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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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Optimize M and N values by image distortion & power consumption

B 19 ~ DCA % %42

Hd e f %V EIFS EMENGS R - gAL T AERTeER > APPSO - B
B TR E T AR 5 LGS %%’frﬁ%ﬁ’fwﬂ TRV
FAXF AT o rr'é'ﬁﬁ?éfﬁ%'> ”*;@20(3)—’ VIR IR MENE B P> FIpt Vi g @
#EYEE TR - B Tindpth o CE B 2 .f‘:iﬁ-é?f']ﬁ}»f‘ﬁx Ffane & > JEB20(b)¥F Ao

S DCA™ 2 cFMEINIE 1 (& 5 M= 16b%N 6 -

m Image Distortion Power Consumption
D R

e Imperceptive e O Imperceptive
- : —
80
60 The lowest power consumption

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

m12345678 lgaaa:s
N

Human score of Image Details
m
o
Power (Watt)

W 20~ DCA ¥ 3 2 %

G. Segment-Color-Control (SCC);% & ;= :

L

Yo ERVEY AENOYZ BALE T LT 2 5 Segment-Color-Control (SCC)ig & % o
=7 % & Average, Root &2 Max = #8 2 v # k£ cniBt > 4o 21 #757 o Average B i ¥ 115

oA

PrehiE MR % > @ i E T {9 D Root v A FEAT LR F kBT @ Ry At KA
APRGETL Max R BT 4G T a_ﬁ;s,fméﬁowfﬁbif’fwb;é@;sjﬁgﬁmimﬂﬁamo
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Original BL Original BL Original BL

UPYINER SRR 5 ST 11

s ,ﬁﬂ,,; 1"% 1) I nz:%fg\ Brightside Co.%¥ # 2_ % F& 4 £ if & /2 chin 4228
]& H.—f']géﬁb FAALZBREEA U R-G B “FFlthd — %l o 4
FEHEINAFR R Average /ﬁ-ﬁ/z‘ Aok HRFIR %P # * Root /ﬁ-ﬂ»/ e R R M o
Rl * Maxig$i2 > Bis v EE - BATE FRE -

PASFRFEEEF T A

LAMEE 2 M(3 FRHF 29+ 223 %)
& 4o

2.5 4 #
3.4% B H
— Ex:Aavg=2), R(root=2), M(max=4) BL
uﬁ&ep 1(0~31
New BL ' ‘ - ((32" 6::) Alavg=2)
2557 : : : ~
5 P NS et 3(64~9
: % e ® o (G459) R(root=2)
- ; 4(96~127)
5 (128~159)
6 (160~191)
g 7(192-223) | | Mimax=4)
s 8 (224~255)
‘ R >
0 63 126 255  Original BL (Avg)
1 Step I

W 22 ~ SCCix B i i A2

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

SCCHE#Y 42 BERDEU(AREM)» A Bk 4 = BiFE 25Tk hR & 0 @ SCCeHT 5%
mAZEDCAS T = 2 - k0 AoBI23 o R R ALY B ifohie & B QR AL (TR AR 0 B 1S T
% & % (F124)7 13 RA=1,R=2,M=547 45 e tfh L o ist 5 o
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HighCR Mid CR High Saturation High Detail

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

R: root
Vv M:max

B 23 - 2SCC ;7 5 2 42

Image Distortion

A: average

-
o

Human score of Image Details

Criterion Reroot
v:max
2 > Y Y > %
A A SR S
> %4 %l % % %
¥ ¥ ¥ ¥ ¥ ¥

K 24 ~ 3SCC ;% & 2 in 42 W

I Stencil-FSCi% ¥ i3 27 8t

Fi@md RAIRHET BRI Z R FARETZ B
R - B E G o ARTFIEAHER BRI
Fla % S aF AR o @ Stencil-FSC 2 > &% - B¢ ]
B BREDZ R I S BHEP DD F o T TR
Rod v hiehd 04 3 LARBRRE 0 i oonE tELd MBI e
0 BRI R TN RARLETEY AL - BDI e o APRY R OT
pr IR fL 5 B & L B (high dynamic range, HDR)(125)[15-17] © F & > 345 B &8 s
F3u (61: Girl © Microsoft) » 3+ & 14 % (BL)3L 3. —BL, ~ BLgZ BL, - $94% BL ~Bly & BL, 1%
BAG B -FZBFIRHEFTESF T Ty Ty TR L AT RPGNRRE LR
eR25(0) 47T o HFAPEE BLFARELETEREC] E Ton 85 F - BHIUR HUELLE
KR2)NFTEY = Rd it sl —T,~ Tg2 T, 0 4o B]25(c) °

T, Tq
Te |=|Ts |-T,, Where T, =min(T,, T, Tg) (2)
T, Tg

AR A RE R BB B EZ R hF KMEL(BL ~Blg 2 Bly) % ] i db 3 EL(Toin)
AHARRREELSNE - B H e PR i BLE T BL I Ty~ BLy B3 Ty i e » )
ZBHEB DRSS H o hoB 25(d)7T o B 0 R 1/60 fiFR R TR B H o - B2
K3 Hend SRR GTARAL R 20 d G B RIS Stencil-FSC 3
PP R R A g
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(BLg, BLg, BLg) (BLR, BLG, BLg)

-

(To» Te, Te) (T
(b) HDR tech (c) BL and LC images

] 25 ~ Stencil-FSC = j# trif X i§ 48

. FRLFTE G

50 [ F ookerprdld A g1 MATLAB #7484 B i (& Stencil-FSC = % 7 chdt % A T i o
ER ARG T kN Bl VOLARRIT P R G R ARG 2 frdl 4 A8 4o @) 26 AT o
¥ ARG P kL BRRATE OSRD IC » A% S ﬂ?vp%i\aéc/g@gkﬂ SRR o W 0 19
P LED # sk et dic 1152(48x12)#-4 sk el | A 2 4 FE(F] 26) = pt b » i 0 4 3R F BT
&2 BES AR PR P TS RIER o dod 2 ATom o

|

W 26~ P 8§ _Lotus &7 F A T ks d LR i

22 A RIPEG G2 EI AP RAR FREE G (% B p ¥ http://jac3158.com/blog)

500F 5 B 1 WO T 4R A P31 CIELAB thd £ 23N (AE )0 & e B BB 2
§ON BB A T end L (AE ) 1 3RETE A A o B A KA aﬂ:né *  Stencil-FSC
i% Gk T > relative CBUmay # T3 5 T — pxqen® kA Tt P4 A T T B FE Y hd L4
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B(p 5 F#c g 7ldK) > 4o(3)5" © -] hrelative CBUmay B % 7 Bipthen® £ o % ¥ 0 5 RIEH
1d A R o

AE’ (Target,Stencil) ..
relative CBU _, = 2 AE.,(Targ Vo

= _ : x100% (3)
max| > AE, (Target,Stencil) ,.,]

B E & 7 o(B27) 0 F & k& RBAXT 0 B relative CBU ey A% -] ° 42 1824x12 % {5 »
RV EABE R o F I PR R 4 A R 2 R R e S iE 0 24x12724x24 B i 0 kA
?F @C °

=¢=Aborigine «@l=Basketball =#=Mountain

«@=Bird «#e=Butterfly  «®=Church
=] OtUS «eAzalea == Coast

o
o

Relative CBU,,,, (%)

0
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1
1
1
!
80 - 1
1

1
1
1
|
|
"
| I

' 1
24x12  24x24

75

o 200 400 600 800 1000 1200
BL Division #

B 27 ~ 1 5RiR|:E R & <P relative CBUmax %% % £ 40 Rl g 5

#-Stencil-FSC #r] ¢ 4~ dreinch 225 i (360Hz)% = 12 (SA0HZ)HHE 5 A f5 i3 1 oo =
FE T 4B e SAE*ab o nf v %% 180Hz RGB S ch 3(E*ab (&7 % relative CBURGB)
LRSS W hiEE o fod 5 P HERSHCT 0 360Hz, 540Hz 2 240Hz Stencil-FSC = i# ¢ relative
CBURGB & 4 %] 5 76.6%, 59.8%, % 47.2%(R®] 28) - <M Eich> F e P4 jg & A drendrd| 2 4 4
ch {7 > Stencil-FSC = & 1\ 3 4o & i@ F eh™ j2 kehj 2TaF § o

Relative CBUggg (%)
100.0
100
80
60
40
20
0
RGB_ 418042 RGB_ 36012 RGB_ 54012 grendl -¥sC

¥ 28 ~ 4 #%&iRI3E W] ¥ ** 180Hz » 360Hz » 540Hz -7 RGB 5% % 2 240Hz Stencil-FSC =77 relative CBUggp F 35 &
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a. IMF 2 5ok & ;2

IMF (Inverse Mapping Function)® i 34 B4 £ > ;45 w2t @ afdz 2 i+ H- o &
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®
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) A (b) “PERIRSTE (c) IMF (d) HiEEEG

W 30~ Bt pEEGLlY FEREES 0 (Q)()A W5 T s THRREEE IMFZF LA 330 28
R PEEAE S (d)E P BRI

(a) Pk (b) FAEREE (c) IMF ) HiEpE
B 31~ 5 §%*%+ P 82 Space Robot sFicle % % » (a)~(c)4 =] 3 393 ~ TORIEE 2 IMF 2 F kg3 4>
BRI FBFEAY (I P ERE

FE L SRR 0 IMF AR N A R T REC R A IRY 0 7 MR A D
CR xs#ft_imki200001 Tk ARY PRBARLET B RESEIMFERET B
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Bk o bF G wE AR D IMFL G EAPEIR AR RADRE > 6 it |
Eih PR oo AT IMF 2 B B4
1. swiz?FEa ‘f‘f%‘i—&; EI SRk L I S e B
2. %I FdEFT O RFIHCBROF R AR MHE B DT eI R -
(~2oooo.1)o
3. ARV RP GRS R B B S o S e (T TR g A e IMF
Ao ME{HT A EE P2 TR FppaELE o
%E%VWa“ﬂ%a«ﬁwéiiHMEﬁﬁﬁm&%% oG o F fa iR D BLAT
7 e T-F{-P BEHIL R 2 k% 0 BT EIF A A PR E 0 2R S EAT F & HDR
FHHF TR
FEE o o d MRBHFROELER S B FEEOP I HE M A HOPEY
T IR =T B S S L8 L R e ii;f]r; LSF » Ho# i
¥ 238 W R4 nF %@rgbngg,\yu - 3x3 &R EY ot < e T BRT
EO RERERE T R N e 2y b i8R
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A TE A preniEiR o T BB 32 2 B33 7 T OuE

(1) (2)
W 32 PR Lly & 4 (1) $OPiEY 2 2 (2) #0722 HDR B2 ik 5 %

Original image BL signal by IMF BL signal by IMF

A4

LC compensation by LC compensation by
Blur Method Convolution

(1) (2) 3)

W33-(1)3 REFRGFL B> QE)F Y HPREZZBHFZL ATV I RTFR - HOPRE 247
AR e AR A 2
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b. DCA £ SCC ¥ & ;

B fs#-a B ATHR D endsd 4 ki B % (DCA fr SCC) » F % * 37 v4 HDR-LCD & + + #&
e 0 B o ALACE) 34 AT 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 |

W 34 ~ R SR iAW

ti:—/—

m& F.*

BHOIL B G R B SR (F35)Y 0 A B B kFE R R T E P B $H A (¥40000:1)
Cf e g oo Bd ?’,fg\n;—ﬁ'ﬁﬁé;ﬁi%(%BG)t’ v @ AL Ak ﬁﬁﬁ/‘z wE LR R B
LWRBEEH T bH- R B PRGFRER(RZY A B R R FLB YT LG ok
ek B 4 2 4r{o B j€108% NTSCF|125% NTSCE & 7§ { % ehst & o t+_r'$ ‘w & % % (R]38)
o R FRFE T AR eheE s BT ER AT k>R - - o

I

Contrast Ratio Power Consumption

45000 200
40000 180
35000 160

140
30000 ® Fullon m Fullon

120
25000

u IMF 100 = IMF
20000 80
15000 ® IMF+DCA(M=16,N=6) s ® IMF4+DCA(M=16,N=6)
10000 W SCC(A=1,R=2,M=5) 40 B SCC(A=1,R=2,M=5)
5000 20
0 0

B35 3 BERHES
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Contrast Ratio Power Consumption
8000 00 150
1000 180
160
— 148
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i
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£
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c. Stencil-FSC ;&

#- Stencil-FSC A 489 7>t 32 v1 OCB i & ik i1 B ik & 37 B
A RS T L PIEE e ARI39()” ¥ - B BT M- B AL %fil ¢ %ZP* Feisd Fijoo
B2 i B it £

¢ 39 AMPIREES a5 -
BB SFzRhd Fanpr o i

BET Rl v~ F=

ARk Ay - B H

FlFr gl d A gramcdk o

(@e ¢ Heda  (b)Stencil-FSC i 5 B E

(a) Girl 7= Stencil-FSC #7132 v} ¢ A 4% 5 8 7 B¢ ¢ 35 (b) Stencil-FSC i & B 77 B en# &

BAE T L P R A PRES o B 40 F B
poeb o d e b Rl LED A K

¥ 39 ~
LR R CIAE -2 WIEANUELS S B

P % BT Stencil-FSC rwa ™ § »kdt drdild A B G o

Girl eh$ 1t B L vt 5 zﬂ ;i_ A4 L DR T AL A b4 3 59731 ¥ B H R enLily B Y o
St A A F PR G 35 LR T AR 3 27050:1 ¢ & = A8 7 = 5 32 4% S BAL R
(IPS-14 L BB 4 5% e a%;"r ~ 18 XL RGB Bgd ed 5 A% & B or B % Stencil-FSC /& & & 7 %)
& Girl 2 Lily & 3EP3RE] 5 chgby B B o~ 7% ,}J%A,\&’/,,\,gﬂ;iﬁ'uﬁi 5""éﬁ'ﬂff’}§i°'fk?%m*%
BF 4 Stencil-FSC 72 * £ 32 vf ¢ B AR & ALY 7 7 | d A HM G o & B FO T

R R R

"

(b)
)55 B d ko ed A R % (a) Girl 2 (b) Lily

W40~ @3d RAR LT B(x)2 Stencil-FSC(+



2= ~=48 32 v} LCD-TV % Girl 2 Lily et B ~ # F i 42 R A Bd § BLARV R (% LCD thi + & B
NTSC)

IPS-CCRL | O g | Stencil-FSC
_ CR 692:1 442:1 6,544:1
air P (W) 105 68 35
BU | - 40(a) left 40(a) right
_ CR 766 - 1 512 ° 1 26,3351
Ly P (W) 105 68 28
cBU | - 40(b) left 40(b) right
c(‘f;;fGI:T";‘(‘:;* 72% 114 % 114 %
» Power consumption of a 32” conventional LED-based TV: ~190W
(*: The maximum NTSC ability of the LCD)

B
BEHEFFRSET B2 RAHT BF AT 3 5 A W5 R S BT B R
I B AL hE e ol L RTRFTERE AR o RA > ARz A B IR g

WG i s 2R AE o

33 % - &% 1! Inverse of Mapping Function (IMF);2 % #i#s i& X /2 (Blur Mask Method) °
BB R A KBS L IMF 05 LA KB B W EB L S nF kA prE e H o i
Pod KB 1A I Ap H R i A o LT mfﬁ o B i B o & q\i B ¥ o
d 3% f A T 3R * s f4 72 (Convolution Method)3- 5 & &t~ > AP M 5 - ~ FEp o ik
NF - B R A R A F g 2 Ok 2 (Blur Mask Method) 0 H B 2 T L (L3 B e
AR o] BEEET Ao IMF 2 % 04 KB 0 AL R AR 0 A LR A h
CR E4& = RAL 20,000:1 > F b+ AL BB BHNRHETE > a P EL2H A0 4
FED RABS T RABBGIRD K> T ILET RePR RSN AP s 2
feo FEBFRE/EAAHBRA DT R E > SRR A T 0D BT R
St A prenfEe > F B R AR N B § o md

AP E Y- ERDA BTN F LA ¥ IF E 2 Delta-Color Control (DCA) i %
Segment-Color Control (SCC);2 - DCAZ st J4 & * A? b AP dlen®d kg5 27 » 515 DCA H_
AR G AH L AR LED A SCC2 P4 DCAE 7 E L ZHHE » 75 SCCi*: £ B8 3
Hendid A Rod FHRANES T LI BFEZAFHRDFIF 2 TR ERFH R
(~40000:1) » i AR i maE AT a2 o A AR E Z R SRS o Bhd Do
B X 125% NTSC o gt ¢h » Hpd Sy 4oy v @A CCFL AR LB B2 Wfed kit hlgr B
ke o Flpt > DCAE B SCCE T M E A KD F LB R LA BRY ih- BEH -

i“i%iﬁﬁ

7 Stencil-FSC i » LB 4F 5 T (240Hz) > #c 53 3 e B 3L R TR hlgr Bond A3

\mk
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BB o %“g\z‘ F-BEFERANLSNRARESI PR F > HB 2B FNRRT UL FE M
REATRED IS Ao AF kA R lcnb ik L1 4 A genprdldp $13t @ % RGB SpE &
oo TV 0L 50%4 oo gt eb s Stencil-FSC AL R A 32 rend BAIR &L TALLY 0 3 T
73] 27050:1 13 B g B ~ MY 40 X T 3 L 5~ 114%NTSC HMERIEBELAR - RE
& hH_ Stencil-FSC 7 o & PR crr4| ™ 24 30 Hr] 5 ¢ A 3 o F]PL > Stencil-FSC % & &
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SRS TR

*3t3E % - & %2 Inverse of Mapping Function (IMF)en= 2 -4 k28L& @ B > g
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Segment-Color-Control (SCC)i# & 2 P 4 o ¢ i fA 4 ki & 2 AP Y HE BRI S A
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