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Intro. to Computer Graphic Systems
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Saxena, Birendra Sahay, Springer, 2005

e Engineering Design A Systematic Approach, G. Pahl,
W. Beitz, Springer-Verlag, 2007
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e Lecture1 Intro.to Computer Graphic Systems
 Lecture 2 Geometry

e Lecture3 Vector Algebra

e |ecture 4 Transformations

e [ectureg Curves

e Lecture 6 Surface Modeling

e Lecture7 Solid Modeling




Lecture 1 Intro. to Computer Graphic Systems

e Introduction to Computer Graphic Systems
e Hardwares and Softwares



Hardwares

Input Devices
Storage Devices
Transmission Devices
Output Devices

e The graphical information is first transferred to
computer system by input devices.

e |tisthen stored internally in specific formats that
depend on the device type used

e and is finally transmitted to the appropriate output
device for viewing.



Hardwares - Input Devices

Keyboard
Mouse
Joystick
Lightpen
Microphone
Scanner
Camera
Glove
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Bluetooth projection keyboard

VKey " Built Into aPDA



Hardwares - Storage Devices
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e Harddisk .
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‘Storage Devices

Paper Magnetic Magnetic Magnetic Optical Optical Oplical e
(infrared [ Red | Blueidet
Laser) Lasar) Lasaer])
Punch Cassette 5" Floppy 3.5 Floppy CD DVD i
Card Tape Disk Disk Disc Disc Disc e
Early Late Eélrl:.r Late Mear
1970 1980s 1980s 1990s 1990=s 2000+ Future Future

** Blu-Ray Disc, Advanced Oplical Disc, or other,



Hardwares - Storage Devices
Optical Disk Drive KCs

Where the laser points

OPTICAL PICKUP ﬂ
focuses a semicon-
ductor laser on the disc
and recelves reflected
Ight. If the laser light
falls on a pit, the light
scatters. If the light hits
aland, or smooth area,
It reflects back ata 8 /
higher intensity to the SEMICONDUCTOR y
photodiode array. LASER ,/"'

St Where the
data track 1s

PROTECTIVE ACRYLIC LAND  LABEL /
3 =29 Me=gs 7

e
POLYCARBONATE
PLASTIC

CD'S LAYERS include a polycarbonate data layer,
which features billkons of microscopic pats ar-
ranged in a spiral. The aluminum reflects the play-
er's lases ight "

b ‘ !
?
LASER 4 |
ALUMINUM

Source: Scientific American R € :
September, 1998 © Slim Films KCs: Size, Welght’ $/1negabyte

Used with permission.



Reading the DVD Disc

2000 How Stuff Warks

Reading the DVD

Tracki
Motor®
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Laser

Pickup /

Trackin Disc RPM 450
T\?Iotor!:j / =

/ Tracking

/' Disc RPM 500 /\ otor
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Reading the DVD Disc

2000 How Stuff Works

Reading the DVD Disc

2000 How Stuff Works

Pick

/ Disc RPM 350




DVD track

Each writable layer
of a DVD has

7.5 miles long

spiral track of data.

L2000 How Stulf Works

/740 nanometers

Single-sided, single layer (4.7GB)

DVD pit layout
0.83pm “

CcD '
2 C \ Single-sided, double layer {8.5GB)

—

400 nanometers

1.6pm
. am  Double-sided, double layer (17GB)

-2 Cm

Q2000 How Stuff Works
DVD formats
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Burning the CD-R

Label
Acrylic
Aluminum

Stamped CD

Stamped CD

28 1.2 mm 228 u:i"] - i 1.2 mm
Polycarbonate plastic Polycarbonate plastic
B2000 How SWTF Works 220030 How Sff Warks
Label Label
CD-R s;Llemmum CD-R S;meum

Polycarbonate plastic

QBurn cDh

Polycarbonate plastic




Burning the CD-RW

Stamped CD

Stamped CD

125 am _— 125 nm _—
1.2 mm 1.2 mm
Polycarbonate plastic Polycarbonate plastic
2000 How Stff Werks 22000 How SHiTF Works
Label Label
CD-RW ‘ E Aluminum CD-RW ‘ E Aluminum
Phase Phase
Change Change
1% Compound Compound
\\Dielectric Dielectric
layers layers

Polycarbonate plastic

gBurn CD

Polycarbonate plastic




- Hardwares - Storage Devices

/_ Label side

e L S

Capai: 568 Capacity: 4.768 | Capacity: 700m8




From Computer Desktop Encyclopedia
2000 The Computer Language Co. Inc.

4.7GE Single Sided - Single Layer

0.6mm

Storage Devices

From Computer Desktop Encyclopedia
Reproduced with pemission.
E 1998 C-Cube hicrosystems

— —¥ “e— 0.74 pm spacing

l+— 1.6 pm spacing

0.B3 ym
1 i

9.4GB Doulde Sided - Single Layer

Metal reflector
Crye recording layer LI

Spager

Somi ramiparent motal rellecior
Crye recording tyyer LD

1TGE Double Sided - Doullle Layer

Palycarbonane

Laser beam



dvd-read

Spinning Disc

lrlside ,o“r D"D Pla,er & 2000 How Stuff Works

Silver Layer Digital AI:Ialﬂg Signal
Signal Signal Amplifier

6>

I“Side your DVD Pla,er L 2000 How Stull Works

Gold L Digital Analog Signal
o rayer Signal Signal Amplifier

0 >®-

Spinning Disc

[ 2

Optical
pickup

Laser




~ DVD vs. HVD: Recording-layer depth

The
Holographic

! Page Data
Versatile (60,000 Bits)
Disc

Technology Comparison

I

—

S,

: .
Ny | SUbstrate /
Surface

Recording

Data are recorded on to the Page data are recorded into the

surface as bit by bit volumetric recording layer
in System in

Conventional Optical Disc  Holographic Optical Disc




Volumetric recording method

1gigabyte Collinear Holographic System
(G B) per Computer simulation shows the cross-section
second of Holographic recording

Page data are recorded into the
volumetric recording layer
in Holographic recording




Collinear Holography Optical Pickup can be designed as small as the
DVD’s Optical Pickup because the Objective and Reference beams
are co-axially aligned which is quite different from the 2-axis
holography optics.




The HVD System: Writing Data

The Holographic How HVDs Work HVD Structure ...
Versatile Disc ‘

Subsuate 2 ‘.

( ecor mg Layef)

— Dichroic Mifror Layer

Substrate | ;'., =




Writing Data

Page data (left)
a hologram (right)

Data image
stored as

- The HVD System




/'

To read the data
from an HVD

Holographic versatile disc

N RS —
T



three technologies

Initial cost for
recordable disc

Initial cost for
recorder/player

Initial storage
capacity

Blu-ray

Approx. $18

Approx. $2,000

54 GB

Read/write speed 36.5 Mbps

HD-DVD

Approx. $10

Approx. $2,000

30 GB

36.5 Mbps

HVD

Approx. $120

Approx. $3,000

300 GB

1 Gbps



Harddisk, tracks, clusters, sectors

Sektor

iz (Track)

Without NCQ With NCQ




./’

P dick drive (HDD) magnetic recording

The read/write head inscribes data by
aligning each of the magnetic particles HDD |aye 'S

in one of two ways.

vercoat, =15 nm

2 8§  Advanced Format Architecture
Particles aligned one way ' Sync/DAM Longer ECC

represent Os; the other way
represent 1s. I/ i
4 Bytes (4K Data




I Harddisk LMR vs PMR recording

Longitudinal magnetic
recording (LMR)

Perpendicular magnetic
recording (PMR) Dt

titdtitditdititititind




The next technology, HAMR recording
Heat Assisted Magnetic Recording

Near-field Light




PMR vs HAMR recording

Soft Underlayer Soft Underlayer



Future Recording Technology Roadmap
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‘Future Recording Technology Options

Bit Patterned Heat/Microwave Assisted SWR/TDMR
Magnetic nano-islands w/ Energy assisted writing to thermally Shingled write w/ 2-dim
exchange coupled grains stable & hard-to-write media read & signal processing

Reader Main Pole Reader Laser Field Generating Reader Shingled Writer

CRCEN |
1 bit=1 Island Near Field Write Field | Microwave -Shingled Progressive
_ ol =M Write Scan
Heating Magneti- | Head
~N zation __— ? Hac ea
erite

P
-

Ambient Temp T (K) Precessional Reverse -2-Dimensional Read
(a) Bit Patterned (b) Heat Assisted (c) Microwave Assisted (d) SWR/TDMR

Y. Shiroishi, Intermag 2009, FA-01



SMR Concept - Much 'Stronger’ Head

Shingled Track

head
motion

Trailing/Side Shields

Lross

,//progtessi»e track
scans 31;21
down track
Shingled Writing Head _~——— Head field in medium
Trapezoidal is proportional to
Plz)le-Tip saturated Solid-Angle
pole-tip Solid-Angle shrinks
/ with pole-tip
Corner Writer for Shingle AR AERONGIE o A ERG AR AT :
(PhysWW=~70nm) I," I ﬁ : :
Conventional WAS writer i T ~. media .
(PhysWW=~25nm required for 2Th/in2) (i grain | thickness |
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Stacking of computation kernels and memory
cells

3D chips allow short data paths between the
components. TSV chips, which are made of several
wafers, are estimated to be available in 2015. The
monolithic 3D chips, which are made of only one
wafer, offer significantly more bonding between the

layers.

3D chip with TSV Monolithic 3D chip
(Through Silicon Via)

Hard disk layer Memory layer Computing layer
(Flash memory) (RAM) (CPU, GPU and special
kernels for encryption,
signal converter etc.)



3D Flash for durable Terabyte SSDs

In its V-NAND SSDs, Samsung stacks 24 Flash cells on
top of each other. Their electric charge is stored in a
silicon nitride layer between gate and channel. This
allows higher memory -
width and increases

the service life of the flash

cell by ten times. . 1‘
Electron storage 2
Gate —

24

1




Hard disks made of several magnetic layers

Magnetic plates too offer three-dimensional storage: a
prototype of the Florida International University can
magnetize three vertically grouped layers variably. The
read head receives eight possible field strengths,
which it interprets 8 ﬂ)ﬁssiblﬁoresults

as bit values. r
(storage space x 8) 1




" Solid State Disk (55D), Hybrid drive

st
THTTTTYITITYYY

REVODRIVE
HYBRID

Data is stored in flash memory
chips located inside the drive;
there are no moving parts

like in magnetic hard drives.

Flash Chip Mikrokontroller



~ Hardwares - Transmission Devices

o ATAPI [P . D
e IDE | R
e RS232
e COM,

e LPT

e USB3

e PCMCI
e Ethernet
e Modem

e Wireless

I02001“w Stuft Works

PCAMCIA



How Flash Memory Works

22000 HOW STUFF WORKS

©2000 HOW STUFF WORKS

Word line

Control Gate

Control Gate Thin Oxide Layer — - {=}o)

Thin Oxide Layer —

Floating Gate

Floating Gate

Drain Source Drain Source —1

s Current flow | e Current flow 1
{~1{-){~){-) Negatively charged electrons = (-)()(-)(-) Negatively charged electrons =

Bit line
|
!

D2000 HOW STUFF WORKS

©2000 HOW STUFF WORKS
Word line

Control Gate Control Gate

Thin Oxide Layer — (===t (== -

Thin Oxide Layer — (VY VAV

Floating Gate

Floating Gate

Drain Source

emssss Current flow o  Current flow I
(-)(-)(-)(-) Negatively charged electrons = (=1=)i-1{-) Negatively charged electrons ?

Drain Source ——

Bit line
|
Bit line




How Flash Memory Works

1. _The ap'propriate voltage 1. The appropriate voltage
No electrons are v is applied to the control Electrons are v is applied to the control
frapped on the '/ gateviathe control lineto  trapped on the y /  gate via the control line to
floating gate. read the contents of the cell.  floating gate. read the contents of the cell.

Flash memory cell Flash memory cell
2. The current flows from the source to the 2. The current does not flow from the source
drain, so the value of the cell is 1. to the drain, so the value of the cell is 0.

1 STATE 0 STATE



2D flash cell size limit

Flash cells save the electric data in floating gate (FG).
The dielectric layer (IPD) isolate the floating gate.

I ' control gate (write/delete)
dielectric layer (isolation)
floating gate (store layer)

A
=10 nm

I ﬂ _ --IPD thickness
m -- Cell distance



Kontrol kapisi

(yazma / silme)

Ara dielektrik Ratman

(yalitim)

Yiizer Rapi

(depolama katmani)

B IPD kalintig

. Hicreler arasi mesafe



Hardwares - Output Devices

! Hardcopy
e Hardcopy Technologies | ||
Printers Plotters
|
I |
Impact Dot Matrix
| |
Ink Jet Pen Laser

Electrostatic Thermal

| |
Drop on| |Continuous
demand

|
Flatbed Drm

Grit Drive Pinfeed




* pin printer

* inkjet printer
e |aser printer
e pen plotter
e inkjet plotter

L] 01 SABA\ INOY




Hardwares - Output Devices

Printers

Comparing 4 Ways to Print

Tvpewriter Ballhead Dot Matrix Inkjet
Basic Manual. Manual 1input, Electro-magnet | Piezo-electric
actuation complex solenoid for each dot for each color
method and linkages actuation. maker of ink
power source simple linkages
# DOF Carriage:2 Platen: 1 Platen: 1 Platen: 1
Ribbon: 2 Ribbon: 2 Ribbon: 2 No ribbon
Keys: 1 Keys: 1 No keys No keys
each*50+ each*50+ keys | Dot carrier: 1 Jet carrier: 1
keys*many electrically Each dot: 1
links /key actuated
Key carrier: 1 Ball carrier: 3
# of parts Many hundreds | Hundreds 25-50 10-20
Structure Heavy metal Heavy metal Metal and Almost all
plastic plastic
Shapes printed | Fixed character | Fixed character | Unlimited Unlimited
shapes shapes but shapes but low | shapes and high
ditferent balls resolution resolution
have different
fonts
Colors Two Two Two Unlimited
Media Paper, two or Paper. several Paper, many Any. but one
three sheets sheets sheets sheet
Assembly Manual. Manual. Automatic & Manual, quick.

lengthy. tedious

lengthy. easy

manual

easy




Output Devices

* inkjet printer

-’

e |Inkdots

@r2001 HowShuffWorks

O Heat ink

Reservoir

EX01 HewSnaMAaks.

Oﬁ.ctlvate

Current

Reservoir

How Thermal Bubbles Work .
Heating Element
_— E

Nozzle—

E=FeE

* inkjet plotter prrmm———y—— L.
e inkjet-nozzle

How Piezoelectric Jets Work

Activate
Current

E20L B ST

Mozzle

How Thermal Bubbles Waork

é Heat ink

Reservoir

- Heating Element

MNozzle
EX01 HewSmamas s




How laser printer works
Charging Electrode

(Carona Wire)

Lazer
Seanning

Unit Photoreceptor

Paper Exit

..... Phiotoreceptor =
Drum Assembly
Fuser
]
W = & Photoreceptor
Drum

Fuser

Paper Tray

/z:n.rm HawStutfWoris



*

" erog raphic_photocopy_process

Basic Laser Printer

Laser g —_!I

Components Jggg;r Scanning Q| T

: Corona Unit i
Discharge Wire

Lamp o — - —

S photoconductor
o Cylindrical drum
Light
O @ __ vy

] o . = = = m - o

Paper Tray

Photoreceptor Developer
Drum Assembl A |
Fuser um Assembly Roller L




Dots perinch

DPI measurement in monitor resolution and printing
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http://en.wikipedia.org/wiki/File:DPI_and_PPI.png
http://en.wikipedia.org/wiki/File:DPI_and_PPI.png

3D printing, stereolithography (STL)

3D Printed Flute

amitzoran

3d printed flute



3D printing

e Slice the STL file into thin cross-sectional layers




3D printing without gravity

e In November 2014, NASA astronaut Barry became
the first person to use a 3D printer in space. Four

hours and 104 layers of plastlc later, the wrench was
finished. S : .

3D printing would <~
be an important step
towards living in space



3D printing without gravity

e the wrench design is sent to the ISS for the first test

of on-demand printing.

Operating a 3D printer in space is a huge technical
challenge. On Earth, gravity helps the plastic to sitin
neat layers as it is extruded, but on the ISS the
components would float around.

Made In Space has tackled this problem with some
innovative, but top-secret technology.



Display

Displays [veco
I

Storage Refresh
Tube CRT
Display o |
Techno|ogy Mono- Color
chrome

Raster
|
Color Flat
CRT Panel
| |
Liquid Gas Electro-
crystal| | Plasma | | luminescent

e The cost, resolution, color, and interactivity capabilities must

be considered when choosing a display device.

e Resolution refers to the ability of the display to show details.
e Current (year 2014) displays reach a resolution of about 84

inch, 4K, 2160p, 3840x2160, where the numbers refer to

separately distinguishable spots on the screen. Standart HD
TV, 720p, 1280x720; Full HD, 1080p, 1920x1080; sony d65
camera, Super Hi vision, 8K, 16x1080p, 8192x4320 resolution.




Deflection

plates
N
IJ__|| L /
L - = Electron
beam

Screen
/

(phosphor
coated)

-

-

— !

N

I
) A A
D I S p a ys Electron / \ Beam focusing

oun unit

e Cathode Ray Tube (CRT) (néed refreshing)
e Direct View Storage Tube (DVST) (does not need
refreshing and up to 4096x4096 res.)

e Vector Refresh Display@ @ @

e Raster Scan Display
o Screen

e Color Raster Display

Three guns B i .
RB gl VR P =
_ |o5F™® Triad|of dots B 0
— o] { CRT
Shadow mask — —

Frame buftfer



- The Cathode Ray Tube (CRT)

L2000 How Sl Works

() Cathode (®) Phosphor-coated screen
(3 Conductive coating (3 Electron beams

(® Anode (? Shadow mask



________________________________________

i Image | Color map)| 2535 f;{:irfgtx v
; | creation (look up T ! T .
DISp|ay5 { system flcanp table) i " |CRT display
iRagteﬂzer ¥ Pixel values » 10071014000y 67 i
! in memory R |C B i e
N ol Gitmap) }/ T 1 1- .} Image display system
0 == o {Input devices |
REd% Display [—{Deflection
Plane 1 Green | processor [— and color
Plane 8 Blue ir | system
[ "
Display commands [nput data
LI Phosphore
CPU (host) pixels
A video look-up table. A pixel with value 67 is shown.

Color representation

white

1G saturation white

/' saturation , T
thie T /I, lightness
L\“'" value hue
R | ~
B black

blaclk

FE.GB color cube HS5V hexcone HSL double hexcone



LCD display

A simple liquid crystal display (LCD) from a calculator

By, 2 N ‘v\_\‘ ‘\‘-\\ r
7 8W oW O N T (PN
Q) Z '

our simple LCD

required an external ,

light source . ’
<l

"7 segment" l!7 segmentll
LCD Display LCD Display

L1 7 segment"

LCD Display



Creating an LCD

Liquid crystals can transmit and change polarized light.
The structure of liquid crystals can be changed by

electric current.
Lightwave

\

/Polarized
Panels \

Electrode

Liquid
Crystals

—

FF
9 (© HowStuffWorks

Polarized

Lightwave i
Panels \

'.i

Electrode <

Liquid
Crystals

ON
(© HowStuffWorks



SONY

The white particies |
are at the top, so this =
pixel appears while,

AN E-BOOK AN E-INK MICROCAPSULE



From Computer Desktop Bneyclopedia
Feproduced with pemission.
= 2008 Universal Display Corporation

Cathode is
Reflactive [OLED)

OLED g

Transparent [TOLED)

[LID [gla=s or plastic)

/
!
|  CATHODE ftop electrade thin film]
ORGAHIC STACK (layers of =small
molecule and/or polymer materials)

| ANODE [bottom electrode thin fil m]

Organic light
emitting diode

| SUBSTRATE [glass, plastic, rigid or flexible]

Ferirmeter =ealant

such az epoxy YIEWING SIDE

ENCAPSULATION —\

CATHOOE
x

S, e E PHOLED ™
1-, 2-OR 3-

ANODE q‘ COMPONENT
: 2 .y STRUCTURE

SUBSTRATE \

BONROMECD
BONRONEDD
BONECONRON
BONRONECA
BONRONECDN



Metal or silicon
backing

One pixel

— Light
output

Organic layers



FOLED

FOLED means Flexible Organic light emitting diode
Flexible Displays at CES-2011




Flexible amoled panels

T - b

<
').( — 3 = o

!Q\ S —
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S~
f
Ny

A

>

g
>

N, —

Power consumptio

Form facto

\_,.‘_s \1

-
<

Color gamut

Response time

:Lifetime

== CRT

=B-PDP
LCD

== (OLED

Viewing angle






Flexible amoled panels

Samsung YOUM technology




Flexible amoled panels




Flexible amoled panels
e YOUM




& YouTube - CES 2009: Intel Touch-screen Display - Windows Internet Explorel
v http://www.youtube.com/watch?v=73CGOjkwKdQ&NR=1&feature=fvwp

Dosya Diazen Gordinum  Sik Kullanilanlar  Araglar  Yardim

¢ Stk Kullanilanlar 1 YouTube - CES 2009: Intel Touch-screen Display ‘ i fa

Touch [ Tube ] 1P

Screen CES 2009: Intel Touch-screen Display

DigitalTrends (¥ 560 videos  Subscribe

Display




Holograms, japan

w A4 _[‘ httg:," ww\«‘w‘.‘)iloutube.com,: watch?v=Wdl- PS},ﬁBKB k&feature=related om/watch?v=Wdl-P5yBKBk&feature=related

Dosya Diazen Gorandm  Sik Kullanilanlar  Araglar  Yardim

5.7 Sik Kullanilanlar

inilanlar  Araglar  Yardim

YouTube - holograms, Japan

slograms, Japan

|

YoullD) | E [ searn |

holograms, Japan

zarathustrawild (¥ 46 videos  Subscribe

Subscribe




Holograms Olomax design
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3D Display
e 3D LED Cube




3D tv technology, polarized light system

\ Kutuplama riltresl|

Renkli flitre sadece yatay ya da dikey salinan 151k
dalgalannin geglsine izin veriyor

Kutuplanmamis 151k
Arka plan aydinlatmasindan gelen 151k
dalgalari her yonde yayiliyor

Swvi Kristaller
Kristaller isindiklaninda 151gin geclsl

goglestyor
Kutuplanmis isik
Alt plkseller ancak kristaller isik
dalgalarini dondordogonde aydinlantyor
3B LCD TV: TEKNOLOJI

Her hir alt piksel dnden ve arkadan bir cam katman arasinda sikistiriimig
durumda. Bu iki katman arasmda ise s kristaller var. Kristaller 151qin disan
cikisimi kontrol ediyorlar. 3B filmlerde bu kristallerin saniyede 100 defa konum
defjistirmesi gerekiyor. Bristaller, sicakken daha iyi performans sergiliyorlar.




> 3D TV technology, passive shutter system
pasif sistem

(P sl
Gorantolenen imaj : Y

|
sol ve sag ghzler
1 icin imajlar her satirda -
biri olacak sakilde - e
of 3t alta garBneOlentyor fas




3D TV technology, active shutter system

aktif sistem
1/60s 2f'605’

' 1 Kare i 1 Kare
Goruntulenen imaj

.l
< e 1\

. Solaltkare Sagaltkare i Solaltkare Sagaltkare |

TV'den gelen IR sinyal

BOZIOR0 Kontrol ediyor o

W
-
S—
S~

3D gozlok

Aktif optUratorlo
g0z Wkler, LCD
ekranlar kullamyor
Algilanan imaj
- -




3D TV technology, lenticular system

Merceksel lens sistemi
nasil ¢calistyor (konsept)

lenticular sistem

Su an televizyona vyarlamak icin uygun degil

1[2

2

2

2

é ............. > Gorontd

‘Bir merceksel lens
sisteml 15181 Kiriyor.
Bdylece sol ve sa gdz
farkli imajlar goroyor.

TR

T

T




3D TV technology, parallax-barrier system

parallax-barrier sistem

Parallax Barrier

Sag

Sol

Sag
Sol




Pixel

Sub-Pixels

LGlass Substrate
Thin Film Stack

Air Gap
Reflective Membrane

By manipulating each miniscule
pixel, a wide spectrum of color
generation is possible.

Each sub-pixel moves to either

open or closed state to create the
overall pixel color.

Incident Light

Reflected Light




how mirasol display works

Pixel - Pixel Pixel

Sub-Pixels Sub-Pixels Sub-Pixels

Pixel
Incident Light No Reflected '
i {
- y
w B
Glass Substrate
s Tl)in Film Stack
Sub-Pixels Ak Gap

Reflective Membran



Glass How-to: Getting Started Glass How-to: Getting Started

Glass How-to: Getting Started




Google glass (2013)

HaberCity NetI

Glass How-to: Getting Started

Virgin Airlines

i . IO Flight 23

- 10:31 Av
g i On Time
tomorrow




Google glass

- 4 .
Wanna meet
53 up today?
“\h.'- '—v—'é'."




| Hovv Google GLASS vvorks
- Google glass '

Y "_,r_‘J.T)?;' 4
Cl U PRGN
¢ (VI
e \VIUCTY

~ o\
(inc |, GPS)

Batter Y
.
.

Ty visual overlay)
phone)

The main function
Prism IS based on a
' mini projector.
_.-Retina

Projectof

.""l)pt;; ner



Google glass

Prism
'Ctor :




‘Google glass

A clever prism projects
a layer over reality light.
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Graphics Standards

Several graphics standards have been developed over
the years, including CORE (2977-1979), GKS (Graphical
Kernel System, 1984-1985), GKS-3D (Added three-
dimensional capabilities), PHIGS (Programmer’s
Hierarchical Graphics System, 1984), PHIGS+ include
more powerfull three-dimensional graphics functions,
X-Windows system (1987), and OpenGL graphics
standard is adapted from Unix system.



Graphics Standards

Application CAD data transfer other
program | | formats : IGES. >
CAD system PDES. STEP. DXF. | CAD systems
Language A Parasolid, ACIS
binding Device
dependent Physical
Device-independent 7| instructions |<7| device
computer graphics
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