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(MPRT-HS Camera)
1D CCD AASDEEREH

EfR0BmAH

BEICHT S
ADEDBHAH

QAR

S i1 66 B8 = 2R AR E I (1L.CD Hold type, 8 ppf) =E B E S DK
e spests . BE S Z B #R (LCD Hold type, 8 ppf)

B
‘BRANASERVNSDOTHEICRELAES SN TES,
1DtV Y ERAVNSETETAEMATREE LD, LAL, HiEA R DOERLEFRITRA
ERHEELHS5.
"BRAEDE, BEVYUTILETAE,
-BEICNY S B OE/RAAEHEELBEIRERRERO S0,
RO BT L 7Y ORNE DB B EEREE EREICRHIDENH D,
-BER I (BEERER) OEE SO ROFET ST RELFE.

BENRBILIWEGEMBSIaL—2a B
(MPRT-HS Spectrometer)
RIS —TOBELESS2L—aY

¢

LCD sample

HS spectrometer Wavelen
[EERARIIL
HBARYM L (LCD Hold)

LCD display

Photo sensor Y

IEEARIMILMBROT= B D IS BhE A D 3R T=

= % BEDQEE/#R (1.CD Hold) Ego)g}@%gﬁgﬁm Hold)
- ERAEERITEYBR TS0 T, BIEGSHREFETLIEGL,

SRAV MUY EANDTVSO T, REBELAEXEETHD.
EILORENSFRNFIEETHS.




-
MPRT-2000, MPRT-HS Camera& L& Chotal

L AR RBITE TD255-0FEEE D HIET—24

LCD-TV 1920x1080 424 > F 60Hz
Video signal : 720P
Scroll speed : 8 line/frame
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Level 255-0

Level 0-255 * Level 0-255 *
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BET (ms) by MPRT-2000 D 920
Tni: 0 Tni: 1 Tni: 2 Tni: 3 Inid | In:b ~
Fin: 0 - 1316] 1198 1.99 | (1220 82 0 signa
Fin: 7.0 - 11.33 2.39 55 | 60 0 ee
Fin: 1. 01 - 2.86 34 .00 2
Fin: 10.2 74 1311 - 08 .96 4
Finn4 | C11. .03 .25 11.79 - 412 4
Fin: 42 11.17 9.01 8.42 - 59
Fin.: 6 | C1459 14.27 1374 13.43 13.19 12.31 -
average 12.27
CIBEER PRT-2000C 0 Al 7 #i& &2
B E )
BET (ms) by MPRT-HS Camera
Ini: 0 Tni: 1 Tni: 2 Tni: 3 Ipird_ | Ini: 5 Tni
Fin: 0 - 13.43 1213 2.26 | C 11.97 53 (&z.oo
Fin: 7.7 - 12.24 2.48 HohH .36 710
Fin: 1. 9.25 - 3.15 11.40 .90 7
Fin: 10,18 1.84 13. - 11.05 84
Fin:4 | C 10, 0. 9. 11.63 - 77
Fin: 1. 10. 8.99 8.03 -
Fin.: 6 | (1395 13.86 1322 13.02 12.85 12.01 -
average 12.19
=T, PR ameraTTa) H = B8
BET from Responce Time (ms) = =z
Start 0 | Start1 | Start2 | Start3 | S Start b | Start | ~
End 0 - 19.42 19.95 2013 | (20.13] . (19.95 g
End 0.48 - 18.38 17.33 98 27
End 57 7.67 - 17.67 7.15
End 05 27 45 - 6.80
End4 | (1488 93 .80 16.98 -
End 1238 93 45 16.98 17.33 - .80
End6 | (1470 1575 16.27 16.45 16.80 17.50 -
17.11
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ICDM Experimental WorkshopZFUN=TA AT A
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Nanao 1024-760 | Black insertion

Samsung 1920-1080 | Scaning BackLight

Samsung 1920-1080

Samsung 1920-1200 | Overdrive

Samsung 1920-1080 | Normal(overdrive)

Panasonic 1920-1080

Sharp 1920-1080 | Over shoot

Philips 1024-760 | HCFL(scanning)

ICDM Experimental Workshop D#55

®m  No 7. Sharp LC-65GE1 65-in LCD-TV, m  No 8. Philips 42PF9831D /37 42-in LCD-
1920x1080 (120Hz) TV with HCFL, 1366x768 (120Hz with
Backlight scanning)

0-139 139-255 255-139 0-139 139-255 255-139
BET(ms) BET(ms) BET(ms) BET(ms) BET(ms) BET(ms)

Eft:

Otsuka
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Measurement Method According to “309-1 Mo

Moving picture pursuit measurement

Exposure time

istics of

motion blur

Pursuit image

Total of 42 moving pictures obtained by repeating
measurement upon changing the motion blur
evaluation pattern.
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Blur width Calculation Method According to
“309-1 Moving-Edge Blur”

Luminance

: : Movement direction of moving picture
: " Blur Edge Width™ :
R ———————

Extended Blur Edge Width

MPRTDEHEH A%

®  BEW (Blur Edge Width) : EiEIRA4ig
ENEG B RIS H LT, BtR. B REZNZTN0%. 100%ELT,
ZD10%M590%IS BT SREIEE R REFDEFRH (pixe) THOHLI=ELD
BEW (pixel)

N-BEW (Normalized Blur Edge Width) : #RgEENEIAR Y 4ig
EERY TigE R A— LRE CHREIELI-BIBER VY EEE R T IL—LTREL=ED
N-BEW ( frame) = BEW (pixel) / Scroll Speed (pixel/frame)

BET (Blur Edge Time) : BB 4 B
N-BEWZ B IS E L -5 D

BET (ms) = N-BEW (frame)* 1 frame time (ms)

EBET (Extended Blur Edge Time) : Hh3RENEIZRN A4 B RS
BB IEZ0-100%& L T E Sh 2 ENE D74 B
EBET (ms) = BET (ms) / (0.90 —0.10) = BET (ms) * 1.25
MPRT (Moving Picture Response Time) : BB 4 B
AIERRELDRNHICBVTHEDHEE B LA LMEADHEEE (R IERRO O
B i 2 B R NS 3K SO T BN B 7 B D T E
MPRT (ms) = 2 BET(42 pattern) /42 (pattern)
MPRT '05 (ms) 2 EBET( 42 pattern) / 42 (pattetn)
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Blur Width Calculation Method According
“309-1 Moving-Edge Blur”

When there is overshooting and undershooting When there is overshooting and undershooting
(but the threshold values are not exceeded) (but the threshold values are exceeded)

B e ()1 Rl ®) QOOLCOO0CNCOCOUCCOORCCOO 110573

Luminance

Movement direction
of moving picture

Movement direction
of moving picture

0 g P e Respo o A able o DR
EBET msec, luminance
MPRC: SHARP_AQUOS_QS-ON_8pf.csv Ini: 0 Ini: 1 Ini: 2 Ini: 3 Ini: 4 Ini: 5 Ini: 6
Fin: 0 19.00 18.82 17.78 17.10 17.18 18.25
1 Fin: 19.00 21.81 19.65 18.57 18.39 19.16
Fin: 9.04 9.18 20.69 20.92 19.34 9.26
0.9 Fin: 7.93 0.49 7 20.10 19.22 9.17
Fin: 4 8.87 0.24 .2 22.96 17.79 7.76
0.8 Fin: 0.25 1.09 .3 21.92 23.25 8.30
e Fin: 7.67 8.75 .95 18.73 18.63 19.18
s 0.7 average 9.52
] standard dev. 1.59
o 06 maximum 23.25
E minimum 17.10
51 0.5
: D PR
: 0.4 art o
E 0.3 EBET

SHARP_AQUOS_QS-ON_8pf.csv
0.2

0.1

0

EBET fusec)




Comparison of MPRT’s of Various Types of Display

LCD (Hold type)

(msec)

MPRT ' 05 = 21.8 ms

Ini: 0

(msec)

Ini: 0

7

L

Comparison of MPRC of Various Types of Display

D ANLNN

Luminance
°

S
N\
Trailing
/ / ==LCD-TV (Impulse type)

Sharp fall

—PDP-TV
—LCD-TV (Hold type)

L

10 20
Time (ms)

Luminamce
o

—LCD-TV (impulse type)
—PDP-TV

| —LCD-TV (Hold type)

10
Time (ms)

Moving picture response curve for level 0-255

LCD (Hold type)
| rar
— = =

Image with enhanced trailing Image with enhanced sharpness

LCD (Impulse)

13



CSFz AU M=l FEZ DA It

Contrast Sensitivity Function

L1118

The frequency limit decreases when view from afar.

Contrast Sensitivity Function

4l frequency ( cycle/et)

M, (U) /K

B U VS I S S
Xy Xi Niw | E - [H,W)fi-H,W)F )

Function model derived by Peter G.J.Barten
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Determining a Contrast Sensitivity Curve

Perform convolution MPRC, with which the x-axis has been converted to angle, and CSF.

. . Transformed by CSF
Moving picture response curve 1000
300
Contrast Sensitivity Filter 800 [ e O paint paterm
250 % 600 | —— Smooting 200 pint patem
° /4 Smoothing 400 point patern
¢ 200 400 N
E 3
= 150 H 3 200
% / ° , . . . . .
¢ 100
470
50
y,
0
470 480 490 500 510 520 530
Horizontal position (display pixels)
Horizontal position (display pixels)

Contrast Sensitivity Curve

B Moving picture response curve

MPRC determined by physical : Response curve of perception
measutement by a2 human eye.

Contrast Sensitivity Function

Contrast

o1 1 10 100
Spacial frequency  cycle/eg)

Perceived Blur Edge Time

:

Transformed by CSF

2
s
]
il
8
]
4
5
2
§
8
°
2
§
g
8
2
§
9
3

Moving picture response curve

Position (display pixels)




Relationship between Difference in MPRC and ESa==]
Contrast sensitivity curve

E

Luminance

=—LCD-TV (Impulse type)
—PDP-TV
~—LCD-TV (Hold type)

)
AN }

N

o

10

Time (ms)

20

Luminamee
°

[—LCD-TV (impulse type)
—PDP-TV

[=LCD-TV (Hold type)

3
0 D3 O 0 0110 D O
D old type PR 0 8
EBET (msec)
Ini: 0 Ini: 1 Ini: 2 Ini: 3 Ini: 4 Ini: 5 Ini: 6
Fin: - 17.2 183 17.7 7 18.!
Fin: 54.4 - 23.7 20.6 9 19.
Fin: 32. 26.9 - 212 0. 20.
Fin: 20.8 | 25.7 30. - 9 19.
Fin: 20. 244 26. 252 - 7 19
Fin: 20. 21.7 23 234 25.9 - 18.!
Fin: 16 175 17.1 182 193 194 -
average 21
standard dev.
maximum 54.4 |
minimum 16.0
D D e PR 0 0.6
EBET (msec)
Ini: 0 Ini: 1 Ini: 2 Ini: Ini: 4 Ini: Ini:
Fin: - 9.4 9.7 3 10.
Fin: 10.! - 9.4 5
Fin: 10.! - 6
Fin: -
Fin: 98 -
Fin: 9.6 9.8 - A
Fin: 9.6 9.7 94 -
average
standard dev .
maximum 10.!
minimum 8.8
PDP PR 0 /]
EBET (msec)
Ini: 0 Ini: 1 Ini: 2 Ini: Ini: 4 Ini: 5 Ini: 6
Fin: - 11.1 136 17.: 4.3
- 135 171 .7
.9 - 183 .
.4 7.1 - [X
10.7 9.2 73 -
11.8 10.2 8.0 5.7 -
Fin: 149 14.7 14.1 122 38.8 -
average
standard dev
maximum 3838 |
minimum

D....

>

—LGCD-TV (impulse type)
—PDP-TV
—LGD-TV (Hold type)

Luminance

B

FETY PP PP PEPPe

Time (ms)

Luminamce

—LCD-TV (impulse type)
—PDP-TV

|—LCD-TV (Hold type)

d O DEC O . D1d
D old type PB ¢!
StartQ | Start1 | Start2 | Start3 | Start4 | Start5 | Start6
En 16.5 17.9 159 5.7 6. 7.
En 15.7 18.6 16.5 7. 8. 7.
En 204 1 20.8 8. 7. 7.
En .5 22.7 6.1 7. 7.
En .7 19.! 176 . 8.!
En .2 18. 17.9 17.2 7.
En .7 16.! 16.6 17.2 17.3
average .6
standard dev. 17
maximum 22.7
minimum 14.7
D D o PB Wi
PBET (msec)
Start 0 | Start1 | Start2 | Start3 | Start4 | Startb | Start6
En 9.5 9.6 9.0 . . .
En 10.2 95 93
En .9 95
En
En 9.3 .
En 95 9.3 .0
En 95 9.5 9.0
average
standard dev .
maximum 10.
minimum .0
PDP PB 0
PBET (msec)
StartO | Start1 | Start2 | Start3 | Start4 | Start5 | Start6
En 48 6.5 4.6 .6 7. 8.
» En 0 48 7.1 0 7. 7.
En 10.! 4.6 2 6.
En . . 6.5 2 6.
En 10. 10.: 10.7 9.0 4. .
En 105 8.6 71 10.!
En 9.8 8.8 6.9 8.6
average .
standard dev. 2,
maximum 109
minimum 4.2

16
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Conditions of Visual Perception Test Using a Stationary Image Blur Model

Premised on recognition of a moving image as a stationary image on the retina when the moving
image is obsetrved in a pursuing manner.
A stationary image blur model is displayed on a 37" hold type liquid crystal display (gamma
J t=} J J J PARte)
The viewing distant is set at 3H.
20 test subjects (10 male/10 female); average age: 35; ave eyesight: 1.0 (7/7)
Measurement of blur position by software
Measurement of stationary image by a camera

©
S

TTITTIIT
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Blur Patterns Used in the Visual Perception Test

“ Mach bands appear -
Pattern A

Blur width 17 pixel

Differ in intensity
of mach bands / Pattern B

Blur width 17 pixel
+

Smoothing 200 point on data

Presence/non-

presence of . - . Mach bands do not appear
mach bands Pattern C (Pattern A is magnified by 4 times) :

Blur width 68 pixel

Pattern B (Pattern B is ma
Blur width 68 pixel
-

Smoothing 200 point on data

Stationary Image Blur Patterns K=
and Perceived Blur Positions

Response curves of patterns A (at distance enabling perception Response curves of patterns B (at distance enabling perception
of mach bands) of mach bands))

;
/A

00 510 0 510
play position (pixel) islay position (pixel)

Response curves of patterm Response curves of patterns D (at distance not enabling
perception of mach bands) perception of mach bands)

08

Intensity
Intensity
°
>

°
=

o
N

°
S

350 400 50 500 550 600 650
Display pixel umber (pixel)

Display pixel number (pixel)




Relationships between Contrast Sensitivity
Curves and Perceived Blur Positions

Response curves of patterns A (at distance enabling perception
of mach bands)

| € Photal

Response curves of patterns B (at distance enabling perception
of mach bands))

500 510
Display position (pixel)

500 510
Display position (pixel)

470 480 490 500 510 520 530 540 470 480
Display position (pixel)

500 510 520 530 540
Display position (pixel)

Comparison of Blur Widths at Distance Enabling

Perception of Mach Bands

Pattern A

Ave. EBEW:: 14.8 px
Pattern B

Ave. PBEW :15.6 px

Ave. EBEW: 18.3 px Ave. PBEW : 18.3 px

Perceived bluriwidth by subjects
Ave. : 39.3 px

Perceived blur width by sgbjects
Ave. : 43.0 bx
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Relationships between Contrast Sensitivity
Curves and Perceived Blur Positions

Response curves of patterns D (at distance not enabling
perception of mach bands)

Response curves of patterns C (at distance not enabling
perception of mach bands)

+

@

+,/
4

Intensity
°
>

°
=

A

i 500

igplay pixel umber (pixel)

o
N

o
5

patterns C

Sensitivity

350 400 450 500 550 600 650
Display position (pixel)

Comparison of Blur Widths at Distance Not Enabling K=
Perception of Mach Bands

Pattern C

Ave. EBEW: 59.0 px Ave. PBEW : 62.5 px Perceived blur width by subjects
Ave. : 82.4 px

Pattern D
=

—
—
— —
— —
—

Perceived blur width by sgobjects
Ave. EBEW : 72.7 px Ave. PBEW : 73.3 Ave : 91.7 px

20
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'S
[=}

+ Pattern A + Pattern C
Pattern B Pattern D

o N
o [=}

®
(=)

R*=0519

Blur width (pixel)
=3
o

Blur width (pixel)

2SN 242 ——
. ¥ L

. :
R"=0.2219

S
(=]

N
[=}

(=]

10 ) 10 100

Bt s (o) Contrast ratio (log)

F=EH

SRS

= ANFHMBESNI-BALIESHEILZRD LM EEFCTDRABREL TV,

B YYUNANURDRET HRBIEMTIE, ZOEHORVTELTRHT S,

= 0T, BEARY7 DRBEHEZITIICISAR R FERL/NNTA—ETH S,

= ATYTNE—UTREHAEDESHSE (AVISAR) THESN SRV TIEAZDY.
AVESAMEAMELLRDEEZ DRV T [ERELES,

MPRT

= BERTYIILEDIREM (B3IZEEL)E/BHENTES,

s ATYTIRB—UICENTIYNNUFDFELLGEREERH CTHABEREDBERER
WERMEoND,

Perceived Blur Edge Time
s BERTYIREDRIEICEILTIHNEHMETHENTES,
s BEEREDIATYTHOEHREDHEBEMEELY,
B RTYTNE—2TOBERBEEFELNELY,

SHROFMDHY D=
= BERY7ZVNODDATII(BEIE A—/N—Da—b S@HSRE)ITHTT. £
NENDATIICHoI=FHEFEEEASEDILENHLHEEZ S, 42




Thank you for your attention.

m Otsuka Electronics Co., LLtd

m  Tokyo office

@photal.co.jp

= http://www.photal.co.jp/
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