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Image Adaptive LCD Backlight Boosting and Dimming
For Perceptual Image Quality Enhancement

Chulhee Lee*, Jaehee You'"

ABSTRACT

LCD backlight boosting and the integration of boosting and dimming are proposed based on image
analysis to maximize perceptual image qualities and to reduce display system power. Based on the
histogram of the image data, methods for selecting an image suitable for boosting and for adjusting
the optimum backlight brightness are proposed. A comprehensive combined optimization method of LCD
backlight boosting, dimming and bypass based on image characteristics is also described. Perceptual image
quality enhancement and power consumption are evaluated based on well known image databases.
Average subjective image quality is improved by 24.8%, RMS contrast is improved more than 20%, and
average power consumption is reduced by 15.94% compared to conventional uniform boosting.
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2. Image Analysis Based Boosting
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Fig. 1. Image enhancement by Backlight boosting.
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Fig. 2. Image quality distortion for uniform excessive
boosting. (a) adequate boosting, (b) uniform
excessive boosting.



862 ZEOICINES ==X M22H X8=(2019. 8)

brh Luminance
rightness :
sensitivity curve after boostlng
I
! Boosting
! Aly I
i ) A A
b
b Al
; n e Y
N T N S
T e— AL
! v h
‘A13 \.Alz : :.A_lli
Perceived brlghtness after Luminance
boosting before boosting

Fig. 3. Perceived brightness with backlight boosting
considering brightness sensitivity,

Fig. 3& W, 95 JdlZs F2"o & 3=
Z7HE Uehdg, gAZe] S5 Al <Al <Al
o] Hof, = F7HE, Ale] F7H3H ofof mE A
A AR =7l BY1E getstr] fE 59| Bl
W= 2+A (brightness sensitivity curve)[9]E &
sHAl HA Al =7 WYl SUke 9% g =4
Zol Uehdth % Tz Al A, Al S B
o 5= ou:_o] APHo g =7}

8

Al ELH] AN
= 37 AR WgeA RS ¢ &+
Fig. 29} Zo| 3}d o Fo] HAst= 9
3 Bd o5 2 I =0t 52 Y
o 2#lo] W (8bit HA ] ¢ 255)9 7}77]- o
A gk W] BB HE F uly] uigs 3o
9Js) 9+= vl A & A (compressive non-linearity)[10]
QA& BolA "t wraka] o] R Bt xpolvt
Fo 50 34 J o] LASA At wpEbA § 4
o] tiddol He A RIEE WHYstr] gt olH]
/\c}oﬂ gzl

2
w3
of e

o

=y

X
o o

o

rlo

o

=

A

it

4z
>

o

1

T

—Ho

o
=)
A
=2
R
o)
L
z
N
09‘_,
o~
o>
x
?
N
lu
S
—\1 m
iuj
T
)

e 4 do rfr wo

[r

Aoz 4 (el ek whst ol Aol

B P AEE Sokel, AP Y5 vote
& 9k,

Perceivedcontrast enhancement
Perceivedpizelvalue, ., (1)

Percewed;mxel valuebf,fm .
= f(brightness sensitivity, boostingratio)
4 (D WMRoR $4 Be W) H495E o
jus]

%
< ] Wl 9 34 o
oq, Eo ) T4 ‘91 %k% AEsA A3
1

Anj
Ho
ru
[e5
2
ot
>~
%
o

High brightness pixzel ratio
The number of high brightness pizels (2)
Thenumber of total pixzels

okAl A3} H}Q]— 710] H ¥l o ,]s} /\}r‘ﬂ-o]
7e A% Wske J4 @ oo ARHA e
ok webA 2] 29 = wy] A HRE B 2L
1:‘q—7] mm O:loﬂg] E]/H] 7<4Eg. E%%O-] rﬂx%l%l— ogcﬂ

[F

l

HE AR g8 F2" o) FdEe 3 A=E
3H ¢ FAo F2EIHY] A4FS HAFA

7171 $18te] Fig. 49 2] 3949 Alx FHo=E
Utk F, 52 W7 34 49 9o 334 w2
97 A9E aEste] 7 FE A 59 Al
H &S 2 (3)3 2o AYste] F28 thi oA
£ dAstat

Boosting Image Suitability Criteria( BISC)

= f(Highbrightness pizel ratio, (3)

Middle brightness pixzelratio,
Lowbrightness pizelratio)

A A IR B o7t SRl 3L,
Table 17 22 A& 714 Joeu=z 2 (3)d
ot Ml o Al £ HIg v Lo wet B
3, FAH R 4 (3)0] AgH
g7] A v gL S aEaW 4

g High
& Brightness
=

Gray level
Fig. 4. 3 gradation area in histogram,



S8t Ol0IXN MS& LCD W2l0IE 228 & 02

Table 1. Characteristics of brightness pixel area in histogram

Brightness area

Characteristic

High brightness area

The difference in pixel value due to boosting is large, but brightness enhancement
is limited by saturation of brightness sensitivity.

Middle brightness area | .
is also large

The difference in pixel value due to boosting is large, and the brightness sensitivity

Low brightness area

The difference in pixel value due to boosting is small, and the more the pixel
distribution is, the less suitable for boosting
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Fig. 5. Histogram patterns for Boosting image selection, (a) Pattern 1, (b) Pattern 2, (c) Pattern 3.
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Fig. 7. Analysis of an Image with wash—out, (a) Original image, (b) Histogram of original image (Pixel distribution
is concentrated near the max pixel), (c) Enhanced image after boosting.
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Fig. 10, Display Gamma Curve according to brightness,

Table 4, Adjusting the brightness of dark areas

Low brightness pixel Boosting ratio
numbers below 50 gray level | reduction control range

less than 34 0
35~64 -0.1
65~96 -0.2

more than 97 -04

o] M= (Weber's law)ell @} 217Fe] A|Zto] o] F&
A 9] el ts RsHAl jE$3ka, =9 Fig

109 el nle} o] faZd o] wide 544
o F& REA FA3] W7} edE £ g
o] 34 sfZo] BAE & A} Fig. 102 9] &4

of wel txEgol e AA HrE vEY]
A3t H2=E# o] 329 Konica-Minolta CA-210

SA71E B8 549 drk A8 AER F2E
o AAl 4 9] WskE vehdth 53] Fig. 10
o] o5& P92l 0-50 1 o] #HE FIho A A
A gl vyl P s dAsi, o=
U3 34 =] WY wpehA Br)7h HlAdE A
S Wehe due Hags] fs) o 24

Al £ gde) vr] Wt AE=E 128to] Table 4%
gol B2®’ HIES FaAA s FFe ke
2 SUstAZ a7t ATk Table 49 £ #Ee]
A4 B2 S NG W) b3 IgEE £
2 328 Zlo|th. Table 4914& 16 x 16 5 ©9],
A 28" ¥E 28 V€0 R AN e, 54
24 Aoe ¥ §& ok uet 24 Jhesith
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Fig. 12. Boosting and dimming combination,
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Table 5. Boosting/dimming combination image selection

Conditions Backlight adjustment | Dimming/Boosting adjustment ratio
Avg < 120, Diff < 22 Backlight High Dimming
Avg < 120, Diff > 22 Dimming Low Dimming
BISC>600, Optimum power boosting ratio > 1.5 ) High Boosting (1.6-1.8)
BISC>300, Optimum power boosting ratio > 1.3 %if)};ltlihgt High Boosting (1.4-1.6)
BISC>300, Optimum power boosting ratio > 1.1 Low Boosting (1.2-1.4)
Avg>120, BISC<300 Bypass
dlolj A% BRSlel 9B A2 29 Bk mebd W o ¥ WsiEE APLE Y 9489 oluizt 5
71%o] Bt Diff, Avg, BISC @3t H she) 328 =% 23], TeAB JAGES Sy G
H &S Hluste] A2 S5 H43 st=5 5o 7498 Y& APL Mo tigh F2"/TR v &
At F 213 bu gy olm A A o] 7hssitt 7V AEE FHA A A Heye test)oll 2t 3
7¥sked, Table 69l HEFH A A& S0, F2H 9

4.2 Boosting/dimming ratio smoothing
A&EE 2 YRS AR oW A9 HHE Br] A
oj¢} R2E/HH] o]F ¥7] ztol7t & A%, el
A= Z2A Al o) s AsHE oyt
ol gA A=A doh. R’ e ukdg W
Fom WE ZHSEE, ARLA P8-S 13t
o 5gHo=r ZYAE 2-3l= Ao) vtEF s,
Fig. 130 VERd nie} o] B ] APL Xfo]&} H2x
B3 O o]F APL Aol d&d ZH Y Alold
Hals) 7 287 dde] A7A =5 F28/M
W oHEe] 7t 2dE Fdth
T zEd e 8] AolE 4 (99 APL HIE =
A st
Current Frame APL

Previous Frame APL ©

APLDifference =

Fig. 130l Yehd nfo} o], ALk

= F °o]HA
x g I+ APL difference ¥F°] & 3¢, 283}
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(n-8)y, —— > gy —— (05
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Fig. 13. Flicker due to large brightness change,

< APL difference 7} 25 1@ o] #lHolstd -
A E2E/gy oz 3 ¥y Wiyl 8 A
A2 =7l = Af7F o, F2"/MH o|F
gAY AFE 4 “

[e)
o
02, H02A = 4% A== 3111, 9]

Ho KUorr oo

5. Simulations

5.1 Image analysis based boosting simulation

71E F2"1]9 AkE 2" 3dE va 3
V7] S18l B), AHE 5 tet 54 7K 3
7} olm A "ol W o] 2=[11-12]& 7] &2 2 matlab
AEHoldE Tt sd S Hristgon, A% 5
Fig. 14¢l Yerd At

Table 6, Boosting/dimming ratio adjustment according
to APL difference

Boosting/
APL difference dimming ratio

range

below 25 gray level 102
(below 10% brightness change) e
below 50 gray level £04
(below 20% brightness change) o
below 75 gray level 106
(below 30% brightness change) o
over 100 gray level 108
(below 40% brightness change) o
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Fig. 14. Boosting image results, (a) Beach, (b) House, (c) Child, (d) Boat,

Fig. 149 o]m|X]& BISC 7|02 H- 28 3147
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5.2 Backlight simulation =71
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Table 7. Image quality evaluation conditions
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B7He BH, 9A AR olvA] &4 whe}, BISC
T HA 84 o 2 39 a&0 g F2H
H & 42 gho] 2 AAEE AL s ER1E
F ATk A A E Table 50 whel beache =
B2 (F2E HE = 1.7), house® =2 H2H
28 H]§ = 15), childe W& F28(F28 H
=1.3)¢] 4 FExH g2 2349 oAV} &
BrtARE ﬁ?it}. EG oW ] S| AEIRS EGH
kA Fig. 504 AR e jels} BvlA] st i 7ot
9o 5L AAAAE U 5 YT} Fig. 15(@)+ 9
® 2, Fig. 15(b)= ¥ 1, Fig. 15(c)= A& 39 ala
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) Fig. 15(d)e 3| 2=E170] o] F& Ao go]
TEZ o] BISC7}t Yol R2Hof RA sttt BISC
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Condition Details F2EY A YWHEE B & F Jdxel 52 ¥
1. Samsung 27 CCFL o4 l‘i—v‘i'—wl Al o (wash-out)o] LAt T
Display Backlight LCD Ao} ohul aj R sdo] AstEE AL AT
2. Samsung 27 LED o ~
Backlight LCD & Atk AT BISCOl whe} F28 vl &S 24
Subjects 38 peoples ol A= FLA A olA Rl Hls) AAH
Ambient . .
Brightness 400 lux in office Table 8, Boosting ratio adjustment with image selection
Distance 0.90m Image selection Boosting ratio adjustment
from panel . Optimum image Optimum
Background Full black Image | BISC qt‘lahty . p9wer .
Luminance boosting ratio | boosting ratio
Viewing angle 0~12° Beach 867 1.8 1.6
i House 490 1.8 1.4
Boosting 10~18 (Step: 0.1) :
Range Child 416 1.7 1.1
Age 20~29 Boat 300 Inadequate for boosting
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Eye Test Score
(Emetional Image Quality Evaluation)

Original
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Histogram

Uniformly excessive boosting

Boosting based on BISC

Fig. 15. Boosting simulation images. (a) Beach, (b) House, (c) Child, (d) Boat.

4.0 +

3.0 T

20 1
1.0 +

0.0

-1.0 +

Image quality Proposed Boosting
e / Maximized . — — Constant 1.5x Boosting
/»/ .
» I
\; \\
\ A / -\
r~ o\ s N \ /
\ \ v
v/ v \/ v
/ v | Original Inage Quality
\ ~
/ Image distortion with Tmmage distortion with
Caonstant 1.5x Boosting Constant 1.5x Boosting
Images 1 Images 2 Images 3 Images 4 Images

(1.7x Boosting) (1.5x Boosting) (1.3x Boosting) (Boosting Image Unselected)

Fig. 16. Eye test score comparison between constant boosting and proposed boosting with BISC, (Image 1: Beach,

Image 2: House, Image 3: Child, Image 4: Boat),
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Table 9. RMS contrast comparison with boosting simu—
lation images

0o

Beach | House Child
Uniformly
excessive 0.0952 | 0.2950 | 0.0781
RMS boosting
contrast Boosting
based on 0.1148 | 0.3859 | 0.0940
BISC
Contrast enhancement 2059% | 30.81% | 20.31%
ratio
Table 10, Dimming, boosting and bypass image selection
Dimming Boosting Bypass
High Low High Mid Low
70 231 42 57 10 Bypass
Images | Images | Images | Images | Images
90
301 Images 109 Images Images

287TH 0.2, 24.8% 3}do] A= AT
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5.3 Backlight boosting/dimming combination sim—
ulation
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Power comparisons with constant 1.5x boosting with proposed boosting

Power Consumption

Boosting Method -
Min

Max

*Power evaluation
Avg

Proposed Boosting

(1.0x-1.8x) 67.28% (1.0x)

116.36% (1.8x)

84.06% (1.27x) 15.94% Power reduction

Constant 1.5x Boosting

100%

with proposed boosting
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Original
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Boosting
/Dimming

Uniformly
Excessive

(a) b) ©

() @© 0

Fig. 17. Boosting/dimming combination simulation images, (a) High boosting(1.8), (b) Mid. boosting(1.5), (c) Low boost—
ing(1.2), (d) High dimming(0.83), (e) Low dimming(0.98), (f) Bypass.
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6. Conclusion
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