My Photosynths

Create Account | Signin [ Upload

Rainier - Sunrise
mw_1972 9/6/2011 1748 Views

Click on the white
boxes to see
different photos.

Use the arrows to ||
see more of the |
|

scene.

Use the buttons or |
mouse scroll wheel ||
to zoom in & out.

Ibg@dongseo.ac.kr

Mt Rainier

R Lk
[
>

Vit Rainier Summit

Capture your world in 3D

Shoot wraparound panoramas or full "synths”,
share them with friends, and publish them to Bing.

Gear up by checking out some of the best:
e Bridges

« Towers

o Collections

e Museums

o National Parks
o Markets

o Insects

e Forests

e Archaeology
o Aerial Views

e Beaches

into some of the 50,000+ panoramas and
»n Bing Maps.

1/12/2014



http://photosynth.net/

Image Composite Editor

» http://research.microsoft.com/en-us/um/

redmond/groups/ivm/ice/

Microsoft*

Research

Links

® ICE Forum

® Silverlight Deep Zoom
® HD View

® HD View SL

Compatibility
Microsoft Image Composite
Editor works on 32-bit and
64-bit versions of Windows
XP, Windows Vista, and
Windows 7.

Download
Version 1.4.4
May 26, 2011

wnload for
2-bit Windows

pownioad foul

64-bit Windows

Help: 32-bit or 64-bit?

Image Composite Editor

What is Image Composite Editor?

Microsoft Image Composite Editor is an advanced panoramic image stitcher. Given a
set of overlapping photographs of a scene shot from a single camera location, the
application creates a high-resolution panorama that seamlessly combines the
original images. The stitched panorama can be shared with friends and viewed in
3D by uploading it to the Photosynth web site. Or the panorama can be saved in a
wide variety of image formats, from common formats like JPEG and TIFF to the
multiresolution tiled format used by Silverlight's Deep Zoom and by the HD View and
HD View SL panorama viewers.

oo s

B - , =

Lot 30 T 30
Hegm 15401 pues
Bght J0S1L Botmen 26500 B
Wom T0TE  Hegat 380 Covate JHEG thumbont S oe
Camurs moton 3 rotatins moton frejactos narisste . Sttchas 193 24 402 images Spare 1540° sarsntaly 314" verealy ——
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C:/Program Files/Microsoft Research/Image Composite Editor/ICE.exe

PhotoCity

» http://photocitygame.com/

Signin | Register

PhotoCity

Capture the world, one photo at a time

MAP | FORUM | HOW TO PLAY | CREDITS

PhotoCity is a game played outdoors, with any camera, even a cell-phone camera. By taking photos of buildings around your city or school campus, you can
earn points, capture flags, and virtually own your favorite buildings, all while contributing to a large-scale 3D reconstruction!

More officially, PhotoCity is a product of collaboration between the University of Washington Department of Computer Science and Engineering and the Cornell
Department of Computer Science. The game uses our state-of-the-art 3D reconstruction algorithms to build 3D models. Our ultimate goal is to reconstruct the entire
world, one photo at a time. The project has been made possible by generous grants from Intel Corporation and Google.

PhotoCity is Offline New Game: PointCraft!!

In the mean time, check out what we've accomplished!

+ Kathleen Tuite, Nadine Tabing, Dun-Yu Hsiao, Noah Snavely and Zoran Popovic.
PhotoCity: training experts at large-scale image acquisition through a
competitive game. (CHI 2011)

Kathleen Tuite, Noah Snavely, Dun-Yu Hsiao, Adam Smith and Zoran Popovic.
Reconstructing the World in 3D: Bringing Games with a Purpose Outdoors.
(Foundations of Digital Games 2010)

New York Times: Computers Turn Flat Photos Into 3-D Buildings
UW Daily: The world at your fingertips

UW University Week: PhotoCity, virtual capture-the-flag, starting this week on UW
campus

PhotoCity maps during height of empire (UW, Cornell)
Our YouTube channel
PhotoCity research project page
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Depth Camera
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Bumblebee

» http://www.ptgrey.com/products/stereo.asp

[ 72 visuatodomuicrec — mic: - Visual Studio
XHE ®EE NBY WEE L9E ARQ IAD N Rdecor BRE BO® BHW
z |08 e R B e IS0 3 fom B2

AR N AR T & R Release
0 % Ry ae | 3F §)
MEHEGAETPE - Visuallde v § X VisOdoNulCRec.cpp strtcl c i
2| B EA @ REE) v @ USavelnage (LPVOID paran)
) MERAR “VisualOdolulCRec” (1 PIRE
= 7 VisuelOdo
@ sk
SRR v 4
€ eprp. cpp
€ featureDettiateh. cpp
€ Qldrar. cpp
] ReBstinator. cpp

mpImagedwi dthStept tempInage-Dhei ght)

bumblebee™ S

[ il %

Specifications:

» 540x480 Option: two Sony ICX084 Color or BW CCDs
1024x768 Option: two Sony ICX204 Color or BW CCDs T
1/3 inch, progressive scan CCDs ——
640x480 square pixels at 30 Hz frame rate i i
1024x768 square pixels at 15 Hz frame rate e

10 bit A/D vg( A
Shutter speed: 1/16000 to 1/30 second oy

Baseline: 12cm

Choice of Zmm, 4mm or 8mm focal length lenses
{100°, 70°, and 50° HFOV respectively)

| leftReciInage):
", rightRecllInage):

' N\
)
!

305-1847 West Broadway, Vancouver, B.C., Canada V6J 1Y6 T: +604-730-9937 F: +604-732-8231

Point Grey Research (PGR) is a worldwide leader in the development of advanced digital camera technol-
ogy products. Based in Vancouver, British Columbia, PGR designs, manufactures and distributes IEEE-1394

So nY B u m b I e bee Ste reo C am e ra‘ cameras, stereo vision cameras and spherical digital video cameras to a broad spectrum of industries.

Revised February 14, 2005 Through a close working relationship wtih its customers, PGR continues to be at the forefront of innovation.
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Structured Light 3D Surface Imaging
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Structured Light Projection (SLP)

Classification Framework

[ Structured Light 3D Surface Imaging Techniques

—9[ Sequential Projections (Multi-Shots) ]

—%[ Binary Code
—%[ Gray Code
| Phase Shift

o

Hybrid: Gray code + Phase Shift

| N S —

—9[ Continuous Varying Pattern (Single Shot) J

H[

Rainbow 3D Camera

%[ Continuously Varying Color Code

—

N

Stripe Indexing (Single Shot) ]

%[

Color Coded Stripes

]

Segmented Stripes

H[

Gray Scale Coded Stripes

%[

De Bruijn Sequence

A S

Grid Indexing (Single Shot) J

—{
-
L
—

Pseudo Random Binary-Dots

Mini-Patterns as Codewords

Color Coded Grid

2D Color Coded Dot Array

(N W S —

N
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Kinect for XBox

XBOX 360
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kinectfusion.flv

http://www.microsoft.com/en-us/kinectforwindows/discover/features.aspx

What is Kinect? -

“o /e
PrimeSense
» Motion sensing input device by Microsoft \f ens

» Depth camera tech. developed by PrimeSense Invented in 2005

» Software tech. developed by Rare o
» First announced at E3 2009 as “Project Natal” Rqre

» Windows SDK Releases

. ¥

——

YOU ARE .= +
THMLER

5 CONTINUE
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Kinect for XBox

» The subpattern is 211 x 165, totalling to 633 x 495 spots, sensor chip with SXGA resolution
(1280 x 1024)

» Both dimensions are odd numbers, so that there can be a central bright spot.
» The number of (bright or dark) spots inside the subpattern region is 34,815.

» 3,861 of them are bright 0.1109 = | / 9.017094.Therefore, on average every 3x3 region there is
one bright spot.

» No bright spots are 9-connected.
» No repetitive structures.
» Always 4 bright spots per 6x6 spots

» Each bright spot is surrounded by dark spots. the number of spots per pixel is constant, a local
thresholding operation could be implemented, that quickly filters out the spots in the sensor
image, and converts it in a binary image for easy neighbor extraction and ID computation.

» The average brightness looks quite constant.
» A small region of spots, that is unique within the whole pattern

» Depth or disparity is finding the ID in a reference image.
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Real-Time Human Pose Recognition in Parts from Single Depth Images, Jamie Shotton Andrew Fitzgibbon Mat Cook Toby Sharp Mark Finocchio,
Richard Moore Alex Kipman Andrew Blake, Microsoft Research Cambridge & Xbox Incubation

/‘ 5 . ‘.’ = q G%I\ A A P I

]
f PrimeSense
Natural Interaction

« % &9 \
"
‘ H - front . #| 52
| " ' front : " 3 ;\:*f

depth image == body parts 3D)0|nt ploposals
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http://research.microsoft.com/en-us/projects/surfacerecon/

KinectFusion

SIGGRAPH Talks 2011
KinectFusion:

Real-Time Dynamic 3D Surface
Reconstruction and Interaction

ahram lzadi 1, Richard Newcombe 2, David Kim 1,3, Otmar Hilliges
David Molyneaux 1,4, Pushmeet Kohli 1, Jamie Shotton 1,
e Hodges 1, Dustin Freeman 5, Andrew Davison 2, Andrew Fitzgibbd

1 Microsoft Research Cambridge 2 Imperial College London
3 Newcastle University 4 Lancaster University
S University of Toronto

(a) Frame to frame tracking (b) Partial loop (c) Full loop
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Z-CUBE@ETRI

E I RI Electronics and Telecommunications
Research Institute

v . o
ETRI VN i
=

High Quality Ver. Compact Ver.
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TO F 3 D C amnmera TIME-OF-FLIGHT TECHNOOY

Esmidhm
Reflected light

Time of flight cameras

3DV ZSense

Infrared camera +

Pulsed infrared lasers
GaAs solid state shutter

RGB camera

Image sensor
Range: 1.2m ~ 9.0m

3DV, Canesta (no-longer public)
PMD Technologies http://www.PMDTec.com

The Mesa Imaging SwissRanger 4000 (SE4000) is probably the
Mesa Technologies http://www.mesa-imaging.ch

most well-known ToF depth camera. Ithas arange of 5-8
meters, 176 % 144 pixel resolution over 45.6° x 34.6° field of
view. It operates at up to 54 fps, and costs about $g,000. I've
seen these used in a number of academic laboratories.

The PMD Technologies CamCube 2.0 is alesser-known, but
equally impressive ToF depth camera. Ithas arange of 7
meters, 204 X 204 pixel resolution with 40.0% x 40.0° field of

view. It operates at 25 fps, and last time I checked, it costs
around $12,000.

3 O
3 O
p &
]
L)
L]
(]
o
(]
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http://www.robotshop.com/gorobotics/wp-content/uploads/2008/08/swissranger_3d_camera.jpg

DepthCamera@Samsung

28

]

![ Column £OS for RGA

Color: 1920(H) x 720(V)
Depth: A480[H) x 360(V)

ROB-ROWDTIVers ™

GUTS

New Camera Sensor
Captures Images and e R (B & 8
Depth Data At the Same

Time

Samsung has developed what they're touting as the world's first sensor that can capture both an

RGB and range (or depth) image at the same time, granting Kinect-like gesture recognition

capabilities to a host of devices.

The new CMOS sensor uses an array of red, blue, and green pixels that sit alongside the depth-
recording z-pixels, which are four times as large. As a result, the sensor can only capture images
with a resolution of 1,920 x 720, while the depth map is limited to just 480 x 360.

Ibg@dongseo.ac.kr
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Light Field Camera
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http://graphics.stanford.edu/projects/array/

Stanford Multi-Camera Array

» 640 X 480 pixels X 30 fps X 128 cameras
» synchronized timing
» continuous streaming

flexible arrangement
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http://lightfield.stanford.edu/Ifs.html

Stanford Light Field Archive

The (New) Stanford Light Field Archive

Computer Graphics Laboratory, Stanford University

=010 Light Fields Calibration  Acquisition Software  Publications

Listed below are the light fields in our archive. For each light field, there is a link to the imagery - sometimes in several forms, and sometimes accompanied by calibration information. Following this is a link
that allows you to view the light field in your browser using our Flash-based light field viewer.

Notes about the light field viewer

In most cases you shouldn't need to download any software to use our viewer; just click on the indicated links below. Be warned though, this involves loading the entire light field (usually at slightly reduced
spatial resolution) into memory. For the largest light fields, this involves downloading about 30MB of data, and will cause your browser to use up to a gigabyte of RAM. Firefox 3 uses notably less RAM than
Firefox 2 when viewing these light fields, as does Internet Explorer 7. Safan and Opera should also work, with the appropriate flash player plugin.

You're free to take the viewer and use it for your own light fields. The source code and instructions for the using or modifying viewer are available.

Light Fields from the Lego Gantry

The light fields in this section were acquired by Andrew Adams.

Bjraus Lego Truck
. " : 289 views on a 17x17 grid, image resolution 1280x960
289 views on a 17x17 grid, image resolution 1400x800 Original camera lmagegs. Rectiﬂ%d and cropped images
Original camera images, Rectified and cropped images
y : . A Lego Technic truck. Very complex geometry.
A chess board with pieces. Chess boards are great for demonstrating refocusing.

Vi light field onlin
View light field online View light field online

Lego Bulldozer

289 views on a 17x17 grid, image resolution 1536x1152
Original camera images, Rectified and cropped images EucalyptusElowers
289 views on a 17x17 grid, image resolution 1280x1536

A Lego Technic bulldozer. Very complex geometry. Original camera images, Rectified and cropped images

View light field online Some traditional Australian flowers. Lots of fine geometry.

View light field online
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http://lightfield.stanford.edu/aperture.swf?lightfield=data/truck_lf/preview.zip&zoom=1

http://lightfield.stanford.edu/Ifs.html

Stanford Light Field Archive

[ How Do I Use This? ][ Pinhole Aperture J\ uuuuuuuuuuu J ‘\_/j Show Angular Sample Locations
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https://www.lytro.com/

Lytro Camera

LW T R O STORE CAMERA  GALLERY  LEARN SIGN IN

camera.
pictures tha’r -

CUuth

Ren Ng, chief

Tnr Red Hot Electric Blue
start-up company in Sil 16GB 8GB
$499.00 $399.00
“P— . S : ~

sses the light ray data captured > .

Light Fieid Camera starts with an 8X . - -
rture lens. The aperture is The Light Field Engine travels with every living picture - ) . *
across the z0om range allowing for as it Is shared, let efocus pictures rignt on the .
rd of light capture. camera, on your 0 and online. Y - - . . -
- - -
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Adaptive Optics Microlens Array

Microlens array

|25 square-sided microlenses

4000 X 4000 pixels ~ 292 x 292 lenses = 14 X |4 pixels per lens
34 Ibg@dongseo.ac.kr 1/12/2014



http://lightfield-forum.com/light-field-camera-prototypes/adobe-lightfield-camera-protypes/

Adobe LightField Camera

Adobe LightField Camera Protypes

Adobe Systems, the leading specialist of image manipulation, multimedia and creativity software
products, has long been investigating the possibilities of LightField photography and computational
imaging. Known prototypes date back to 2004, and have evolved from compound lenses with only a few
sub-images to microlense arrays.

Here's an overview of Adobe's (publicly shown) LightField camera prototypes.

1. Generation Prototype: Magic Lens

Adobe's first LightField camera prototype was tested and developed in 2004-2006, and publicly demoed in
2006/2007 . It consisted of a 100 megapixel camera with a special compound lens (dubbed “Magic Lens™)
made of 19 sub-lenses in a hexagonal array. Each of these is facing an individually configured prism set
at a unique angle, resulting in 19 different focal points.

This setup created 19 subpictures of the entire scene, with a resolution of 5.2 megapixels per subpicture.

Wi Ky vk
-V i oy Wi

LA A A A
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3D Display System
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3D Display
Human Visual System 3D Display Systems

* Stereoscopic display

* Autostereoscopic display

* Holographic display

Stereo Disparity
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Classification of 3D Display

Glasses

Non-glasses

Stereoscopic display

- Polarization method

- Sutter glasses method

Autostereoscopic display

- Lenticular-type - Barrier-type

Real 3D

Floating
Integral imaging

Holography

38
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3D Glasses

3D Display N Q=

» Stereoscopic display

| Reasons for not buying 3D TV
| (NPD Group, 201 1)

» Multiview display
» Integral Image display
» Holographic display

www.inition.co.uk

Max negative parallax / Zero parallax point / Max positive parallax /
nearest subject distance nearest frame-breaking subject furthest subject distance
{out of screen) distance (on plane of screen) into screen
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3D Display

» Stereoscopic display
» Multiview display
» Integral Image display
» Holographic display

I5 views 50” 1999

Cambridge Univ.

Lenticular e R
3D Display

-
, Light source l [ Light source ]
IRIs[elr[e[eRI g\ N
AN L

NEIRICILICILIR

b M A

R L R LR LR L

v

~.'.“ : -“:R
e o L
Focal Points
Provide Different

-

Viewing Angles
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http://sp.cs.tut.fi/mobile3dtv/technology/ss1.jpg

http://www.uv.es/imaging3/Structure.htm

3D Display

» Stereoscopic display
» Multiview display

» Integral Image display
» Holographic display

Super multi-view camera system
M x N CCD Camera [1024X768]
Resolution : 1024 x 768 x M x N
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3D Display

» Stereoscopic display

» Multiview display

» Integral Image display
» Holographic display

The image of Phintess Leia,
g from R202 in the scifi bockbuster Gtar Wars, amazed
© viewers everywhere. New stercoscopic advances could
bring such tachnology o a galary ot so far .

Ideal 3D Display Technique
* Based on Wave Optics

* Real images in space

e Full parallax

* Continuous viewing points

* Coherent illumination

* Color images

Fig. 4—1 Chart of the principle of holographic display operation
I — computer, 2 — RF processor, 3 — RF signal, 4 — acoustic-optical modulator, 5 — laser, 6 — lens, 7 — vertical scanner, 8 — beam splitter, 9 — horizontally
connected scanners, 10 — output lens, | | — dispersion window (ground-glass), 12 — display area, 13 — display plane, 14 — drive
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3D Display
Human Visual System 3D Display Systems

* Stereoscopic display

« Autostereoscopic display

* Holographic display

Stereo Disparity
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http://blog.naver.com/PostView.nhn?blogld=intel007&logNo=50144775536

Lenticular lens

D B C C

8 D §
WiDg
S Interlaced Image
\ . Printed Directly to
Lens Back
3D Animation
approx. 30° approx.45°
example not 1o scale sxample not to scale

44 Ibg@dongseo.ac.kr

Right eye

1/12/2014


file://localhost/upload.wikimedia.org/wikipedia/commons/f/ff/Sq3d-Feuille_lenticulaire.jpg

http://en.wikipedia.org/wiki/Lenticular_lens

Lenticular Lens

»  Ris the angle between the extreme ray and the normal at the point where it exits the lens, —

»  pis the pitch, or width of each lenticular cell,

\\"

» ris the radius of curvature of the lenticule,
» e is the thickness of the lenticular lens
»  his the thickness of the substrate below the curved surface of the lens, and

» nis the lens's index of refraction.

1.Images are divided info
strips and are interlaced
together into one graphic

2.The interlaced graphic is
printed diractly on the back
of an extruded plastic lens

Extruded Plastic
Lenticular Lens

Interlaced Image
Printed Directly
Onto Lens

3.The lenticule solates and
rragnifies the interlaced
Image Bensath it determined
by the angle of observation

4,1 the lenticules run vertically,

30/ Binocular Disparity adifferent image can be delivered
t each eye to create a 30 image
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http://en.wikipedia.org/wiki/File:Sq3d-angle-refraction.gif

Dodgson - Stanford Workshop on 3D Imaging.pdf

Slanted Lenses

slanted lenses

Slanted
Lenticular optics

more views y
f

/
12—
9 views (Stereographics) \‘ L
\[]

—18

7 views (Philips)

C=] =]

[ 1 =] (=]

=]

no visible dark bands i |

This all changed in the mid 1990s, when Cees van Berkel, at Philips research lab in the UK, discovered that slanting the lenticular
array solved both problems.The slanted configuration meant that both horizontal and vertical resolution are divided amongst the
multiple horizontally-spaced views.We thus get a reasonable resolution in both dimensions In all views.The slanted lenslets also

smear out the dark bands so that they are no longer visible.
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Real 3D Display

Full parallax: more natural & realistic
Holography

Depth Clues for vertical direction | QUTHAIRL (AT + £XD)

Integral Imaging
Accommodation
Super Multi-view ‘ O Al e oAy
L] 20173 Tl %;‘, T #ll=0qg|0] 7|¢8to) IEJ_?,—'g
Motion Parallax Qb A 3D A Edo| 3] e 3D G4 HA S0l =
—a

Multi-view Z3(o]

Binocular Parallax /
Convergence

- SEEAIXL AZAE M-S

- D2 ¥

- ZHEESE A| AR X

- Z2{ Real 3D G4 713 20|
-3 I A 7=
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Development of high-definition 3D image processing technologies using advanced integral imaging with improved depth range

Real 3D Display System

B3 | WY AXOMHOIS OLGBH T A 7190l TR AAIZE 3D G LIAZAC] AIAT Sy UM I WY L NHE MKt
SE | Y QAR ARG 3D UK Y U G4 AT M2 i AN Tl Y

/ Stereo camera
'—?\

multiple cameras
Color and depth

ce\

Real 3D
image

- %

#|%| ol sx
ofzilo] 47| 7|=

i o-

7\
J

OO DD DB DD

2012'4 MEFAPIISHNEAD SR E0F
o HeIE st 1 3D B ME| 7= "
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Camera Array Simulation using OpenGL

o Inl3D
Virtual Camera(Lens) Array Spec
Width 100 Row 10 Distance 0.02
Height 100 Cal 10

virtual Camera(Lens) Array Setting

Perspective Al Cameras Array({LensArray) Control{Lookat)
Fowvy 60 : =

= Eye X 0 = Centery ©
Aspect 1 =

= i Eye¥ 0 = CenterY 0
Near 0.1 = ES b x

Eye Z +| Center Z

Far 50 : § L . 0.1

OpenGL View Object Control

Load Obj File 3D Object Control
| Obj gimUnitize
ObjName D:{SH 2] #[2012] WAL
Index FileName FilePath
1] data/al.obj data/al.obj
Subimage Translation

Sub-Image Translation{on/off)
Subimage Width 100 TPS{X) 1

Subimage Height 100 TPS(Y) 1

< lab21

by Ibg@dongseo.ackr

Reset Arra Create

= upx 0

=/ UPY 1 : Setting

SR :
Scale(r,Y,Z) 0.5 | Setting |
Translate X 0 :
Translate Y 0 - | Setting
Translate 2 0 =

49

Ibg@dongseo.ac.kr

Sublmage

Elementimage

1/12/2014



Resolution Improvements

TH sHI=0fgjo|t HXIOIAIE 0| 8¢t 20|24 IP 7|Hte| 3D G4 C|AEH0] 7|=

> ZIO|LMIP 7|=0A M EE Z2XSE 7|HA XS 20| S7IAIZ £ o2 SHAl 7|=

Al
M
0f
i3

D= 020§ SOt ZdSH= |
7|Z=R= 37|2t S| 20 1oy

« Yl TlE  MA EEZE ZQO|RM IP A MXOIATE
A A8t WH S Ha MEE 7IHE S50 s =8 543 S7HAE
<7|= "ol of> <JHEoE M 7|=>

Sony 960HZ 3D LED TV KDL-55HX850 - 55" 1080P
Samsung 960hz D8000 LED TV - 46", Full HD
msung Transparent LCD — 22" 1680x1050 15%

d/2

d

* Resolution = number of lenslet (n times T) .
* Viewing angle = 2atan(d/2nf) (n times 1)
* Depth range = d%/An? (n? times |)
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i a : Specifications of Lenslet Array
fc,i,i < LT Lt g
grrssErasE ey

° ;i:l'ﬂiktcccufw. Type Fresnel, Square
Optical System Setup i

PPIPIP > .
L LALLTTLLEGEN
p 1 a S p SERRARI et Lenslet pitch Smm
l.l-’t#::p:
Tires No. of Lenslet [ 15 x 15
Focal length 10mm

Elemental
Images
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Experimental Results

Recorded 3D image

Mask pattern

3

Elemental images

(a)t=t1

(b)t=t2
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Experimental Results

Computational
summation

Resolution
improvement
by 2x2

G

Proposed method Conventional method
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Different Viewing Angle

Conventional method Proposed method
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Depth Improvements

The dl=ofgojet HAHZ=Z 0|8

ro

of & =<4 IP 7[Hke| 3D H4 LA 0] 7|=

SAFZ O M IP 7|20 A] ZI0] HOHE =7}A|Z 2 Ol2 BHAl 7|

<712 G Y E RU P IS0 20| SHS A7 floiME CIAZH 0] I 21f A =020 At0|2] AHE|(9)S
BStA[7{0F & O]l S 2 7|AH2 2 C|AZ220] I8 E£&= =0 0[E SH0|= LES AE3IRAS
« SHAl T M X|XZ SAMEZRM IP HHAO] HX 00| MAIHXE ABAIRSH: HHS M2

— | e
A2g 7I'HE S3510f 20| IS 543 S7tAZL
MXIAH =X shifting 2tS 78 A=X2 2 M A

J

<7|E& ™ol o>

g * Resolution = number of lenslet x m g
* Viewing angle = 2atan(d/2g)
* Depth range (n times T)
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Prof.Yi-Pai Huang, National Chiao Tung Univ.Taiwan

w2

Nearm

Wz 38 LY

National Chiao Tung University

Current LC-lens for 3D Display

Active LC lenticular lens

S.T. De Zwart, et al., J. Soc. Inf. Display, 14/8, pp. 715-722, (2006)

Electric-field-driven LC(ELC) lenticular lens

H. W. Ren and S. T. Wu, Optics Express, 15, pp. 5931-5936, (2007)
2D mode

3D mode

2D mode 3D mode
A A A AT 1 A 4 'r
\ / .~ Glass ~__ i
e _— Glass -
2 ¥ \ 71— . ITO \ " N

(G ONTBTE Gy o Piao Concave Lens o iLuBiARN i}y N ka8

£ A - b Liquid Crystal —3 ' ! \ —— “Filler Lens or Polymer -
- o

ITO - - A Y f i Y DRt ¢ \
v o ~
Polarizer % e
~ Polarizer ~
L J¢-—~-e—- Panel -—— > 1] [ | Panel — e [

Polarization active micro-lens

Elquld Crystal. = ﬂﬂ/

G.J. Woodgate, et al., 2005 SID, pp.378-381 (2005).

=
[ S—
(S

« Complex Fabrication
« High Voltage
+ Slow Response

-
9i > %@EE > |+ Only 2D/3D Switching
= (e
= b (oo

Adaptive Liquid Crystal Lens(LC-Lens) Array for 3D Display, Interaction, and Capturing, Yi-Pai Huang
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Inl Camera & Display Systems

IP 702} 2 9 Qx| T2 MME 3D C|AZH|0] A|AE]

> ZUES: S 24 FYS 0|88 YN Y EA| K|, SFH= 100730406, 2007.06.13
ZH|E38{: US Patent Pending, Appl No. 12/004309, 2007.12.19

718 Display A| A AFQF

> NSIAME IP 7|2} M=
HEHGY 7|50 ZHX HEHHE S/W L
M4 M8 2ZEQ 2N XX}

D3

x4

o
0

2}
A

R/

> Dol Y e G4 Cl2FE o] EX
% 3D %APE*I |1_|
I

*,

o
1']

= ofgf|o|

H 3
=
So| 53 SPA 2HX H2

D3

» Real/Virtua

18
-

53 LESS
fastaS ey
=. gl =2l d=gl AgMd | Z2HE
(308(1)92%00) £53 0o g | EFAE | iME 1
150x150 EPSON
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Display System

P 7|%t2| 3D B¢ C|AZE|0] AlHIF
> I £3 S Y T : LA HW=x0fylo| 7|ie| 3D FA C|A

2Eg0] TH U A2H

iPhone4£ 0| 2%t ZI0| M 1

s

<+ ZO0|RM IP 7|=2 0| 8¢ T4 3D G4 HA|
% Retina DisplayS 0|83t Z2{ 2ot H|A
e BEA O HI=0{do] AE

AMHE HZ

=

712 83
(1) Pickup (3) 3D display
kinect sensor f
3D object gl =zl gl =zl QAHA Display
. wgsis | zEsda | e 24
- 75x50 .
401%|) 5.02mm 960*640 iPhone 4
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Lens Array

Ibg@dongseo.ac.kr

770mm

First lens array 684
mmj

/g

Second lens array

HE7%ts,
|8 Fm Hd

C|AZd| 0] &X]| : Barco3420

2048 x 1536 223 7] : 0.207 mm
d=of|o] A

HH 37| : 684mm x 385.3440 mm
HMA|A=TWZ : 426x240 7

7| XZ-= AFS

AX7{2| : 8.028 mm

X174 :1.6056 mm

C|AZg|0] &X| : IBM t221

3840 x 2400 g}A37| : 0.1245 mm
2% 02 0] Ap2

HH|A7| : 679.77 x 380.97 mm

Al =744 : 91x51 7§

B ERT

XX AHE| : 29.88mm

X4 :7.47 mm
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a Real 3D Display System
using Integral Imaging
Technology

TAT

HH|QIE QIElA|HA e
Institute of Ambient Intelligence

D S U sty

Thanks you!!

lbg@wdongseo.ac.kr
http:/ /kowon.dongseo.ac.kr/~lbg/
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