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Abstract
In high-dynamic-range liquid crystal display (HDR LCD) we use the image color appearance

model (iCAM) and the next generation of iICAM, called iCAMO6, for research and evaluation. We
also use the white and the RGB LED as the back light source to verify the prototype model and to
examine by some psychophysical experiments to deduce the evaluation index and to optimize the

model for system applicability.

The traditional liquid crystal compensation method only considers brightness, combine
adjustment liquid crystal signal to maintain the same picture brightness, but the correlation between
brightness and color performance of human eye’s sensitivity is not linear. Therefore, the reproduced
image cannot represent accurate color information and cause color distortion. The project here is to
complete the liquid crystal signal optimization calculating method. We take the leakage of the back
light into consideration as well as a gauge back light intensity, achieving perfect forecast HDR LCD

the color performance. HDR-LCD color model, not only the consideration tradition liquid-crystal



display's leakage of light item, but considered that the dimming back light intensity takes the

correction term, therefore may predict the accurate color information to HDR-LCD.

A single-valued index, relative contrast sensitivity (RCS), was developed to quantitatively
evaluate color break-up (CBU) phenomenon. The sensibility of CBU fringes was hypothesized to
strongly correlate with RCS, which was defined as the integrated difference of the opponent-color
signals filtered by spatial contrast sensitivity functions. Psychometric experiments were conducted to
examine the proposed numerical metric. The results showed that the maximal correlation coefficient
was as high as 98.9% between the subjective judgments and the computed numerical values of
current experimental results. A useful application of RCS index was demonstrated by the evaluation

of four driving schemes for CBU suppression.

Keywords: image color appearance model, high-dynamic-range liquid crystal display, area-adaptive
backlight, liquid crystal compensation, field sequential-color (FSC), color break-up (CBU), contrast

sensitivity function
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Abstract

A high dynamic range liquid crystal display (HDR-LCD) can enhance the image contrast ratio
using a locally controlled dynamic backlight. The controlled and adjusted methods of backlight
signals have been finished in the first year. After dividing the backlight into the appropriate regions,
the gray level of each backlight region is determined by it corresponding image area. Then we use
the Inverse of Mapping Function (IMF) method to get the appropriate gray level of backlight signals.
According to the corresponding backlight signals, we get the LC compensation signals for keeping
the brightness and the details of image. Besides, because of the complex calculation of convolution
method, we propose another method, which is the Blur Mask Method to simulate the backlight
distribution. The algorithm can simplify the computation and provide the better image than the

convolution method.

However, the power reduction of intensity controlled backlight for some pure color images like
red, green, or blue image was limited. Therefore, we proposed the Delta-Color-Adjustment (DCA)
method and Segment-Color-Control (SCC) method to appropriately adjust the backlight intensity of
three primary-color LEDs independently. The determination algorithm of the three primary-color
backlight signals has been completed in the second year. The red, green, and blue backlight signals
can be controlled independently according to the image. Therefore, a color backlight signal can be
determined. According to the corresponding backlight signals, the LC signals were compensated to
maintain the brightness and image details. Consequently, the color-controlled backlight can not only
maintain the image brightness, but also enlarge the NTSC gamut. The most important thing is the

power consumption can be further reduced.

In the third year, by combining the High Dynamic Range (HDR) and Stencil-FSC display
technology, it can suppress color breakup efficiently in field sequential color LCD (FSC-LCD).
Considering color breakup suppressing and hardware computing complexity, the optimal parameter

of Stencil-FSC was applied in the 32”FSC-LCD. By using this technology, the image contrast can be



increased time times than conventional CCFL display, and the average power consumption can be

decreased lower than 40W, which is about the 35% power consumption of current LCD.

Keywords: high dynamic range liquid crystal display, area-adaptive backlight, color-controlled
backlight, liquid crystal compensation,, blur-mask method, convolution method, Stencil-FSC, color
breakup
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Abstract

Due to the rapid progress in luminous efficiency of light emitting diodes (LEDs), the
backlight module of the liquid crystal display (LCD) was highly penetrated by using LEDs
associated with unigque advantages of high brightness, high color gamut, DC driving and fast
response. In this project, combining side emitting LEDs with micro-structured light features, we
developed an LED backlight module, secondary smart panel, which enables a localized
independently light distribution. The backlit is able to simplify the kernel of convolution during
the image processing. With field-sequential-color driving and high dynamic range rendering, we
optimized the optical configuration to commit the optical fields subject to different panel sizes.

Keywords - Light emitting diodes - backlight module - full-color dual panel system
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Power Consumption of RGB BL
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Ao piEd ERIGEHKRY o FIRFH B DY F L LD 7 4250 (2) ~ (3)
% 47 3 HDR LCD #— ¥t % 44 /& (one-to many mapping) &% » % F - 5%—] INEES %ij
Fh oz Bl SEFEAML O FRM-MEF 2RI L FET RBREG M T
P AR DT 2373 2N () S (D 2N (D) e § Pk R RS
Vi F ke HDR LCD ehd 283 603 > 4o
R = LUT(d,")
G =LUT(d,.') (4)
B = LUT(db“j
0=<RGB=1
0=L=1
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Em

rmax Xh Xg..max - Xk Xh,max - Kk
E = | Yomax — Y Y — Yy Ypmax Y
r max th z - th Zb,max - th

Xy
Yn]L (5)
Z,

R
G]L+

B

;H-rthr"\dgr’ ﬁ'lq-@HDRLCDI%’-ﬁ‘IZ‘}J‘ W iE e =X |P = Lgl :""ETF" e Jofzgf:{

FBT 55 37 HDR LCD > w 4% f247 & 5 1080x1920 » # k~» % 5 8x8 % » B+ &
B 500cd/m? » %t B <> 10,000:1 2T & & 28 f—color-ramp ¥ random-mosaic-
E R (R L) B PHERALET RBRAR A fé—"ﬁﬁ'_lﬁuﬁﬁ’%t%ag)i
g

10 = S0 =p 180 = 250

| ' Random B/l
LBegularBIEJ =

e

B+t e ~ P38 % > color-ramp(%) ¥ random-mosaic(?)

3 ;’Zﬁ |],§_,L m‘_ﬁ/&' ;/ﬁ’ﬁ],ﬁ_lb u.g:,;,\*ﬁ-

Ak UBE R BRI B 2 T2 18 0 T kB k0 5 30 B (LSF) A (A 1 B
Pk G kA sx.g;{uﬁ ~ T4 ke LSF % o & HDR-LCD #4451 23 ¢
ks R e aib k< R Ul sl Bl 50 TR E R g A
R %% % 4 8x8 B LSF rdp4e = 5Nk Pl pE IR A LA o

i
% g_ﬁ BALR iR SPER DR S KT IR L Jd @ﬁrm@?} »
@J% ~ B kg Bend 4432 2 mapping function ¥ R P = flkE o ¥ -
oo kPR Lw 3k d g inverse of mapping function (IMF) method /4 = % sk %L o
FREY RF KA ME PR flgE > &% HDR-LCD ¢ 83 Bok o A cripe § 2055
I RER AR S AR Bl T o o
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Input - Full-on Target

- -

Image LUT Matrix XYZ
! '
HDR-LCD —

Algorithm | = | BLSignal | = - Optlmlzed

Model LC Signal

RSN SOERTE )
¢ PEA R BE N
AERFE DS LR VEE Y INF 22 DCA e A kg e B aand ok
s R TR R d A2 ﬁfguzw Mg ED I HIRER > 30 HRBFESAAR N
A4 w4 Intensity FEFfrdd Al L BudHm i anig s > B9 g4 Bk
(Lily)m 2 & 28 5 ¥ I%\(Color Ball) s fra) v 2 it rEls -

(b)
WL~ P E#% (@) Lily (b) Color Ball

¢ LI HE:

d 3¢ IR Al d F R A G AT 0 Flet A IMF fo DCA A2 424 F kg

C BB AR RAT T E gk BB ;ﬁd ¢ PRATERE P = flgE T - %G o
fe‘ * Charge Coupled Device (CCD) &ipl§ %= fljcie » = & 5 * CIEDE2000 ¢ % =
RIS FEA o AR B 2,420 dod - 07 o BT F CRT ehir (Lt 407
P ETad L7 30 Ao d DR E T A PRESL o F)piz + cnIDR-LCD ¢
AT LB FEE RS R B FIN R and R B o

[#-] ¢ HEYEREL R 2ERE2 I £

Target Images CIEDE2000
Lily 242
Color Ball 2.37
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¢ HRi LR
Intensity control backlight (IMF method) -

A INF method %4 %3U% » 457 8x8 % LSF dpe 2 7Rl % £35 8 - 4 4
BB HE A & DHAE 2 HDR B 326 5 46 HDR B s p BB 2 ¢ £ 0 Bkt

AT o

C.

(@) % Bt iz (b) ¢ #7302

~

¢
NI

o

m"ﬁ

S
7‘“

AEqo

AEOO 4.6 AEQO 2.1
W= RAY2@EBHARCEDSE L7 L BRI BCEDRBGH? DEEEES -
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-8

A d ORIRERS BRI TR R  F - 26 G RE R

X
& RO RBAEZTERAF LT e Ao od TRV o 4 R A

it S R R fenm & o

@ 7 HR ()P 15 e i

()% RAF O 2 B i & ()3 12 B2 B o &

DERNNAE Y TR DT ERA =k SUFEL ) X REE 3 R =k SRS T AG) SE-Sa R 14
(b) -
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Color Ball

AEqo

AE00 9.0 AEOO 1.3
W4 @2 URARCETF S LERI0F ST 1.3 L iFRSE ¢ B 85. 6%
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Color control backlight (IMF&DCA method) :

FiE T intensity control ehd 534 > F 5 H F k5 A % dimming ¢ ko
F] g%t 4’3@%@7@%2 Koo 2 AR A d A ;Ioﬁ;ﬂ‘«;pj TR B G EET
Booodrd AgRAES iR o FIR R Y ¢ MR R BGEE{ L LR o

Lil
(b) ¢ $5403]
™
/lf’é E’BB
¥ ife

AEq

AEOO 17.3 AEq 2.7
W=+~ BEAEC2Z DR ¢ L7 IT. 323 2.8 3 ARTRRFF

21



@ 2P (0) B Bk’ tht fm

(©)% RAf 1§ 2 Fijmar (d)¢ AR 2R iflm
Flo - ~ & B2 B 1 15 o HDR B (d) it 59 504 B o 8
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Color Ball

AEqo

AEqgg 55.7 AEq 2.8
- 2o~ AR AR BGOSR HERD BBG2 ¢ 5 BARARF K2 end BRE
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C. AxpEs
d o d MBI GAIRD S SR RE RANM TR T A Rl g o
KA T g -ER1 W - W *g_\r‘rmq’ B~ Pl chig B o 142 BL T Z A ch
AR R OM o S RREAIR A G T)"J@‘I[Mb??(m SRR 2]

(d.d,d,)

Eqs. (2) & (3)

Color Model

(XYZ)
| .
|Eq.(4) ] [ Transform Matrix ]

/'\
V
Spatial-
blurring
II

o (1

oo IV

AA’ AC,” AC,

(b)
W=--+=
I Z PUesd c fAGE 4 A ARerdp MR LR 115 0 LOD $ 2 Dl i et i g
AT R akche A rh g AT 5 PRl chd DR RER BT AL A R
Lo iz Bd R-G B ik — a4 (LUT)? » ¥ #%-R-G-B#E# 2 X~V
ZZ g EREETA TR (L) (D) -
b4 BAREHTEY o d BEDTS P LT SRR N L RS D2 Hlg
B FTEFBERIE S Pl e EFAL IS NI BARTBR LR Z BT
%% (sub-pixel) i sk & BT B ie s B ghdE S AN ot illﬁé’iirﬁﬁ‘
Fehd BAKE TR LEEFI BARKET BN B R S BERE PR
i'tlj}u/gﬁ’ff\'%ﬁ‘q}na@ﬂ 0
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2. XYZ &3 ACIC2 : ACIC2 ¥t 4

Btk o 28 b o ACIC2 &2 XYZ e v S idigde m 18 » Higde V40T ¢
A 0.297 072 —0.107
Cll =|-0449 0.29 —u.n??] ;] (6)
C, 0.086 —0.59 050111z
3. ZREBAR: ﬁ*ﬁwaﬁﬂm; @Aﬂuﬁﬁlﬁa%wa s R RACL
C2hefl* &= FRHEIMIE > LI RO R 2 4258 (CSFs) » W ¥4

Lo o
b s %j;u'F'J\k-rr

-3
AT RS Ee L

CSflum(f:] =axf*Xe bt

CSfr_'hmm (f:] =

"t‘! v ':Sflum#ﬁI CSf:hmmZ‘

A AR e B CSF R [RS te Y R e Al S

(band-pass)igi * @ >+ H 4 B R Cl

7 CSFs® enm g 2 & Rag-f 24

~ (2

[22] (D~ @ A hllkE

P IE R B ATRIE - R

°¢ﬁ4ﬁm¢ﬁ”**ﬂ)(®*ﬂ%,

a, X E—h._}c:f"‘— +a, X E—h:xf":

=

(M
(8)

Y SR A

CETRRA G

P & M3 gtk (low—pass) o

Parameters Values Parameters Values ] Values ]
(Channel A) (Channel Cy) | {Channel C)
a 75 al 109.1413 7.0328
b 0.2 bl 0.00038 0.000004
C 0.5 cl 3.4244 4.2582
a2 93,5971 40.6910
b2 0.00367 0.1039]
c2 21677 1.6487

Sensitivity

00 10 20 30
cycle per degree
Bzt
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. RCS: ¢ ~apenf % A RCSHEhp - doho § 1585 fd & dpehd Fora, 2 h
FAEg o KBIRASHASNCL S C2 BELE D dodl $3035 = B 2 LA @ 4F ¢ ehde
Boirdr Ko dolR AR R AT o @ RARR Y B R - B S i K B o
v SR o

R ptieiz mo B3 AEFFREHN LT E o H - > d WL C2 e §
PR ATRES A o AT b AR XA e E B L RANCL
C24vid 2 m > % — B 2B APRAE FIDEF b o

B Y o AR 32 v AT AR B A T N
(optically-compensated-birefringency mode, OCB)#1é A A&+ % (FSC LCD)
RGBT Lo kR Y Sz & - k- 1 (LEDs) 3% 5 180Hz -
LRI RO R A = e T E S FIAC23 AT 26 R o R
RIF TP RS BE > L am RPN LRERIIS R 221 R
gt ¢ 'w}%”@f-— FRLZ2OFFRESI NI RENS 2R BPEERL B S
HERL DI A2 2 c G RTHEBEF A2 mldg T ¢ NRAREN0 1A
e d /w\é}g'_%'g“é? o

Fo- B bR B RT -6 ¢ RO BB uERY ¢ DM B
mEEREEFHFERD R o BRFEARI 200mm/s F] 800mm/s > 14
100mm/s # Bl = e ¥4 s e B2 R YL § REAWEZPIE >~ 85 18
28 ~ 42 ~ 56 cd/m” -

Bt e - B BcE-T 393 4 fic(mean opinion score, MOS)#is %4 » #-
APE S A AR R A LRI A d BRIE A Al R dp 2 Y (£
=N

[#% =] MOS ~ #c& &

Scorg Evaluation result

1 Imperceptible

2 Perceptible. but not annoving
3 Slight annoving

4 Annoying

5 Vary annoving

RCS gt #3530 & 483 F el 4 & 4Len= 3% > 4o RGB ~ RYGB ~ RGBWmin -
RGBCY #4r[Bl= -7 ]#77F o figdt Aiom 5302 B d B2 27 > & S aenfiif
GALATEE BHIH ) DT 50 o Gt A P - SR U RS G
sE1v 4 (255,255, 9255) T & chk 4 (213,139, 112)~% % /& ¢ (205, 163, 144) ~
%8 (186,70,73)fc % 4 (65,75, 163) 4l 2w [57 o st i Lot 4o 4f
B R L 800mm/s w s A SRR D K chd A BB o 1) TR B e
MOS ;-7 > 3% %t ﬁigggg;ﬁﬁq§?%,¥ .
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1 frame (1/60 sec)

[2#2] 247 k& Adpdrdl> 2 8 %3 B 800mn/s 2

(C.C 5 1AM i)

cly

W= L7~ 2w hend SgFF3 271

< # RCS e f

Driving Scheme | RGBWmin ROGBCY EYGH EGBE %)
While
(255, 255, 255)
MOS | 23 A7 4.8
RCH 0215 (408 0807 1 972
CIEDE2000 0 45,859 58.662 68.587 968
Asia Skin
(213, 139, 112)
MOS 2.
RCS 0.299 0312 (1.840 1 97.7
CIEDE2000 23.67 272 33.594 38.417 91.0
Light Skin
{205, 163, 144)
MOS 3l 22 37 4.8
RCS 0.394 0.337 0.827 1 938
CIEDE2000 23.518 29,108 37.257 42.647 B0.2
Strong Red
(186, 70, 73)
MOS 32 23 42 4.8
RCS 0.254 0.255 01.849 | 4.0
CIEDE2000 16.276 24648 26.392 27.329 46.2
Sky Blue
{63, 75, 163)
MOS 1.6 2.7 AT 4.6
RCE 0271 0475 0887 1 981
CIEDE2000 5.6316 12.745 18.055 2034 G989
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3214 -

A E R E RN R Z A R S SR 2 k8
Fegfe o 5 F R\ NS AL F kFE 2 > Delta-Color-Adjustment (DCA)j# & i 14 %
Segment-Color-Control (SCC)i# & /% % = # 4% ! Stencil-FSC = j# 11 2 # sk > o id it % § 2%
Frdd A BRI G 0 LT L WEE TP o
A FERRLEE

RS T EE RV LR O RS T RS O SN 4
*H - nd k3 Y 0 4 BrightSide o & A7k (B AIELE WA w0 R E - 4o
fe (T dopt ity R AF e bk s AR R AT AR A E AT REFRE A
opre Vil @ Fm ¥ LR AW RAERA T L RIS APRN- AF
-7 > ;2 U Inverse of Mapping Function (IMF) » B i &7 F & & 31,?] rNpE S RE B A
A EF L apk %5 Bc(Mapping Function) » @ i &% ¥ ¥ IZ\% NPE S AR P
&’T;ﬁd,,zwmﬁx?.é »zqméﬁ,}g R -

FRCERIAZLS A BHR 5 - HRE F o T Hhila- eFLE > 54
FREAJIT A R - HAFSLFERE T gt B B s A BT B 0 T

BEHRE2ZF NG DD 2P0 ERIF o T AN AR DAL RS FEREE B F
PH- 3R R B 2 BEBT A SE S N LAk E:
1. Max>Avg : (#§ #- Avg)

Pom 2P A BHFERNEL  RPETOE BB ET R R REIR
Lenp gl g AR L LE o
2. Max->Avg->Normalization=>Root : (#j f- Root)

Pom R P EBH AR EDTHER - T RIS AR 0 VA PT
oz A KRB SRR > WA T B e a4 B A5 - (P Brightside 3% 2 3 j2)
3. Max>Max © (f§ # Max)

Boe 2P ABAEERA BB G TEAT R SR BT B S B
I"-’,el’ ¥R A B E FHELTREE
4. Max>Max=2>IMF : (#§ £ IMF)

Bo B2 P ABEEY S EEEAEE P IMPY RBEF K LRS- S0 &
Fea® T EMax2 8- HAFF LG ¢ R 7 EORS it R 2 R L 4
I .f:&#’r AL AN 23 P8 AT

H-
U

B. IMF # %% 2
dOTEARE T BORMA LI R LTI - BARE > R BHE 6 PR
¥ oo 24k I - fE Y B Inverse of Mapping Function(! ® f§ fL IMF)&= 3¢ 18 % = ) SR en ¥
Jé;‘%ﬁ'fw' RoFuBafig 2 nrH-VAIAFLERCE {wéH T FED
P BT o 2 REE S SRl L AT
wiﬁ?ﬁ%éﬁfﬁiﬁEWM%mm)ﬂﬁavﬂdﬁﬁraﬁ B AR y=x
B ARIELEEE IMF & 5 o
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Number ‘ Number | CDF Number | CDF Number | CDF

,,, GL GL
2 e IMF
2
Ei GL;
wn
s
I
oLA=
GL ! ’
0 255 0 GL o 0 R
(a) & % ) (b)& # % 4 B (c)IMF
W=-+= ~IMF ¢ REFiFR

MF 2 37 3§ % 353 o e ot > R A9 (i £ ch% k28 Blaci >t B 4t 4
Mm% o de@Bls L= (a)dror o0 d ﬂ‘w?r’g MAFE 5 o R - IMF & AR kEL ¢
krpLE- HEFH R FHEPRARS H- M F o TRRE ARl - (b)

PN

v E e P FATE R HE IMFEAET LR T RARA G5 0 2 G F

‘ . \ .
- - - | i >
ray-Leve Gray- Level ray-Level Gray-Level
BIL (Modifed) BIL (Modified)| IMF BIL (Modified) H\El BIL (Modified) | IMF ’
. A
°: ﬁ'f j
B/L (Original) B/L (Original) B/L (Original) BJ/L (Original)
@F wh  ORAGEE OB AEER (A AREG

W= ==~ INF BRm W
#F IMF A2 F X R R ] B ISR IR - - A 0F o IMF 2 B8

L
1 t &2k HE6 FRATNT Fahd LA F 0o
2. L FG ETORBFEH BGOSR AR N B E R B R -
3. A RT R UL HR £ 3 BL AP S B S ehde 1T T A 3 e ch IMF
LIRS B T RECIaELE -

Image: i : age \

LC
Signal

Inverse of
Mapping |mme /
Function
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Bl LA IMF AR

C. R :
HAF LR LA RTE2Z BRI EL RPN F ook R BT b HET3

R P
FATE ¢33 owd82da RAENLE > Bl L4 577 o

-}

HDR Imag¥’
7\

BL Original LC
-,
5 \./
BL Adjusted LC HDR Imag
B4 ~(RREFFZ (T RAUAFL20E
dR 10 FFR HAR TP A2 kA2 2 HDREGEF P HHBH2Z IR % o
o IV IFRFRINL R eE o A7

Ay RR R 2 A BT G B R

I’l/li 2Rz F%’é{ﬁ‘ ]’? HDR &:F"T‘ /j «ué 7ﬁ ﬁ*{ f:r H/JI\A‘_QI]\'} o
k]2 ke KA F AT LR sl 12;47%\ Lo B
]

B o B BAT "E’ ¢
Pyl is > BH - F A kgL ko F S f( Light Spread Function, LSF) s@ﬁ#‘f‘
¥ (Convolution) » 4r@l= -+ » MEHREF F R R A F ) U IFL R H A T2 KR
£ ﬁE‘r S 2 AT @f%m%@ °

B o & F R IRATISBAE - 1
n
Py
- .

BL Signal Light Spreading Func. Light Distribution

DRSNS S E 1

BLfU” )r GL
( L X Target (1)
HDR

Glipr =

¥ Blpy % Blupr ~ % %

MEiET o, P #Hafg.\nfrwb%zﬂ\# » H
d B~ ek f 5L

L AT Byh ik it

2
£
FBA>RUEHDR B B A BEL LT LB R > L 1T
Lypr migm?ﬁﬁmﬁiﬁf’%#‘! HAINFR KR =+ -

GLTarget Jo 7 AT "g.' f$ % fa 3 15.G
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BL Signal
—_—
BL Determination IL
1920*1080 B
o ey LSF® 1= Bl LC Signal
Target image |
1920x1080
Gl-;m—( )’V> Clrme ||
LC Compensation I‘HDR
GLHDR
Wz=-L- HDRAFE A AEFP LAEI R HRALFEin
AR AT - Hen Pl R ARk R G R R RN A2 R
ST AR BAER R L FA kA DR E K > 5i0e R LT 255 & FF @ (8bit)ehx 2
}I:P(Ft ’ f’%.}i/z‘k ﬁ"s—ﬁ :“%E{ﬁ'ii AL e F%?y’{ﬁ? I’?W"l&;{ pka?, y -ér A ’sl\ﬁx%”;gb JD:%%be/J——
%o
D. #REY

BEARE T B N LA T IR BRTEF T LT Ra T EER
Ao AHRFR Y E - A FE V- BERI A NFE A ISFod 3 H - B kg kpE
HP P FHE FRP G ©LRF ISF avd g R FE30 00 3 <3 - _Pije +
(1920x1080) - Fut 2 i i 2 e EAo b e B F B R G Bt 2 ) 2 LSFe FF b o AP
F B P 0 2430x1215 & o] 1 LSF 7 2 R A o R enR 35 AT BRI R B AR R
Ay e

AP E DY - A ONR A E A F a7 2 —HoR i X 2 (Blur Mask Method) © H JF B ih
EAZT LA RE LSF G X BB o AL AA R BEF O EREY 2T
FHME T REREREDEGAR -

B X ot it 7 — OB MR A A kAR BB e = L S (a) T )i R
WoREFRREHRE PR T 2T URRIITNEFF R PERA T o AR
o ARG EBHEEAR > B R EY R EoB = - 2 (D)7 0 5 RITTHH
PO FMBEAELEER S 29K

1 1 1

16 8 16

1 1 1

8 4 | 8

1 1 1

16 | 8 | 16
(a) o)
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W=L=-(a) 88 Rent kA E®Hsr (DWWiEE

Flz-tz BEHFA 3 W F?HRAB-CrDiFEZF R ARE

BB 2 eni EH BT o F A BRAH 8x8 H A KA ER L LT E A
Ba G- 16x16 2 Fij > iz 2 L p 3 RlZ - 2 o 2 F At 16x16 2 B OB Y
EEHEFULEFHR D P 2 SR RFRERL X O T E R ROR R
¥ 3 256x256 {8 0 & FIEE [ v 0 B Mgt 256x256 2 H B k< I 1920x1080 0 gt
1920x1080 #7T# 2 AFF E s F kA G2 L% » FEBAE BRES B =12
()7 s M=+ e (D)5 RieB s BRI THIRLI T X0 F > W RVFR > g2
SRR ESEERE LR AR PASE o

1st Expand 2st Expand
—p

1st Blur 2st Blur
8x8 matrix 32x32
5st Expand 6t Expand
— _—
5st Blur
256x256 1920x1080

(a) (b)

Fzte » (QOFWEBEZ2 75822 ORHFHEC )~ HfHFE2 F 385 (T)

FEY B FoRRY AT T R

o
AL RE A gm0 * % %R ¢h e frame buffer £ 7% LSF ©
LiFEE o

-

ER B B & o
A-F5 A2 LSF B B s et 4T o

A W N -
?:;?:i‘am%;
T*

E T
L e fhs ok WRITE B ONR D LR SRR AR LA BT
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2. BAARRFEHEFE LIS AR IFEFIE o

E. Delta-Color-Adjustment (DCA);# & ;%

Delta-Color-Adjustment (DCA)¥ 44 7% ¢ B2 4 $ RGB = ¢ # k & R4s A IF A LA #H T
B FAR F R G AR PR X8 - B '%FT R

PALE R RFE AR = - T 97T o k35 Brightside Co.% & 2 A FE A kiFE 2 en
i AZZEHE[1-2] - ¥ ¥ Phasel e % sk (Phasel:BL) o M-yt F sk o & = BHA * k24 F 5k BL(R)
i 4 % BL(B)¥ i (Phasel:BL) = BL(R) = BL(G) = BL(B) » & 4 W%t R~ G~ B thi — F i m3n 2}
% (ABLr ~ ABLg ~ ABLb) » ¥ JE {8 — B #7095 ¢ # 5k (@ (Phase2: Color BL) o p* 4% ¢ # kf &
SN 4 | lﬁﬂ‘_h

- ABLr \

> Phase2:
- ABLg
/ Color BL
ST
— —
i B Phasel # F¥ % & $Ld Ak

W=>1 ~#¢ # @A mA 1 458 $ X7 J Phasel %1% £ 4 4 I jRB= ¢ LEDP&A ¥
DCA i B j# (4 A>3 4 ovd- 2 = 4 4 L icd £ > T ABLr ~ ABLg ~ ABLb - p* % & % ejn
B AcB = - & AT

Equal GL of BL |

BL(R)-A BLr

BL(B)-A BLb

Ex: M=8,N=2 #:Original ©:Final
BL(M) R(avg) | G(avg) | B(avg) | Phasel
1(0-31)

2 (32-63) *
3(64-95)
4(96-127)) [}
Look table 5 (128-159) *
BL transform value 6(160-191)] © [©) *

Phasel:BL
7(192-223)

Ex: Max - 8(224255)| @
Root

Look tabl *256/M
R (avg) AL R transform value —vm
EI

Input Image G (avg) gy G transform value gas
B (avg) KRN B (ransform value Mm
s

| (1) BL transform value- [R, G, B transform value]-N=A BL |
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| JERR I SE ST T
(1) 7 %45 07255 end ki &1L 5)(A=32)4 2]+ M %> £ &7 enT B gk 2 o it & enig 8
(1~8) » S-REEIR! A FIBIIFE - - blde: § 4 % nﬁf;f_o~31’ AIEETI 1 § % %
F 7% 32763 PI¥IET] 2.5 F ki % & 224~255 0 P IET] 8 -
(2) * # Phasel ch% —® F k@ F o i — % ¥ LT 56 -
(3) # » Phase I(BL)- [R, G, B(avg)]-N=ABL (% ABL=0 > P| ABLAL 5 0> 7 s} &) o
(8) F RS e (7 > R A 4o s (T o

Bolm 2 > AT P (M=8~N=2)> APEH R FE # AT nE B4 LT A& 1607191 2
B Pt A kfgdeigies 6o L 28BN EE®RY RGBT HiE > A\Fajj‘é}_:}%dib’%’}’%
BIe#ciE » R=8~G=2B=5° & F &L F » 23 ! ABL=6-8-2=-4=<0> 0 ABLg=6-2-2=2 >
ABLp=6-5-2=-1=020° F|} » B e M FHF L ETARL G B> B A(TE" 64 BAF);
M R-BRIGIHFR RABYT RFEZDE 73 FF c FUL DCAFRFEZ? €53 BE
EHEHE(M e N) e T RSB FRERERIUPFERLE M N B iETY DCA 454 % ki
TE

o

[# I ] Delta-Color # &% X i $t /%

& :Original ©:Final

BL(M) R(avg) G(avg) B(avg) Phasel

1 (0-31)

2 (32-63) 'S
3 (64-95)
4 (96-127)) ©
5 (128-159)
6 (160-191) ©
7 (192-223)
8 (224-255) TS

©|®

F. Delta-Color-Adjustment (DCA) i % :

?%mu.

AREHRFFE TR LA R OR T RFRBE! VI F RFE 2 DR R
RRIFERT A e TH- R BT VRRELTFERT DB T S S Il i
LF i aFRE G me P R VRRFLTARIH LGS T 3 OR Y
FRZAT i Phasel B E B 2 BB P AR FE B F 2P e

kT SR s ERE %S WY
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Wz=+- %@
R Sinde
AR ERIARACR Z AT o EH T e R RRGER Y 0 &7 kI IMF % & DCA T
BR2PFOMEN FEIN Fa® LiE > T - HE LB R * convolution 3k fiu 48 i = 3¢

PR AT A TSN EEIEE B S FIE e e S A R R UEL R
FIMN & o

HighCR

Mid CR High Saturation High Detail

Intensity Control (IMF) | Reference:
l IMF(SIDO7_pp.1343~1346)

| Optimize M and N values by image distortion & power consumption l

W=+~ ~DCA 9 Shinde
Fd P e ehP %RV EFNF S EMENGRE S cF L L BB RGeS R AP S
BARABRAA FIFHRIES PHGF, o 2T RENFHAFT ARG A PR AL
ﬁﬁ(&&ﬁ$%ﬁ§awﬁiﬁ>°ﬁﬁ3¢i(@?u%ﬂ¢ﬁ@ﬁMﬁN%&&ﬁﬁ’
W“AWﬁ@?ﬁﬁﬁ#“ﬁﬁ_@?%ﬁﬁ%’ﬁjaﬁﬁﬁiﬂﬁﬁﬁﬁﬁ#ﬁﬁ
» KB =Z L4 (b)¥ 4> pDCA 2 MEZNIE T {8 5 M=1622N=6 -

m Image Distortion Power Consumption
120 =4 —m—M=8 ——M=16 140 M= —m—mes

120
100 Imperceptive © Imperceptive
100 - distortion
80
80
60 The lowest power consumption
40
40

Observers: 7 (normal colorvision), Age: 24~30

Human score of Image Details
o
°
Power (Watt)

m.o 1 2 3 :, 5 6 7 8 ’ 1 2 3 4 ) 5 7 3
(a) (b)
WM=-+41 -DCARESRES
G. Segment-Color-Control (SCC)i& ¥ /¢
- ERGE? KR IOE D BALS F RIFE 2 L Segment-Color-Control (SCC)iw &

E o gt 32 ¥ & & Average, Root £2 Max —ﬁ 20 F LRl 4oBle - A7 o Average
By AL T LG ARentE MR K 0 R o it E T % Root B¢ WFFAE MR A RET R @
TG KA PR OE L Max BR BT 0 o gE o gt 2 oo gt R

=\

E J 3
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ETTE BT T

New BL

New BL

Original BL Original BL Original BL

PNES ) SR ET ST S

ST M‘; Brightside Co.%¥ # 2. & F# % £ & 2 eh
v L 2B RGBT RIE - R iR
R ‘?\: Ié #* ROOt /ﬁﬂ'f = ’ '&r%

P d B R E A ARl L -

AR ZE R T EI 20 F ks BpF RS ZZBRE

HR WwE BRI A FR Y Average ;75 2 5 ok HR T
HEIIME R#* Maxi§E 2 > BTV EF- Biranizd £ RE -

ey g;gb’lolﬁﬂ-r/fv*qﬁ—r;' '&«é’

1A REE § ®(* 3 i:;‘gr} LR T )

2.5 8 ¥ & yﬂ e
3.% % ¥

— Ex:A(avg=2), R(root=2), M(max=4) BL
2t Step
New BL _ . ity Alavg=2)
2554 : : : 2(32~63)

3 (64~95)
4(96~127)
5 (128~159)
6 (160~191)
7(192~223)

% 8 (224~255)
‘ H ;
—
255  Original BL (Avg)

1 Step ‘

R(root=2)

M(max=4)

Wz -+ - ~SCCiw ¥ i inizm

H. Segment-Color-Control (SCC)# i* R % :

SCCHEZ? 3= BEENFIAREM) > » B[k 4=
T - o AeBle Lo e RERAY B il &8 e SO (TR

F AR DCAS T =
o BT R (Ble - 2)7 108 RA=1,R=2,M=547F S 4F il ifd B8 B s 5 o

BiwE ik 0 @ SCCeh
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HighCR Mid CR High Saturation High Detail

Test Image: - & Q
I!:EIeﬁs iIIIIIIIIII

A: average
R: root
M:max

L4
Optimize A, R and M values by image distortion & power consumption

Rz -+ - ~1SCCix & iz in A2 W

Image Distortion

A: average

-
o

Human score of Image Details

> »
S S S W S
o« & &2 o &
%4 2> %4 A Al M
¥ ¥ ¥ ¥ ¥ ¥

Criterion froot
v:max
@\4‘0 > > %
v > »

Bz L+ = -~ 2SCC ;% 5 i in A2

I.  Stencil-FSCi¥ & = 2* ¥4

FAehd BARLETBAPFOEZIPFAET B RADES (% F) 4
BAjd- B8 ho o FARFIAAAHESD BUR FIEZ BRI ARBGM o gT
MBLET] A MR TR o @ Stencil-FSC 2 0 % - B BRI ANARRZ S O
FovtHAZ BRSO hd S HFEA- BEM DD FE o FY o TR G FA D
WEHER = BRI FrR NG DL LAARE 0 A Rk NS A G o

I

=

Y -

L BN ALY BARLESBY A4 - B chd g 0 APEY BT
eyrdlHarR 4L 5 F & & B (high dynamic range, HDR)(Bl= L 2 ) o § £ > 1345 8 1
13 (61 Girl © Microsoft) » 3+ & &1 4 & (BL)3U 5. —BL, ~ BLg% BL, ° 345 BL, ~Blg 2 BL,
R A e s B FZ BHPRE TS T T T WA O A R bR
BEDR > AeBle e (D)n c HFAPREREEARLTE RS E Ton s ¥ -
BH R BB KA TEY N R FAFTAE T, T2 T, eBle L2 (¢) -

Ta | [Tk
Te |=|Te |- Twn Where T, =min(T,, T5,Ty) (2)
To| [Ts

AR A EE R HMELS 0 BEZ R ¥ L EL(BL  Blg 2 Bly) % B iR db 3 B (Toin)
FEHTRRRES SOy - B Ho FiRa ;%gs! BL §2 T, ~ BLg #3 T ~ BLp #3 Ty, c1§E iz >
Behhd & 5 doRle Lo (D977 o 08> 160 FyFF B AT ige B 3 -
B2 LD NN APPHTAREL gt 2 0h o d RF B EFRED]T
Stencil-FSC # 7 3% & B ik ¥4 B 4 ip X g i Ko 4L o

S
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(BLy, BLg, BLy) (BLy, BLg, BLy)
W (57
sl ﬁ>

(Tes Te, Te) (TR) (T)
(b) HDR tech (c) BL and LC images
Wz L= - Stencil-FSC = i erif ¥ i 42

J. FkA/TEiEi

20 F vkl d A3 J1* MATLAB #1082 & i it % Stencil-FSC = i T eh# % 4
Blce BAEL ARG R RS Bl T OLAREIT PR AR A ARG s Pl E S 4o
LT AT o AP ¥ AXF e F kA RIATT NSRE ICS AR S > BRI E Y
B oo WEHLPF 0 1995 LED F % b fic 1152(48x12)#-4 keha % 4 3 4 fE(Ble L 7)o gt ot o
AET 4R R RG0S 2 S AT SR R TS RIER o dok 2 AT o

P 3 q . 12 1% 1 24 24 AN
{ i 4 4 4 !
qQ ) q 8 3 B 12 12 24 24

We L7 P84 Lotus 2% b 4 % 8end LT

(2] 1 %72 R 2 37 4R R RIFER G (*: B 3 http://jac3158.com/blog)

IS

- v

S N “ﬁﬁﬁmi%ﬁﬂ’“WH%CMABmﬁ'*ﬂmﬂu’%ﬂﬁﬁ%
2 ¢ AP G EET NS L (SAE ) 18T AP FE M o & A kA Bl
Stencil-FSC ;2 ek iR relative CBUmayx # T3 % E— pxq en¥ 4 F v b4 A4 % T Bk
£ hd LR E(p 5 FH g AHK) 0 d0(3)5 o | relative CBUpax B % 71 iz thend %
AT o F ORAE e S R

El
gh
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relative CBU

HHCR e % 7
Ao R
TR EVRE 3

> AE,, (Target,Stencil) ., 100%
0

max[ D" AE,, (Target,Stencil) ., ]

o(Ble L) % ¥ kL RHAXF o B relative CBUpgy 3% -]

#-Stencil-FSC #r#4] ¢ & #pam»cdk 23 2 (360Hz) % = &
2 e IAE*ab o “% 14 ig %
CBURGB) ™ {5 4 3 Wb ek g o
/% threlative CBURGB & 4 %] 5 76.6%, 59.8%, % 47.2%(Bl= -+ =)
¢ & dpendrd) 2 o Y g

Bz L

Ble L= ~ 4 RBFAE P 9 relative CBUmax

LS

#ez B 2

<m=Bird

=#=Aborigine «@=Basketball =#=Mountain
=®=Church
== Coast

== Otus

«#e=Butterfly
«eAzalea

Relative CBU,,,,, (%)
o
o

-
1]

80 -

24x12  24%24
75 T T T T |
0 200 400 600 800 1000 1200
BL Division #

WA P kA TR S

. % 180Hz RGB Z& #* i1 3(E*ab (&7

Relative CBUggg (%)

100.0
100

80

60

40

AERN]
0

GB_180""

R RGB._ 36002

RGB_5AMT  onail-FSC
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(3)

o A7 3§ 24x12

FR LRI A Hdrd] L 2 R GG Fe 0 24x12724%24 § B

(540Hz)3:# 5 & a7 2 0L fie o
7t & relative
it % PR T » 360Hz, 540Hz 2 240Hz Stencil-FSC =

o PP RS Y
7 » Stencil-FSC = ;= FLig4c g }%‘3\_1 e R j\m—»‘ 4 ";F 2 o

= ~ 4 3RR|3#A W 5 ** 180Hz » 360Hz > 540Hz 77 RGB S§#> 2 240Hz Stencil-FSC =77 relative CBUggs I 3518



3=

*EF 2N F BN LED kR s RME R GEERE S FE 2 - 2UE P
oz MR T e x> 25 7 B3 % (local dimming) ~ pF 34 % (field-sequential-color)
R R PR T A B % (scanning drive) o B F B H] A k20 kA3 B S dic(light
spread function)£ ¢ %233t > %R

\\\Xr

TP o TRF LR he FEAMFEE 0 S
SSRGS 2RI HERLER TG (LED A kR L6 ) B R E - 0 i
WL FTH DR REpE TR

& AR R ARG FI(FSC-HDR)A & Bent 2t e FL§ AT B!
fF A s A B RARETFE o LED ahic] w kR kM LY B4
FSC-HDR i stz F kiifie > ¥ PR L 5§ 8 R B2 Spfoid B Peniah o p 3§ 30
¥ 1§ AT 4 5% BrightSide 2 @ % 2003 # #% 1~ i 114 % = &4 4 £ (LED BLM) 2 % #
f R ADEFRRSET LR wBl- 7 o | BRARF- AR G B
P-4k (down sampling) s » B~ & @ 3% 0 134 B A k- RAE A ke gl I Py ELH
3¢ LED % & I % & o 15 ek 4 B S0 d#ic(Point Spread Function; PSF) - F]pt Pi®I1 o & # k
IR B B A e RAR O s > T R SR B R S FehE
B e o WY R BT UE R ARER PR BE L2 23050 Py(LED # &
B RE)E A RGPk E LR R TG TP®IL, FE BN

’ [
I

@ intensity of individual LED

Wz -+ ~ ~ BrightSide 4% 71 2. LED-based HDR % $t;% & i2 ()% % erh P22 8 I () R 408 1k
) e hd FAE () FHELEHRABE
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3R e L N At et KRR KR OB R Sl g n E T B
BB A7 0 et — k0 F k8 1 fe PSF U #% (convolution)i® B pF 0 355 £ ¢ 2LH &
LR S A AT R b f S E PR A SR o B TR R B i Sy
REFERBRNEE S FERBAMRE L FEIE A 2 A APk L
TRAERE A EREF T RORE A PE T RN - BATOR RARE L FRT
ﬁﬂﬁ”ﬂ“*?ﬁ*% BEEE KRR ERBE RS IEEAS G T F ¢ AAPH
PR FE R FHEISNERL G TET LR ARh e B R E ORI MR R
Vi e MERRT > giEm- BA L EY P LED kRN aaFE L AL BB

e

i 7

pg

el

% % gt B en Aj(rectangular function) » i > PR AR R K aUWTFEL Y > AP TR
Fr-BwAYE ST AR CEL PR EFRA S BAAIRRAE L
Flite & B0 B m?%ﬂtb’Fﬂo*?wm%ﬁaméﬂ’ﬁD%%¢ﬁ&a%J%
SRS G0 TR L G MR E AR R B B B At BT LA
Booow R4 R AT E B s (kernel) > de Bl S 4 ST o () B R A e U EL
d PR ENRI AL kg @ (D)(C)R] AGEN PR S 0 wh A4
P@h’ﬂﬁwﬁﬁé%QEEE%WT%%%ﬁﬁjﬁ%%%ﬁ&&’

T
Ny
’iﬁ? :
i
?r“k *
l—w

R RE ST TP o A ()R] 3 F B IEE B g k3
FE DL 0 PR R Sofio (€ 8§ oseR U AT E B pF e kernel 12 2
& F H o &_shift invariant =4 i 3 B o

LAY - S EEEY Y T ,psm(Fsc HDR)& 7 F e X e £ F (@R gl ()R ERRY > F £
Boleordrdlenn £ BIZK P3G 7 + e0 PSF (rectangular function) ; ) %4 ke s 7+ cnh Wk 5
Pi®I ; #%Z B¢ 7 (d)(e)Rl# %5 RGB3inl LED cluster 14 2 A% 8 Faape B fen L ir - sudpuif
SUEFER 0 B8 F A4 L FACE L d D %5‘3"12’1*93 o



Bz -4 (d)e): A Ritces £F LT LB H ¢ ¢ 7 - Rk LED 11 2 AN
TR B b B R R I R R R - SHEY
o BAIV ISR E

M AlEts kAR BT S E 19 B R R B G FlR & AT F 9k 3] 45(prototype)
1R RER (R b F) o

i
f

19-inch diagonal

Panel
Resolution

1440 x 900 pixels

Backlight 8 x S regions

¢. LC Panel Resolution (180 x 180 pixels)

Uniformity 68 %

i — Rltisr - 7 . Max: 10.2 nit
B o — : Brightness
: Min: 0.01 nit
Holder
1000:1

Full on

Ideal LSF D ]

OurlsfF .

(@) (b) (c)
Wit CWOHBARFEFARLEA ERUBZERLES CW) @ F4EEHT O) RbsH#
HYRE O RE2SLRGB I3 DERLFARGLATRAE -

Bl -4 e Nen® L fite RS0 240 7V EH B SRR TR NG

v

bk AT - B E AR - 50 - HIEE LA B RH R B R s



FazrBgd R APa3dd-FE o HIud d LED 22~ %~ F= h¢ LED %
ERNHEBFTIHNT R e B R LR T B DEECHEA(CAM) T e fjedhiE
e L b SR o hma kPR B

Light Spread Function for Area-Adaptive LCD System,” IEEE Journal of Display Technology,
5p.66-71(2009) > BT - 2 2R EH(A Wi EALM 25 XkE R F T o
%i%ﬁ@%hﬂ%ﬂﬁﬁa%&ﬁﬁﬁ’ﬂw%mﬂ**&% TR A AT A
B Sl TG B B YRR LR T R R hAR
S F TR L AP R F R E PG AIIHIN V2 AT F A INES R T e &
By e 20102 BT EREF] > po? FARED AL AREREEH o

B3+ ¥ %% “"Design and Evaluation of

Full on 143:1 Convolution 0.469

Contrast Processing
Ratio Ideal LSF 419:1 Time (sec) Pexl 0.032
Owr LSF 410:1 PRI, 0.094
Full on 260:1 Convolution 0.484

Contrast Processing
Ratio Ideal LSF 539:1 Thme (sec) Pexl 0.016
Owr LSF 536:1 PRI, 0.094
Full on 329:1 Convolution 0.485

Contrast Processing
Ratio Ideal LSF 536:1 Thme (sec) Pexl 0.016
Owr LSF 536:1 PRI, 0.094
Full on 157:1 Convolution 0.484

) Conirast Processing
Ratio Ideal LSF 415:1 Time (sec) PoxI 0.016
Owr LSF 405:1 PRI, 0.094
Full on 278:1 Convolution 0.484

| Contrast Processing
Ratio Ideal LSF 399:1 Time (sec) PoxI 0.031
Our LSF 339:1 PRI, 0.094
Full on 370:1 Convolution 0.485

Contrast Processing
Ratio Ideal LSF 541:1 Time (sec) PoxI; 0.016
Our LSF 563:1 PRI, 0.094
Full on 234:1 Convolution 0.485

Contrast . Processing
Ratio Ideal LSF 341:1 Time (sec) PexI 0.032
Our LSF 339:1 PRI, 0.109
Full on 340:1 Convolution 0.484

Contrast Processing
Ratio Ideal LSF 490:1 Time (sec) PoxI; 0.016
Our LSF 566:1 PRI, 0.109

ITL- @ >@ ¥k (Full on) ~ 25958 S8 (ideal LSF) ~ % %3 & Sdk(our LSF) » ¢ 9 & 48

PREGEETERAVERE T g
CAPKE R Prihkernel o Flit o 2P F AR Nl b Ak F XE o M$30R73] HDRDBLM § &3 ¢

e REEIEEY ihrectangular distribution - e £ it § s
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= RS
-

ERRBEI R RE b (scaleratio)F d & 47 ¢ it MOS F % crdp i Tediem K o d 3t
¢ HHATE AN LR RE G KT R E Y TR By o B AP RS RO b
BRI R S S od AR A 10 crpF iz HoAp B i lic® i 98, 9% w R 3B 5 100

Aot R R RNR %Y o L a2 2 ehT 5T - S RCS B W] G
RGBWmin(0. 27) ~ RGBCY(0. 37) ~ RYGB(0. 82) ~ RGB(1) » # 1 {xp &g chdrsg H &2 T 32 \0S
#ciedp bt > &~ % 5 RGBWmin(2.4) ~ RGBCY(2.5) ~RYGB(3.9) ~ RGB(4.7) - izd B & %z 7
RCS #2552 el d & 3= 22854 5 * > RGBWmin £ IR {7 55 »aeh™ 3% o At 5%
# o2 i@ % 5 CIEDE2000 % it it ehidici® » &2 RCS vt g > v 4 &2 x 4 & CIEDE2000 -
FpdFa K d 2 2 d end Bl AL o @ CIEDE2000 4+ MOS =4p B % 8| >+ RCS 4+ MOS
Ferphf hlicenz A2 — od PP REPALREINARFI SHDAE2L T 2 2B RAPM D
B3k > #& CIEDE2000 fpt 72 g * o

T f7 i e OSF B @Ak & R 0 @ il it i S8 6 B B RE BT
i CSF end 3> X P FREF A T o - SR> AR AT BRIEF £ H
T P o i BGE # (eye-tracking movement) o S35 KR 0 BEARIRL TS R A DR R
RCSEF# &, ad AfpanTti @k CSF» 4y gied o

21 - .

4y

a. IMF g2 55k & 72

IMF (Inverse Mapping Function)# fi 34 B #H k= 03 w2t @ af g3 A+ H - o
MAPEF RGE T LR ER N BT R R S R R R A S
g R MATE RS 4 - IMFd R LR T R kA g - AR A R FH
HUYeRHES 8- M FaFakE o d wEda P FARKS > HE IMF 2B v i
FTERRREAGEI 2 §F FRLAGLIEF L PF-F 23 THI - ~BI e 2%

(a)

WLz ~(@)Lily (b)Space Robot H

44



“1"1"1"]

(a) ¥k (b) ~EHRAMRSRA (c) IMF (d) HiEH:
WLz~ pmset p B Lly OBERES > (@) ()4 B 5 T35k - TIORIFE 2 IMF2 $ L2358

R EHEEAE S (AP ER

(d) HEEEG

(a) 4 (b qﬁ’]ﬁﬂiﬁ?ﬁ%/i
BT -Lw A+ PRtk Space Robot (g it % » (a)¥(c)~» M 5 T2 - TIORRNE2 2 IMF 2 $ X

TN RGN RBHERK S (d)F P FRET

SAN Y BRBEE > IMF SWEE T N F KWEL AT A% B AT 0 3 L BR
A CR B2 22200001 > F o b RAL BB BARLET B LRE S IMF %
R EhenS o b o mE AR S IMF{ F BEAHAR R 0 R ASRR
5 m& {80 R Gee T IMF 2 Ao
1'“$zkéﬁf%¢£+zkm%%ﬁﬁ%§o
2. 3 He EF O RFIIHBGSHRASRF HH B GF G5 R -
(~2oooo.1)o
3. %%ww%@ﬁgn%mﬂwmﬁﬁwﬂuﬁg%yﬁmﬁm,ﬂwkij
LIRS B R R s TR X SR B o
BEBT AR LRRL TR ’*iHDR%ﬁM R N Y It
2 7 7 G R R 2 0nk 0 BT RFE L 08 D e & STILR R R I &
25

=
-
‘3;
<

N EREOETE IR HFE ity AR a R
G FERRE T R S e RS Ok EE T LSF
Z - 3x3 4] RCRIEY o Aot 4 A B
THHRA AT R ARG AR RABFERE T BT EOEF 2 ed 20
PEF P EBR LA F AR AR RA L o APREOTHOR L 2 0 B A DA R HOR
ﬁ@%&Sm%%ﬁWﬁ%ﬁHmi’?IuJ@%p%m%ﬁﬁﬁ’&ﬁﬁ*ﬁ$7
Rl ¥R EH/ EAHEF AR DT RE > 2R A F 7 0E G A prehiiR o
LERT T AT Y TR #Hﬁkgwﬁﬁéu BILL 5 chd o i o

H
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(1) (2)

WI-+7~pHBililys = (1) So@% 22 (2) #4222 HORP BB %

Original image BL signal by IMF BL signal by IMF

V1717]

LC compensation by LC compensation by
Blur Method Convolution

(1) (2) 3)

T4~ (105 RO R BEL 0 (B4 M 5 HREE 22 B L h0eA o W ER R
BE 2N AR e AT AR 2

b. DCA 2* SCC ;¥ &
Bots #-a B ATH I eh9% ¢ A kF B % (DCA - SCC) » ¥ % s * 37 »f HDR-LCD o 4
kTR P BRI ARACE T L = AP e

(Based on Intensity BL) (Independent of Intensity BL)
IMF+DCA __scc_|
| Optimize M and N values | | Optimize A, R and M values |
!
(M=16, N=6) (A=1, R=2, M=5)

Implement on 37" HDR-LCD panel I
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AR P ROTRE R (RIS )Y A3 B B R FEE T AT H R
(~40000:1)2 & 4§ 5 ch3t & o AP Hht WG B %(g}: L) oA B R R
ZEVHUERABHRESEF ST - R BRI ARG FRES(B )P o8 B
Bk T L éifﬁﬁﬂ ¢ 540 j$108% NTSCF|125% NTSCE & 4 { 5 ehrb & o 4
B GER (R L) AN FRFE T LA uheE s BT R A
k>R - - o

Contrast Ratio Power Consumption
45000 200 190
40000 180
35000 160
140
30000 ® Fullon 136 mFullon
25000
u IMF 100 u IMF
20000 | 30
15000 | # IMF+DCA(M=16,N=6) & # IMF+DCA(M=16,N=6)
10000 | u SCC(A=1,R=2,M=5) 40 B SCC(A=1,R=2,M=5)
5000 | 20
0 0
I SFHBERIRES
Contrast Ratio Power Consumption
8000 200
7000 180
6000 169
140
5000 2038 [ 4182 m Fullon 120 m Fullon
4000 uIMF 100 uIMF
3000 # IMF+DCA(M=16,N=6) :g # IMF+DCA(M=16,N=6)
2000 m SCC(A=1,R=2,M=5) 40 m SCC(A=1,R=2,M=5)
1000 20
0 0

T4 P HLERR RS
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y Color Gamut

0.800 ~—— Color BL

4 0.160,0.753 &2
0.700 0.189,0.700 §1250 IO
Intensity BL
0.600 (108% NTSC) 200
180
0.500 160
0.400 190
120
0.300 0.693,0.300 100
280
0.200 0.299 60
0.148,0. 40
0.100 20
48

0.000 Bk Lt . X o

0.000 0.200 0.400 0.600 0.800

RSN S ST A L

Power Consumption

u Fullon

= IMF

IMF+DCA(M=16,N=6)
W SCC(A=1,R=2,M=5)

i a2
. 1
e E

NN

R AT e

c. Stencil-FSC /
#- Stencil-FSC A #8F > 32 1 OCB & &b it e9d B A%
TR kB P IFARIEE e AR (@) F- B HFTR-

$d Bife LT Kehi

T
Ly

4
¢ Fv AIRFIREEd i a A

» a2 Girl 2 Lily
ZRZE 1/)3\ ,60’!
| I =2 )

SRB G BB AF - BB RS B F2 RS B A HEed] S A
%H.E'T’iigr o
(@Q)m & Fend & (b) Stencil-FSC % & B+ B
B -+ = ~ (a) Girl & Stencil-FSC #1732 v ¢ A A% & B+ E erve ¢ 3] (b) Stencil-FSC & & 8g 7 Ben®d &
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I

POHRS AP AR AAPE ABH DT S AR ARER o Bl
e B PR 5 BE T Stencil-FSC erwe ™ ook frdild 4 BRI § o gt ok o d 3040 b RS FE 4] a0 LED
O GiIrl e B7 A F Y45 44 LR T AR A b D 59731 - $t 3 L R
Srlily B2 > R A F P E TG 35 AR T AR A 3 27050:1 £ S A = 5
32 ¢4 % S BAR B(IPS-/4 A% F 3 it B BT B ~ UL RGB Zpe chd B Al H BT B2
Stencil-FSC i% % & o7 ) 2 Girl 3 Lily & sRBIZEB S et B s # F42 ~ d D3I %2 4
ke ok o 8 B ehi % F B 40 Stencil-FSC 2 % B 32 %4 ¢ B AIR & TARY 7 T el d

AT G 0 S G ST E AR R ok o

W+ L= % B3%d BARHET B(2)E Stencil-FSC(+ )18 B ) % end £ 3 H % (a) Girl 2 (b) Lily

£ vz 4632+ LCD-TV # Girl 2 Lily s B ~ #3042 R4S § WA RWIR (M LCD b4 ¢

(b)

¥ NTSC)
Ps-CCFL | Remaming) | Stencil-ESC
o CR 692:1 442:1 5,973:1
P (W) 105 67 a4
& CBU | - Fig. 40a(left) | Fig. 40a(right)
Lily CR 766 : 1 512 : 1 27,050 : 1
P (W) 105 67 35
m CBU | --—--—--—-- Fig. 40b(left) | Fig. 40b(right)
NTSC* 72 % 114 % 114 %
Power consumption of a 32” conventional LED- based TV: ~180W
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(@ (b)

® = -+ = ~ lllustration of multi-area scanning and sequential operation (a) 12 vertical partitions are
set to operate in dual scanning with 50% duty cycle and (b) four horizontal divisions are used for 2D

scanning algorithm.
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Bl -+ 7 -~ Configuration of proposed scanning backlight module which consists of: (1)
optomechanical holder and hear sinker (2) RGGB LED light-bars (3) wedge-shaped light guides with

micro line prism on the bottom, finally, diffusing and prism sheets were placed above the overall

(nits)

18000.00
60° "\‘P I
00

16-inch BLM (6x2 divisions)

16000.00
14000.00

Division Number

(©)

¥ L= ~ (a)Astatic striped flag pattern performed by the 6x2 backlight prototype. The indices a to e

indicate the erroneous inter-field color mixture. For example, an unapparent purple line (marked a) was
caused by the red and blue color mixing. Fortunately, such undesirable behavior can be alleviated by
changing the sequence order with dual scanning. (b) Luminance in angular distribution of the light guide
plate with diffusing and prism sheets. The FWHM of the elliptical luminance was 0x = 37° and 0y = 30°,
respectively. (c) Measured relative luminance flux leakage between five divisions. In this case, only the

third division was illuminated, flux leak into adjacent region was 5.07% and 6.79%, respectively.
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