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75 75
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Flat Panel Display Liquid Crystal Display = Motion Artifact

distortion Line spreading Motion Blur dynamic contrast motion
imagery motion image quality video clips or video frames spatial
resolution  temporal resolution  Retardation  Optical Axis

Birefringence =~ Compensation Film  Retardation Measurement
Standards Thin Film Structure Dimensions Thin Film Material
Characteristic ~ Thin Film Standard Data Base Thin Film Thickness

Measurement Standards

Tzeng-Yow Lin

Mao-Sheng Huang

Yuh-Der Jiaan

Kai-Ping Chuang

. LED
2. LED
LED Mura




4.

5.

6. CCD

7.

8. CCD

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20. Array

21. Array

22.

1.  Accomplish mura analysis method of LED backlight modules

2. Accomplish luminance measurement of LED backlight modules

3. Accomplish mura pattern analysis method and uncertainty
evaluation for LED backlight modules.

4.  Accomplish dynamic contrast degradation pattern and
measurement method.

5. Accomplish dynamic contrast degradation software and
measurement method validation.

6. Accomplish dynamic image dimension validation for CCD
image and test pattern of rotation type standard device.

7.  Accomplish time and frequency validation for rotation type
standard device.

8.  Accomplish DMTF measurement validation for pursuit CCD
camera.

9. Accomplish ergonomic experiment and procedure for dynamic
resolution.

10. Acomplish video playing module, image capture module and

II




video clip analyzing module.

11. Acomplish the proto-type of spatial resoultion measurement and
analyzing module.

12. Acomplish the proto-type of video temperal efficiency evaluation
module wich include the fixed noise and random noise analysis.

13. Acomplish the phyical measurement database of digital video
quality.

14. Acomplish the moving picture quality video content design.

15. Acomplish the proto-type of video quality evaluation video
which include response time evaluation and spatial resolution
evaluation

16. Accomplish the design of retardation measurement technology
and verification of measurement for compensation film.

17. Accomplish the design and fabrication of reference material for
compensation film, and establish the standard databank.

18. Accomplish the uncertainty evaluation of the compensation film
retardation measurement technology.

19. Accomplish the design of optical path design and elements of
broadband polarized film thickness measuring system.

20. Accomplish the algorithm flowchart and curve fitting techonique
of array thin film sample.

21. Accomplish the design and manufacture of standard film
thickness sample, and establish the array film material standard
database.

22. Accomplish the verification of broadband polarized film
thickness measuring system and the estimation of measuring

reproducibility.
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08 1.75 | 8.00 | 7.25 | - - 492|967 |241] - 17.00
1.68 | 7.57 1 9.00 | 0.08 | - |4.02|11.47|2.28 056 18.33

98.12.24




()
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2. 311 0.7% 311 0.7%
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)
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47,500 100.0% 47,495 100.0%
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6 SID 2009 Spectrum Relaxation
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8 SPIE 2009

Multi-channel liquid crystal cell parameter measurement technique

( ) 10 AIC 2009 2 Chroma
Contrast and Preceived Image Quality Measurement of Color
Uniformity on Flat Panel Displays (FPD)
12 IDW 2009 Human
Preference Based Metrics for Video Quality on LCD Displays

12 IDW 2009 Quantification
of Hot Spot Mura of LED Backlight Based onVisual Contrast
Threshold
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10~12 KRISS
LED LED Backlight

23



6
Miseli
artifact

FPD

SEMICON West
(TC)

Japan 2009 (TF)
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Mura

Mura
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LEDinside
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(Hot spot)
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A. LED mura
LED Hot spot mura
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LED TV
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LED
(Mura)
FY97
LED mura
hot spot SEMI
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a) LED Hot spot Mura
1-1
CCD 1-1

CCD

|
i |
"'—Mdf:faﬂgg —* | Calbrated

FCD cameta

__________ Irmage
Pracessar

Comyputer

e

CCD hudvance  Flat fleld

calibration

corection

2D Image
standard

1-1 LED Hot spot Mura
1-1
(MA) X Y( ) Z X y u' \% K
40.53672 1416 1299 427.8 | 0.4506 | 0.4133 | 0.2554 | 0.527 | 2855
37.49972667 | 1310 1202 395.510.4507 | 0.4133 | 0.2554 | 0.527 | 2854
34.32833 1199 1100 362.4 | 0.4506 | 0.4133 | 0.2553 | 0.527 | 2856
31.21952 1091 1000 329.4 | 0.4506 | 0.4133 | 0.2554 | 0.527 | 2856
28.06104667 | 980.4 899.1 296.1 | 0.4506 | 0.4133 | 0.2554 | 0.527 | 2855
24.92019 870.7 798.4 262.6 | 0.4508 | 0.4133 | 0.2555 | 0.527 | 2854
21.84574333 | 763.2 699.7 229.9 1 0.4508 | 0.4133 | 0.2555 | 0.527 | 2853
18.73319 654.8 600.2 196.8 | 0.451 | 0.4134 | 0.2556 | 0.5271 | 2850
15.69632333 | 549 502.9 164.6 | 0.4513 | 0.4134 | 0.2557 | 0.5271 | 2846
12.44891333 | 4353 398.8 130.4 | 0.4514 | 0.4134 | 0.2558 | 0.5272 | 2845
9.411607333 | 329.5 301.6 98.36 | 0.4517 | 0.4135 | 0.256 | 0.5272 | 2841
6.267739667 | 218.6 199.9 65.06 | 0.452 | 0.4134 | 0.2562 | 0.5272 | 2835
3.095912667 | 108.6 99.22 32.35 104521 | 0.4132 | 0.2564 | 0.5272 | 2832
1.591658667 | 55.83 51.02 16.72 | 0.4518 | 0.4129 | 0.2563 | 0.527 | 2834
0.314304733 | 11.02 10.07 3.329 1 0.4514 | 0.4123 | 0.2563 | 0.5267 | 2837
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LED 1-2 hot spot Mura

1-2 LED Hot spot

b)
LED Hot spot Mura
SEMI Taiwan FPD TC Mura TF
(1)
Mura
Mura cell module QC
Mura

Mura
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Mura

Mura

45
0.8~1.2

3840x2400
cd/m2

Ix

30 cm

31 ( 16 15 )
110 Ix
I m
21
31 Mura

IBM T221 17 (
17 ) 8 bits
(halftone)
7140 (12 bits)
Mura

30

31

25~40

31

22

TFT-LCD
0.79 cd/m2~ 244.8
(110£10)



2AFC(2-alternative

forced-choice) QUEST ( )
QUEST
1-3
Gra
Converge
1-3

(VCT: Visual Contrast Threshold)

L —L
VCT(%) = |"‘L—b| x 100% (D
b
Lmura Lb VCT
(Sensitivity) VCT

100

Sensitivity (dB) = -20x 1o
y (dB) g(VCT(%)

)

2.386 mm?, 23.569 mn’,
187.185 mm?, 567.984 mm® 1721.093 mm®
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(VA: Visual Angle) 0.33°,1.04°,2.84°,5.13°  8.92°
1-4

1-4

31 15 5
bug) 1-6 1-6
VA( )

1-5
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contrast threshold (dB)

VCTcenter

-20

-25

-30 F

-38

A0 L

45

-30

O center # edge ¥ corner
1] 1 2 3 4 ] 6 7 g 9 10
WA,
1-6
VCT 1-7
VCT VA>1 VCT omer
VCTedge
3dB
2.45 dB
2.45dB
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1-7
(2)
RGB
( 1-8)
30
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1-8 RGB
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1-9

2.71 dB

2.94 dB

(3.76 dB)

VCT (dB)

-25

-30

-35

-40 |

-45 |

-50

-55

VA(

G

31

B
3dB

VA=5.13

22

——R
——G
——B

0.1

1-9

35

VA

10

100

1-9

2.74 dB



1-10 1-11 CMS

CMS VA VCT
VCT
VA VCT VCT
CMS
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—_ ——R
%’ 35 1 -G
|_
3 ——B
-40
> —=— Gray
45
-50
0 2 4 6 8 10
VA
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-25
-30
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2AFC
31

CMS
R G B
CMS

QUEST
(22 )
3dB
VA
R&G
Mura
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c) LED hot spot Mura
1-12 hot spot Mura CCD  LED backlight
hot spot

Capture images from the LED
backlight unit

l

Calculate VA and VCT from
D, L, Ly and Lmura

l

Image processing by using the
filter threshold of VCT

Y

Quantify hot spots
(position, area and average
luminance)

1-12 LED hot spot Mura

1-13 LED hot spot Mura
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1-13 LED hot spot Mura LED hot spot

Hot spot
hot spot
d)
SEMI Taiwan FPD TC Mura TF
1-14 12 bits 54 cm (21.3 inches)
2048 x 1536 Pixls 800 cd/m’ 1.5 cd/m’

1-14 12 bits
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1-15
4" ~ 15" + (8 £2)°(
) 1000 1x
slit
~ 45° 400 mm ~ 1200 mm
4 " —~ 52 ”n
A D65

BM7 SR-ULIR
MIL JEITA IEC SEMI NIST GB

I+

30
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b) SEMI

1-16 SEMI FPD TC
ACR TF
=0,100,200,500,1000,3000 Ix 8
25 <0.5 Ix 2°
S«
) 3 or
alignment( )

0 500 1000 1500 2000 2500 3000
(Ix)

1-16

C) SEMI ACR D#4671
1-17
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1-18

42



d)

1-19
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D#4672
Mura SEMI D31 D41
SEMI Taiwan FPD TC Mura TF

Mura
TTLA Mura 11 Mura
CMS

JEITA VESA
ICDM IEC

LED backlight hot spot Mura

1
— ISCE2009 Robust Segmentation for Automatic Detection of
Mura Patterns
2
— International Display Workshops 2009 Quantification of Hot
Spot Mura of LED Backlight Based onVisual Contrast
Threshold
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International Display Research Conference - Eurodisplay 2009
Ambient Contrast Measurements of LCD TVs at Different

Viewing Angles under Diffuse Illuminance

1
AOI Forum & Show LED
2
2
SEMI D#4672(Mura ) TC
Review Audit & Review

SEMI D#4671(ACR )
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, , , e
-5 30 10 19 30 bu 0 B
Time (s}
2-1
Panasonic Moving picture resolution
2-2 A
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300 TV lines 350 TV lines

Display A
(Plazsma)
[i]

Display B
{60Hz LCDY

FY97

(a)

(b)

CCD

300 TV linas

[]
Maginally)

LCD
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350 TV lines

[
(Mt Readable)

PC

H
(Mot Readabie)

2-2  Moving picture resolution

2-3
PC 2-axis
pattern
(pattern generator PQ)

pattern

CCD



Y

.

Pattern Generator

‘[7 UPG-1000

A J

Motor driver &
limit switch

Image catching &
processing

2-3

2-4

T

2-axis control
& isolation
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2-5

B 7 [ 5 [ MPR T EESE
nEEE
30

25

20

15

MPRT{ms)

BenQ Q9C4 Sansung 943svx

AR

2-5 MPRT

MPRT 2~4ms

BenQ Q9C4 L Naal= s
W R TR AR

20.00

18.00
16.00

14.00
12.00
10.00

8.00

MPRT(ms)

6.00
4.00
2.00

0.00

Ovs 255 56vs 139 91vs 170 139vs 212

T FRIFEAER LB
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2-6 MPRT

10.955 mm 1680x1058
410 mm 56.7 cm

b) (DMTF)
(DMTF)

Line spreading
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SRC (%)

FPD-pixel to time _ [MPRT

|
FFT .
DMTF Compared with

Results by Prof. Lee

FPD-pixel to J

degree
DMTF’ Predicted Compared with

X — * Perceptual Psychoph. Results
CSF Effect

Pursuit Camera
(Slanted) Step Edge
- Response

Output
—_—

2-8 DMTF

Slanted-Edge + Improved Wavelet Denoise
FFT 2-9

120 1
— Processed —e— Processed
—— No processed 08 I —— No processed
80
= 0.6
=~
=
Q 04 +
40
02 r
0 bl sl JobIb o o W 0
0 40 80 120 0.001 0.01 0.1 1
Stacked Pixel f (1/pixel)
2-9 Wavelete-denois DMTF
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DMTF

Wavelete-denois DMTF
B.
pattern MPRT
Motion Blur
a)
2-10
2-11
2-1
2500 /
2-1
0.7 %
(mm/s)
( /s) 2500
R2 (1)

y( / )=0.0281 ( /) (1)
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2-10

e S S L S T SR I N N S

2-11

2-1
( /) 8000 7000 6000 5000 4000 2500
0.68 0.785 0.905 1.09 1.33 2.1
0.68 0.78 0.91 1.085 1.33 2.1
0.68 0.78 0.9 1.085 1.325 2.11
0.685 0.79 0.91 1.095 1.34 2.12
0.69 0.79 0.91 1.085 1.345 2.125
(s) 0.683 0.785 0.907 1.088 1.334 2.111
224,070, 194.955| 168.732| 140.662| 114.723 72.496

(mm/s)

(s) 0.004 0.005 0.004 0.004 0.008 0.011
0.65%| 0.64%| 049% 0.41%| 0.62% 0.54 %

153.04 mm)
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pattern

2-12

2-12
1
( ) /mm
1.0 cm 271 10.955 mm | 0.040424
0.2 cm 269 10.882 mm | 0.040454
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2-13 2-13 1.5
15
15 1.5 5% 2-13
30

0 ‘
3 P s s P P s s P P P
3 z g g z z g g z z z
o ® = I~ 3 < ® = o 3 <
B g 8 o S 8 N 8 R 3 &
-5000 & & & B 8 2 & = S = &
g 8 S S 8 8 S 8 8 8 8
-10000
-15000
-20000 4
-25000

30 min

-20000 :
& 8 I g S 8 8 I ¥
8 s AP3 g & 2 g s &

-25000 S = = = = & & &

-

-30000

-35000

-40000

-45000

2-13

80 cm 1°
0 2-14
50 mm

(2100-2300) nit 10 %
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__ ‘ s E2200-2300
= I} 4 E2100-2200
. e gaes i ©2000-2100
' T o> @ 019002000
1] i
{ H = 4 PO 01800-L900
; = i SRR D1700-1800
) = : ; 20 Eﬁ ) |m6001700
- : 5 "V m1500-1600
) ] I 10 B 1400-1500
] o5 W 1300-1400
: \ ammmr=s P W 1200-1300
! H N 5 =1100-1200
38 ] ; £1000-L100
e sEEE: o H900-1000
EEES ] L0 W300-900
® $ § 8§ ° 8 % 8 8 8§ 0700-800
L. . -
pra R (mm) Dt
2-14
pattern
pattern pattern
mm pattern pattern
2-15
pattern 3000 / )
(2.1-2.65) mm
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pattern pattern

2-15
b)
pattern
pattern pattern

. ( 1280*1024) .

A x B (mm/s) F
. (mm) C . ( /s) G
. (Hz) D
. (ppf, pixel per

frame) E
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1. F:ExDxE
A

2. G=F+0.0281

@) @)
* Pattern (mm) H .
* MPRT (ms) I (mm/s) J
. ( /5) K
. (pph) L
(2) (2)
* Pattern (mm) H * MPRT(ms) M
. (mm/s) F | e ( /s) G
(1) (2)
1. 3="1000 Lom=H
I F 1000

2. K=J+00281

3. LI A

D C
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CRT CRT
(cumulative Gaussian)
CRT CRT LCD
(just-noticeable
difference, IND ) JIND
JND

ViewSonic G90fB 19 CRT
1280(H)x1024(V) 60Hz 200
0.008 CRT

(cumulative Gaussian)

L(x) = Lo + DL *(F(x, 0, 5)-0.5) *2

F(x,0,s) 0 Lo
DL (
0) S
0 0.525 2-16
255 0 LCD
60Hz
LCD CRT

0.008 2-17
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(A) (B)
#]LCD CRT# %4
Ny BN Ept
B4 B
R
RARALE
2-17
(the method of adjustment)
LCD 8 ppf (pixels per
frame) CRT



LCD CRT

(personal subjective equivalent)

(trial)
LCD
VESA FPDM Update 2.0 MPRT
10%  90% 1.25
10% 90 %
(0.48 pixel per ms &ppf
) 1.25( 1/(0.9-0.1) MPRT
LCD MPRT 2-18
MPRT
MPRT 18.82ms (BenQ
Q9C4) 25.49 ms (ViewSonic VE155) 15.26 ms (ViewSonic
VX1962) Chen
JND 0.02 0.02
0.008 2.5 MPRT
5.2ms
2 4ms
MPRT
JND LCD MPRT
ViewSonic VE155 BenQ Q9C4
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MPRT (ms)

MPRT 6.67ms ViewSonic VX1962  MPRT 10.23

ms JND
BenQ Q9C4  ViewSonic VX1962 MPRT 3.56

ms JND
35.00
30.00 o g
25.00
20.00
15.00
10.00
5.00
0.00

Q9C4 VE155 VX1962

LCD
2-18 MPRT
MPRT( 2-18
) 5ms  (BenQ Q9C4 421 ms

ViewSonic VE155 0.75ms ViewSonic VX1962 1.15 ms)

MPRT MPRT
( 2-18 ) 2-17
ViewSonic VE133
MPRT

JND
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MPRT

LCD

LCD

MPRT

MPRT

LCD
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LCD
JND

MPRT

MPRT
Chen

MPRT



Panasonic Moving picture resolution
IEC ICDM
Panasonic
pixel
2-19
<+—> <+—>
A B

v

< > <« > IIII III

<+—> <+—>
2-19
LCD TV line
2 LCD 1
CRT LCD
1 pixel 1 13 8

34.15 2-20
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30.00

25
25.00

20.00

15 54
15.00 n Tfj%bﬂmﬁ(
m B {RRAT

B MPRT
10.00

A] S PREUETERRE (pixels)

5.00

0.00
CRT VE155 VX1962
2-20
7 ppf
MPRT
MPRT CRT 2 LCD CRT
2 LCD MPRT VEI55 25ms VX1962
15 ms
VE155 4.28pixel VX1962 3.21 pixel VE155
VX1962
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Local dimming 240 Hz

flicker

LED

3 3

— IS&T/SPIE Electronic Imaging  Constructing a metrics for blur
perception with blur discrimination experiments

— IDW2009 Human Preference Based Metrics for Video Quality
on LCD Displays

— 2009 International Display Manufacturing Conference
(IDMC)  Analysis of Gray-to-Gray Response Curves of FPDby
Various Filters

2

- LED
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(

)

( FullHD(1920 x 1080)

) (
)
(Sharpness)
Q1
FY97 10 ICDM
FY98

(Spatial Frequency Response calculation) Dr.
Kelley

( )

UT Austin Dr. Bovik (FY97

) Dr. Z. Wang

SSIM(Structural similarity) CWSSIM(Complex wavelet structural
similarity) MSE(Mean square error) PQR(picture quality rating)
DVQ(digital video quality)

CWSSIM

SSIM

SSIM
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TV

SSIM  CWSSIM
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( Full HD(1920 x 1080)

a)
ICDM

sharpness

(Digital single lens reflex

camera, DSLR) Canon-350D Sigma-50 mm

3-1 Step-edge
FPD D1 D2 FPD
DSLR FPD d
DSLR M
DSLR RGB
Canon-EOS-Utility
Labview 3-2

EOS-Utility
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__. Test Figure

(1)

Controller

~ Slanted DSLR
- (RGB calibrated to
' Luminance)

3-1 FPD

3-2 FPD
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[SO-12233 VESA- FPDM?2 (Step-edge)
3-3

Image
p Output

3-3 Step-edge
Step-edge FPD C(p)
C(p=[" [ H(p-p)8,(p-p"S,(p")dptp" (1)
H(p-p') Step-edge Sd(p'-p") FPD (
) Sc(p")
Sc C(p) Sd  Sc
C(p)
ISO-12233 (Slanted-edge)
FPD

Slanted-edge
(Morie pattern)

(Repeated Add & De-Noise,
RADN)
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(1) Fourier

F[dipC(p)]=(hz—hl>MD<f)Mc<f) 2

MTF(Modulation Transfer Function)

FPD MTF MTF (2)
FPD MTF
3-4 3-5
Pre-
processing
(1) FindY-
distributions

oflines in ROI

(2) Stack Y-
distributions
along edge

(3) Remove
Morie by
RADN method

(4) Find
Charactristics

3-4

( 3-5(a)) ROI (Region of
Interest) ( 3-5(b) (c)
( 3-5(d)) RADN
(aliasing) ( 3-5(e))
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—_— — ) [
8 g 8 3

Luminance @.u.

v
S

[N g

e e

= —_—
m'—:—.- i | i e

—

_edge direction

o

(d)

10 15

Pixel (FPD)

20

3-5

75

25

@

Luminance (a.u.

Luminance (a.u.)

53
S

]
S

I3
S

S
S

%3
o

0~
99
=)

[5]
=3
S

%3
S

=3
S

%3
=)

—e—a
THidbrgreh N
—&—C
——d
—+—€
0 5 10 15 20 25
Pixel (FPD)
(c)
I 100%
Shatpress
0 5 10 15 20 25
Pixel FPD)
(e)



] [} [] [
50 &0 70 &80 90
pizel

pizel

pixel
st 2. Set Parameters L it 2z
DiFFD_IQH = o max{ric) o7t
1_FPD_iGETFEAER 350,00 Lavginit)  MormSigr
% Shisctive, Sty 1164 ||973 1261 ||1103 AT A
1_Sharpness, M-FPD CCOJFFD RGE_ratio : '
2 Sharoness Resultst o Global Chrst Moise Sed Dey
1360 1.302 .
rotation i 0. 6596 1
- Pixel sampling  Wim) D{rn) v
1. Read Image i 3 Ps Pe
@ 0.0100 0.70 1.60 0.013 3. Treat ROI l e i |

T T T
10 20 30 40 50 &0 70 &0 90
pixel

Caonkrast

76

oo OO o
10 Z0 30 40 S50 &0 7O G0 90

4. 5tep Response

Mean High | /15511

IMean Low 8.10

Awvg RO High | 154,249

Avg ROL Low 4.97953

5. 5FR

Motrnalize

o
kel

T 1090 2.038

6. Save Data




RADN

3-6 RADN
Step0 5 RADN
RADN RADN
3-7
b)
Tektronic PQAS500
( CW-SSIM )
MSE PQR DVQ SSIM CWSSIM
ITU-R
BT.500 PQR VQEG

VQM (video quality measurement) DCT
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DVQ SSIM (structure

similarity) CWSSIM (complex-wavelet structure similarity)
PQR DVQ SSIM CWSSIM
MSE (Mean Squared Error)
[3-2-1~1Q2-9] CosMe (Color Space

Management Evaluation Material for Digital Cinema)

3-8

Type Video

Sequence

Distortion

- Comparison
& Correlation

Parameter
PSNR

Program
PQA500 SSIM
MSU PQR
CMS vVQaMm
CW-SSIM
3-8
/ MSE[3-2-1]
DVQ[3-2-2] PQR[3-2-3] SSIM[3-2-4] CWSSIM[3-2-5]
MSE
1 &, .. N
MSE = > > (x(i. i)~ ¥(i. 1) (1)

I
—_
.

Il
—_
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M N x(1,)) (1)
y(i,j) (1)

DVQ JPG
Moscow State University
Freeware "MSU Video Quality Measurement Tool"
3-9 SSIM  PSNR
frame DVQ

MsU Yideo Quality Measurement Tool 2.01 BETA

—Step 1 FI|E.' selection

Criginal file (avi, avs, vuv, brp): 3 Browse
[T Gpen with AVISynth fdvanced. | Prewiew

Processed (compressed): IE:'I,CDsMeZ'l,ClSn'I,RNlS.avi Browse
™ Comparative analysis ™ Cpen with &YISynth fdvanced | Preview
Second processed (another codec): | Browse
advanced | I™ | G with S4TSRt Advanced || Prewisw

[~ Use mask File: I Browse |

™ Use black mask [™ Gpen with &YISynth fidvanced | Fresvien |

—3kep 2; Metric Selection
I\-‘QM j Setkings Online metric infa |

Color component
vyl O Uy vyl Ly CUR-RGE ) GREE O B-RGE

—Step 3 Output Selection

N
V¥ Save CS file Advanced | r

[ Save metric visualization video | image

[" Save "bad frames" Adyanced |
i GRAPHICS & MEDIA LAB
Maore options |

Ready [v Show results wisualization

Process | PRO Tonll w'ebsite | Feedbackl Help | Exit:

3-9 MSU Video Quality Measurement Tool
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PQR  Tektronix PQAS500

ITU VQEG DMOS
(Differential mean opinion score) PQAS500
3-10 PQR (
) PQR frame PQAS500
display modes viewer characteristics viewing conditions
display mode LCD-FPD viewer
characteristics

viewing conditions

3-11

5n_420_8Bbit_480x270 - 006 HD Broadcast DM

3-10  PQASO00
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Frocess workflow

Edit Measure E\le

Mame:
!HD Broadcast DMOS for DMD Home Enter |

Display View Perceptual Artifact Attention Summary
Model Model Ditterence Detection Model Node

i=1

Description:
Perceptual Difference Map & DMOS Prediction: DMD for Home Entertainment applicationg Cancel
hS 5
3-11
SSIM  CWSSIM  University of Texas at Austin
SSIM
SSIM
SSIM(x, y) =1(x, )" -¢(x, ) -s(x,y)
2, +C 2 +C
6y =5 e y) =
Hy +:uy +C1 o, +O'y -I-C2
20,,+C,/2 1 &
S(X, = u 2 Hy =— XI
(xY) o,0,+C,/2 N;
1 N 1/2 1 N
axz(—_Z(x.—yx)zj Oy :ﬁZ(Xi_ﬂx)x(yi_ﬂy)

81
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CW-SSIM steerable pyramid

CWSSIM
N
2% 'C,;C,i|+k ;
CWSSIM = = . (3)
N N
>lc,| + ]Cy,i] +k
i=1 i=1
N Cx,i Cy,
k
CWSSIM N 8 CWSSIM
CWSSIM
CWSSIM SSIM CWSSIM
Matlab
CosMe 14 96

6 JPG Compression(JPG) Gaussian Blur(Blur) White
Noise(WN) Luminance Gain(Lum) Gamma Contrast(Cst) Speckle

Noise(SN) 16 Matlab
avi 3-12 (C3)
(C5) (C11) (C13) 3-13 C3

(R3-n)
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#10: JPGAT

" 4

#48: Lum O

PQR

PQR

3-12

C3
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Distortion-n:

Frames 1~16 17~32 33~48 49~64 65~80 81~96
Distortion JPG Callen Wh_ite Lum Contrast Spe_ckle

Compress Blur Noise Noise
Level 1~16 1~16 1~16 1~16 1~16 1~16

Distortion-f:

Frames 1 1 1 1 1 1
Distortion I Calslen White Lum Contrast Spepkle

Compress Blur Noise Noise
Level 1~16 1~16 1~16 1~16 1~16 1~16

Distortion-m:

Frames 6k-5 6k-4 6k-3 6k-2 6k-1 6k
Distortion JPG L SElEm Wh_ite Lum Contrast Spe_ckle

Compress Blur Noise Noise
Level k k k k k k

K=1~16

3-14
( 7
b) (
3-15~ 3-18
3-19~ 3-24
FPD
3-15 FPD
D2=153 D2=255
3-4 42" LCD-TV D1 =0
3-16

1920x1080 1360x768 [.5m

84
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4.6 DSLR S8  F8 TV

D,=255
3-15 42" LCD-TV
250
D,=255
.. 200 |
= 204
S
o 150 r
g
K= | 153
g 100
] 102
50 F
51
0
-4 -2 0 2 4
Pixel (FPD)
3-16 42" LCD-TV D2 (D1 =0)
3-17 26" LCD
100 0
1920x1200 1024x768 I m

4.5 DSLR S6  F8 3-18 3-17
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100 "Unsharp Mask"
0 3-16 FPD

T

Sharpening 0 Sharpening 100

3-17 26" LCD
200 A
|
|
i ‘
,;' 150 L ‘ 7Sharpen%ng0
c) ——— Sharpening 100
S
S 100 - |
E
g
=
— 50
0
0 5 10 15 20
Pixel (FPD)
3-18 26" LCD
(Full High
Definition)
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3-19

TV5 TV6

TV8 TV1 TV7

VA-CR( )
—+—TV5
——TV8
——TV6
£ —TV4
£ —=TV1
3
——TV7
—-—TV3
——TV2
75 65 45 35 25 15 5 5 15 25 35 45 55 65 75 85
(degree)
3-19
0 5000:1
1000:1
100:1
1000:1 3-20
90.0
75.0 VA-CR( )
60.0
45.0 OTV7ETV1I BTV
- 30.0
§ 15.0 |
&
S 0.0 BTV20TV3 OTV4
15,0 -
-30.0
45.0 OTve BTVS
-60.0
-75.0
-90.0
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100:1

170
85 0
10:1
TV2
TV2

3-19

CIE 1976 Yuv
NAu’v?” 0

5 RGB
3-21
Au'v'= [(url -u'C)2 +(Vrl - Ve )2 ]1/2
Uc Ve 0 uv U v,

3-21
Au”v7=0.01
Au”v7=0.003 3-22

88

150

1000:1
TV2

(1



VA-Du'v/(

)

= —TV4
=1
©
% ——TV6
a
——TV7
——TV8
——TV5
-90 -70 -50 -30 -10 10 30 50 70 90
(degree)
3-21 Au’v’
L*a*b* 3-23 AE )
90.00
75.00 VA-Deltauv( )
60.00
45.00
OTv4OTV1I BTVE
30.00
@ |
o 15.00 |
{=2)
[«F)
= 0.00
OTv7OTV6 BTV2
-15.00
-30.00
4500 BTV5OTV3
-60.00
-75.00
-90.00
TV3 TVS TV2 TV6 TV7 TV8 TV1 TV4
3-22 Au’y’
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[5]

*
uyv L, oa, b,

90

VADE( )
TVl
—~TV2
—~TV3

3 —TV4

§ —~—TV6
—TV7
—~—Tv8
—TV5

-90 -70 -50 -30 -10 10 30 50 70 90
(degree)
3-23 AE*ab
Nu”v?~ AE
AE=40 AE=5
3-24 VESA AE=5
40 Au”v~™=0.01
60 L*a*b*
NAu”v~
L*a*b*
> L*a*b*



90.00
75.00 VA-DeltakE( )
60.00 — —
45.00 ] ] OTv4AOTV3 BTV5
3000 L [ — —
g 15.00 — | I B e
2 ow OTVIETVI MTVE
-15.00 T I I
-30.00 1 e —
-45.00 1 — = OTV6 BTV2
-60.00 L -
-75.00
-90.00 ‘
T™V2 TV Tve TVl TV? TVs Tv3  TV4
3-24 AE
100
1 170 1000 1
130 TV6 91 28 49
TV2 0 1000 1
Au”v7>=0.003 TV3
TVS TV7 80 54 61 Au”v7”=0.01
TV4 100 100 TV3 170
AE AE=5 30 63
AE=40 TV TV4 88 85
100
Nu’v?”
Au”v7=0.003 Nu”v?”
0.003
NAu’v?” 0.02
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Au”v~ VESA 0.003
Au~v7~=0.003
(Gamma shift) AE
AE=5 D65
AE 5
AE Au~v~
AE
Au~v?~
B.
a)
( 1000
frame/sec) 3-25
3-26 (frame acquiring rate,
frame/sec) (playback rate)

8 3-1

92



Rotation speed

3-25

Filming rate

|

Playback rate §spm w0 fps  $spm v 120 ips
fps. 60 Fp.s. 60 £p.s.
3-26
3-1 8

Chopper Frame Playback Chopper moving
rotation speed acquiring rate speed!? in output
(r.p.m) rate (f.p.s.) (f.p.s.) video (pixel/sec.)

1 12 420 360 264

2 7 240 60 132

3 10 360 200 66

4 12 420 300 47

5 15 504 180 33
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Chopper Frame Playback Chopper moving
rotation speed acquiring rate speed! in output
(r.p.m) rate (f.p.s.) (f.p.s.) video (pixel/sec.)
6 7 240 120 26.4
7 7 240 150 22
8 10 360 270 18.8
3-27 512 x 640
(pixels) t=T1
pixel/sec 18.8, 22, 26.4, 33, 47, 66,

132, 264 pixel

Tirne

3-27

3-28-1



b)

( 29 b B )
gamma
(sharpness)
(modulation transfer function, MTF)
sharpness (sinusoidal patterns)
(line-pair patterns) MTF
30 cycles/degree
8 cycles/degree
sharpness
(
3-28-2

3-28-2
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C. (13

2

(1) ) 3)
(4)SSIM  (5)CWSSIM
SSIM CWSSIM
CWSSIM
(D
(2) SSIM  CWSSIM
CWSSIM
3-2
3-2
MSE®
PSNRY[1]
SSIM’[6]
University of p
TexaseatsA}llls(lin CW-SSIM'[7] SSIM SSIM
VIF'[8] HVS? HVS
CCD
NIST!
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NTIA?

video

VQM®[9] [10]

CMS

MSE, PSNR,
Modified  |SSIM, CW-SSIM,
CW-SSIM

O 00 1 O L B W N —

: National Institute of Standards and Technology
: National Telecommunications and Information Administration

Video |

: Mean Squared Error

: Peak Signal to Noise Ratio
: Structural SIMilarity

: Complex Wavelet SSIM

: Visual Information Fidelity
: Video Quality Metric

: Human Visual System

3-29

Decompressor

Reference

Target

3-29
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3-30

3-30
(Luminance)
(Contrast) (Structure) 3-31
Xy
images Luminance Luminance
Xy 7| Measurement | Comparison
_ ¥
>/ + Contrast R Contrgst s Combination > similarity
+ Measurement Comparison measure
A
- Structure
) Comparison
3-31 SSIM [3-3-6]

98



3-32

H @ 3 1(x,y)
c(x,y) s(X,y)

luminance
change

f

/ N\
b  contrast
j change

@)
Y~

-

structural
change

3-32 SSIM [3-3-6]
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100
VCT (%)

Sensitivity (dB) = —20x log( )

20,0,+C,
C(Xa y) = 2 2
o, +o, +C,

X
20,,+C;
o,+C,

Xy

C,=C,/2

s(X,y) =

1 N
1y NZ;,
1 N 1/2
o, =|—— X, — g
. (N_lg(. ﬂx)j
N

O = D% = )X (Y~ 4y)

Cl C2 C3 (0~255)

SSIM(X, y) = I1(X, y)* -c(X, y)” -s(X, y)”

SSIM

SSIM
MSE MSE

MSE =

(x(3)- (@ )y

Z% —_—
z

.MZ
M=

1l
—_
.

1l
—_

100

(1

)

3)

4)

SSIM
()

(6)



M N x(1,)) y(i,j)

(b) SSIM=0.2101 (c) SSIM=0.3643
MSE=89 MSE=75

-y

(d) SSIM=0.759 (¢) SSIM=0.2655

MSE=26 MSE=39
3-33
3-33 (a) (b)
(Gaussian noise) (¢) (speckle noise) (d) (blur) (e)
(salt & pepper noise)
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3-33(e) MSE 3-33(c) SSIM
3-33e)  3-33(c)
3-33(d)
3-33d)  3-33(c) SSIM
CW-SSIM MSE  SSIM

Complex wavelet SSIM

3-34

T

h
WWMM U HHWWM H W WW
il ‘Humumw\umm W
3 -34
steerable
pyramid (Translation
invariance) (Rotation invariance) [3-3-7]

Dual Tree Complex Wavelet Transform (DTCWT)
steerable pyramid

DTCWT de-noise
CWSSIM [8]

B

CWSSIM = 7)

ZICI Z!C! +k
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N Cx,i Cy,i

X y Cy,i*
k
N 8
convolution 3-35
—»
3-35 CWSSIM
CWSSIM
CWSSIM
CWSSIM CWSSIM
COSME 14bit
8bit bmp jpeg
blur jpeg

16
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3-36-1 JPEG

3-36-1 JPEG

1.2 JPEG compression

140
= 2o 120

' AM\-\- /
08 | 100

=
Z S
480 [ =

% 0.6 7 SSIM
s // {60 = CWSSIM
7 - /‘/’/,_-—o/’/ 140 T MSE

0.2 4 20

0 Il Il Il Il 0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Frame
3-36-2 jpeg
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3-37-1 blur

3-37-1 blur
12 Blur 180
e e | 160
1
/ 140
g
s 08 — 120
7 \-7741\.\-*- SSIM
100 | —=—
3 06 &= —= &
= / 480 = CWSSIM
B 04 & 60 —— MSE
140
02
420
0 0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Frame
3-37-1 blur
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3-38-1

3-38-1

12 White noise 250

1 150
w —=—SSIM

°e \.\.\'\"\'\-‘. =
/ 1 100 CWSSIM

0.4 —— MSE
0.2 // | .

SSIM/CWSSIM
SE

0 - 0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Frame

3-38-2
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3-39-1

3-39-1
101 Luminance 450
1 A ——— 9 400
'\-\

0.99 / —— 1 350

0.98
= ~ 1 300
2 097 10 e ssim
3 096 %'é
z 4 200
% 0.95 CWSSIM
22 4150 |—e— MSE

0.93 / 1 100

0% \‘\‘\ / 1%

091 >~ : : 0




3-40-1

105 Contrast 23000

1 ‘\ /_x_\*_\.\-\ 2500
0.95 2000
\\/ \-\.\ W |~ SSIM
0.9 1500 »
/\ \\ = CWSSIM
0.85 \\ / 1000 | —e— MSE
v \\\ / -
3 4 5 6 7 8 9 10 11 12 13 14 1

5 16

SSIM /CWSSIM

0.75

Frame

3-40-2
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3-41-1

Speckle noise

1.2000 140.00

10000 4 12000

-\'\'\'\-\.* / 1 10000
0.8000
% 1 80.00 —I—SS”\/]
0.6000 %)
/ 1 60.00 CWSSIM
—— MSE

0.4000
/ 1 40.00
0.2000 / 1 2000

0.0000 ' ' ' 0.00

SSIM /CWSSIM
MS
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3-3

MSE | SSIM |CWSSIM| MSE | SSIM | CWSSIM
JPEG 131] 09916 | 0.9994 | 121.50| 06693 | 0.8018
Blurnoise | 62.50| 08444 | 0.9909 | 158.77| 05931 | 0.6981
White noise | 14.94| 09156 | 0.9745 | 229.71| 0.4886 | 0.8654
Luminance | 0.86| 0.9989 | 09995 | 413.58| 0.9463 | 0.9656
Contrast 379 | 0.9985 | 0.9994 | 2527.05| 0.8555 | 0.9803
Speckle 762| 09597 | 09877 | 121.93| 0.6724 | 09167
Nnoise
3-3
3-3 blur SSIM
blur
CWSSIM
MSE 100 Blur jpeg
CWSSIM
blur
MSE CWSSIM
3-37 3-39
3-37 3-39 CWSSIM
SSIM
CWSSIM MSE  SSIM

110



( , )
1 TV
2 TV ( )
3 ( ) GUI ,
TV
a)
120Hz 240Hz
2
3-42 4 3-42(a)
3-42(b)~ 3-42(d) 0.75

(x3/4) 05 (x1/2) 025 (x1/4)
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= (1) 5%120.75

(2) %
() #180.5 (d) #%12.0.25

3-43 4 3-43(a)

3-43(b)~  3-43(d) 0.75
0.5 0.25
(2) B4 o (b) #1%0.75
(c) #1&0.5 B (Q) %2025
3-43
b)
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3-44

©HE3 @ &ES @ BES

(b) %2

(@) AR

3-44

3-45 3-45(a)

3-45(b)
(A%
3-45

3-46 ( 3-46(d))

3-46(a)~ 3-46(c) 0.25
0.75 0.5 4

3-46
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FY96~FY98

(Mura) (ambient
contrast ratio, ACR) FY97~FY98
( )
(
histogram) (TV)
IP 577 (
)
. 1
. 5 ( 2, 3 )
— SID 2009 Objective  Evaluations of Manipulating

Algorithms on FPD by a 2D-Colorimeter

- AIC 2009 Chroma Contrast and Preceived Image Quality
— AIC 2009 Measurement of Color Uniformity on Flat Panel
Displays (FPD)
— OPT 2009
. 4
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Trip report of AIC 2009

4
2009 ICDM Effective Resolution  ( Sharpness)
sharpness (2008
2009 ICDM )

2009 ICDM Spatial frequency response Calculaiton
(2009 ICDM
)
2009 ICDM  3D-Stereo Luminance & Luminance Difference in
[ Auto-Stereoscopic 3D with Two View] 3D
2-view 3D (2009

ICDM )
2009 SEMI  Terminology for Color Breakup in Liquid Crystal
Displays (2009 cycle 5 yellow ballot)

4 IP 577

NB Foxconn
( )
NB Wistron
(
)
( )
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(

)

LCD
Fuji Film
LCD
FPD
-45° ~45°
RO, Rth 10 nm ~ 600 nm
RO, Rth t+ 1.5 nm (k=3)

spot size : 5 mm
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(State of Polarization) Analyzer
4-1

polarizer analyzer

[4-1]

T =[cos Bcos(p—r +a)+%sinﬁsin(¢— r+a)l’

1
+ [é sin B cos(p—r —a)]’ M
B
Tilt Ange
Polarization Angle  © degree
45 Idegee ' L
Folarizer Analyzer
sample
4-1
¢ (Twist Angle) « r Polarizer =~ Analyzer
B =5"+¢’ 5
=0 a r (1)
Retardation a=45 r=135

Savitzky-Golay
4-2 )
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Cauchy Equation An=A+ B%

4-2
b)
PSA
4-3
(sin)
(cos)
90
(Non-twisted)
(1) Y=a+900
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T.(1)=sin” 5 cos® 2a)

)
2)
T, cos’(a)
T, cos’[2(a+X)] (3)
3) Ti1
(Transmission Axis) a T2
X 3)
(® ¢
4-4
BiR T

Heml FEE
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90
80 O

70 o]

40 o
30 O

Polarizing Rotation Method (degree)

10 0

0 10 20 30 40 50 60 70 80 90
Direct Calculation Method (degree)

4-4 [4-2]

4-5 - -
(Polarizer-Sample-Analyzer PSA)
4-6

(Collimation Lens)

$d- BALBIRL T THE K

(Analyzer)
(Focusing Lens) e 4R ¥ 1o Sefg #-5 4p 3 25 iky

PSA
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KA

wien

2 Axes Control

Ethernet Hub 2

L Ethernet Hub 1

4-5

Folais ok

o) L
b= HD - mm I
= =
=
4-6
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( 100nm)

ne, e!'f5.1 0 eifi; 0 B e!'(fil‘*é.;) 0
2B E % 0 o )Tl o e
— 14—
J Bt ASS (8,48, (8,76 )
d
i~ 2 =(6,4-0y)* (600
REAE ne"i2 = Mgy g 0 Ny N1,

4-8  [4-3]

1 1 y 5 1/2
=n|l-|=-=]sin?8
W . n=n, T sin? 6; cos? ¢
" ; sin 0;
LT sin 6, = 1 1 o
crysta] ] n, {1 - (— - —)sin2 [J cos%]
% n?  n2 J

/A(d(m /eos O, = n,/cos0,)
—dy(ny/cosf,, —n,/cos0,)

+sin 6;(d, sind (tg 6, —tg 6,,)
+dcos’b(tg 8, —nltg 0. /n})
—dycosd(tg 0, — g 6,.)

—d, sin’d(tg 0, = nitg 6,./n%)))

4-8
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O, 5° 4-9

1

n= n,[l - (ni.,'*’ ~ n%z)smi 0; cos? d)]m
sin 6;

1 1 1/2
n,|1— (—i - n_g)“i“2 9; cos? b

At 9, <5°

8=B((d,—d,) + 6]
/(zmemi}(dl{mu it 3{ | ?‘JD)CDS%ﬁ)
—a‘:(rzu —3(n,+ ne)singri!))]

4-9

632.8nm ne =1.54264 no =1.5518
Imm 1.005mm P=45° 4-10

|| SRR ARECZE Ret( 61, ¢ ) (nm)

TR =

Q
ERER 588

|| IBERAR AR R (61 9) (am)

45 40 35 80 B @ 15 0 5 0 5 W 15 ;W B W 3% M0 4
ABtE

4-10
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O= (nel-nol)d1+ (ne2-no2)d2

= +
(nel nol ne2 no2) dl d2
S 503 3nm
ne=15518 FEiHE e EidE
no=1.54264
E—EEEEmw 1 1 1
HETrEEREmm) 1.005 1.01 1.0z
A (um) 45,8 91.6 1832
a) (b)
4-11
633nm ne=1.5518 no=1.54264

4-11 4-12

125



HEEHE | EEE
E—RIEEE 1 1
ERNERE 0.93 0.93
FErE £34.2 £39.19

ot |

Grman (e Bimm i B | Girmm Dl 8

4-13

4-12
4-13
5 mm
5 mm

126

MHGHE | FEE
FEiEREE 102 102
BEIERE 191 141
FERrE 0.6 86.059

==

Gyt s B pisme | Be Qe T fre

i

PSA

30

5 mm

30

1.5 nm

4-14



5 mm
10 nm~ 600 nm
(Micrometer)
632.8 nm

nm 666.3 nm

4-15

4-14

1000 —
ana
800
700 4
600
500 4
400

300

Retardation (nm) @ 632.8 nm

200 4

100

spot size

656.3 nm

4-16

T r T T T T T T 1
o 5 10 15 20 25

Micrometer Position (mm)

4-15

30 0.065 nm
1.5 nm(k=3)
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-Analyzer)

80.40 -

PSA

80.35 2o=0.065 nm
80.30 |
E 8025 -
E 80.20 4 - [ ] [] [ ]
g -t \-.\ /\ /\.F-I\ /.‘.-.-.\.\ m l/\/.-.
_‘g 8015 - l\. [ ] [ E \‘/ .
¥ [
8010 |
80,05
a0.0o T T T T T T T T T T T T T
i 5 10 15 20 25 a0
Measurement Numbers
4-16
100 nm
( <A/16)
PCSCA (Polarizer-Compensator-Sample—Compensator

Cell

(Signal to Noise Ratio)

(Subpixel) Cell Gap
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MVA 45

cell gap R/G/B
Cell Gap
IP 700k 443k
1
SPIE 2009 Multi-channel liquid crystal

cell parameter measurement technique

1 FY98

IP 700k 443k
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(

)

Thin Film Transistor Liquid Crystal Display (TFT LCD)

TFT
ITO : Indium Tin Oxides 100
(rows and columns)
(pixel)
SiNx(silicon
nitride)  a-Si(amorphous silicon) TFT
10 1,000

Array
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Array

10 nm ~ 1,000 nm
* 5nm (k=3) @ 500nm

Array (n:1.4~4.0) (k: 0.1 ~0.001)
Array SiNx/ITO/a-Si
A.
:10nm~ 1 Jm
S P Psi=r,/r, Delta =6, -5,
5-1  Si Si0, Onm 500 nm

Psi Delta




fringe

n~1.5 70 nm 400 ~ 850 nm
fringe
Delta 70 nm
5-2
Si Si10, 20nm 30 nm
70 Delta

0, 60, 120 Delta
S10, @ Si
968nm 498.11 nm 390.22 nm 292.08 nm 196.23 nm 101.4
nm 24.7nm 1.96 nm
5-1 10nm
~1000 nm
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5-1

C )
1 968nm 960.42 966.3867
2 498.11nm 497.45 498.1535
3 390.22nm 390.55 391.2990
4 292.08nm 291.85 298.4071
5 196.23nm 196.1 196.5629
6 101.4nm 102.3 100.4551
7 24.7nm 23.35 25.0129
8 1.96nm 3.05 1.4278
SOURCE DETECTOR

| 3

POLARIZER ANALYZER

SAMPLE
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(
) photodiode Model 6485 5-1/2 digit
Picoammeter
Windows Borland C++ Builder 6.0
5-4
ADLINK PCI-8164 Motion Control Card
(Polarizer =~ Analyzer)

d [n

Polarizer

I

Analyzer o
Photodiode

{

wwh’t—’uﬁt—*

5-4
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a)

5-5 PCI-8164

Motion Control Card polarizer
analyzer photodiode

picoammeter PC

e :
PCI-8164 '
- \‘

I

Photodiode

Light source /

rotatable P

Pozzi;:ensamr Analyzer Model 6485 5-1/2 digit Picoammeter
Substrate |
5-5
5-6
analyzer
polarizer 45 analyzer 0
60 12 10 160 1120 (1) BP
CP DP (2) (3) A ©
BP :%(|0+ 160+1120)
1
CP:2—L(I6O+I120) ()
BP
DP = L(léO— 1120)
V3BP
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tan’(p)

+CP
1-CP

tan’ (Qp)

DP(cos26, —cos2¢)

A = arccos

% fomPDAnaysis

CP(sin 26, sin 2¢)

=] saveRegont

o
W Stop Meamme Connect | 6% ClearRepont
|

o
gl

Industrial Technology

7 ITRI i

Research Institute

. Pacometer Sett

Select Device -

Fepeat Current Intensity

T RN AR AR AEEa e e s
3 4 5 B 7 8 4 10 11 12 13 14 15 16 17 18 19 W A 2 B A 2%

Time: [~ huto Trigger [ Aaveraging

ITtem

| Date

| Time | Intensityn | itersityavG0 [ Intensityso | Intewsitya 7660 | Intemsityizo IntervityAVG120 | Ep | | AnabymerSelt pyos o 1oy

[~

Origin: 104, 88; Size: 97 1 17
hagle] Tab Stop: T}\.\e;Order:d

N

Status
Cutrent Sep : 0

120

Current Posttion: 0 0

analyzer

5-6
5-7
analyzer Curve fitting
fitting

Golden Section Search

T Ll
17L. caitnation | [ save
‘
Caiiration Chart { Dafa Sefing |
Information

oY [

10|

—

Save Home Pasition [ Cancel

5-7
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b)
Photodiode
(model)

(d)

ng Q)Y J
(b) Yi
Msub (e) P

5-8

A o
(n)
j e j
ng O,
d, ] A
() M, (b) g (d)

S hono_‘wavelength Measure Setling
‘Mode Change

" Marmal Mode

(+ Mono "Wavelength

Incident Media

Refractive Index |1

Refractive Index |3,83
Subtrate K ||J.D1 k]

5-8
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Incident angle

[ Fix Refractive Index

Experiment ‘Wavelength [g32 8 nm

|BU degiee

Film Initial value

Film Thickness 247 nm

Film Refractive Indes |I.4§?

Filrry K |l]



d; )
@ | =2 LR,

n, =n,/cosd,

b ,
®) n, =n,/cosé,
n'j =n, [cos b,
isin(y ;)
©) Mo = cos(7;) -

ip i

in; sin(y;) cos(y;)

1
(d) M subp = |:n‘ j|

S

Mfilmp = M1PM2P"°MJP
(e) B
p
MP - MfilmpMsubp :|:C :|
P
. n,B, —c,
P n,B, +c,
o n, =N, cosé,
n, =N, cos0,
n; =n; cos@i
(i) cos(y,) )

s J

in;sin(y;) cos(y;)

el
subs n;

(k) Mims = MMy - M

js
B
Mg =M s Mgups = C
s
r. — n(';Bs — G
> nBg +Cg
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() | tan(pl™ = —p‘

]
C.
FPD Array
6
a)
FPD Array
5-2
5-2 FPD Array
AS: 1.Pixel . SD pixel | 1.a-Si
(PECVD)
, pixel 2.n+ a-Si
2. Dummy pattern ,mark ,numbers, not for
circuit layout.
3. , 1.e. Repair Line cross cross-over
pads.
BP: 1. , BP 1.SiNx
(PECVD) )
2. ,Dummy pattern, mark, numbers, not
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for circuit layout.

ITO:
(Sputter )

1. Pixel ,

pixel

L.ITO

G-SiNx (400nm~450nm)

a-Si and n- type a-Si (40nm +180nm)

PV-SiNx (200nm)

ITO (55nm~75nm)

G-SiNx (400nm~450nm) +a-Si and n- type a-Si (220nm)

G-SiNx + PV-SiNx (400 nm+200nm)

5-9

10 cm

a-Si and n- type a-Si

141

a-Si

BK7

Scm*5cm

a-Si

n- type a-Si

n- type a-Si



b)

G-SiNx

PV-SiNx

G-SiNx+ a-Si + n- type a-Si

5-9
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a-Si + n- type a-Si

G-SiNx + PV-SiNx

5-10:



DIfE2 4197A
Diff3 4215A

e e o e

P.profile  Unit V.oum H.:mm Print Mag. V. 50000 H. 100 LAred, ARSIA

0.40; = T
0.20 SiNx ; / t

2% i : ' ; T f 3 | ‘
-0.20 + |

0.00 0.10 0.20 030 040 050 0860 070 080 090 100 1.10 120 1.30 140 150 1.60

P.profile Unit V.:um H.:mm Print Mag. V. 100000 H. 100 Diffl 32671\

piks it ]
0.20 /f’}{"”'”‘ﬁ? o ‘h““‘ 1 5 nm
0.10 =

a-Pl -
0.00 - = -
-0.10 ¢ i + t T |

0.00 0.10 0.20 030 040 050 060 070 080 090 1.00 1.10 1.20 130 1.40 1.50 1.60

P.profile  Unit V..um H.:mm Print Mag. V. 100000 H. 100 D "

Diff3| 377 | | ‘

0.20 - - 3 |
|
0.10 S =
= = BEs e nm

= n type a-Si e e = A
-0.10
-0.20

0.00 0.10 020 030 040 050 060 0.70 0.80 0.90 100 1.10 1.20 130 1.40 1.50 1.60

P.profile  Unit V.:um H..mm Print Mag. V. 100000 H. 100 P\iiff 21018
Diff3 2208A

030 - — s
0.20 ; Lt 5 S
!/’ la “ £
0.10 .
SiNX 16.1 nm
0.00 - —~

-0.10 |

L

0.00 010 020 0.30 040 050 060 0.70 0.80 090 1.00 1.10 120 1.30 1.40 150 1.60

P.profile  Unit V..um H..:mm Print Mag. V. 100000 H. 50 D%ff_l_ 6255
I T Diff3 682
0.20
010 —— . e
———

0.00 4 ITO | 67.9 nm
-0.10
-0.20 ‘

AAN NOSA NAN NAN nan 410n 1950 14N 1&A 18N 5NN DON SAN DAN HSAan ANN 290

P.profile  UnitV.um H.:mm Print Mag. V. 20000 H. 100 Diffl 6339
1.50 ; T T

DiFEER—6335A— —

Diff3| 64323

1.00 —
|

——636.8 nm

050"
i |

i | 4
0.0, ¥

-0.50 ‘

0.00 010 0.20 030 040 0S0 060 070 080 080 100 1.10 120 130 140 150 1.60

i Unit V.:um H..mm Print Mag. V. 50000 H. 100 Diffl 6310A
g';{',l-:'mflle = =T — g — _  DAFFZ 6431A—
: I ! Diff3] 6473A

0.60 ! | I

640.4 nm

0.40

0.20 -

Vo0 = ;‘

! [ : |
000 010 020 030 040 050 060 070 080 090 100 110 120 130 140 150 160

5-10 Q)]
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n&k

a) PV-SiNx
5-11
216.1nm

& k

FPD Array

PV-SiNx

5-11

220.4nm
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n & k)

SiNx
SiNx

4.3nm



PV-SiNx

lag. V. 100000 H.100  Diffl 2101A
1££2 ’?1"1”\

Reftactive (ndices n & Absorptien Indices k of Thin Fiims.

Mission Peak Dptics Thin [ilm System
Progiam Type : | =l 9D display  Mapping

XIS CX10V10 DX10°1S E 21020

O 5 O 1 0

S

Diff3 2208A

I Dual Mode oy teMK.
A2 Mede M ]| o quarcomi Thieness | k| [F ] FF ]

T

R 5

] Cal -[Nome =] Lens: it =] Sub {@ia =l
th Ly L e T |

o Layer il Layes

Top Layen
st o B TTTE =TT ey <] o =] fane =
Il TS | o M

ik 1B @
terte:N T KT NC O EF N KE NE k(]
% ’ M Get Complex.
Sample ID: Opoestor 10 Guod e |
% | Sealliring
Moiae Theeshold : Savbeni | Dottotiocis
————1 Raverse I}

« [f - Absolme

==

060 070 080 090 100 110 120

[Parameters]

216.1 nm

179.9 nm 40.2 nm

5.5nm

130 140 1£]"

( )
n &k a-Si n- type a-Si
220.1 nm
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o000 QP 1836

Diff3 1815A

-Bwilwalinn ;- ™ Dunl Mode
i = [F“‘- Memal =] Mod=Momd 2] (ot guercont Thicknese .
P IR T =TT T -Si 179.9 nm

s £ Yo Lt o Lags  Lagr am Loy
e i[5 5w | [AEseze T <] [Hane =] [Hene =

Thick [ 7 i

e sl M | M type a-Si 40.2 nm

Wi Thbol - §g5 | Saveecipe |  DelmcReripe SCoNoMMG [ |

| Revese ] b
RealTmeri [(15321 s T TR e e R AR S e
<
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noype-a=51 4U nin
V. 100000 H. 100 S

Diff3 377

ITO

e ]

A0.0M2

AR N

0.70 0.80 0.90 1.00 1.10 1.20 1.30

ITO
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67.9 nm 5Ol.l(l)énm
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o
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968nm 498.11

S102@Si
nm 390.22nm 292.08 nm 196.23nm 101.4nm 24.7nm 1.96 nm
15
5-3
5-3
(STD) (3*STD)
1 966.3867 0.004714 0.014142
2 498.1535 0.069934 0.209802
3 391.2990 0.031034 0.093102
4 298.4071 0.082872 0.248616
5 196.5629 0.101398 0.304194
6 100.4551 0.022347 0.067041
7 25.0129 0.072222 0.216666
8 1.4278 0.033564 0.100692
8 1 nm ~ 1000 nm
0.304194 nm
500nm 5-14
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266 3867 nm 498.1535 nm
|
= 3
w =
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SID Display

SID Display

Week 2009
Spectrum Relaxation
Applied to Film

Week 2009 98.5.29 FPD Thickness
~ Measurement 6
ICDM 98.6.7
ICDM
ICDM
SEMI
2009 SEMICON
. SEMI 98.7.11 West Taiwan
2009 ~ PV (WG) 9
SEMICON West 98.7.19 (TC)
Eurodisplay
. Eurodisplay 98.9.13
~ 11
98.9.19
. AIC
(International ~ Color 98.9.25 FPD
Association, AIC) ~ 4
2009 98.10.4
SEMI Taiwan
. IMID /Korea
98.10.11
~ 10
98.10.16
(FPD International 98.10.26 5
2009) 98.10.31
Semi Japan
(TO)
. Semi Japan
(TC) 98.10.26
FPD ~ (FPD International| 7
, ( 98.10.31 20090  FPD
International 2009)
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IDW 09 ~ Mura Visual Contrast| 2
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~ Preference Based| 3
98.12.11 Metrics  for  Video
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/
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SPIE 2009 ~ 13
98.9.30
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. . KRISS
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20091021 98135543 P07980009TW
20091027 98136304 P07980005TW
20091109 |200910221056.9 P07980005CN
20091126 98140280 P07980021TW
20091210 98142252 P07980019TW
20091215 98142958 P07980020TW
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The SID 2009

1 20090601 | 07-5-98-0027 |International Symposium, ’ ’
Seminar and Exhibition ’
International Display , ,

2 200904 07-5-98-0028 |Manufacturing , ,
Conference
The SID 2009

3 20090604 | 07-5-98-0075 |International Symposium, ’ ’
Seminar and Exhibition

Human Preference Based ) )
. . . International Display
4 |Metrics for Video Quality| 20091219 | 07-5-98-0081
) Workshops 2009
on LCD Displays

5 20090826 | 07-5-98-0156 , ,

6 20091001 | 07-5-98-0179 |AIC 2009 ,Ting-W,
XXIX International

7 20090915 | 07-5-98-0195 |Display Research ’ ’
Conference - Eurodisplay

8 20090803 | 07-5-98-0199 |Proceedings of SPIE s s

9 20090925 | 07-5-98-0278 |AIC 2009 ’ ’

10 LED 20091105 | 07-5-98-0285 |AOI Forum & Show ,
International Display , ,

11 |LED 20091209 | 07-5-98-0286
Workshops

12 20091211 | 07-5-98-0311
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LED
200907 07-5-98-0041 , 7
20090501 | 07-5-98-0074 , 7
SPIE  Electronic Image
Conference and Proceeding ’ ’
20090121 | 07-5-98-0079 , , 9
of SPIE-IS&T Electronic
Imaging
20090701 | 07-5-98-0080 , 4
IEEE  Transactions on ,Hao-Chiang,
200904 07-5-98-0084 ) . 4
Consumer Electronics Tai-Lang
J,Yung-Chang
20090601 | 07-5-98-0086 4
20090905 | 07-5-98-0141 14
20091102 | 07-5-98-0265 ’ ' 4
20091220 | 07-5-98-0348 7
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1 20090909 | 07-3-98-1941 14
2 20090625 | 07-3-98-2303 24
3 20090729 | 07-3-98-3626 14
4 20090729 | 07-3-98-3672 14
5 20090803 | 07-3-98-3676 16
6 20090925 | 07-3-98-4268 13
7 20091029 | 07-3-98-5237 11
8 20091106 | 07-3-98-5263 20
9 20091028 | 07-3-98-5361 14
10 20091102 | 07-3-98-5389 16
11 20091111 | 07-3-98-5695 8
12 20091203 | 07-3-98-6060 15
13 20091201 | 07-3-98-6061 34
14 20091209 | 07-3-98-6102 10
15 20091224 | 07-3-98-6416 23
16 20091223 | 07-3-98-6493 19
17 Ay 20091223 | 07-3-98-6528 18
18 20091223 | 07-3-98-6531 20
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SID Display Week 2009
20090706 | 07-3-98-3104 1
SID2009 ICDM
20090721 | 07-3-98-3475 45
FY98 20091109 | 07-3 -98-5599 24
11 20091118 | 07-3-98-5732 18
20091210 | 07-3-98-6151 23
20091224 | 07-3-98-6548 63
/
(. ~)
980610 26 91
980616 14 34
980903 23 50
[
98 4 28 FPD
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3D
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AIC, International Color Association

Ambient Contrast Ratio

AMOLED, Active Matrix Organic Light Emitting Diode

Analyze

Angular

AOIEA

Array

Artifacts

a-Si, amorphous Silicon

Autocollimator

Backlight

Biaxial

Birefringence

Brightness

Business conference

CAMM, The Center for Advanced Microelectronics and
Manufacturing

CCD Camera

CCD camera pixel distortion

CCD, Charge-coupled Device

CCFL, Cold Cathode Fluorescent Lamp

CDMA, Code Division Multiple Access

CD-SEM, Critical Dimension Scanning Electron
Microscope

CdTe

CF, Color Filter

CFD, Computational Fluid Dynamics

Cholesteric LCD

Chromaticity

Chromatics

CIE, Commission Internationale de L'Eclairage

CIPO, Color Imaging Industry promotion Office

CMS, Center for Measurement Standards

Color breakup

Color reproduction accuracy

Colorimetry

Compensation Film

Contrast ratio

CQC

CRM, Certified Reference Material

Cross talk

CRT, Cathode Ray Tube

CSF

CTE, Coefficient of Thermal Expansion
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Curve Fitting

DAQ, Data-Acquisition

Digital video camcorder

Distortion

DMTF, Dynamic Modulation Transfer Function

DSCQS, double-stimulus continuous quality score

DTV Taiwan, Taiwan Digital Television Committee

Dynamic contrast

Dynamic contrast degradation

Dynamic false contour

ElIU, Economist Information Unit

e-Paper

EPD, Electrophoretic Display

Exhibition

Extinction Coefficient

FFT, Fast Fourier Transform

film thickness

Flexible Display

flicker

Forum

FOV

FPD Cell gap

FPD, Flat Panel Display

Full HD

FVD, Forward Versatile Disc

Gamma Curve

Geometric distortion

Ghosting

Golden plate

Gyricon Bead

HDTV

high definition

high speed video clips capture

Histogram

ICAM

ICDM, International Conference for Display Metrology

IDMC, International Display Manufacturing Conference
and Exhibition

IDW, International Display Workshop

IEC, International Electrotechnical Commission

IEC/TC110

IEEE, Institute of Electrical and Electronics Engineers

IMID, International Meeting on Information Display

Infratechnology

internal stress

interpretable scale
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inverter

Investors conference

iQ, image Quality

iQA, Imaging Quality Assessment

ISO, The International Standards Organization

ITO, Indium Tin Oxide

ITRI, Industrial Technology Research Institute

ITU, International Telecommunication Union

JEITA, Japan Electronics and Information Technology
Industries Association

JND, Just Noticeable Difference

LCD, Liquid Crystal Display

LCM, LCD Module

LED, Light Emitting Diode

luminance efficacy

MOS, mean opinion score

Motion Artifact

Motion Blur

Motion Blur Edge Response Time

Motion image quality

Motion imagery

Moving picture resolution

MPRT, Moving Picture Response Time

MTF, Modulation Transfer Function

Mura

NIST, National Institute of Standards and Technology

NML, National Measurement Laboratory

NTSC

OLED, Organic Light Emitting Diode

Optical Axis

OTFT, Organic Thin Film Transistor

PG, pattern generator

Pl, Polyimide

polarization

Polarizer

Power consumption

ppf, pixel per frame

PSA, Polarizer-Sample-Analyzer

PSNR, peak signal noise ratio

QUARTZ

Response time

Retardation
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Retardation Measurement Standards

Retardation measurement system

RFID, Radio Frequency ldentification

RGB, Red/Green/Blue Photoresist

SCID, Standard Color Image Data

SEMI Taiwan

SEMI, Semiconductor Equipment and
International

Materials

SID, The Society For Information Display

SiNx, silicon nitride

Slanted-Edge

spatial

spatial resolution

spectrum

SPIE, IS&T/SPIE Electronic Imaging

Spot size

TAF

TC, Technical Committee

TCO, The Swedish Confederation of Professional

Employees

TDMDA, Taiwan Flat Panel Display Materials and

Devices Association

TDSC, Taiwan FPD Industry Standard Committee

TDTVA, Taiwan Digital Television Industry Alliance

temporal

temporal resolution

TFT, Thin Film Transistor

Thin Film Material Characteristic

Thin Film Standard Data Base

Thin Film Structure Dimensions

Thin Film Thickness Measurement Standards

TOSEA

TSID

TTLA, Taiwan TFT LCD Association

uminance efficacy

VESA, Video Electronics Standards Association

video clips

video clips or video frames

Video Physical Characteristics

Viewing Angle

VOD, video on demand

VQEG, Video Quality Expert Group
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