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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 Autostereoscopic display
- Polarization method - Lenticular-type - Barrier-type

- Sutter glasses method

Floating
Integral imaging

Holography
Real 3D
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Etc.

SD Display ‘.'7. - A _— Price (45;,5)585

» Stereoscopic display

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

» Multiview display
» Integral Image display
» Holographic display
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3D Display

» Stereoscopic display
» Multiview display
» Integral Image display
» Holographic display
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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 Pringess Leia, projectad

gl from R2D2 ia the scii biockbuster Star Wars, amazed
T viowers cverywhere. Now storeascapic avances could
ning such techmlogy to a gaiaxy not 50 far Exa

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
| — 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, |3 — 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

s C

3D Animation

approx. 30° approx.45°
exampie not to scale example not to scale

9 Ibg@dongseo.ac.kr

-

5/7/2020



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 inta
strips and are interlaced
together inta one graphic

2.The interlaced graphic is
printed diractly on the back

Animation Extruded Plastic
Lenticular Lens

Interlaced Image
Printed Directly
3.The lenticule isolates and — Onte Lens
magnifies the nterlaced

image beneath it, determined

by the angle of observation

4,1 the lenticules run vertically,

3D/ Binocular Disparity adifferent image can be deliverad
o each eye to create a 30 image
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Dodgson - Stanford Workshop on 3D Imaging.pdf

Slanted Lenses

slanted lenses

Slanted
Lenticular optics

more views

7 views (Philips)
12
9 views (Stereographics)

no visible dark bands g |

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

- gi&klx&

Holography

Depth Clues for vertical direction

l SHHAIXF (47 + $5)

Integral Imaging

Accommodation

Super Multi-view ‘ QLA i i
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multiple cameras
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Camera Array Simulation using OpenGL

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

Subimage Height 100  TPS(Y) 1

< I2b21 by ibg@dongseoackr

f ~
& D ==
‘irtual Camera(Lens) Array Spec
Width 100 Row 10 Distance 0.02
Create
Height 100 Caol 10
Virtual Camera{lens) Array Setting
Perspective Al Cameras Array(LensArray) Control{Lookat)
Fovy &0 : — < = E =
: Eyex 9 - Centerx O = upx © =
Aspect 1 =
= Setting Eye¥ O = CenterY 0 == £ = Setting
Mear 0.1 = = - -
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OpenGL Yiew Object Control
Load Obj File 3D Object Control
[¥] Obj gimUnitize oy
. Scale(x,y,z) 9.5 = | Setting ‘ -
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_ — — i Y
| Index FileMame FilePath gl %
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Dong-Hak Shin, Byung-Gook Lee and Joon-Jae Lee, "Occlusion removal method of partially occluded 3D object using sub-image block matching
in computational integral imaging", Optics Express,Vol. 16, Issue 21, pp. 16294-16304, Oct. 2008.

Sub Image Transformation

Pixel number for extraction "Pixel number of entire EIA
/ in ES transform no=si Pixel number of a sub-image
p oo
mli, \'.
eoe
\~' ‘\‘
° Elemental image ® » . Sub-image °
. ° L ] L]
[ . L ° [}
e0e eee
(a) (b)

Fig. 6. ES transform based on multiple pixel extraction (a) EIA (b) Sub-image array.
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: L : Specifications of Lenslet Array
S

',lri.!.: LTI TAn Type Fresnel, Square
° gitiisieaiiey

ptical System Setup [ enstet picen | smm
%%
- W | No. of Lenslet | 15 x15
Focal length 10mm
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iPhone4 20| 2+4] 3D Display System

iPhone4S 0| 8% ZO[2M IP 7|2 3D B C|AZd 0] AlHZ
> Il 55 23 A T : 2HA =0 o] 7| 2] 3D B C|2SH0] T A A2H

gL AMHEF HZ

< a***él Tx9 EHI"01i!1|0I ALE
= &%
(1) Pickup (2) Ip 2EHIXMY (3) 3D display

kinect sensor

e i

3D object EJ_'EEJ E|_|5§J _9__+_°°1A°|‘ DISp|ay
s | xEAH | s 2
75x50 .
(4ol %)) 5.02mm 960*640 iPhone 4
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Lens Array

770mm

Second lens array

First lens array

i

HH 75,

SRRl Ruks

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

3840 x 2400 3}237| : 0.1245 mm
& =0{2j|0] AMQF

HHA7] : 679.77 x 380.97 mm

#H =74 : 91x51 7

7| XU ZALQF

XHAHE| : 29.88mm

XA :7.47 mm

C|AE2 0] EX| : Barco3420

2048 x 1536 323 7| : 0.207 mm
I =0{2j|0] AMQF

MM 27| : 684mm x 385.3440 mm
HH-H =742 : 426x240 7}

7| XM= ALQF

ZH7H2| : 8.028 mm

X4 : 1.6056 mm
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DPII 3D Display System

o
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- Time Multiplexing Display Device Panel BenQ XL-2411T 24” 1920x1080 pixel pitch 0.276 mm
- Lens array 330x186 24" focal length 8.028 mm radius 1.6056 mm
- DPII System : Viewing Angle 1.974 Depth Range 50 cm
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RPII 3D Display System

1) MOUNT

X

439
370

540

2) 2UIE 10 F PLATE & BKT

- IBM T221 22" 3840x2400 Pixel Pitch 0.1245 mm

- Lens Array 69x39 22” Focal Length 29.88 mm Radius 7.47 mm
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Eye Tracking with Kinect Calibration

Eye Tracking with
Kinect Calibration

This work was supported by the IT R&D program of MKE/KEIT.
[10041682, Development of high-definition 3D image processing
technologies using advanced integral imaging with improved depth range]
BT = XAZHE % sS40 e MUBEAMI|E
HEAI(HESL)2| 2= TS, (10041682, FEH AA(IP) 20|
EH HYE NS 0 HY 3D Fak M| 7|5
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DPII 3D Display System
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DPII 3D Display System

- Display Panel : Dell UP2414Q 24” 3840x2160 Pixel Pitch 0.137mm
- Lens Array 330x186 24” Focal Length 8.028 mm Radius 1.6056mm
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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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Stanford Light Field Archive

The (New) Stanford Light Field Archive

Computer Graphics Laboratory, Stanford University

s 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 warmned though, this involves loading the entire light field (usually at slightly reduced
spatial resolution) into memaory. Far 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 Intemet Explorer 7. Safari and Opera should also work, with the appropriate flash player plugin.

You're free fo 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.
Lego Truck
Chess g

289 views on a 17x17 gnd, image resolution 1280x960
289 views ona 17x17 grid, image resolution 1400x800 Qriginal camera images, Reciified and cropped images
Original camera images, Rectified and cropped images

A Lego Technic truck. Very complex geometry.
A chess board with pieces. Chess boards are great for demonstrating refocusing. 4 W pExg T

View light field online View light field online

Lego Bulldozer

288 views on a 17x17 grid, image resolution 1536x1152

Original camera images, Recfified and cropped images Eucalyptus Flowers

289 views on a 17x17 grid, image resolution 1280x1536

AlLego Technic bulldozer. Very complex geometry. Onginal camera images, Reclified and cropped images

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

View light field online
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Stanford Light Field Archive

| How Do I Use This? |l Pinhole Aperture |l Full Aperture | I!I Show Angular Sample Locations

-----------------
-----------------
-----------------
-----------------
-----------------
-----------------
-----------------
-----------------
.................
-----------------
.................
-----------------
.................
-----------------
.................
-----------------
-----------------
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Lytro Camera

L I T Ro STORE CAMERA  GALLERY  LEARN SIGN IN

ff

te pictures that
orth exploring.

Red Hot Electric Blue
16GB 8B

50 Pictures 350 Pictures
$499.00 $399.00
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Adaptive Optics Microlens Array

Microlens array

Separation
Springs

I25u square-sided microlenses

4000 x 4000 pixels = 292 x 292 lenses = 14 x |4 pixels per lens
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Adobe LightField Camera

Adobe LightField Camera Protypes

Adaobe 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.

I-Generaton fapiotime: Magic Lels

Adobe's first LightField camera prototype was tested and developed in 2004-2008, and publicly demoed in
2006/2007 . It consisted of a 100 megapixel camera with a special compound lens (dubbed *Magic Lens")
made of 18 sub-lenses in a hexagonal array. Each of these is facing an individually configured prism set
at a unigue 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.

HOW IT WORK

= L.*.-, W *\

7 Vo e i
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Depth Camera
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Bumblebee

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

™

bumblebee

Specifications:

» 640x480 Option: two Sony ICX084 Color or BW CCDs
1024x 768 Option: two Sony ICX204 Color or BW CCDs
1/3 inch, progressive scan CCDs

640x480 square pixels at 30 Hz frame rate
1024x768 square pixels at 15 Hz frame rate

10 bit A/D

Shutter speed: 1/16000 to 1/30 second

Baseline: 12cm

Choice of 2mm, 4mm or 6mm focal length lenses
{100°, 70°, and 50° HFOV respectivelv)

Sony Bumblebee Stereo Camera
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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 }

—>[ Sequential Projections (Multi-Shots) ]

= Binary Code ]
_— Gray Code ]
| Phase Shift ]
>  Hybrid: Gray code + Phase shift |

—%[ Continuous Varying Pattern (Single Shot) ]

%[ Rainbow 3D Camera ]

%[ Continuously Varying Color Code

—

%[ Stripe Indexing (Single Shot) J

%[ Color Coded Stripes
—%[ Segmented Stripes
H[ Gray Scale Coded Stripes
H[ De Bruijn Sequence

— S

—%[ Grid Indexing (Single Shot) ]
—-B-[ Pseudo Random Binary-Dots ]
——>[ Mini-Patterns as Codewords ]
*)[ Color Coded Grid ]
%[ 2D Color Coded Dot Array ]

w
(O]
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Kinect for XBox

XBOX 360
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http://www.microsoft.com/en-us/kinectforwindows/discover/features.aspx

What is Kinect? = -

® /0
PrimeSense
Motion sensing input device by Microsoft .é'? S

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

v Vv v Vv v

P e
“YOU ARE_ =
THEF NTROLLER
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Kinect for XBox

» The subpattern is 21| 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 = 1 / 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

e < =
Bt
. | Y i

' ,_{ ;_::_:_7__1‘_’;:;;,

| e

depth image = body parts = 3D joint pF&Eosals
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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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TO F 3 D C ame I‘ a TIME-OF-FLIGHT TEGHNOOY

Time of flight cameras 15

3DV ZSense

Infrared camera +

Pulsed infrared lasers
GaAs solid state shutter

" Image formation lens

RGB camera

' Image sensor
Range: 1.2m ~ 9.0m -

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

The Mesa Imaging SwissRanger 4000 (SE4000) is probably the
most well-known ToF depth camera. It has arange of 5-8
meters, 176 X 144 pixel resolution over 43.6° x 34.6° field of
view. It operates atup to 54 fps, and costs about 5g,000. I've
seen these used in a number of academic laboratories.

The PMD Technologies CamCube 2.01s alesser-known, but
equally impressive ToF depth camera. Ithasarangeof 7
meters, 204 ¥ 204 pixel resolution with 40.0° x 40.0° field of

view. It operates at 25 fps, and last ime I checked, it costs
around $12,000.
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DepthCamera@Samsung

44

L

\[ﬁu e
2 @
= 82
s| Color: 1920(H] x 7201V '52
o=
E Depth: SB0IH] X 360IV] EE
i

GUTS

New Camera Sensor BY ANDREW LISZEWSKI € FEB 20, 2012 4:00 PM
Captures Images and e | B ) [ Witk | 5 4
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 resclution of 1,920 x 720, while the depth map is limited to just 480 x 360.
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