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Dynamic dimming algorithm for liquid crystal display
based on local brightness of image
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Abstract: In order to reasonably reduce the backlight power consumption of the liquid crystal display,

suppress the clipping noise caused by pixel compensation and reduce the color and brightness
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distortion of the display image, the dynamic dimming algorithm of the liquid crystal display based on
image features is studied. Firstly, according to the characteristics of liquid crystal display, the process
of regional dimming algorithm is introduced, and the cause of clipping noise is analyzed. Then, the
dynamic dimming algorithm of liquid crystal display based on local brightness of image is proposed to
obtain the initial backlight value based on the maximum value method. The initial backlight value is
corrected according to the similarity between the brightness of the local area of the image and the
brightness of the corresponding area of the initial backlight distribution image. Through the Blur
Mask Approach, the mixed light diffusion process of the backlight is simulated, and combining pixel
compensation, a dimming image is obtained. The experimental results show that the backlight power
consumption is reduced by about 31.54% on average, the truncation noise is as low as 1.17% of the
total pixel, and the LL" a” b color space peak signal-to-noise ratio(LLabPSNR) is 37.11 dB on average.
The application of the algorithm can reasonably reduce the backlight power consumption of the dis-
play, so that the truncation noise of the image is significantly suppressed, the color and brightness
distortion are obviously improved, and the applicability is good for various images.

Key words: liquid crystal display; dynamic dimming; local dimming; clipping noise; local brightness

nu\‘

1 7]

H A & 3h & 76 Bl (High dynamic range,
HDR) 4 AR A3 & R 2§ (LCD) RE % 8 /R B & Y
XFHE (CR) VERF MBS ME A meag ), 1
AR LIT 3 AN HEAE SR, A #E S HDR A .
(D E CR; () f B Ay HE 285 R e W (B 5% B 5 (3O K
B 42 1 AS ] %) BH I €20 188 DA R FE AT 47 8 0 T
JREIER™ . HDR 7R 3 R — i 25K A % CR
KT 100 000 = 1, & WEZE N 1000 cd/m*, 2
BAREENZE /T 0.01 cd/m*, AHLK NG - WE
(OLED) 7R 2% B8 52 5y R A4 45 & SR Y RS,
EREZ 4 KT 1 000 cd/m? B 55 B 23 45 5 E
A, LCD RA KRG, EMEERARXT
LED W5 eBidl™, el 52 BEAR 25 55 a5 5 1 000
cd/m*, B ATER REFEME N T 0.01 cd/m”
S EAPRR M, R LCD 18 B R AR K B 1% % i)
TG 138 3 A B Y o0 A BEL LR O T R L AE R i)
SRR WL S S E8EE
IR BE XA 15 15 L DL SR 77 & HDR 4% R 48
PR RS BRAR T R X R 9% T AN b B Y
REFE . b T pe [ n) R B2, BIF 5 B 5
TAATDCEA MR RN 2 B e
JE. Sl Wk R AR R T A LCD IEAE
BABERUES LCD,

B VG F LA PR i D T 5 A R DGR

DX . R 4 R IR T 48 AV A R e 25 4
i8] B (H S 7R 3SR G AN B XS D s R . X
6T LN OGS 2H 4y H) W ST A ) A A [ XK
R i A PR 4 AIE 43 00 A 2 45 A4 IX 38000 35 0 K
AN A ELBE 8 A S5 T G L B T X b B L T HL RE
% TR R 3 APV A S s B DR X O ST
a3 R 1R SR A 2 A =X RE 8 4T O R
D) [T S (N N N W = S A 0= e M e
fig, A SCIX IR I OEHFIE X 4 F B AR R R IX R,
.

DX 3 8 ' B 7 A A 0 ] A0 T ] AR 9 B S
EIGRE AIE B 58 B A 40 X9 35 o6 58 B, %
(Avg) Y7 MR (Sqrt) L iR 2248 1E 2 (Dif) 1 i
KAB ¥ (Max) J& H 17 88 & 098 6 48 ICE
U Avg B DUREAS BR H 7 30K B A Ry
N 43 DX B DGR L A O A R B T S (R R DS &
B FE = H, Sqrt ¥R A5 XA F B K B
1B A, 9 — Ak 5 BRI 5 AR A 6] R 43 IX 5 O
B AN T Avg IER B T 1 2 9 KR 5 B4l
{H R 2 L R) JEAR R 7™ EE . Diff 325 DL BEAS R B
149 0 i IR 55 R 5 - 349 {1 1) 22 8 8 2 %o g 3
DX GAE R B R T S B X LR T
JE AT R R T AR R AR T R S ) R (B2
L2 0 A R B AR A HBE S FH R e 25 T A 1A
1%, k= R4 A9aE FPEDS . Max 3R 40 54 R
B i) e R 5 B R W 2 1 G e BEAE L X T TR RE B A
QR A I B AT R P R 2, (H Max 58 %)



236 W5 B % 35 %
2 B G A /0 B0 W MR 7S 52w, B 18T R v SREG

B PA AR TC 1 TR 531 0 e i 5 2 9 O 5 BE B 2 B i
BN RS IR RSO A A D AE R
NI TAPA N W ae S ey @ VA = N | o4
RE,

ARSCHRAE LCD SCH R 28 1 X 3R e 5
e OB U R SR A LT SN PO 3 R RS
FLP A IS 4R T S T PR R R A S B A A
R sl S WOLR M . SERE W] R ST S SRk
BT LCD DG e . BE 4% 76 & B AR DG 1 1]
R R IE PR A 2 75 i i

2 LCD#MARAXEETRE

2.1 LCD#

— BN B R, LCD R R (19 5 BE RO T AR
(LOE SRS e R Mg e, mE 1
Fi7s

| ez

LeEu® | =| w#nm |

X

Bl 1 WA IR R
Fig.1 Pixel luminance of the LCD panel

Sl 25 PR G T O 58 BE e A mT LU R Tt . R
[e] P, 7 B R BB SE R R O 1AMz
A ST L 5 AR H O RN AT R R AME . B
JE 0 R TR A b R BRI R R S AN
A LARE LN

B Full Yy ~
Gupr = B G Targer » (D
HDR

Horp: Bra RoR B G ERRSEE  B e /& 65
MR R JAL T B L G e SR B AMEAR
R R,y £7n HAr LCD B3R5,
22 REEXEELETE

X BEDGAE A B BanE 2 Fros, |\,
PEICAS A 43 X iy A G 5 B A DG Y RRAE , B T
BRI RIES S EOCRBEEm T 6H. A
J& 38 R BEOGIR AR T O ALALIR G E T i By i
L A5 300 B0 S 7 Vot T AR P O A A L R E A
MG E R OGS B S TSR N AR R AMEE .
2.3 BHEKRS

MR A 20 (1) AT, 24 55 06 52 BE B o B AR 2
%, o3 R i B K ARV K E G (N 8-bit REE,

’ wegem OO
AR P i

|t
(I B8 D= 87 L B U i
Fig.2 Process of the backlight dimming algorithm

I RIRBEH R 255) AR B 2 BEAMEME G ok . SR
M > S BR A5 28 A A 28 1030 LA B, 25 BRI okt ™ 26 48
MR, PRSI, 5 3R TR 0 R
2 /N B R s B PR . &l 3 B
NS RO R AR T R R A X LR L AT [
BRAEFR ., HWERT 55519 00 K R O 4
A A G, P A {E LS B e L R K
JE G A v ) B 95 O 5 B AR, S A 5 7 A A
g 7

(a) (b
B3 Wit s g, (IEE; (b &g M m
Kz .
Fig.3 Example of clipping artifact. (a) Original im-

age; (b) Image after pixel compensation.
3 R EE

K RGB e RAGEAE I G K B AL, A 5K
(2R
X (asb)y=max(R (asb):G(asb),B(asb)),(2)
KPR (a.b).G(a b).B(a.b)5 3R K%
BR (a.0) MLLGHE =60 K AR, K EE
BT R KA.

A T DG 20 (14 313 DX K R GG AT 4
DXy R P e R 7 4R RS 23 X (mam ) B W IR
HCAEB 0o FERHBDR-HER 7 352 (BMA) 4
AR 53 B8 32 19000 1 75 D' 1860 P A 0 2 A TR 1B
IR TN GBI T E AR Y L A 4
(O FTR,



B R A R T IRME R I B Y A R A% B A TRDE L 237

(a) - (b)
-
-
— ‘ - N
(c) (d)

B4 FEAREG. () (b) MR 58 BE 4 A 1
(WG F 65 B o Al B 5 (DB IE s 19 9 )t 52
By A A

Fig.4 Sample image. (a) Original image; (b) Original
image brightness distribution image; (c¢) Initial
backlight brightness image; (d) Corrected back-

light brightness distribution image.

J PR I 52 8 43 A T X mT A K R TR 3
AR ICE LT —ASHORAM T S50 O65E B 4
A Y 5 B 43 A AR BLRR B, DA I Sk T 2 X ) 4
TOCME A8 MR B . AH BT 4 0 5 B 25 S, A3
PG 28 G0 0 HE 6 52 i 25 5 o BURR i S 80T DL E
SR
2 My, My, , +c
M%, , M5, +c, ’
Horp oMy, R X W (man) 43 X 0 55 5 ¥ E
My, KR Y [ (mn) X EBE,. S8 S
(X s Yo BIEBUEYE B [0, 1], & By fa 8 K 3R
AX B (moan) KBS Y B (moon ) XU 52 1Y
(BB E2 30, B o3 A 0 5 B AR AL . Ol T e A BE
h ok A A B T B, e R — A
U

2 T8 UG Y 5 B 43 A1 38 R AR Y A1 A
BT 43 X G e R 32 I oK 18 IE ) B 75
S BE A 43 DX PG R 8 5 BE 38 09 40 T i
. PR AR SOl I Bl B 0ok A (3D L
SHENHE X MY WX (nn) H R EA
AR X I (1) o AN X ER B 22 b f TR A
KN (2R A1) X (26 +1) B9 31 B & A5 % K
- A B s B R B T AT A L E E A A
Tk S IE B A SC R BT, B R X 38K /N
W3X3), fFEMEhE BB itHE o

S(X,...:Y,.)= (€D

PR 5 19 Ry 3 DX B A, T AR AR 2 2 () ke g
EX FY RFREAN X (man ) BIJRFBIX IR (7.5 ) B
RLFR
2My;; My, +c,

M, M, e
My, 0 e X (0 (mon ) 23 X530 X 3% (7,5 ) 1Y
P, My,;, RaR Y B (man) 7 X R X 5
G )MBHE . o R— MR/ IER B AEH S,
I

RIGEXL—NBHS,,., KR X 5Y 1
G sn) 43 DX 58 BEAHRLRR B2 L 8 fh 0T A R 3 IX 852
JE AL B A B R
e SES (XY ®
XK 5K, 0 M 2R (m,n) 43 X8 X 38
Fro A bR B BR B AT e B A5 T R 35 X Jsl iy 8 4
S, BUEFEE A0, 1], iR E M ESET 1, 0%
RX B (noan) KBS Y 0 (mon ) KOS 41
— B R AR, Y ENENT 1
A 2% W Ol 2% B IO Rk T 00 R T O B S IR

R i AN EAR T (m on ) KIR 1B TE 5 (9955
SEREE N

S(XLY0)

(4

S

L,.=S,.Bu. (6)
o IPEHY R BB R 0.2, ok V8 4 52 B2y A1
AFARLEE 45 il 471 4 75 YC R AR 0 IR L B, R A
BUR Y (m om ) IX R B9 H0 36 75 G 1H .
B K/NEG 2 5 .t BMA 35 #0538 45
il 14 75 6 5 ' 2k 7E 15 6 A AR b i b i B i
LS EEIE G S B Y i 4D
FEIFRIEA X (D ki B R, &5,
5 BE S W R R S AN EE A 25 G 45 3D
Ji i R

4 A

4.1 HETRRASLL

L o T T IR A A B o DA A £
S AR R B LR B 25 O B AR AR X T A
PR B DB I 75 G 2 ST

Ny
xX100%
N 00% 7

t

Hop N R ERE MR R N BB R

D=




238 W5 B

35 %

M A BT I e A AR K R . RO E DY
L B A D Mg 7 Oy 2 B ™, R 2 IR
42 L'a bEBBZTEIEEEEL
AICHIAT — T {5 R b (PSNR)
# 3 # 48 #5: LabPSNR, 5 PSNR A& [d],
LabPSNR J&7E CIE 1976 L™ a* b i o 25 [a] 1
AR R RGB 25 0]l a iF 58 ol LA R 30
U 06 T B0 6 2 B4 R AR 5% BE R B £ 4R
22 AR, LabPSNR ] LA [R] s X 3 9 28 2k B
HEATRARPEAR T . OB IR I RGB EE A] L il
it CIE 1931 XYZ Aeprf% b3 L™ a” b i A 25 6] .
L*=116f(Y/Y,)—16
a” =500 [f(X/X,)—fX/Y.,)]: (&
b =200[f(Y/Y,)—f(Z/Z,)]

Hrr,
ks iH(e=>(6/29)
f(k): k 4 . b
W_’_% ’ otherwise
(9

L™ a” b " #E L™ a" b B2 8] 43 5 2R 52
F.agt-aasi la-mass, AX6)F
X, .Y, fZ, 53 EKoRmbrifE S % B0y CIE 1931
XYZ =il E ., Al st A58 FE L a” b B
o7 ) e SO 25 B R € 22 fa) ) SR 2% 5
[Fi) B 25 o R B 1 2 5

E=J/AL ?+Aa " ?+Ab"7, 10
Hop, Bos i EMR S H b BR B9 58 B2 5 506 1X )
P ERR N AL (Aa™ Db,

AE ...

% S AEG

1D
Horbt o Bl n R BRI R S AR, %58 B0 15
LR 2 5. A SO LabPSNR 1 % 3 #r #8
B R AL TG BT R T Ot 5 00 P 19088 0
o L HCE R/ SO L R 2 RAR

Kirsk = 20 1g

5 B4R

R T YRR S B B PR R AT T
4 i HL TR REAS R, G 4 BT R 1920 X1 080,
FFHR 4 P 5 B A HE B OO e T e 4 28, T

K5 firn . fi ] Matlab 8248 1T B AT 30 X 24 43
RN R R 1 Bl (L R TAZ N U R 7

Bl S ARG, Ca) e o BE i X HBE IRTAR CGBTIAD 5
(b) R 58 BE ARG Lo B 1818 OKTHD 5 (o) %52 B
XF LG BE AR R B 5 (D AR A8 BE AR X L BE &1 R
(B7),

Fig.5 Sample image. (a) High brightness and high
contrast image (Lake); (b) High brightness
and low contrast image (Water); (c¢) Low
brightness and high contrast image (Night-
falD; (d) Low brightness and low contrast

image (Starry sky ).
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Fig.6 Comparison of four algorithms applied to four
images. (a) Avg method; (b) Sqrt method;
(¢) Diff method; (d) Proposed method.
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Tab.1 Power consumption ratio of the three algorithms
applied to the four images in Fig.5
Power consumption ratio/ %
Images
Avg Sqrt Diff Proposed
(a) 72.02 83.77 90.68 85.09
(b) 58.44 75.04 74.90 71.56
(c) 29.36 51.30 55.60 49.15
(d) 24.60 47.66 83.30 68.05
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Tab. 2 The distortion ratio of the three algorithms

applied to the four images in Fig. 5

Disfortion ratio/ %

Images
Avg Sqrt Diff Proposed
(a) 36.71 14.71 7.12 1.77
(b) 28.06 18.42 16.47 2.19
(c) 4.97 1 0.39 0.29
(d 4.60 1.82 0.81 0.43
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Tab.3 LabPSNR of the three algorithms applied to the
four images in Fig. 5
LabPSNR/dB
Images
Avg Sqrt Diff Proposed
(a) 29.63 32.33 33.54 37.96
(b) 28.29 32.42 32.00 36.65
(¢) 24.39 28 28.08 32.77
(d) 25.13 30.44 36.84 41.07
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