a9y United States

NAKAYA

US 20160180782A1

12) Patent Application Publication (o) Pub. No.: US 2016/0180782 A1

(43) Pub, Date: Jun, 23, 2016

(54) IMAGE DISPLAY METHOD AND IMAGE

DISPLAY DEVICE

(71) Applicant: LG DISPLAY CO., LTD., Seoul (KR)

(72) Inventor:

(21) Appl. No.: 14/976,673

Hideo NAKAYA, Tokyo (IP)

Publication Classification

(51) Int.Cl
G09G 3/36 (2006.01)
G09G 3/20 (2006.01)
(52) US.CL
CPC oo G09G 3/3607 (2013.01); GOIG 3/2003

(2013.01); GO9G 3/3648 (2013.01); GO9G
232000242 (2013.01); GO9G 2300/0809
(2013.01); GO9G 2320/0257 (2013.01)

(57) ABSTRACT

(22) Filed: Dec. 21, 2015
Disclosed is a method of displaying an image using an image
(30) Foreign Application Priority Data display device including a front LCD panel and a rear LCD
panel overlapping each other that may include displaying an
Dec. 22,2014 (JP) oo 2014-258700 RGB image in the front LCD panel; generating a black-and-
Dec. 22,2014 ... 2014-258727 white image having a luminance value adjusted by a pixel by
Dec. 22,2014 (JP) oo 2014-258749 signal-processing the RGB image, and displaying the black-
Dec. 22,2014 (IP) oo 2014-258766 and-white image in the rear LCD panel.
107
/_/
102 s 103
7 ; {
/ » /
'd d /
| main body | } LCD moduie  _-1p6 §
! | i 7 i
| | ] | ’ | /
| S I s e = RGB |}/
' . ! | control ler panel
104 ‘\\L image | f :
™ processing - |
| engine | | |
| | | SN LY LV |
| | | | control ler ::$> ‘
| o ; panel |
i | { |
x z Pk A b j
| | 1 \\\ N o
b .J L e Sad



Patent Application Publication  Jun. 23,2016 Sheet 1 of 32 US 2016/0180782 Al

FI1G. 1
related art
1
2 - 3
1 " 'i
S /
e -1 [l ey
| mainbody || LCD module
| .
t 1
! image M LCD RGB
|
: processing ! l HF——J“> control ler :> panel
: engine ; ! ) T ‘
AN ) }
LTl L s N
\'! \\ \‘. \»
4 ) 6 7
FI1G. 2
related art
12
}
output 100
G
10
!
i
3
0.1 *,.,‘m " /,/ :
o - measured value
e 14031 vElUR
0.01 N -
0.001 P -
’ ;
|
{.0001 b input
0.1 1 10 100

5, 8y



Patent Application Publication  Jun. 23,2016 Sheet 2 of 32 US 2016/0180782 Al

FIG.3
related art

¥
3 olip
w:\ ; 7 N
{:\3 by
> * > x > x
caimera image LCD Linear
{limitation) ¥ =99
'y - -
¥ Y =X ¥ =X
FI1G. 4
101
7
2 ~
15}4 v 15)3
e
- e
25—
| main body | ! LCD module 106 |
i o ‘//// 107
| | //
t | | [
| . LCD - RGB ‘*/
104~ | , ! ! control ler panel |
N image ! ! ;
;\A« processing iZIIZIiIIIIIIZt Sl /F !
z engine i | !
! I | LV LV !
I 1 | :> |
| | | control ler panel ||
!
; | i ) X X i
AN
\,\\ \\\ \\\

\ |
105 108 109



Patent Application Publication

Jun. 23,2016 Sheet 3 of 32 US 2016/0180782 A1

FIG. 5
101
T
";‘_\\?1.
RGE o L ‘
panel fm‘;

Lv i
panzl 108

hacklight,, 4
unit

yiass substrat
TFT substrate

%

{wg light gquide plate

light zource

RGB image

FIG. 6
108
.-//('
LY controfter e //132
binarizer [~
v
color iumMgnce S
D pmatrix Py LT region
conver ter expander
™ ™ da\‘;ta
] R N -
130 131 replacer [ >LV pans|
~134




Patent Application Publication  Jun. 23,2016 Sheet 4 of 32 US 2016/0180782 Al

FIG.7A
autput luminanee
value

¥

b B

C Hemar fungiion

FI1G. 7B

sutput luminanse

value
¢
255 "‘
A 20 B S ;M-‘ Y
<
/f ; :
! ; :
£ tA
;o *
f : ?
{ ; ‘
{ i !
§ :
! : < v .
| y o it
! : Huminancs
3 ; ¢ value

n bt tweshold value 9SS

carvilinear function

: 1 }‘!Qh WIBHNENGE Yegion

NN A | _
S04 )(}:iow luminance vegion
process of axpanding

Pt fuminance region



Patent Application Publication  Jun. 23,2016 Sheet 5 of 32

FI1G. 8B
I Kem= 1) {
for{ds fies By {
==y Kz,
}
;

pfﬁ g

i’:.ﬁ 9(

usiinanoe ragion

F1G. 9

US 2016/0180782 A1

binary data after high luminance
region expansion process

high tuminance
region data
selactor

LUT oulput ——if  delayer
: fow

141
7/

"

" R Ay

N lum inance

4
142



Patent Application Publication  Jun. 23,2016 Sheet 6 of 32 US 2016/0180782 Al

FIG. 10A

...........................................

FIG. 10D

Ferd i

Lotwarsion

Hgh furninance regh
grpangion process

FIG. 10B FIG. 10C

LUT it inage



Patent Application Publication  Jun. 23,2016 Sheet 7 of 32 US 2016/0180782 Al

FIG. 11B

FIG. 11

FIG. 12

7
LY controlier
-
—_— 251
130 high band]
§ detector thigh band
: ¥ jud;gemerst
A e color - ag
n{:S‘,ﬁf's o W matrix o T . da:i ) . 14/ paned
converiey rep?e. Jeselection
s e | 008
131
s




Patent Application Publication  Jun. 23,2016 Sheet 8 of 32

FIG. 13

{{3;@@( \@

v
Pt

m) \m,/\:’ N \W/ LB

i

@Q O(sz

FI1G. 14

LUT output 261

image /s
B > LI R [R5 ) | A e

263
l ; 264

/ ar \ “/"’
262 -, b iock : var 1tanr,o ;
o blogk | fvariance | valus
.J 610G var fance L
memery calculator

comparator

second threshotd
value comparator

US 2016/0180782 A1

high band

judge flag
{1 fow hand,

“ihigh band



Patent Application Publication

Jun. 23,2016 Sheet9 of 32

high band
judge fiag

J,

first

—t> LV panel
selector

FIG. 15
252
/
L
273 r
s
,‘/
LUT output first .
delayer
high luminance region data
second
LPF output second selecler
L output I
delayer N
. 272
274 selaction
signal
FIG. 16A

F1G. 16D

FIG. 16B

luminanse ey

FIG. 16C

US 2016/0180782 A1



Patent Application Publication

FIG. 17A

cotormatriy
CErRETSion

LT input image

FIG. 17B

Jun. 23,2016 Sheet 10 of 32

US 2016/0180782 A1

wal mulput image

! ) "..;" J‘.
i g delegt
et of LPF

FIG. 17C

FIG. 18

332

J

RGE image

LY controller

7

high luminance
ragion expander

333
zolor e
>t matrix LUt & | PF o
conver ter
T T selector =V pael
< \.
\ N
130 33 s laye—
\
N .
hY




Patent Application Publication  Jun. 23,2016 Sheet 11 0f32  US 2016/0180782 A1

FIG. 19A
output
fuminance value
‘ )} 3
G S Tﬁ
P -
¢
.
N
| |
0 ] %s input
first second 955 o
threshold threshold luminance value
value value
finear function
FIG. 19B
output
tuminance value
‘ 3 + t
{ H |
28 ]—*
{ i
255+m £~ - d
z |
! .
| |
5 § | input
0 : » |
first second »iag -
0 threshoid threshold luminance value
value value

curvitinear function



Patent Application Publication  Jun. 23,2016 Sheet 12 0f32  US 2016/0180782 A1

FIG. 20A

b rashigh luminance tegion

reglon ather than 255

pracess of supanding high luminante rsgion

FIG. 20B
( Xc == 265) {
for(i=1;i<=8§; i++){

program for process of expanding high luminance region




Patent Application Publication  Jun. 23,2016 Sheet 130f32  US 2016/0180782 Al

FIG. 21
expanded high luminance region
{ 1
{ high |
dark mediun fluminance | mediun dark

fegion region 1 region; | region region
output >
LUT ;o LPF LUt
- output _;fd‘oumut.;f< output -
selector
output >
FIG. 22A FIG. 22D

RGR input tmage

CORNEsIan

oonversion

LY imageB/W)

FIG. 22B F1G. 22C




Patent Application Publication  Jun. 23,2016 Sheet 14 of 32

FIG. 23A

FI1G. 23D

LT
e ddiatel

LUT it imays

US 2016/0180782 A1

FIG. 23B FIG. 23C
FI1G. 24
498
LV controller
— color
RGB image S matrix s LT &LV panel
converier

130 431




Patent Application Publication  Jun. 23,2016 Sheet 15032  US 2016/0180782 Al

FIG. 25A
4-mreasured value
—icleal value

output s
100

{3‘:}3 ¥ \"'-: ‘ : ; b

Hiee

Doy e R
ﬂ 0 am  input valus

relation of measured
valug and ideal value

FIG.25B

- idasursd value

;484 !
outputse
o G

*'-xzcﬁwwww i

gt : '-2 TSR ERRFE oL R LRI HEMARE

¥ uss

G0

8 1 % 3 48 input value
‘magnified view



Patent Application Publication

Jun. 23,2016 Sheet 16 of 32

US 2016/0180782 A1

FIG. 26A




Patent Application Publication  Jun. 23,2016 Sheet 17 0f32  US 2016/0180782 A1l

FIG. 26B

FIG. 27
autput value LUT vaiue
254

§
460
150 —-——,. E—

i

£

6 56 140 150 2016 250 input value



Patent Application Publication  Jun. 23,2016 Sheet 18 0f32  US 2016/0180782 A1

FIG. 28A FIG. 28D

RGE input image nal output froag

solor

UT input irage LY iiagelBAW,

FIG. 28B FIG. 28C



Patent Application Publication  Jun. 23,2016 Sheet 19 0f32  US 2016/0180782 A1

FIG. 29A FIG. 29D

[ input image

: ittt g
FIG. 29B FIG. 29C
FIG. 30
508
i
LV controlter
. color G o . . ite
ROB image | o} natrix RS-Lilsg BRIt A0 bits ) B BItSL iy oo
axpander
converfer
T \, A
\\ \"-.,‘ \'\)
130 531 532




Patent Application Publication  Jun. 23,2016 Sheet200f32  US 2016/0180782 Al

FIG. 31
MiSB LSB

| FIG.32B
int de=0;

for(i=1;i <= 8 ) {
FIXE<X ) de+=t
FiXE>X ) do=t

]

X5 = X5 +de/8.0;




Patent Application Publication  Jun. 23,2016 Sheet210f32  US 2016/0180782 Al

FIG. 33A

m bits

1 correction
1 cosfficlent

ﬁﬂéﬁé‘? ?
- Eraa |
' 3&3?&3




Patent Application Publication

Jun. 23,2016 Sheet 22 of 32

FI1G. 33B

US 2016/0180782 A1

' G

e S

B




Patent Application Publication  Jun. 23,2016 Sheet230f32  US 2016/0180782 Al

FIG. 34

S-bit output LT value
2 !Js e
300 Jj
IR ! §
3 f
W
4 ; : ;
& G A0 a4 B4 1000

FIG. 35A ~ FIG.35D

RGE input image | fimal output imags

bit expansion input image LY imageB/W)

F1G. 35B FIG. 35C



Patent Application Publication  Jun. 23,2016 Sheet24 0of32  US 2016/0180782 A1

FIG. 36A FIG. 36D

“"gﬁg 2

FIG. 36B F1G. 36C

FIG. 37A

SHNY -

e E S

s S g

OO0 -

B

stogram of input image



Patent Application Publication  Jun. 23,2016 Sheet250f32  US 2016/0180782 Al

FI1G. 37B

D0

G000 ...........................

faotued

ﬁi}{}{g&{; ot o _

180000

er BE+LUT conversion



Patent Application Publication  Jun. 23,2016 Sheet26 0f32  US 2016/0180782 Al

FIG. 37D
0

z&w&& ; i

tiiene 4

gﬁgﬁ@g&g S

A0 4

G, ,,,,,,,,,,, ;f,l‘., .
s o w0 e 2%
histogram after BE+LUT conversion
+LPF

FIG. 38

B

_ o LCD modute
main body

LCD controltler

engine

| BTt N
processmgf:ﬂ>if{? > expander > K11 m—y oane|

f

I

|

n

t

' v
: image
|

[

|

I

i



Patent Application Publication  Jun. 23,2016 Sheet270f32  US 2016/0180782 Al

FIG. 39
70%
J/
¥
LV controiier
color high
RGB image itg ‘ 10 bits) |~ |8 bits | lumina ‘
oe image | natrix § bit ) ?lt 10 bits L § bits rm'n'an'cc oLV pane!
conver Ler axpandser region
- - expander
\\.\\ \\\\ \ ‘\\‘
130 5 732 7
FIG. 40
L - 781 73
8bi is| 78 23
¥
/,f782

logic circuil part




Patent Application Publication  Jun. 23,2016 Sheet28 0f32  US 2016/0180782 A1

FIG. 41
tab with
. Srnaorsri
tak with tabwith  tab with
luminance value & 3 % 3 g

. replacing with Jozal
ol ks
maxinm

Sinput pivel
Hocal maximum

horizontal direction ATter replacement

|

N i i

tab center of locat maximum

FI1G. 42
Y //"' 31 01
Iprogressing 1 clock |
! 8102

| §1=82=83=54=85=0 |-
! 8103
linputting data of 5 pixels]”

5104

caloutating maxinum,
minimun, DR




Patent Application Publication  Jun. 23,2016 Sheet29 0of32  US 2016/0180782 Al

FIG. 43A FIG. 43D

RGE iyt imags

Ss It s

TONVETSIon]

e

o i ‘ i B
FIG. 43B FI1G. 43C



Patent Application Publication

input

14 §
et EY
.,!::,,.,\M/ x
L {-}--w’.‘:-h,&_.n
. & (a6
left edge right edg'e

FIG. 44A

convarsion

hit evpansion innut image

FI1G. 448

“’“«—.
o

Jun. 23,2016 Sheet 30 of 32

FIG. 44D

: £
LY imagsBiW)

FIG. 44C

F1G. 45

edge hold output
O o ﬁw{h’:}"“x:‘f---::.w;:
. ;A \
E— ;o ‘t
TRV, 4
geugd | Ieftedge e L

e,

feft od g eii *

US 2016/0180782 A1



Patent Application Publication  Jun. 23,2016 Sheet310f32  US 2016/0180782 Al

o . e ™
T » el th theeslg s - kY .
== Lr\ tawrth 4 «\10);3.",. ':\ [y

N
T e
e NG
g N
/ (AN
g ampatigi, 8 K. H % e )

:

FIG. 47A FIG. 47D

el iopot risgs V T L imagelg
FIG. 47 F1G. 47C




Patent Application Publication  Jun. 23,2016 Sheet320f32  US 2016/0180782 Al

FIG. 48A FIG. 48D

sty

¢ st imens ey ¥
488 FIG. 48C



US 2016/0180782 A1

IMAGE DISPLAY METHOD AND IMAGE
DISPLAY DEVICE

[0001] This application claims the benefit of Japanese
Patent Application No. 2014-258700, filed on Dec. 22, 2014,
Japanese Patent Application No. 2014-258727, filed on Dec.
22, 2014, Japanese Patent Application No. 2014-258749,
filed on Dec. 22, 2014 and Japanese Patent Application No.
2014-258766, which are hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an image display
method and an image display device.

[0004] 2. Discussion of the Related Art

[0005] Liquid crystal display (LCD) devices, which have
various advantages in mass production, driving means and
quality, have been widely used as a flat display panel (FPD).
[0006] FIG. 1 is an image display device including one
liquid crystal panel according to the related art.

[0007] InFIG.1,animage display device 1 includes a main
body 2 and a liquid crystal display (LCD) module 3. The main
body 2 includes an image processing engine 4, and the LCD
module 3 includes an interface (I/F) 5, an LCD controller 6
and an RGB panel 7.

[0008] Image data generated in the image processing
engine 4 of the main body 2 is transmitted to the LCD con-
troller 6 through the interface 5. The LCD controller 6 pro-
cesses the image data received from the interface 5 and trans-
mits the processed image data to the RGB panel 7. The RGB
panel 7 displays an image corresponding to the image data
received from the LCD controller 6.

[0009] Intheimage display device 1, gray level linearity by
anaked eye is obtained by correcting the image data input to
the LCD module 3 with a gamma of broken lines by a panel
driver in the LCD controller 6. In addition, a light of a back-
light unit passes through the RGB panel 7 to display a lumi-
nance. As a result, a gray level property of a black region is
deteriorated such that the luminance of the black region
increases as compared with an ideal luminance.

[0010] FIG.21is a graph showing an output luminance with
respect to an input luminance of an image display device
according to the related art.

[0011] InFIG.?2, aninput of a horizontal axis and an output
of a vertical axis are normalized values with a maximum
luminance of 100%, and the horizontal and vertical axes are
scaled logarithmically. A line 11 represents an ideal relation
of input and output luminances and a line 12 represents a real
relation of input and output luminances. As the relation of the
input and output luminances (i.e., a gray level property)
approaches an ideal value, the gray level is linearly displayed
such that an image natural to an eye of a human is displayed.
[0012] As the input luminance decreases along the line 12
(as the gray level of the image data decreases), the output
luminance becomes greater than the ideal value. As a result,
the image by the RGB panel is displayed to have a luminance
greater than the ideal value such as a white. This phenomenon
may be referred to as a black lifting. When a relatively low
gray level is displayed by the LCD panel, the light of the
backlight unit is leaked because the light is not completely
blocked in the LCD panel. The black lifting is a drawback
specifically in the LCD device. A cathode ray tube (CRT) and
an organic light emitting diode (OLED) panel has contrast
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ratios of about 10000:1 and about 1000000:1, respectively.
However, the LCD panel has a contrast ratio of about 1500:1
due to the black lifting.

[0013] To improve a contrast ratio and prevent the black
lifting, an image display device including two LCD panels
has been suggested. For example, an image display device
may be shown in Japanese Patent Publication No. H5-88197,
Japanese Patent Publication No. 2008-19269, Japanese
Patent Publication No. 2008-111877 and International Patent
Publication No. WO 2007/108183.

[0014] When the image display device of the Japanese
Patent Publication No. H5-88197 is viewed at a diagonal
direction, the image of the rear LCD panel adjacent to the
backlight unit is not aligned with the image of the front LCD
panel adjacent to the user due to a distance between the two
LCD panels. The images are out of position due to a physical
parallax between the two LCD panels. Accordingly, the edge
portions having a relatively great difference of luminance
may be doubly shown or the images may be out of color
registration.

[0015] InJapanesePatent Publication No. 2008-19269,itis
not easy to realize a circuit for processing, and it is specifi-
cally hard to control a detailed portion where the delicate
difference of luminance.

[0016] Inthe image display device of Japanese Patent Pub-
lication No. H5-88197 and Japanese Patent Publication No.
2008-111877, although the total contrast ratio is improved by
using the two LCD panels, the contrast ratio for a peak values
such as a point or a line ofhigh luminance is notimproved. As
a result, it is hard to control the property of gray level con-
version, and it is impossible to reproduce the dynamic range
of the natural image.

[0017] FIG. 3 is a view showing a camera photographing
and a gray level property of an image display device accord-
ing to the related art.

[0018] Regarding the reproduction of the dynamic range of
the natural image, as shown in FIG. 3, when the image of the
image display device is taken with a camera, a middle lumi-
nance region is enlarged due to limitations at a high lumi-
nance region and a low luminance region because the camera
has a lower dynamic range than an eye ofa human. As a result,
the image is taken such that the dynamic range of a desired
portion is enlarged. When the input image is quantized with 8
bits, the high luminance region has a state where the limita-
tion is applied because a contrast ratio of the middle lumi-
nance region is strengthened. Since the information of the
high luminance region is missed during photographing, the
high luminance region may not be reproducible and only the
white or only the black may be displayed.

[0019] A gray level conversion based on the gamma char-
acteristics is integrated as broken lines approximation in the
image display device of the Japanese Patent Publication No.
HS5-88197 and the International Patent Publication No. WO
2007/108183. Accordingly, the gray level property does not
have a linearity at a black region (i.e., a low luminance
region). In addition, color reproducibility of a dark image is
reduced, and reproduction of the image is not perfect. When
a gamma is approximated by the broken lines (e.g., a grada-
tion where a luminance value gradually increases by a prede-
termined increment is displayed), a relation of an input lumi-
nance and an output luminance is expressed as a straight line
before and after an inflection point of the broken lines. Since
a slope of the gamma is changed at the inflection point, a
border line of a color is detected by an eye of a human.



US 2016/0180782 A1

[0020] Specifically, in International Patent Publication No.
WO 2007/108183, it is not easy to realize a circuit for pro-
cessing, and a fabrication cost increases due to a plurality of
circuits according to the number of the gammas.

SUMMARY OF THE INVENTION

[0021] Accordingly, the present invention is directed to an
image display method and an image display device that sub-
stantially obviate one or more of the problems due to limita-
tions and disadvantages of the related art.

[0022] An advantage of the present invention is to provide
an image display method where a black-and-white image is
generated by processing an RGB image.

[0023] Additional features and advantages of the invention
will be set forth in the description which follows, and in part
will be apparent from the description, or may be learned by
practice of the invention. These and other advantages of the
invention will be realized and attained by the structure par-
ticularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0024] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described, a method of displaying an image using
an image display device including a front LCD panel and a
rear LCD panel overlapping each other includes: displaying
an RGB image in the front LCD panel; generating a black-
and-white image having a luminance value adjusted by a
pixel by signal-processing the RGB image; and displaying
the black-and-white image in the rear LCD panel.

[0025] In another aspect of the present invention, an image
display device including a front LCD panel and a rear LCD
panel overlapping each other includes: an LCD controller
signal-processing an RGB image and supplying the signal-
processed RGB image to the front LCD panel; and an LV
controller generating a black-and-white image having a lumi-
nance value adjusted by a pixel by signal-processing the RGB
image and supplying the black-and-white image to the rear
LCD panel.

[0026] Inanother aspect of the present invention, a method
of displaying an image using an image display device includ-
ing a front LCD panel and a rear LCD panel overlapping each
other includes: displaying an RGB image in the front LCD
panel; generating an LUT output image having a luminance
value by converting a gray level of a first image based on the
RGB image with a look-up table where a correlation of the
luminance value before and after a gray level conversion is
registered; and displaying a black-and-white image based on
the LUT output image in the rear LCD panel, wherein when
a luminance value of a pixel of the first image is equal to or
greater than a first threshold value, the correlation is set such
that the luminance value of the pixel is replaced with a first
luminance value, and wherein when the luminance value of
the pixel of the first image is equal to or greater than a second
threshold value greater than the first threshold value, the
correlation is set such that the luminance value of the pixel is
replaced with a maximum luminance value.

[0027] Inanother aspect of the present invention, an image
display device including a front LCD panel and a rear LCD
panel overlapping each other includes: an LCD controller
signal-processing an RGB image and supplying the signal-
processed RGB image to the front LCD panel; and an LV
controller including a look-up table that generates an LUT
output image having a luminance value by converting a gray
level of a first image based on the RGB image and supplying
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a black-and-white image based on the LUT output image to
the rear LCD panel, a correlation of the luminance value
before and after a gray level conversion registered in the
look-up table, wherein when a luminance value of a pixel of
the first image is equal to or greater than a first threshold
value, the correlation is set such that the luminance value of
the pixel is replaced with a first luminance value, and wherein
when the luminance value of the pixel of the first image is
equal to or greater than a second threshold value greater than
the first threshold value, the correlation is set such that the
luminance value of the pixel is replaced with a maximum
luminance value.

[0028] Inanother aspect of the present invention, a method
of displaying an image using an image display device includ-
ing a front LCD panel and a rear LCD panel overlapping each
other includes: displaying an RGB image in the front LCD
panel; generating a black-and-white image having a lumi-
nance value by converting a gray level of an LUT input image
based on the RGB image with a look-up table where a corre-
lation of the luminance value before and after a gray level
conversion is registered; and displaying the black-and-white
image in the rear LCD panel, wherein the correlation is
obtained: by calculating a correction coefficient from a mea-
sured value of an output luminance value of the rear LCD
panel where a measuring point between 0 to a maximum
luminance value is used as an input luminance value and an
ideal value of the output luminance value where the measur-
ing point is used as the input luminance value; and by nor-
malizing the correction coefficient with the maximum lumi-
nance value.

[0029] Inanother aspect of the present invention, a method
of displaying an image using an image display device includ-
ing an LCD panel includes: generating an LUT output image
by converting a gray level ofan LUT input image based on the
RGB image with a look-up table where a correlation of the
luminance value before and after a gray level conversion is
registered; and displaying the LUT output image in the LCD
panel, wherein the correlation is obtained: by calculating a
correction coefficient from a measured value of an output
luminance value of the LCD panel where a measuring point
between 0 to a maximum luminance value is used as an input
luminance value and an ideal value of the output luminance
value where the measuring point is used as the input lumi-
nance value; and by normalizing the correction coefficient
with the maximum luminance value.

[0030] Inanother aspect of the present invention, an image
display device including a front LCD panel and a rear LCD
panel overlapping each other includes: an LCD controller
signal-processing an RGB image and supplying the signal-
processed RGB image to the front LCD panel; and an LV
controller including a look-up table that generates a black-
and-white image having a luminance value by converting a
gray level of an LUT input image based on the RGB image
and supplying the black-and-white image to the rear LCD
panel, a correlation of the luminance value before and after a
gray level conversion registered in the look-up table, wherein
the correlation is obtained: by calculating a correction coef-
ficient from a measured value of an output luminance value of
the rear LCD panel where a measuring point between 0 to a
maximum luminance value is used as an input luminance
value and an ideal value of the output luminance value where
the measuring point is used as the input luminance value; and
by normalizing the correction coefficient with the maximum
luminance value.
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[0031] Inanother aspect of the present invention, an image
display device includes: a look-up table generating an LUT
output image by converting a gray level of an LUT input
image based on the RGB image, a correlation of the lumi-
nance value before and after a gray level conversion regis-
tered in the look-up table where; and an LCD panel displaying
the LUT output image, wherein the correlation is obtained: by
calculating a correction coefficient from a measured value of
an output luminance value of the LCD panel where a mea-
suring point between 0 to a maximum luminance value is used
as an input luminance value and an ideal value of the output
luminance value where the measuring point is used as the
input luminance value; and by normalizing the correction
coefficient with the maximum luminance value.

[0032] Inanother aspect of the present invention, a method
of displaying an image using an image display device includ-
ing a front LCD panel and a rear LCD panel overlapping each
other includes: displaying an RGB image in the front LCD
panel; generating a high luminance region expansion image
by locally signal-processing one of a peak and an edge of a
high luminance region of a first image based on the RGB
image and by expanding the high luminance region; and
displaying a black-and-white image based on the high lumi-
nance region expansion image in the rear LCD panel.

[0033] Inanother aspect of the present invention, an image
display device including a front LCD panel and a rear LCD
panel overlapping each other includes: an LCD controller
signal-processing an RGB image and supplying the signal-
processed RGB image to the front LCD panel; and an LV
controller including a high luminance region expander gen-
erating a high luminance region expansion image by locally
signal-processing one of a peak and an edge of a high lumi-
nance region of a first image based on the RGB image and by
expanding the high luminance region and supplying a black-
and-white image based on the high luminance region expan-
sion image to the rear LCD panel.

[0034] Itistobeunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention. In
the drawings:

[0036] FIG. 1 is an image display device including one
liquid crystal panel according to the related art;

[0037] FIG.2is a graph showing an output luminance with
respect to an input luminance of an image display device
according to the related art;

[0038] FIG. 3 is a view showing a camera photographing
and a gray level property of an image display device accord-
ing to the related art;

[0039] FIG. 4 is ablock diagram showing an image display
device according to a first embodiment of the present inven-
tion;

[0040] FIG. 5 is a cross-sectional view showing an image
display device according to a first embodiment of the present
invention;
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[0041] FIG. 6 is a block diagram showing an LV controller
of an image display device according to a first embodiment of
the present invention;

[0042] FIGS. 7A and 7B are graphs showing a property of
a gray level conversion of an IV controller of an image
display device according to a first embodiment of the present
invention;

[0043] FIGS. 8A and 8B are views showing a high lumi-
nance region expansion process of an image display device
according to a first embodiment of the present invention;
[0044] FIG. 9is a block diagram showing a data replacer of
an image display device according to a first embodiment of
the present invention;

[0045] FIGS.10A,10B,10C and 10D are views showing an
experimental result when a high luminance region expansion
process is not applied to an image display device according to
a first embodiment of the present invention;

[0046] FIGS.11A,11B,11Cand 11D are views showing an
experimental result when a high luminance region expansion
process is applied to an image display device according to a
first embodiment of the present invention;

[0047] FIG. 12 isablock diagram showing an LV controller
ofan image display device according to asecond embodiment
of the present invention;

[0048] FIG. 13 is a view showing adjacent pixels of an
object pixel of an image display device according to a second
embodiment of the present invention;

[0049] FIG. 14 is a block diagram showing a high band
detector of an image display device according to a second
embodiment of the present invention;

[0050] FIG. 15 is a block diagram showing a data replacer
of an image display device according to asecond embodiment
of the present invention;

[0051] FIGS.16A,16B,16C and 16D are views showing an
experimental result when a high band is replaced with a high
luminance region data in an image display device according
to a second embodiment of the present invention;

[0052] FIGS.17A,17B,17C and 17D are views showing an
experimental result when a high band is replaced with an
image processed by a low pass filter in an image display
device according to a second embodiment of the present
invention;

[0053] FIG. 18 isablock diagram showing an LV controller
of an image display device according to a third embodiment
of the present invention;

[0054] FIGS.19A and 19B are graphics showing a property
of a gray level conversion of an LV controller of an image
display device according to a third embodiment of the present
invention;

[0055] FIGS.20A and 20B are views showing a high lumi-
nance region expansion process of an image display device
according to a third embodiment of the present invention;
[0056] FIG. 21 is a view showing an operation of a selector
of an image display device according to a third embodiment
of the present invention;

[0057] FIGS.22A,22B,22C and 22D are views showing an
experimental result of an image display device according to a
third embodiment of the present invention;

[0058] FIGS.23A, 23B, 23C and 23D are views showing a
magnified experimental result of an image display device
according to a third embodiment of the present invention;
[0059] FIG. 24 is ablock diagram showing an LV controller
of an image display device according to a fourth embodiment
of the present invention;
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[0060] FIGS. 25A and 25B are graphs showing a property
of a gray level conversion of an image display device accord-
ing to a fourth embodiment of the present invention;

[0061] FIGS.26A and 26B are views showing a setting of a
look-up table of an image display device according to a fourth
embodiment of the present invention;

[0062] FIG.271is agraph showing a property of a gray level
conversion of an LV controller of an image display device
according to a fourth embodiment of the present invention;
[0063] FIGS.28A,28B,28C and 28D are views showing an
experimental result of an image display device according to a
fourth embodiment of the present invention;

[0064] FIGS.29A,29B, 29C and 29D are views showing a
magnified experimental result of an image display device
according to a fourth embodiment of the present invention;
[0065] FIG.30isablock diagram showing an L'V controller
of an image display device according to a fifth embodiment of
the present invention;

[0066] FIG. 31 is a view showing a bit expansion process
according to a fifth embodiment of the present invention;
[0067] FIGS. 32A and 32B are views showing an object
pixel and adjacent pixels of an image display device accord-
ing to a fifth embodiment of the present invention;

[0068] FIGS.33A and 33B are views showing a setting of a
look-up table of an image display device according to a fifth
embodiment of the present invention;

[0069] FIG.34is a graph showing a property of a gray level
conversion of an [V controller of an image display device
according to a fifth embodiment of the present invention;
[0070] FIGS.35A,35B,35C and 35D are views showing an
experimental result of an image display device according to a
fifth embodiment of the present invention;

[0071] FIGS.36A,36B, 36C and 36D are views showing a
magnified experimental result of an image display device
according to a fifth embodiment of the present invention;
[0072] FIGS.37A, 378, 37C and 37D are histograms with
respect to a luminance value of an experimental result image
according to fourth and fifth embodiments of the present
invention;

[0073] FIG. 38 is a block diagram showing an image dis-
play device according to a sixth embodiment of the present
invention;

[0074] FIG.39isablock diagram showing an LV controller
of an image display device according to a seventh embodi-
ment of the present invention;

[0075] FIG. 40 is a view showing a circuit of a high lumi-
nance region expander of an image display device according
to a seventh embodiment of the present invention;

[0076] FIG. 41 is a view showing a peak hold process in an
image display device according to a seventh embodiment of
the present invention;

[0077] FIG. 42 is a flow chart showing a peak hold process
in an image display device according to a seventh embodi-
ment of the present invention;

[0078] FIGS.43A,43B,43Cand43D are views showing an
experimental result of an image display device according to a
seventh embodiment of the present invention,

[0079] FIGS. 44A, 44B, 44C and 44D are views showing a
magnified experimental result of an image display device
according to a seventh embodiment of the present invention;
[0080] FIG. 45 is a view showing an edge peak process in
an image display device according to an eighth embodiment
of the present invention;
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[0081] FIG. 46 is aflow chart showing an edge hold process
in an image display device according to an eighth embodi-
ment of the present invention;

[0082] FIGS.47A,47B,47C and 47D are views showing an
experimental result of an image display device according to
an eighth embodiment of the present invention; and

[0083] FIGS.48A, 48B, 48C and 48D are views showing a
magnified experimental result of an image display device
according to an eighth embodiment of the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0084] Reference will now be made in detail to embodi-
ments of the present invention, examples of which are illus-
trated in the accompanying drawings. The same reference
numbers may be used throughout the drawings to refer to the
same or like parts.

[0085] FIG. 4is a block diagram showing an image display
device according to a first embodiment of the present inven-
tion.

[0086] In FIG. 4, an image display device 101 includes a
main body 102 and a liquid crystal display (LCD) module
103. The main body 102 includes an image processing engine
104, and the LCD module 103 includes an interface (I/F) 105,
an LCD controller 106, an RGB panel 107, an LV (light valve)
controller 108 and an LV panel 109.

[0087] The image processing engine 104 of the main body
102 generates an RGB image and the RGB image is trans-
mitted to the LCD module 103.

[0088] The interface 105 receives the RGB image gener-
ated by the image processing engine 104 and transmits the
RGB image to the LCD controller 106 and the LV controller
108.

[0089] The LCD controller 106 receives the RGB image
from the interface 105, processes the RGB image and trans-
mits the RGB image to the RGB panel 107.

[0090] The RGB panel 107 receives the RGB image from
the LCD controller 106 and displays the RGB image.
[0091] TheLV controller 108 receives the RGB image from
the interface 105 and generates a gray scale image which has
only light and shade of a white to a black by processing the
RGB image. In addition, the LV controller 108 generates an
LV image (a black-and-white image of a gray scale of an
adjusted luminance) by adjusting a luminance of the gray
scale image and transmits the LV image to the LV panel 109.
[0092] The LV panel 109 receives the LV image from the
LV controller 108 and displays the LV image.

[0093] FIG. 5 is a cross-sectional view showing an image
display device according to a first embodiment of the present
invention.

[0094] In FIG. 5, an image display device 101 includes an
RGB panel 107, an LV panel 109 and a backlight unit 110.
[0095] The RGB panel 107 includes a CF (color filter)
substrate 111, a TFT (thin film transistor) substrate 112, a
polarizing film 113 and a driving integrated circuit (IC) 114.
The CF substrate 111 includes a black matrix, a color filter
layer of red, green and blue color filters and a common elec-
trode. The TFT substrate 112 includes a TFT and a pixel
electrode. The polarizing film 113 polarizes a light from the
backlight unit. The driving IC 114 drives the TFT substrate
112 so that an RGB image processed by an LCD controller
106 (of FIG. 4) can be displayed in the RGB panel 107.
[0096] The LV panel 109 includes a glass substrate 115, a
TFT substrate 116, a polarizing film 117 and a driving IC 118.
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Although the glass substrate 115 corresponds to the CF sub-
strate 111 of the RGB panel 107, the glass substrate 115 does
not include a black matrix and a color filter layer. As a result,
the LV panel 109 displays an LV image which is a gray scale
image having only light and shade of a white to a black. The
TFT substrate 116 and the polarizing film 117 are the same as
the TFT substrate 112 and the polarizing film 113, respec-
tively, of the RGB panel 107. The driving IC 118 drives the
TFT substrate 116 so that the LV image processed by an LV
controller 108 (of FIG. 4) can be displayed in the LV panel
109.

[0097] When the RGB panel 107 and the LV panel 109 are
viewed at a front direction, the RGB panel 107 and the LV
panel 109 overlap each other such that a pixel of the RGB
panel 107 corresponds to a pixel of the LV panel 109.
[0098] The backlight unit 110 includes a light guide plate
119 and a light source 120. The light source 120 emits a light
to the light guide plate 119. The light guide plate 119 trans-
mits the light emitted from the light source 120 to the LV
panel 109 by refraction. The light emitted from the light guide
plate 119 sequentially passes through the LV panel 109 and
the RGB panel 107 overlapping each other and reaches an eye
of a human watching the image display device 101.

[0099] FIG. 6 is a block diagram showing an LV controller
of an image display device according to a first embodiment of
the present invention.

[0100] In FIG. 6, an LV controller 108 includes a color
matrix converter 130, a look-up table (LUT) 131, a binarizer
132, a high luminance region expander 133 and a data
replacer 134.

[0101] The color matrix converter 130 receives an RGB
image from the image processing engine 104 through the
interface 105 and performs a color matrix conversion for the
RGB image. When luminances of red, green and blue colors
are input, a luminance value Y of a gray scale is obtained
according to the following equation through the color matrix
conversion.

Y=Rxcl+Gxc2+Bxc3,

cl+c2+c3=1,

[0102] wherecl, c2, c3 are real numbers

[0103] As aresult, the color matrix converter 130 generates
an LUT input image of a gray scale which has only light and
shade of a white to a black from the RGB image. The color
matrix converter 130 transmits the LUT input image to the
look-up table 131.

[0104] Thelook-up table 131 receives the LUT input image
from the color matrix converter 130. The look-up table 131
generates an LUT output image through a gray level conver-
sion of the LUT input image. As shown in FIG. 2, as a gray
level of an image data decreases, an output luminance
becomes greater than an ideal value and a displayed image
becomes brighter. As a result, the real image displayed by the
LCD panel has a luminance greater than an ideal value such
that the real image is brightly displayed like a white. An input
luminance value where the ideal value and the real value
begin to be separated from each other may be set as a first
threshold value.

[0105] For each pixel of the LUT input image, the look-up
table 131 converts the input luminance value equal to or
greater than the first threshold value into a maximum lumi-
nance value and converts the input luminance value smaller
than the first threshold value into one of 0 to ‘the maximum
luminance value-1" according to a predetermined function.
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For example, when the luminance value is expressed with 8
bits, the look-up table 131 may convert the input luminance
value equal to or greater than the first threshold value into 255
and may convert the input luminance value smaller than the
first threshold value into one of 0 to 254.

[0106] FIGS. 7A and 7B are graphs showing a property of
a gray level conversion of an LV controller of an image
display device according to a first embodiment of the present
invention.

[0107] InFIGS.7A and 7B, a luminance value is expressed
with 8 bits. In FIG. 7A, the look-up table 131 is set such that
the input luminance value equal to or greater than the first
threshold value is converted into 255, and the input value
smaller than the first threshold value is converted into one of
0 to 254 according to a linear function. In FIG. 7B, the
look-up table 131 is set such that the input luminance value
equal to or greater than the first threshold value is converted
into 255, and the input value smaller than the first threshold
value is converted into one of 0 to 254 according to a curvi-
linear function.

[0108] When the luminance value is expressed with 8 bits,
32 may be set as the first threshold value. In another embodi-
ment any number different from 32 may be set as the first
threshold value. It is possible to emphasize a gray level dis-
play of 0 to the first threshold value of the input luminance by
setting most of the input luminance converted into the maxi-
mum luminance value.

[0109] In addition, a shape of the function according to
which the input luminance value smaller than the first thresh-
old value is converted into one of 0 to ‘the maximum lumi-
nance value-1 is not limited to FIGS. 7A and 7B. The shape
of the function may be obtained by an actual measurement of
an experiment.

[0110] A correlation between the input luminance value
and the output luminance value (i.e., luminance values before
and after the gray level conversion) may be preliminarily
registered in the look-up table 131, and an additional central
processing unit (CPU) may convert the input luminance value
into the output luminance value with reference to the corre-
lation registered in the look-up table 131.

[0111] The look-up table 131 transmits the LUT output
image to the binarizer 132 and the data replacer 134.

[0112] The binarizer 132 receives the LUT output image
generated by the LUT 131 and generates a binary data by
binarizing the luminance value of each pixel of the LUT
outputimage. For example, when the luminance value of each
pixel is equal to or greater than a threshold value (i.e., when
the pixel belongs to the high luminance region (bright
region)), the binarizer 132 may set a binary data value of the
corresponding pixel as 1. When the luminance value of each
pixel is smaller than the threshold value (i.e., when the pixel
belongs to the low luminance region (dark region)), the bina-
rizer 132 may set the binary data value of the corresponding
pixel as 0. As a result, the binarizer 132 may generate the
binary data from the LUT output image. The binarizer 132
transmits the binary data to the high luminance region
expander 133.

[0113] The high luminance region expander 133 receives
the binary data generated by the binarizer 132 and expands a
high luminance region of the binary data. As a result, the
pixels having the binary data of 1 and belonging to the high
luminance region are expanded.
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[0114] FIGS. 8A and 8B is a view showing a high lumi-
nance region expansion process of an image display device
according to a first embodiment of the present invention.

[0115] FIG. 8A illustrates a high luminance region expan-
sion process performed in the high luminance region
expander 133. In FIG. 8A, ahigh luminance region expansion
process may be performed for each binary data corresponding
to each pixel. For example, a binary data corresponding to an
object pixel which is presently processed may be set as Xc,
and binary data corresponding to pixels adjacent to the object
pixel may be setas X1 to X8 from a top left along a clockwise
direction. A hatched pixel corresponds to a high luminance
region, and an unhatched pixel corresponds to a low lumi-
nance region. For example, X1, X4, X6 and X7 may corre-
spond to the high luminance region, and X2, X3, X5 and X8
may correspond to the low luminance region.

[0116] FIG. 8B shows a program illustrating a sequence of
the high luminance region expansion process. In FIG. 8B, it is
judged whether Xc is 1 ornot (i.e., whether Xc belongs to the
high luminance region or not). When Xc¢ belongs to the high
luminance region as in FIG. 8A, the binary data Xi having 0
(i.e., belonging to the low luminance region) among the
binary data X1 to X8 of the adjacent pixels is changed into 1
(i.e., belong to the high luminance region). As a result, when
the object pixel belongs to the high luminance region at an
edge which is a border of the high and low luminance regions
and the pixel adjacent to the object pixel belongs to the low
luminance region, a periphery of the object pixel is changed
into the high luminance region by one pixel. The high lumi-
nanceregion expander 133 generates a high luminance region
expansion binary data from the binary data through the
above-mentioned process.

[0117] In the first embodiment, the high luminance region
expansion process is sequentially performed for each pixel of
a horizontal line of the LUT output image. When the pixel
belonging to the low luminance region is changed to belong to
the high luminance region through the high luminance region
expansion process, the high luminance region expansion pro-
cess is not performed to the pixel changed to belong to the
high luminance region by the high luminance region expan-
sion process. The judgment of the high luminance region
expansion process does not use the data having a possibility
of change during or after the high luminance region expan-
sion process but uses the binary data input to the high lumi-
nance region expander 133. As a result, a limitless expansion
of the high luminance region by repetition of the high lumi-
nance region expansion process for each pixel may be pre-
vented.

[0118] The high luminance region expander 133 transmits
the high luminance region expansion binary data to the data
replacer 134.

[0119] The data replacer 134 receives the high luminance
region expansion binary data generated by the high lumi-
nance region expander 133 and the LUT output image out-
putted from the look-up table 131, and generates the LV
image which is finally displayed in the LV panel 109 by
replacing the luminance value ofeach pixel of the LUT output
image with a specific value according to the high luminance
region expansion binary data. The data replacer 134 transmits
the LV image to the LV panel 109.

[0120] FIG.9isa block diagram showing a data replacer of
an image display device according to a first embodiment of
the present invention.
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[0121] 1InFIG. 9, the data replacer 134 includes a selector
141 and a delayer 142. The selector 141 receives the high
luminance region expansion binary data from the high lumi-
nance region expander 133. When a pixel has the high lumi-
nance region expansion binary data of 1 (i.e., when the pixel
already belong to the high luminance region before the high
luminance region expansion process or when the pixel
belongs to the high luminance region after the high luminance
region expansion process), the selector 141 replaces the lumi-
nance value of the corresponding pixel of the LUT output
image with a high luminance region data (i.e., the luminance
value representing the high luminance region). When the
pixel has the high luminance region expansion binary data of
0 (i.e., when the pixel belongs to the low luminance region
after the high luminance region expansion process), the selec-
tor 141 does not replace the luminance value of the corre-
sponding pixel of the LUT output image. The LUT output
image where the luminance value of the high luminance
region expansion binary data is replaced with the high lumi-
nance region data is transmitted to the LV panel 109 as the LV
image.

[0122] The delayer 142 delays a timing where the LUT
output image outputted from the look-up table 131 reaches
the selector 141 by a time corresponding to the binary process
and the high luminance region expansion process.

[0123] A sequence of displaying an image according to the
first embodiment will be illustrated hereinafter.

[0124] As shown in FIG. 4, the image processing engine
104 ofthe main body 102 generates the RGB image displayed
by the image display device 101 and transmits the RGB image
to the LCD module 103.

[0125] The LCD module 103 receives the RGB image
through the interface 105, and the interface 105 transmits the
RGB image to the LCD controller 106 and the LV controller
108.

[0126] The LCD controller 106 receives the RGB image
from the interface 105 and processes the RGB image to trans-
mit the RGB image to the RGB panel 107.

[0127] The RGB panel 107 displays the RGB image
received from the LCD controller 106.

[0128] The LV controller 108 as the LCD controller 106
receives the RGB image from the interface 105.

[0129] The color matrix converter 130 of the LV controller
108 of FIG. 6 performs the color matrix conversion for the
received RGB image and generates the LUT input image of a
gray scale which has only light and shade of a white to ablack
to transmit the LUT input image to the look-up table 131.
[0130] Thelook-up table 131 receives the LUT input image
from the color matrix converter 130. The correlation between
luminance values before and after the gray level conversion is
registered in the look-up table 131. The look-up table 131
performs the gray level conversion for each pixel of the
received LUT input image to generate the LUT output image.
The look-up table 131 transmits the generated LUT output
image to the binarizer 132 and the data replacer 134.

[0131] The binarizer 132 receives the LUT output image
generated by the look-up table 131 and generates the binary
data by binarizing the luminance value of each pixel. When
the luminance value of each pixel is equal to or greater than a
threshold value, the binarizer 132 judges that the correspond-
ing pixel belongs to the high luminance region and sets a
binary data value of the corresponding pixel as 1. When the
luminance value of each pixel is smaller than the threshold
value, the binarizer 132 judges that the corresponding pixel
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belongs to the low luminance region and sets the binary data
value of the corresponding pixel as 0. The binarizer 132
transmits the binary data to the high luminance region
expander 133.

[0132] The high luminance region expander 133 receives
the binary data generated by the binarizer 132 and performs
the high luminance region expansion process for the binary
data to generate the high luminance region expansion binary
data. When the object pixel has the binary data of 1 and the
adjacent pixel has the binary data of 0, the high luminance
region expansion binary data is generated for each pixel by
replacing the binary data value of the adjacent pixel with 1.
The high luminance region expander 133 transmits the gen-
erated high luminance region expansion binary data to the
selector 141 of the data replacer 134.

[0133] The selector 141 of FIG. 9 receives the high lumi-
nance region expansion binary data, the high luminance
region data and the delayed LUT output image. The delayer
142 delays the timing where the LUT output image reaches
the selector 141 by a time corresponding to the binary process
and the high luminance region expansion process. As a result,
when the selector 141 performs the luminance value replace-
ment process for the LUT output image based on the high
luminance region expansion binary data value, the arrival
timing of the LUT output image is adjusted such that the LUT
output image timely corresponding to the high luminance
region expansion binary data is supplied as an input.

[0134] The selector 141 replaces the luminance value of
each pixel of the LUT output image with a specific value
according to the high luminance region expansion binary data
of the corresponding pixel. When the high luminance region
expansion binary data of the corresponding pixel is 1, the
selector 141 generates the LV image by replacing the lumi-
nance value of the corresponding pixel of the LUT output
image with the luminance value representing the high lumi-
nance region.

[0135] In the LV image, accordingly, the high luminance
region data is definitely supplied to the pixel belonging to the
expanded high luminance region including the pixel origi-
nally belonging to the high luminance region and the pixel
judged to belong to the high luminance region after the high
luminance region expansion process, and the corresponding
pixel is displayed as the high luminance region in the LV
panel 109.

[0136] The RGB image is simultaneously displayed in the
RGB panel 107 through the LCD controller 106 as the RGB
image and in the L'V panel 109 through the LV controller 108
as the LV image of a gray scale which has only light and shade
of a white to a black.

[0137] Since the RGB panel 107 as a front LCD panel and
the LV panel 109 as a rear LCD panel overlap each other as
shown in FIG. 5, the light emitted from the light source 120
through the backlight unit 110 sequentially passes the LV
panel 109 where the LV image based on the RGB image is
displayed and the RGB panel 107 where the RGB image is
displayed to reach an eye of a human. While the light passes
through the LV panel 109 and the RGB panel 107, the color
and the luminance of the light are controlled by the CF sub-
strate 111 of the RGB panel 107 and the liquid crystal layers
(not shown) of each of the LV panel 109 and the RGB panel
107.

[0138] Since the luminance may be individually controlled
by each of the LV panel 109 and the RGB panel 107, the
contrast ratio may be minutely controlled.
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[0139] The light emitting from the backlight unit 110 and
reaching an eye of a human through the LV panel 109 and the
RGB panel 107 has a transmittance obtained by multiplica-
tion of a transmittance of the LV panel 109 and a transmit-
tance of the RGB panel 107. To prevent a black lifting of a
dark region of an image, the look-up table 131 performs the
gray level conversion for the image of a gray scale so that the
transmittance of the dark region of the LV panel 109 can be
reduced. As a result, a black lifting is prevented by changing
the luminance value of the LV panel 109 without change of
the luminance value of the RGB panel 107 displaying the
RGB image.

[0140] Here, when the RGB panel 107 and the LV panel
109 are viewed at a front direction, the corresponding pixels
of the RGB panel 107 and the LV panel 109 overlap each
other. For example, the vertical straight line having a width of
one pixel may be displayed in the image display device 101.
By the binarizer 132, the pixels corresponding to the vertical
straight line may be judged to belong to the high luminance
region and the pixels adjacent to the vertical straight line may
be judged to belong to the low luminance region. Since the
high luminance region expander 133 performs the high lumi-
nanceregion expansion process so that the adjacent pixels can
belong to the high luminance region, the pixels originally
belonging to the low luminance region may be displayed as
the high luminance region in the TV panel 109. When the
image display device 101 is viewed at a diagonal direction
instead of a front direction, the vertical straight line displayed
in the RGB panel 107 overlaps the adjacent pixels of the high
luminance region of the LV panel 109 which originally
belongs to the low luminance region. As a result, when the
image display device 101 is viewed at a diagonal direction,
the vertical straight line is not displayed as a thinner line or a
double line with a luminance the same as that of the front
direction. In addition, the vertical straight line is normally
displayed without a color distortion.

[0141] Each process, especially the high luminance region
expansion process is performed for each pixel. Since the high
luminance region is judged by a pixel and the high luminance
region expansion process is performed based ona shape of the
original image, a shape of the high luminance region after
expansion may be delicately determined by reflecting the
original image.

[0142] Since the rear LCD panel adjacent to the backlight
unit 110 is formed as the LV panel 109, the series of the
processes does not require a complicated structure and a
circuit for the series of the processes has a simple structure.

[0143] Inaddition, the values of the look-up table 131 may
be determined by off-line before the look-up table 131 is
integrated and only the memory may be integrated in the
image display device 101. Accordingly, the property of the
gray level conversion may be easily obtained.

[0144] The L'V panel 109 displays the [V image received
from the LV controller 108 as shown in FIG. 5. Since the LV
image is based on the image of a gray scale, the L'V panel 109
does not require some elements of a typical LCD panel such
as a color filter layer. Accordingly, the fabrication cost of the
image display device 101 may be reduced.

[0145] FIGS.10A,10B,10C and 10D are views showing an
experimental result when a high luminance region expansion
process is not applied to an image display device according to
a first embodiment of the present invention, and FIGS. 114,
11B, 11C and 11D are views showing an experimental result
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when a high luminance region expansion process is applied to
an image display device according to a first embodiment of
the present invention.

[0146] FIG.10A showsan RGB image, FIG. 10B shows an
LUT input image obtained by performing a color matrix
conversion for the RGB image, FIG. 10C shows an LV image
obtained by performing an additional process (a binarizing
process), and FIG. 10D shows a final output image obtained
by overlapping the RGB image of FIG. 10A and the IV image
of FIG. 10C. In FIG. 10, a high luminance region expansion
process is not performed.

[0147] FIG. 11A shows an RGB image the same as FIG.
10A, FIG. 11B shows an LUT input image obtained by per-
forming a color matrix conversion for the RGB image, FIG.
11C shows an [V image obtained by performing an additional
process (a binarizing process), and FIG. 11D shows a final
output image obtained by overlapping the RGB image of FIG.
11A andthe LV image of FIG. 11C. InFIGS. 11A-11D, a high
luminance region expansion process is performed.

[0148] When FIGS. 10C and 11C are compared, the high
luminance region expansion process has a prominent effect
especially at the spoke portion of the Ferris wheel. When the
final output image of FIG. 11D is viewed in a diagonal direc-
tion, a dual image and a color distortion are prevented.

[0149] In the first embodiment, the high luminance region
expander 133 performs the high luminance region expansion
process for the binary data. In another embodiment, a reduc-
tion process of a low luminance region may be performed for
a binary data. When an object pixel has the binary data of 0
and an adjacent pixel has the binary data of 1, alow luminance
region reducer may replace the binary data value of the object
pixel with 1 to generate a low luminance region reduction
binary data for each pixel. Similarly to the first embodiment,
when the low luminance region reduction binary datais 1, the
data replacer 134 may replace the luminance value of each
pixel with a specific luminance value based on the low lumi-
nance reduction binary data. As a result, the same effect as
that of the first embodiment using the high luminance region
expander 133 may be obtained.

[0150] When the high luminance region expander 133 or
the low luminance region reducer performs the high lumi-
nance region expansion process or the low luminance region
reduction process for the binary data, a size of the expanded
high luminance region or the reduced low luminance region
may be determined as one pixel to several pixels according to
a distance between the front RGB panel 107 and the rear LV
panel 109 and/or a size of the image. When two LCD panels
are disposed to overlap each other, a diffuser may be inter-
posed between the two LCD panels for preventing a moiré
generated by misalignment. Since the distance between the
two LCD panels increases by the diffuser, a process range
may be enlarged according to the increased distance.

[0151] For example, in the high luminance region expan-
sion process, when the object pixel has the binary data of 1,
the distance from the object pixel to the adjacent pixel is
determined and the adjacent pixel within the determined dis-
tance having the binary data of 0 may be replaced with 1.
Although the high luminance region expansion process is
performed for 8 pixels adjacent to the object pixel in the first
embodiment, the high luminance region expansion process
may be performed for 24 pixels (further separated by 1 pixel)
adjacent to the object pixel in another embodiment.
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[0152] The process for each pixel may be performed in
series or in parallel in each of the look-up table 131, the
binarizer 132, the high luminance region expander 133 and
the data replacer 134.

[0153] The process time in the LV controller 108 may be
longer than the process time in the LCD controller 106.
Accordingly, a delay circuit for synchronizing the display
timings of the LV controller 108 and the LCD controller 106
may be added at a previous stage or a next stage of the LCD
controller 106 or in the LCD controller 106.

[0154] A second embodiment of the present invention will
be illustrated hereinafter. A structure of the second embodi-
ment is the same as a structure of the first embodiment except
for the LV controller 208.

[0155] FIG. 12 is ablock diagram showing an LV controller
of an image display device according to a second embodiment
of the present invention. The structure of the image display
device according to the second embodiment except the LV
controller is the same as that according to the first embodi-
ment.

[0156] InFIG.12,anLV controller 208 detects a high band
and converts a luminance of a pixel belonging to the high
band. The high band corresponds to a portion where a spatial
frequency of a luminance of an LUT output image of a gray
scale is greater than a reference value and means a state where
changes in the luminance value of the image frequently
occurs. For example, an image including thin lines densely
disposed may be judged as the high band.

[0157] When an image having the high band displayed by
an image display device 101 using two LCD panels is viewed
at a diagonal direction instead of a front direction, the thin
lines may not be seen as a straight line due to a relation
between adjacent thin lines or may be unnaturally seen due to
a color distortion.

[0158] The LV controller 208 includes a color matrix con-
verter 130, a look-up table (LUT) 131, a high band detector
251, a data replacer 252 and a low pass filter (LPF) 253.
[0159] The color matrix converter 130 and the look-up
table 131 are the same as those of the first embodiment. The
color matrix converter 130 performs a color matrix conver-
sion to generate an LUT input image of a gray scale and
transmits the LUT input image to the look-up table 131. The
look-up table 131 performs a gray level conversion for the
LUT input image to generate an LUT output image and trans-
mits the LUT output image to the high band detector 251, the
data replacer 252 and the low pass filter 253.

[0160] Thehighband detector 251 receives the LUT output
image of a gray scale generated by the look-up table 131 and
detects a high band. The high band corresponds to a portion
where a spatial frequency of a luminance of an LUT output
image of a gray scale is greater than a reference value. For
example, an image such as a stripe pattern or a check pattern
where pixels of a high luminance and pixels of a low lumi-
nance are mixed to have a non-uniform luminance may
belong to a high band. To detect a high band, the high band
detector 251 calculates a variance of a luminance of adjacent
pixels of an object pixel for each pixel.

[0161] FIG. 13 is a view showing adjacent pixels of an
object pixel of an image display device according to a second
embodiment of the present invention.

[0162] In FIG. 13, luminances of total 25 pixels including
horizontal 5 pixels and vertical 5 pixels with respect to an
object pixel X13 are used for detecting a high band.
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[0163] Indetection of a high band, for example, an average
value and a variance value are calculated according to the
following equations, where X13 represents a luminance of
the object pixel X13.

[0164] For the above-mentioned calculation, the high band
detector 251 has a structure as shown in FIG. 14.

[0165] FIG. 14 is a block diagram showing a high band
detector of an image display device according to a second
embodiment of the present invention.

[0166] InFIG. 14, the high band detector 2251 includes an
n-lines memory 261, a block memory 262, a variance calcu-
lator 263 and a comparator 264.

[0167] The n-lines memory 261 temporarily stores lumi-
nance values of pixels in n horizontal lines of an LUT output
image generated by the look-up table 131. The block memory
stores the luminance values of a block used for the detection
of a high band among the luminance values in the n-lines
memory 261. The variance calculator 263 calculates a vari-
ance value ofthe luminance values of the pixels adjacent to an
object pixel according to the above equation with reference to
the luminance values in the block memory 262.

[0168] Similarly to the second embodiment, the n-lines
memory 261 and the block memory 262 may be formed in a
previous stage of the binarizer 132.

[0169] The variance calculator 263 transmits the variance
value for each pixel to the comparator 264.

[0170] The comparator 264 compares the variance value
received from the variance calculator 263 with a second
threshold value for each pixel. When the variance value is
equal to or greater than the second threshold value, the cor-
responding pixel is judged as a high band to set a high band
judge flag of the corresponding pixel as 1. When the variance
value is smaller than the second threshold value, the corre-
sponding pixel is not judged as a high band to set the high
band judge flag ofthe corresponding pixel as 0. The compara-
tor 264 transmits the high band judge flag to the data replacer
252.

[0171] Thelow pass filter 253 of F1G. 12 applies a low pass
filter process to the LUT output image received from the
look-up table 131 and transmits the LUT output image after
application of the low pass filter process to the data replacer
252.

[0172] The data replacer 252 generates an LV image from
the LUT output image received from the look-up table 131
and the LUT output image after application of the low pass
filter process received from the low pass filter 253 based on
the high band judge flag received from the high band detector
251.

[0173] FIG. 15 is a block diagram showing a data replacer
ofanimage display device according to a second embodiment
of the present invention.

[0174] In FIG. 15, the data replacer 252 includes a first
selector 271, a second selector 272, a first delayer 273 and a
second delayer 274.

[0175] The first selector 271 receives the high band judge
flag from the high band detector 251, receives the LUT output
image from the look-up table 131 through the first delayer
273, and receives an image displayed in case of a high band
from the second selector 272. When a pixel has the high band
judge flag of 1 (i.e., a periphery of the corresponding pixel is
judged as a high band), the first selector 271 replaces the
luminance value of the corresponding pixel of the LUT output
image with a luminance value of the image displayed in case
of ahigh band. When the pixel has the high band judge flag of
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0 (i.e., when the periphery of the corresponding pixel is not
judged as a high band), the first selector 271 does not replace
the luminance value of the corresponding pixel of the LUT
output image. The LUT output image where the luminance
value corresponding to a high band is replaced by the first
selector 271 is transmitted to the LV panel 109 as the LV
image.

[0176] For each pixel, the second selector 272 generates a
luminance value used for replacing the luminance of the
corresponding pixel of the LUT output image in case ofa high
band by selection and transmits the luminance value to the
first selector 271. For example, the second selector 272 may
select an image where a high luminance region expands or a
high luminance region data where a luminance value is a
maximum by blurring a portion corresponding to a high band
and generated from the LUT output image by the low pass
filter 253. The high luminance region data may be an image
where the high luminance region expands by the binarizer
132 or the high luminance region expander 133 of the first
embodiment. The luminance value of outputted from the
second selector 272 is determined by a selection signal input
to the second selector 272. Although the selection signal has
a manual conversion form in the second embodiment, the
selection signal may have an automatic conversion form
based on a reference judgment in another embodiment.
[0177] Similarly to the delayer 142 of the first embodiment,
the first and second delayers 273 and 274 synchronizes arrival
timings of data input to the first and second delayers 273 and
274.

[0178] A sequence of displaying an image according to the
second embodiment will be illustrated hereinafter. Since a
difference between the first and second embodiments is the
LV controller 208, the LV controller 208 will be mainly
illustrated.

[0179] The color matrix converter 130 of the LV controller
208 of FIG. 12 generates the LUT input image of a gray scale
which has only light and shade of a white to a black by
performing the color matrix conversion for the received RGB
image and transmits the LUT input image to the look-up table
131.

[0180] Thelook-up table 131 receives the LUT input image
from the color matrix converter 130. The correlation between
luminance values before and after the gray level conversion is
registered in the look-up table 131. The look-up table 131
performs the gray level conversion for each pixel of the
received LUT input image to generate the LUT output image.
The look-up table 131 transmits the generated LUT output
image to the high band detector 251, the data replacer 252 and
the low pass filter 253.

[0181] The n-lines memory 261 of the high band detector
251 of FIG. 14 stores the luminance values of the pixels in the
nhorizontal lines of the LUT output image received from the
look-up table 131.

[0182] Theblock memory 262 cuts the luminance values of
the pixels adjacent to the object pixel from the luminance
values in the n-lines memory 261 as a block luminance and
stores the block luminance.

[0183] The variance calculator 263 calculates the variance
value of the pixels adjacent to the object pixel with reference
to the block memory 262 and transmits the variance value to
the comparator 264.

[0184] The comparator 264 performs a judgment whether
the corresponding pixel belongs to a high band or not by
comparing the variance value received from the variance
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calculator 263 with the second threshold value. When the
variance value is equal to or greater than the second threshold
value, the comparator 264 judges that the corresponding pixel
belongs to a high band and sets a high band judge flag of the
corresponding pixel as 1. When the variance value is smaller
than the second threshold value, the comparator 264 judges
that the corresponding pixel does not belong to a high band
and sets the high band judge flag of the corresponding pixel as
0. The comparator 264 transmits the high band judge flag to
the data replacer 252.

[0185] The low pass filter 253 of FIG. 12 receives the LUT
output image from the look-up table 131, generates the LUT
output image where a low pass filter process is applied, and
transmits the LUT output image where the low pass filter
process is applied to the data replacer 252.

[0186] The second selector 272 of the data replacer 252 of
FIG. 15 selects one of the high luminance region data having
a luminance corresponding to the high luminance region and
the output image generated from the LUT outputimage by the
low pass filter 253 and transmits the selected one to the first
selector 271.

[0187] The first selector 271 receives LUT output image
from the look-up table 131, and receives the selected data of
the high luminance region data having a luminance corre-
sponding to the high luminance region and the output image
generated from the LUT output image by the low pass filter
253 from the second selector 272. When the high band flag of
the corresponding pixel is 1, the first selector 271 generates
the LV image by replacing the luminance value of the corre-
sponding pixel of the LUT output image with the luminance
value of the corresponding pixel of the data received from the
second selector 272 and transmits the LV image to the LV
panel 109.

[0188] For the pixel which is judged to belong to the high
band after the detection of the high band, one of the high
luminance region data or the luminance of the corresponding
pixel of the image generated from the LUT output image by
the low pass filter 253 may be supplied to the LV panel 109 as
the LV image by performing the sequence from the detection
of the high band to the generation of the I’V image for each
pixel and may be displayed by the LV panel 109.

[0189] In the second embodiment, an object portion for
replacement of a luminance (i.e., a high band) is detected. The
portion having a high spatial frequency of a luminance of the
LUT output image may be removed by performing a low pass
filtering for the LUT output image of the low pass filter 253.
As a result, the problem that the image such as thin lines
having a frequent luminance change displayed by the image
display device 101 using two LCD panels is unnaturally seen
when viewed at a diagonal direction may be solved by replac-
ing the luminance of the pixel belonging to the high band with
the luminance of the corresponding pixel of the LUT output
image or the high luminance region data. The dual image in
the high band is effectively prevented due to anatural display.
[0190] In the second embodiment, similarly to the first
embodiment, since the RGB image is displayed as the RGB
image in the RGB panel 107 through the LCD controller 106
and as the LV image of a gray scale having only light and
shade of a white to a black in the LV panel 109 through the LV
controller 208, minute control of the contrast ratio, prevention
of the black lifting, simple structure of the circuit and low
fabrication cost are obtained.

[0191] In the second embodiment, similarly to the first
embodiment, since the processes are performed for each

Jun. 23,2016

pixel, a shape of the high luminance region after expansion
may be delicately determined by reflecting the original
image.

[0192] FIGS.16A,16B, 16C and 16D is a view showing an
experimental result when a high band is replaced with a high
luminance region data in an image display device according
to a second embodiment of the present invention, and FIGS.
17A, 17B, 17C and 17D are views showing an experimental
result when a high band is replaced with an image processed
by a low pass filter in an image display device according to a
second embodiment of the present invention.

[0193] FIG. 16A shows an RGB image, FIG. 16B shows an
LUT input image obtained by performing a color matrix
conversion for the RGB image, FIG. 16C shows an LV image
obtained by performing an additional process, and FIG. 16D
shows a final output image obtained by overlapping the RGB
image of FIG. 16A and the LV image of FIG. 16C. To obtain
the result of FIG. 16C, the high band detection process is
performed, and the second selector 272 selects the high lumi-
nance region data.

[0194] FIGS. 17A, 17B, 17C and 17D are the same as
FIGS. 16A-16D except that the second selector 272 selects
the image generated by performing the low pass filtering to
the LUT output image.

[0195] Although the high band detector 251 uses the vari-
ance value calculated by the variance calculator 263 for
detecting the high band in the second embodiment, a value
such as a standard deviation and a sum of absolute values of
difference between the adjacent pixels may be used as a
reference value for detecting the high band in another
embodiment.

[0196] Although the variance value for detecting the high
band is calculated based on the total 25 pixels including the
horizontal 5 pixels and the vertical 5 pixels with respect to the
object pixel in the second embodiment, less pixel or more
pixels may be used for calculating the variance value.
[0197] For reducing a size of a circuit, a filter having a
center of 1 and a periphery of /2 may be used as the low pass
filter 253.

[0198] Similarly to the first embodiment, the process for
each pixel may be performed in series or in parallel. In addi-
tion, a delay circuit for synchronizing the display timings of
the LV controller 108 and the LCD controller 106 may be
added at a previous stage ora next stage of the LCD controller
106 or in the LCD controller 106.

[0199] A third embodiment of the present invention will be
illustrated hereinafter. A structure of the second embodiment
is the same as a structure of the first embodiment except for
the LV controller 308.

[0200] FIG. 18 isablock diagram showing an LV controller
of an image display device according to a third embodiment
of the present invention.

[0201] In FIG. 18, an LV controller 308 includes a color
matrix converter 130, a look-up table (LUT) 331, a high
luminance region expander 333, a low pass filter (LPF) 333,
a delayer 334 and a selector 335.

[0202] The color matrix converter 130 is the same as that of
the first embodiment. The color matrix converter 130 per-
forms a color matrix conversion to generate an LUT input
image of a gray scale and transmits the LUT input image to
the look-up table 131.

[0203] Thelook-up table 331 receives the LUT input image
from the color matrix converter 130. The look-up table 331
generates an LUT output image through a gray level conver-
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sion of the LUT input image. As shown in FIG. 2, as a gray
level of an image data decreases, an output luminance
becomes greater than an ideal value and a displayed image
becomes brighter. As a result, the real image displayed by the
LCD panel has a luminance greater than an ideal value such
that the real image is brightly displayed like a white. An input
luminance value where the ideal value and the real value
begin to be separated from each other may be set as a first
threshold value.

[0204] In addition, a high value adjacent to a maximum of
the luminance value may be set as a second threshold value.
The second threshold value is used for classifying the pixel
having a relatively high luminance higher than the second
threshold value and the pixel having a relatively high lumi-
nance lower than the second threshold value and displaying
the pixels with an emphasis on light and shade.

[0205] For each pixel of the LUT input image, the look-up
table 331 converts the luminance value equal to or greater
than the first threshold value into a value of the maximum of
the luminance multiplied by a decimal smaller than 1. In
addition, the look-up table 331 converts the luminance value
equal to or greater than the second threshold value into a
maximum of the luminance value. For example, when the
luminance value is expressed with 8 bits, the look-up table
331 may convert the input luminance value equal to or greater
than the first threshold value into a value of 255 multiplied by
0.8 and may convert the input luminance value equal to or
greater than the second threshold value into 255. As a result,
the look-up table 331 generates the LUT output image where
the luminance is adjusted.

[0206] FIGS. 19A and 19B are graphs showing a property
of a gray level conversion of an LV controller of an image
display device according to a third embodiment of the present
invention.

[0207] In FIGS. 19A and 19B, a luminance value is
expressed with 8 bits. In FIG. 194, the look-up table 331 is set
such that the input luminance value equal to or greater than
the first threshold value and smaller than the second threshold
value is converted into 255xm (m is a decimal smaller than 1),
the input luminance value equal to or greater than the second
threshold value is converted into 255, and the input luminance
value smaller than the first threshold value is converted into
one of 0 to 255xm according to a linear function. In FIG. 7B,
the look-up table 331 is set such that the input luminance
value equal to or greater than the first threshold value and
smaller than the second threshold value is converted into
255xm, the input luminance value equal to or greater than the
second threshold value is converted into 255, and the input
value smaller than the first threshold value is converted into
one of 0 to 255xm according to a curvilinear function.
[0208] When the luminance value is expressed with 8 bits,
32 may be set as the first threshold value. In another embodi-
ment any number different from 32 may be set as the first
threshold value. Any value greater than the first threshold
value may be set as the second threshold value. Since the
second threshold value is used for classifying the high lumi-
nance region, a value close to the maximum 255 of the lumi-
nance value may be set as the second threshold value so that
only the output luminance corresponding to the input lumi-
nance (i.e., the luminance of the LUT input image input to the
look-up table 331) close to the maximum of the luminance
value can have the maximum of the luminance value.

[0209] The look-up table 331 sets a value (e.g., 255xm of
FIGS. 19A and 19B) smaller than the maximum of the lumi-
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nance value as the output luminance for the pixel having the
luminance corresponding to a medium region between the
high and low luminance regions. Since the gray level conver-
sion is performed by the look-up table 331 having the above-
mentioned gray level conversion property, a contrast ratio of
the low luminance region is emphasized and a black lifting of
the low luminance region is prevented. In addition, a display
capability of the high luminance region is improved.

[0210] A shape ofthe function according to which the input
luminance value smaller than the first threshold value is con-
verted into one of 0 to a luminance smaller than the maximum
of the luminance value is not limited to FIGS. 19A and 19B.
The shape of the function may be obtained by an actual
measurement of an experiment.

[0211] A correlation between the input luminance value
and the output luminance value (i.e., luminance values before
and after the gray level conversion) may be preliminarily
registered in the look-up table 331, and an additional central
processing unit (CPU) may convert the input luminance value
into the output luminance value with reference to the corre-
lation registered in the look-up table 331.

[0212] The look-up table 331 transmits the LUT output
image to the high luminance region expander 332, the low
pass filter 333 and the delayer 334 of F1G. 18.

[0213] The high luminance region expander 332 receives
the LUT output image generated by the look-up table 331 and
generates a high luminance region expansion data by expand-
ing the high luminance region of the LUT output image. For
example, when the luminance value of the corresponding
pixel of the LUT output image is the maximum of the lumi-
nance value and the luminance value of the adjacent pixel is
not the maximum of the luminance value, the high luminance
region expander 332 may convert the luminance value of the
adjacent pixel into the maximum of the luminance value for
each pixel to generate the high luminance region expansion
data.

[0214] FIGS. 20A and 20B are views showing a high lumi-
nance region expansion process of an image display device
according to a third embodiment of the present invention.
[0215] FIG. 20A illustrates a high luminance region expan-
sion process performed in the high luminance region
expander 332. In FIG. 20A, a high luminance region expan-
sion process may be performed for each pixel of the LUT
output image. For example, an object pixel (and its lumi-
nance) which is presently processed may be set as Xc, and
adjacent pixels of the object pixel may be set as X1 to X8 from
atop left along a clockwise direction. A hatched pixel corre-
sponds to a high luminance region (i.e., the maximum 255 of
the luminance in the LTU output image, and an unhatched
pixel does not correspond to the high luminance region. For
example, X1, X4, X6 and X7 may correspond to the high
luminance region, and X2, X3, X5 and X8 may not corre-
spond to the high luminance region.

[0216] FIG. 20B shows a program illustrating a sequence of
the high luminance region expansion process. In FIG. 20B, it
is judged whether Xc¢ is 255 ornot (i.e., whether Xc belong to
the high luminance region or not). When Xc belongs to the
high luminance region as in FIG. 20A, the luminance values
of the adjacent pixels X1 to X8 are considered. When Xc does
not belong to the high luminance region, Xc is converted into
255 such that the corresponding pixel belongs to the high
luminance region. As a result, when the object pixel belongs
to the high luminance region at an edge which is a boundary
of the high luminance region and the pixel adjacent to the
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object pixel does not belong to the low luminance region, the
high luminance region is enlarged by changing a periphery of
the object pixel into the high luminance region by one pixel.
The high luminance region expander 332 generates a high
luminance region expansion data from the LUT output image
through the above-mentioned process.

[0217] Inthe third embodiment, the high luminance region
expansion process is sequentially performed for each pixel of
ahorizontal line of the LUT output image. When the pixel not
belonging to the high luminance region is changed to belong
to the high luminance region through the high luminance
region expansion process, the high luminance region expan-
sion process is not performed to the pixel changed to belong
to the high luminance region by the high luminance region
expansion process. The judgment of the high luminance
region expansion process does not use the data having a
possibility of change during or after the high luminance
region expansion process but uses the LUT output image
input to the high luminance region expander 332. As a result,
a limitless expansion of the high luminance region by repeti-
tion of the high luminance region expansion process for each
pixel may be prevented.

[0218] The high luminance region expander 332 transmits
the high luminance region expansion data to the selector 335.

[0219] Thelow pass filter 333 of FIG. 18 receives the LUT
output image from the look-up table 331 and generates an
LPF applied image by applying a low pass filtering to the
LUT output image. The low pass filter 333 transmits the LPF
applied image to the selector 335.

[0220] The selector 335 of FIG. 18 receives the high lumi-
nance region expansion data generated by the high luminance
region expander 332, the LPF applied image outputted from
the low pass filter 333 and the LUT output image outputted
from the look-up table 331, and selects one of the luminance
of the corresponding pixel of the LUT output image and the
luminance of the corresponding pixel of the LPF applied
image according to the luminance of the corresponding pixel
of the high luminance region expansion data for each pixel.
When the luminance of the corresponding pixel of the high
luminance region expansion data is the maximum of the
luminance value, the selector 335 selects the luminance value
of the corresponding pixel of the LPF applied image. When
the luminance of the corresponding pixel of the high lumi-
nance region expansion data is not the maximum of the lumi-
nance value, the selector 335 selects the luminance value of
the corresponding pixel of the LUT output image. As a result,
the selector 335 determines the luminance value of each pixel.
The selector 335 generates the LV image finally displayed in
the LV panel 109 by combining the selected luminances for
all pixels and transmits the [V image to the LV panel 109.

[0221] FIG. 21 is a view showing an operation of a selector
of an image display device according to a third embodiment
of the present invention.

[0222] In FIG. 21, the curve ‘LUT output’ shows the
arrangement of the pixels of the corresponding horizontal line
as a horizontal axis and the luminance value of the corre-
sponding pixel as a vertical axis for one horizontal line of the
LUT output image outputted from the look-up table 331. The
curve ‘selector output’ shows the arrangement of the pixels of
the corresponding horizontal line as a horizontal axis and the
luminance value of the corresponding pixel of the LV image
as a vertical axis for one horizontal line of the LV image
corresponding to the horizontal line of the LUT output image.
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[0223] The ‘low luminance region’ of the curve ‘LUT out-
put’ represents a region constituted by the pixels whose lumi-
nance values of the LUT input image are between 0 and the
first threshold value and are converted into one of 0 to 255xm
by the look-up table 331. The ‘medium region’ of the curve
‘LUT output’ represents a region constituted by the pixels
whose luminance values of the LUT input image are between
the first and second threshold values and are converted into
255xm by the look-up table 331. The ‘high luminance region’
of the curve ‘LUT output’ represents a region constituted by
the pixels whose luminance values of the LUT input image
are between the second threshold value and 255 and are
converted into 255 by the look-up table 331.

[0224] Here, the ‘expanded high luminance region’ of the
curve ‘LUT output’ represents a region constituted by the
pixels whose luminance value is 255 in the high luminance
region expansion data due to the judgment of displaying as a
high luminance by the high luminance region expander 332
and the pixels originally having the luminance of 255. Since
the expanded high luminance region includes a portion which
is not originally the high luminance region and is changed to
be the high luminance region, the ‘expanded high luminance
region’ ofthe curve ‘LUT output’ of FIG. 21 may have a shape
including the high luminance region and a portion of the
medium region.

[0225] The selector 335 selects the luminance value of the
corresponding pixel of the LPF applied image for the pixels
belonging to the expanded high luminance region. The selec-
tor 335 selects the luminance value of the corresponding pixel
of the LUT output image for the pixels not belonging to the
expanded high luminance region. The selected luminance
values are combined and transmitted as the LV image to the
LV panel 109. As a result, the image where the luminance
value of only the pixels of the LUT output image belonging to
the expanded high luminance region is converted into the
luminance value of the corresponding pixels of the LPF
applied image is transmitted as the LV image.

[0226] The delayer 334 delays the timing where the LUT
output image outputted from the look-up table 331 reaches
the selector 335 by a time corresponding to the high lumi-
nance region expansion process and the low pass filtering
process.

[0227] TheLV panel 109 receives the LV image, whichis a
black-and-white image of a gray scale having an adjusted
luminance, from the selector 335 and displays the LV image.
[0228] A sequence of displaying an image according to the
third embodiment will be illustrated hereinafter.

[0229] As shown in FIG. 4, the image processing engine
104 ofthe main body 102 generates the RGB image displayed
by the image display device 101 and transmits the RGB image
to the LCD module 103.

[0230] The LCD module 103 receives the RGB image
through the interface 105, and the interface 105 transmits the
RGB image to the LCD controller 106 and the LV controller
108.

[0231] The LCD controller 106 receives the RGB image
from the interface 105 and processes the RGB image to trans-
mit the RGB image to the RGB panel 107.

[0232] The RGB panel 107 displays the RGB image
received from the LCD controller 106.

[0233] The LV controller 308 as the LCD controller 106
receives the RGB image from the interface 105.

[0234] The color matrix converter 130 of the LV controller
308 of FIG. 18 performs the color matrix conversion for the
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received RGB image and generates the LUT input image of a
gray scale which has only light and shade of a white to ablack
to transmit the LUT input image to the look-up table 331.
[0235] Thelook-up table 331 receives the LUT input image
from the color matrix converter 130. The correlation between
luminance values before and after the gray level conversion is
registered in the look-up table 331. The look-up table 331
performs the gray level conversion for each pixel of the
received LUT input image to generate the LUT output image.
[0236] For each pixel of the LUT input image, the look-up
table 331 converts the luminance value equal to or greater
than the first threshold value into a value of the maximum of
the luminance multiplied by a decimal smaller than 1. In
addition, the look-up table 331 converts the luminance value
equal to or greater than the second threshold value into a
maximum of the luminance value. Further, the look-up table
331 converts the luminance value smaller than the first thresh-
old value into one of 0 to a value of the maximum of the
luminance multiplied by a decimal. For example, when the
luminance value is expressed with 8 bits, the look-up table
331 may convert the input luminance value equal to or greater
than the first threshold value into a value of 255 multiplied by
0.8 and may convert the input luminance value equal to or
greater than the second threshold value into 255.

[0237] The look-up table 331 transmits the LUT output
image to the high luminance region expander 332, the low
pass filter 333 and the delayer 334.

[0238] The high luminance region expander 332 receives
the LUT output image generated by the look-up table 331 and
generates the high luminance region expansion data where
the high luminance region expands. When the luminance
value of the corresponding pixel of the LUT output image is
the maximum of the luminance value and the luminance value
of the adjacent pixel is not the maximum of the luminance
value, the high luminance region expander 332 may convert
the luminance value of the adjacent pixel into the maximum
of the luminance value for each pixel to generate the high
luminance region expansion data. The high luminance region
expander 332 transmits the high luminance region expansion
data to the selector 335.

[0239] The low pass filter 333 receives the LUT output
image and generates an LPF applied image by applying a low
pass filtering to the LUT output image. Thelow pass filter 333
transmits the LPF applied image to the selector 335.

[0240] The selector 335 receives the high luminance region
expansion data, the LPF applied image and the LUT output
image delayed by the delayer 334. The delayer 334 delays the
timing where the LUT output image reaches the selector 335
by a time corresponding to the high luminance region expan-
sion process and the low pass filtering process. As a result,
when the selector 335 selects the luminance value based on
the high luminance region expansion data, the arrival timing
of the LUT output image is adjusted such that the LUT output
image timely corresponding to the high luminance region
expansion data is supplied as an input.

[0241] The selector 335 generates a black-and-white
adjusted image by selecting one of the luminance of the
corresponding pixel of the LUT output image and the lumi-
nance of the corresponding pixel of the LPF applied image
according to the luminance of the corresponding pixel of the
high luminance region expansion data for each pixel. When
the luminance of the corresponding pixel of the high lumi-
nance region expansion data is the maximum of the lumi-
nance value, the selector 335 selects the luminance value of
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the corresponding pixel of the LPF applied image. When the
luminance of the corresponding pixel of the high luminance
region expansion data is not the maximum of the luminance
value, the selector 335 selects the luminance value of the
corresponding pixel of the LUT output image. As a result, the
selector 335 generates the LV image.

[0242] In the LV image, the pixel belonging to the
expanded high luminance region is set to have the luminance
value corresponding to the LPF applied image, and the cor-
responding pixel is displayed as the high luminance region in
the LV panel 109.

[0243] The RGB image is simultaneously displayed in the
RGB panel 107 through the LCD controller 106 as the RGB
image and in the LV panel 109 through the LV controller 308
as the LV image of a gray scale which has only light and shade
of a white to a black.

[0244] Since the RGB panel 107 as a front LCD panel and
the LV panel 109 as a rear LCD panel overlap each other as
shown in FIG. 5, the light emitted from the light source 120
through the backlight unit 110 sequentially passes the LV
panel 109 where the LV image based on the RGB image is
displayed and the RGB panel 107 where the RGB image is
displayed to reach an eye of a human. While the light passes
through the LV panel 109 and the RGB panel 107, the color
and the luminance of the light are controlled by the CF sub-
strate 111 of the RGB panel 107 and the liquid crystal layers
(not shown) of each of the LV panel 109 and the RGB panel
107.

[0245] Since the luminance may be individually controlled
by each of the LV panel 109 and the RGB panel 107, the
contrast ratio may be minutely controlled.

[0246] The light emitting from the backlight unit 110 and
reaching an eye of a human through the LV panel 109 and the
RGB panel 107 has a transmittance obtained by multiplica-
tion of a transmittance of the LV panel 109 and a transmit-
tance of the RGB panel 107. To prevent a black lifting of a
dark region of an image, the look-up table 331 performs the
gray level conversion for the image of a gray scale so that the
transmittance of the dark region of the LV panel 109 can be
reduced. As a result, a black lifting is prevented by changing
the luminance value of the LV panel 109 without change of
the luminance value of the RGB panel 107 displaying the
RGB image.

[0247] The look-up table 331 classifies the luminance of
the pixel of the LUT input image into a value between O and
‘the maximum luminance valuexm’, the ‘the maximum lumi-
nance valuexm’ and ‘the maximum luminance value® as
shown in FIGS. 19A and 19B. As a result, the gray level
conversion is performed such that the high luminance region
and the medium region are classified and the high luminance
region corresponding to the maximum of the luminance and
the medium region are displayed with different luminances.
Accordingly, a portion having a high luminance (i.e., a bright
portion) is displayed with an emphasis as compared with the
other portions.

[0248] In the look-up table 331, ‘the maximum luminance
valuexm’ is used as the output luminance value of the pixel
belonging to the medium region, ‘the maximum luminance
value’ is used as the output luminance value of the pixel
belonging to the high luminance region, and the output lumi-
nances of the medium region and the high luminance region
are not continuous. As a result, when the output of the look-up
table 331 is intactly displayed in the LV panel 109, the high
luminance region may outstand as compared with the other
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portions. In the curve ‘LUT output’ of FIG. 21, a rising and a
falling at a border between the high luminance region and the
medium region has a shape of a vertical line.

[0249] To obtain a gentle slope of the luminance at the
border between the high luminance region and the medium
region of the LUT output image, the low pass filtering is
applied to the LUT output image. When the luminance value
1s expressed as a function along a horizontal line as shown in
FIG. 21, a portion of the high luminance region is removed to
obtain a gentle slope by applying the low pass filtering of the
low pass filter 333 to the LUT output image. Specifically, an
edge of the border between the high luminance region and the
medium region becomes gentle and a center of the high lumi-
nance region becomes sharp to form a slope.

[0250] To display the regions other than the high luminance
region with the luminance of the LUT output image, the
luminance value of the LPF applied image is selected only for
a portion where the high luminance region expansion data is
the maximum of the luminance. As a result, since a portion
other than the high luminance region is displayed without
deterioration and the high luminance region is displayed with
improvement, a natural image is displayed and a display of
only white is prevented.

[0251] Since the rear LCD panel adjacent to the backlight
unit 110 is formed as the LV panel 109, the series of the
processes does not require a complicated structure and a
circuit for the series of the processes has a simple structure.

[0252] Inaddition, the values of the look-up table 331 may
be determined by off-line before the look-up table 331 is
integrated and only the memory may be integrated in the
image display device 101. Accordingly, the property of the
gray level conversion may be easily obtained.

[0253] The LV panel 109 displays the LV image received
from the LV controller 308 as shown in FIG. 5. Since the LV
image is based on the image of a gray scale, the LV panel 109
does not require some elements of a typical LCD panel such
as a color filter layer. Accordingly, the fabrication cost of the
image display device 101 may be reduced.

[0254] FIGS.22A,22B,22Cand 22D are views showing an
experimental result of an image display device according to a
third embodiment of the present invention, and FIGS. 23A,
23B, 23C and 23D are views showing a magnified experi-
mental result of an image display device according to a third
embodiment of the present invention.

[0255] FIG. 22A shows an RGB image, FIG. 22B shows an
LUT input image obtained by performing a color matrix
conversion for the RGB image, FIG. 23C shows an LV image
obtained by performing an additional process (a high lumi-
nance region expansion process) after performing a gray level
conversion to the LUT input image by the look-up table 331,
and FIG. 22D shows a final output image obtained by over-
lapping the RGB image of FIG. 22A and the LV image of FIG.
22C.

[0256] FIGS. 23A to 23D are magnified views of FIGS.
22A to 22D. A clock tower is shown at a central portion of
FIGS.23A1023D. InFI1G. 23A, alight of a center of the clock
tower is displayed by the maximum of the luminance such
that only a white is displayed. In FIG. 23D, as a result of the
processes of the third embodiment, a portion corresponding
to the high luminance region of the light of a center of the
clock tower is displayed with an excellent gray level.

[0257] A two dimensional low pass filter may be used for
the third embodiment. For example, a filter where a coeffi-
cient of all taps is 1 by a fused multiply add (FMA) of 7x7 taps
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may be used as the low pass filter 333. A size and a coefficient
of the tap are not limited to the values of the above-mentioned
filter if the filter is used as a low pass filter.

[0258] In the high luminance region expansion process,
when the object pixel has the high luminance, the distance
from the object pixel to the adjacent pixel is calculated. When
the high luminance region expansion data of the adjacent
pixel within a reference distance is not the high luminance,
the luminance of the corresponding pixel may be replaced
with the high luminance. Although the high luminance region
expansion process is performed for 8 pixels adjacent to the
object pixel in the third embodiment, the high luminance
region expansion process may be performed for 24 pixels
(further separated by 1 pixel) adjacent to the object pixel in
another embodiment.

[0259] The process for each pixel may be performed in
series or in parallel in each of the look-up table 331, the high
luminance region expander 332 and the selector 335.

[0260] The process time in the LV controller 308 may be
longer than the process time in the LCD controller 106.
Accordingly, a delay circuit for synchronizing the display
timings of the LV controller 308 and the LCD controller 106
may be added at a previous stage or a next stage of the LCD
controller 106 or in the LCD controller 106.

[0261] FIG. 24 isablock diagram showing an LV controller
of an image display device according to a fourth embodiment
of the present invention. A structure of the fourth embodiment
is the same as a structure of the first embodiment except for
the LV controller 408.

[0262] In FIG. 24, an LV controller 408 includes a color
matrix converter 130 and a look-up table (LUT) 431.

[0263] The color matrix converter 130 is the same as that of
the first embodiment. The color matrix converter 130 per-
forms a color matrix conversion to generate an LUT input
image of a gray scale and transmits the LUT input image to
the look-up table 431.

[0264] Thelook-up table 431 receives the LUT input image
from the color matrix converter 130. The look-up table 431
performs a gray level conversion to the LUT input image and
generates an LUT output image. As shown in FIG. 2, as a gray
level of an image data decreases, an output luminance
becomes greater than an ideal value. As a result, the real
image displayed by the RGB panel has a luminance greater
than an ideal value such that the real image is brightly dis-
played like a white.

[0265] FIGS. 25A and 25B are graphs showing a property
of a gray level conversion of an image display device accord-
ing to a fourth embodiment of the present invention.

[0266] In FIG. 25A, a horizontal axis is scaled linearly
differently from the horizontal axis of FIG. 2 scaled logarith-
mically. A line 481 represents an ideal relation of input and
output luminances and a line 482 represents a real relation of
input and output luminances of a related art image display
device similarly to the lines 11 and 12 of FIG. 2. FIG. 25B is
amagnified view of a portion of FIG. 25A where the lines 481
and 482 are separated and the input luminance is small. A line
483 represents an ideal relation of input and output lumi-
nances and a line 484 represents a real relation of input and
output luminances of a related art image display device simi-
larly to the lines 481 and 482 of FIG. 25A. When a pixel of an
input image has an input luminance, a look-up table 431 is set
to perform a gray level conversion where an output luminance
value corresponding to the line 484 is corrected to an output
luminance value corresponding to the line 483.
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[0267] FIGS.26A and 26B is a view showing a setting of a
look-up table of an image display device according to a fourth
embodiment of the present invention.

[0268] FIG.26A showsanexemplary setting of the look-up
table 431 regarding a measuring point. Here, the measuring
point means an input luminance value whose corresponding
output luminance is really measured through an experiment.
The measuring point may have one of 0 to the maximum of
the luminance value. For example, the measuring point may
correspond to an inflection point in a gamma approximation
by broken lines according to the related art. Although the
luminance value is expressed with 8 bits and the maximum of
the luminance value is 255 in the fourth embodiment, the bit
number for the luminance value is not limited to 8 bits.

[0269] InFIG.26A, values of the column “input’ of 1, 15, .
.., 255 are used as the measured value. The column ‘mea-
sured value’ represents the output luminance normalized by
100% when the luminance value corresponding to the mea-
suring point is input to the LCD panel. The column ‘ideal
value’ represents an ideal output luminance normalized by
100% when the luminance value corresponding to the mea-
suring point is input to the LCD panel. For example, when Xn
is an input luminance, an ideal value of Xn may be obtained
according to the following equation.

‘Ideal value of Xn’=(Xn/255)2.2x100

[0270] Inthe above equation, although an exponent 2.2 is
used as a gamma value of a conventional display, the expo-
nent is not limited to ‘2.2

[0271] The column ‘correction coefficient’ represents a
value obtained by dividing the column ‘ideal value %’ corre-
sponding to each measuring point by the column ‘measured
value %. The column ‘LUT wvalue’ represents a value
obtained by normalizing the column ‘correction coefficient’
corresponding to each measuring point with the maximum of
the luminance (i.e., a value obtained by performing a round-
ing process to the column ‘correction coefficient multiplied
by the maximum of the luminance). The column ‘LUT value’
represents a value corresponding to the output luminance.

[0272] When the input luminance value corresponds to a
measuring point, the correction coefficient is calculated from
the measured value of the output luminance value ofthe LCD
panel in case of the measuring point of the input luminance
and the ideal value of the output luminance value in case of
the measuring point of the input luminance, and the correc-
tion coefficient is normalized with the maximurn of the lumi-
nance value. As a result, the ‘LUT value’ corresponding to the
measuring point is preliminarily calculated, and a correlation
of the measuring point and the ‘T UT value’is registered in the
look-up table 431. When a pixel of the LUT input image has
a luminance corresponding to the measuring point, the ‘LUT
value’ corresponding to the input luminance is obtained based
on the correlation and the LUT output image (i.e., the LV
image) is generated by using the ‘LUT value’ as the output
luminance.

[0273] In FIG. 26A, which shows the correlation of the
luminance value corresponding to the measuring point, the
input luminance values exist between the discrete the column
‘input’ of the look-up table 431. For example, the input lumi-
nance values corresponding 2 to 14 and 16 to 30 may exist.
Accordingly, the correlation of the look-up table 431 is set
such that an interval between inputs in the column ‘input’is 1.
This setting may be performed by linearly interpolating the
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measured values between the adjacent measuring points and
obtaining the correction coefficients as an ideal value.
[0274] For example, the output luminance values corre-
sponding to the input luminance value between the measuring
points may be calculated as follows. When Xn is an input
luminance value, the measured value Yn corresponding to Xn
may be calculated according to the following linear interpo-
lation equation.

Ymax — Ymi
Y= 5 X (X = Xoin) + Ko
X — Xomin

[0275] Here, Xmin is an input luminance value of a small
measuring point of two measuring points having Xn as an
interval value and Ymin is a measured value corresponding to
the small measuring point. Xmax is an input luminance value
of a great measuring point of the two measuring points having
Xn as an interval value and Ymax is a measured value corre-
sponding to the great measuring point. As a result, an incre-
ment corresponding to an interval of 1 between the input
values is calculated by proportionally dividing the measured
values of the two measuring points and the increments corre-
sponding to the interval are added to the measured values so
that the measured values can be linearly interpolated.

[0276] FIG. 26B shows an exemplary correlation of the
look-up table 431 having the luminance values corresponding
to the measuring points between two measuring points “X15°
and ‘X31. The luminance values between the two measuring
points are shown in the column ‘input.” Values which is
obtained by normalizing the measured values calculated from
the linear interpolation equation for the input luminance val-
ues between X16 to X30 when Xmin is 15 and Xmax is 31 in
the linear interpolation with 100% are shown in the column
‘measured value %.” The column ‘ideal %’ represents values
which are obtained by normalizing the ideal output lumi-
nance value when the input luminance value is input to the
LCD panel with 100%. The column ‘ideal %’ may be
obtained from the equation used for the luminance value
corresponding to the measuring point. The column ‘correc-
tion coefficient’ represents values obtained by dividing the
column ‘ideal %’ corresponding to the input luminance value
by the column ‘measured value.” The column ‘LUT value’
represents values obtained by normalizing the column ‘cor-
rection coefficient’ corresponding to the input luminance
value by the maximum of the luminance value. For example,
the column ‘LUT value’ may be obtained by multiplying the
column ‘correction coefficient’ and the maximum of the lumi-
nance value and performing a rounding process. The column
‘LUT value’ may correspond to the output luminance value.
[0277] When the input luminance value does not corre-
spond to any of the measured points, the measured values of
the measuring points are linearly interpolated between two
measuring points having the corresponding luminance value
as an interval value to obtain the values corresponding to the
measured value of the corresponding input luminance value.
In addition, the correction coefficients are calculated from the
values corresponding to the measured value of the corre-
sponding input luminance value and the ideal value of the
corresponding input luminance value, and the correction
coefficients are normalized by the maximum of the luminance
value. As aresult, the correlation of the input luminance value
and the column ‘LUT value’ is registered in the look-up table
431. When the pixel of the LUT input image has a luminance
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value not corresponding to the measuring points, the column
‘LUT value’ corresponding to the input luminance value is
obtained based on the correlation, and the LUT output image
(i.e., the LV image) is generated by using the column ‘LUT
value’ as an output luminance value.

[0278] A correlation between the input luminance value
and the output luminance value (i.e., luminance values before
and after the gray level conversion) may be preliminarily
registered in the look-up table 431, and an additional central
processing unit (CPU) may convert the input luminance value
into the output luminance value with reference to the corre-
lation registered in the look-up table 431.

[0279] The look-up table 431 transmits the LUT output
imagetothe LV panel 109 as the LV image (a black-and-white
image of a gray scale of an adjusted luminance).

[0280] A sequence of displaying an image according to the
fourth embodiment will be illustrated hereinafter.

[0281] As shown in FIG. 4, the image processing engine
104 ofthe main body 102 generates the RGB image displayed
by the image display device 101 and transmits the RGB image
to the LCD module 103.

[0282] The LCD module 103 receives the RGB image
through the interface 105, and the interface 105 transmits the
RGB image to the LCD controller 106 and the LV controller
408.

[0283] The LCD controller 106 receives the RGB image
from the interface 105 and processes the RGB image to trans-
mit the RGB image to the RGB panel 107.

[0284] The RGB panel 107 displays the RGB image
received from the LCD controller 106.

[0285] The LV controller 408 as the LCD controller 106
receives the RGB image from the interface 105.

[0286] The color matrix converter 130 of the LV controller
408 of FIG. 24 performs the color matrix conversion for the
received RGB image and generates the LUT input image of a
gray scale which has only light and shade of a white to ablack
to transmit the LUT input image to the look-up table 431.

[0287] Thelook-up table 431 receives the LUT input image
from the color matrix converter 130. The correlation between
luminance values before and after the gray level conversion is
registered in the look-up table 431. When the input luminance
value corresponds to one of the measured points, the correc-
tion coefficients are calculated from the measured value of the
output luminance value of the LCD panel where the measur-
ing point is used as the input luminance value and the ideal
value of the output luminance value where the measuring
point is used as the input luminance value, and the correction
coefficients are normalized by the maximum of the luminance
value. As a result, the ‘LUT value’ may be preliminarily
calculated and the correlation of the measuring points and the
‘LUT value’ may be registered in the look-up table 431. In
addition, when the input luminance value does not corre-
spond to any of the measured points, the measured values of
the measuring points are linearly interpolated between two
measuring points having the corresponding luminance value
as an interval value to obtain the values corresponding to the
measured value of the corresponding input luminance value.
Further, the correction coefficients are calculated from the
values corresponding to the measured value of the corre-
sponding input luminance value and the ideal value of the
corresponding input luminance value, and the correction
coefficients are normalized by the maximum of the luminance
value. As a result, the ‘LUT value’ may be preliminarily
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calculated and the correlation of the input luminance value
and the ‘LUT value’ may be registered in the look-up table
431.

[0288] The look-up table 431 performs the gray level con-
version for each pixel of the received LUT input image to
generate the LUT output image. The look-up table 431 trans-
mits the LUT output image to the LV panel 109 as the LV
image (i.e., a black-and-white image of a gray scale of an
adjusted luminance).

[0289] The RGB image is simultaneously displayed in the
RGB panel 107 through the LCD controller 106 as the RGB
image and in the LV panel 109 through the LV controller 408
as the LV image of a gray scale which has only light and shade
of a white to a black.

[0290] Since the RGB panel 107 as a front LCD panel and
the LV panel 109 as a rear LCD panel overlap each other as
shown in FIG. 5, the light emitted from the light source 120
through the backlight unit 110 sequentially passes the LV
panel 109 where the LV image based on the RGB image is
displayed and the RGB panel 107 where the RGB image is
displayed to reach an eye of a human. While the light passes
through the LV panel 109 and the RGB panel 107, the color
and the luminance of the light are controlled by the CF sub-
strate 111 of the RGB panel 107 and the liquid crystal layers
(not shown) of each of the LV panel 109 and the RGB panel
107.

[0291] Since the luminance may be individually controlled
by each of the LV panel 109 and the RGB panel 107, the
contrast ratio may be minutely controlled.

[0292] The light emitting from the backlight unit 110 and
reaching an eye of a human through the LV panel 109 and the
RGB panel 107 has a transmittance obtained by multiplica-
tion of a transmittance of the LV panel 109 and a transmit-
tance of the RGB panel 107.

[0293] FIG. 27 is a graph showing a property of a gray level
conversion of an LV controller of an image display device
according to a fourth embodiment of the present invention.
[0294] InFIG. 27, the input luminance values correspond to
the output luminance values in the look-up table 431. The
slope of the output luminance value corresponding to the
relatively small input luminance value is steeper as compared
with the slope of the measured values of FIG. 25 to approach
the ideal value. The look-up table 431 performs the gray level
conversion for the image of a gray scale so that the transmit-
tance of the dark region of the LV panel 109 can be reduced.
As a result, a black lifting is prevented by changing the
luminance value of the LV panel 109 without change of the
luminance value of the RGB panel 107 displaying the RGB
image.

[0295] Specifically, in FIG. 27, most of the input luminance
values of the measuring points corresponding to inflection
points ina gamma approximation by broken lines correspond
to the local maximum of the output luminance value. For
example, when the input luminance value becomes greater
than the inflection point, the output luminance value
decreases firstly. The measured values at the input luminance
value between measuring points may be calculated according
to the linear interpolation equation. Since the equation for
obtaining the ideal value of Xn in the portion by the linear
interpolation between the measuring points includes a func-
tion having a shape inflated toward a right lower direction, the
output luminance value firstly decreases after the input lumi-
nance value becomes greater than the inflection point. In FIG.
26B, the output luminance value (LUT value) corresponding
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to the input luminance value of 16 to 19 is smaller than output
luminance value corresponding to the input luminance value
of 15 which is the inflection point.

[0296] For example, when a gradation where a luminance
value gradually increases is displayed, a portion correspond-
ing to the luminance value ofthe inflection point of the broken
lines through the gamma approximation by broken lines is
shown as a border of color to a human. In the fourth embodi-
ment, however, the look-up table 431 having the correlation
of the input luminance value and the output luminance value
as shown in FIG. 27 is provided. A correction curve for
correction based on the gamma approximation by broken
lines where the gray level property is measured in an appara-
tus including the gamma approximation by broken lines and
is corrected to have an ideal state is registered in the look-up
table 431 as the correlation. As a result, the border line may
not be recognized by reducing the luminance of the pixel
corresponding to the luminance value brighter than the inflec-
tion point, and the gray level property naturally shown to a
human is obtained by displaying a natural gradation.

[0297] Since the rear LCD panel adjacent to the backlight
unit 110 is formed as the LV panel 109, the series of the
processes does not require a complicated structure and a
circuit for the series of the processes has a simple structure.
[0298] Inaddition, the values of the look-up table 431 may
be determined by off-line before the look-up table 431 is
integrated and only the memory may be integrated in the
image display device 101. Accordingly, the property of the
gray level conversion may be easily obtained. Further, only
one kind of the correlation of the input luminance value and
the output luminance value is required for making the gray
level conversion property close to the ideal state and only one
look-up table 431 is required for forming an apparatus.
[0299] The LV panel 109 displays the [V image received
from the LV controller 408 as shown in FIG. 5. Since the LV
image is based on the image of a gray scale, the LV panel 109
does not require some elements of a typical LCD panel such
as a color filter layer. Accordingly, the fabrication cost of the
image display device 101 may be reduced.

[0300] FIGS.28A,28B,28C and 28D are views showing an
experimental result of an image display device according to a
fourth embodiment of the present invention, and FIGS. 29A,
29B, 29C and 29D are views showing a magnified experi-
mental result of an image display device according to a fourth
embodiment of the present invention.

[0301] FIG. 28 A shows an RGB image, FIG. 28B shows an
LUT input image obtained by performing a color matrix
conversion for the RGB image, FIG. 28C shows an LV image
obtained by performing a gray level conversion to the LUT
input image by the look-up table 431, and FIG. 28D shows a
final output image obtained by overlapping the RGB image of
FIG. 28A and the LV image of FIG. 28C.

[0302] FIGS. 29A to 29D are magnified views of FIGS.
28A to 28D.
[0303] Inthe final output image, the gray level property of

a black is improved and the image display having a high
contrast ratio is obtained.

[0304] FIG.30isablock diagram showing an LV controller
ofan image display device according to a fifthembodiment of
the present invention. A structure of the fifth embodiment is
the same as a structure of the first embodiment except for the
LV controller 508.

[0305] In FIG. 30, an LV controller 508 improves a gray
level property by removing a situation where only a specific

Jun. 23,2016

value is frequently as the output luminance value and using
various values as the output luminance value to flatten a
luminance histogram of the output luminance value. As a
result, a bit expansion process is performed to the luminance
value.

[0306] The LV controller 508 includes a color matrix con-
verter 130, a bit expander 531 and a look-up table (LUT) 532.
[0307] The color matrix converter 130 is the same as that of
the first embodiment. The color matrix converter 130 per-
forms a color matrix conversion to generate a bit expansion
input image of a gray scale and transmits the bit expansion
input image to the bit expander 531.

[0308] The bit expander 531 receives the bit expansion
input image from the color matrix converter 130. The bit
expander 531 expands the luminance value of each pixel of
the bit expansion input image.

[0309] FIG. 31 is a view showing a bit expansion process
according to a fifth embodiment of the present invention.
[0310] InFIG. 31, an 8-bit luminance value is expanded to
a 10-bit luminance value by performing a 2-bit left shift
calculation to the 8 bits luminance value and by adding 2 bits
as least significant bit (LSB). Although the 8-bit luminance
value is expanded to the 10-bit luminance value in the fifth
embodiment, the bit number of the original luminance value
is not limited to 8 and the bit number of the expanded lumi-
nance value is not limited to 10. The bit number of the
expanded luminance value may be determined by a trade-off
between a circuit size and a product cost.

[0311] The added 2 bits may be set based on the luminance
values of pixels adjacent to an object pixel for the bit expan-
sion process.

[0312] FIGS. 32A and 32B are views showing an object
pixel and adjacent pixels of an image display device accord-
ing to a fifth embodiment of the present invention.

[0313] FIG. 32A showsthe object pixel X5 and the adjacent
pixels X1 to X4 and X6 to X9. The adjacent pixels may be
similar to or relate to the object pixel. For example, when the
luminance value of the object pixel is greater than the lumi-
nance value of the adjacent pixels, a function of the arrange-
ment of the pixels as a horizontal axis and the luminance
values of corresponding pixel as the vertical axis has a convex
shape, and an analog value of the real luminance value of the
object pixel is assumed to be smaller than a digital value of the
rounded luminance value by 8-bits. As aresult, an image may
be naturally displayed to an eye of a human by setting a
luminance value of the object pixel smaller than the digital
value of the rounded luminance value by 8-bits to be close to
the luminance value of the adjacent pixels. On the contrary,
when the luminance value of the object pixel is smaller than
the luminance value of the adjacent pixels, an image may be
naturally displayed by setting a luminance value of the object
pixel greater than the digital value of the rounded luminance
value by 8-bits. The adjustment is performed using the
expanded 2 bits.

[0314] The added 2 bits may be set as follows. FIG. 32B
shows a program illustrating a sequence of the bit expansion
process. After a variable dc is initialized as 0, the 8-bit lumi-
nance value of the object pixel X5 is compared with the 8-bit
luminance values of the adjacent pixels X1 to X4 and X6 to
X8. 1 is subtracted from the variable dc when the luminance
value of the object pixel X5 is greater than the luminance
value of the adjacent pixel, and 1 is added to the variable dc
when the luminance value of the object pixel X5 is smaller
than the luminance value of the adjacent pixel. Here, the
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number of the adjacent pixels compared with the object pixel
is 8, and the variable dc may have a value of -8 to +8. The
variable dc is normalized to have a value of -1 to +1 by
dividing the variable by 8. The 2 bits below decimal point are
determined by adding the normalized variable dc to the 8-bit
luminance value of the object pixel. The expansion from the
8-bit luminance value to the 10-bit luminance value is com-
pleted by left shifting the luminance value where the normal-
ized variable dc is added by 2 bits.

[0315] Since the variable dc before the normalization may
have values of 16 stages of -8 to +8, the variable dc before the
normalization may be expressed with 4 bits. Although the
8-bit luminance value may be expanded to a 12-bitluminance
value according to the bit expansion process, the lower 2 bits
are rounded in the fifth embodiment. Since the expanded bit
number influences a bit width of the look-up table 532, the
expanded bit number may be determined by a trade-off
between a circuit size and a product cost similarly to the bit
number of the luminance value.

[0316] Thebitexpander531 transmits the LUT input image
of the bit which is expanded by a value reflecting the order
relation between the object pixel and the adjacent pixels as a
weighted value to the look-up table 532.

[0317] Thelook-up table 532 receives the LUT input image
from the bit expander 531. Basically. the look-up table 532
may be the same as the look-up table 431 of the fourth
embodiment. When the input luminance value corresponds to
a measuring point, the correction coefficient is calculated
from the measured value of the output luminance value of the
LCD panel in case of the measuring point of the input lumi-
nance and the ideal value of the output luminance value in
case of the measuring point of the input luminance, and the
correction coefficient is normalized with the maximum of the
luminance value. As a result, the ‘LUT value’ corresponding
to the measuring point is preliminarily calculated, and a cor-
relation of the measuring point and the ‘LUT value’ is regis-
tered in the look-up table 532. When the input luminance
value does not correspond to any of the measured points, the
measured values of the measuring points are linearly interpo-
lated between two measuring points having the correspond-
ing luminance value as an interval value to obtain the values
corresponding to the measured value of the corresponding
input luminance value. In addition, the correction coefficients
are calculated from the values corresponding to the measured
value of the corresponding input luminance value and the
ideal value of the corresponding input luminance value, and
the correction coefficients are normalized by the maximum of
the luminance value. As a result, the correlation of the input
luminance value and the column ‘LUT value’ is registered in
the look-up table 532.

[0318] FIGS.33A and 33B are views showing a setting of a
look-up table of an image display device according to a fifth
embodiment of the present invention.

[0319] FIG. 33A shows an exemplary setting regarding a
measuring point, and FIG. 33B shows an exemplary setting
corresponding to input luminance values between measuring
points. In FIG. 33A, although an ‘input’ is expressed as a
broken line between 60 and 64, rows of the input luminance
values of 61 to 63 exist and are omitted.

[0320] The input luminance value of an expanded bit such
as 10 bits is input to the look-up table 532, while the input
luminance value of a non-expanded bit such as 8 bits is input
to the look-up table 431. Since the number of the measuring
points of the look-up table 532 is the same as the number of
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the measuring points of the look-up table 431, a structure of
the look-up table 532 regarding the input luminance value
corresponding to the measuring points is the same as a struc-
ture of the look-up table 431 regarding the input luminance
value corresponding to the measuring points. For example,
the look-up table 532 and the look-up table 431 may have the
same values of the columns ‘measuring value %, ‘ideal %,
‘correction coefficient’ and ‘LUT value’ regarding each mea-
suring point. However, the luminance value between the mea-
suring points may increase according to the expanded bit
number. The input luminance values 15 and 31 of FIG. 26 A
correspond to the bit expanded input luminance values 60 and
124, respectively, of FIG. 33A. Although 15 input luminance
values between the input luminance values 15 and 31 in case
of no bit expansion are set in FIG. 26B, 63 input luminance
values between the input luminance values 60 and 124 as a
result of the bit expansion are set in FIG. 33B.

[0321] Differently from the fourth embodiment, the follow-
ing equation may be used for obtaining the ideal value. 1023
represents the maximum of the luminance in case of the
expanded bit number of 10.

Ideal value of Xn’=(Xn/1023)2.2x100

[0322] Although the input luminance value to the look-up
table 532 is expressed with the expanded bit number (e.g., 10
bits in FIGS. 33A and 33B), the output luminance value (i.e.,
LUT value) from the look-up table 532 is normalized by the
maximum of the bit number before the bit expansion (e.g.,
255 of the maximum of 8 bits in FIGS. 33A and 33B) to
constitute the LUT output image as in the look-up table 431.
As a result, the processes are established and performed in
each part using the output of the look-up table 532 regardless
of whether the bit expansion process is performed before the
look-up table 532.

[0323] The look-up table 531 transmits the LUT output
image of which the gray level is converted and the luminance
is adjusted to the LV panel 109.

[0324] A sequence of displaying an image according to the
fifth embodiment will be illustrated hereinafter. Since a dif-
ference between the fourth and fifth embodiments is the LV
controller 508, the LV controller 508 will be mainly illus-
trated.

[0325] The color matrix converter 130 of the LV controller
508 of FIG. 30 performs the color matrix conversion for the
received RGB image and generates the bit expansion input
image of a gray scale which has only light and shade of a
white to a black to transmit the bit expansion input image to
the bit expander 531.

[0326] The bit expander 531 receives the bit expansion
input image from the color matrix converter 130. The bit
expander 531 performs the bit expansion process to each
pixel of the bit expansion input image to generate LUT input
image. The values assigned to the expanded bits are set based
on the weighted value calculated from the order relation
between the object pixel and the adjacent pixels. The bit
expander 531 transmits the generated LUT input image to the
look-up table 532.

[0327] Thelook-up table 532 receives the LUT input image
which is a bit expansion image data from the bit expander
531. The correlation between luminance values before and
after the gray level conversion is registered in the look-up
table 532. When the input luminance value corresponds to
one of the measured points, the correction coefficients are
calculated from the measured value of the output luminance
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value of the LCD panel where the measuring point is used as
the input luminance value and the ideal value of the output
luminance value where the measuring point is used as the
input luminance value, and the correction coefficients are
normalized by the maximum of the luminance value. As a
result, the ‘LUT value’ may be preliminarily calculated and
the correlation of the measuring points and the ‘LUT value’
may be registered in the look-up table 532. In addition, when
the input luminance value does not correspond to any of the
measured points, the measured values of the measuring points
are linearly interpolated between two measuring points hav-
ing the corresponding luminance value as an interval value to
obtain the values corresponding to the measured value of the
corresponding input luminance value. Further, the correction
coefficients are calculated from the values corresponding to
the measured value of the corresponding input luminance
value and the ideal value of the corresponding input lumi-
nance value, and the correction coefficients are normalized by
the maximum of the luminance value. As a result, the ‘LUT
value’ may be preliminarily calculated and the correlation of
the input luminance value and the ‘LUT value’ may be reg-
istered in the look-up table 532.

[0328] The look-up table 532 performs the gray level con-
version for each pixel of the received LUT input image to
generate the LUT output image. The look-up table 532 trans-
mits the generated LUT output image to the LV panel 109 as
the LV image (i.e., a black-and-white image of a gray scale of
an adjusted luminance).

[0329] Inthe fifth embodiment, the luminance histogram of
the output luminance value is intended to be flattened. Since
some of the output luminance value is omitted due to a cal-
culation error (i.e., rounding error) when the ‘correction
curve changing the gray level property” including both of the
input luminance value and the output luminance value as the
correlation of the look-up table of 8 bits is calculated, the
luminance histogram of the output luminance value may
become crude. Since the input luminance value is bit
expanded and a value relating to the luminance value of the
adjacent pixels is set with the expanded bit, information
smaller than the bit resolution which is rounded and is not
used when the original analog image signal is quantized with
8 bits is recovered. Accordingly, the luminance histogram is
flattened and the gray level conversion is further flattened.

[0330] In the fifth embodiment, similarly to the fourth
embodiment, since the RGB image is displayed as the RGB
image in the RGB panel 107 through the LCD controller 106
and as the TV image of a gray scale having only light and
shade of a white to a black in the LV panel 109 through the LV
controller 508, minute control of the contrast ratio, prevention
of the black lifting, simple structure of the circuit and low
fabrication cost are obtained.

[0331] Similarly, since the method for setting the correla-
tion in the look-up table 532 of the fifth embodiment is the
same as the method for setting the correlation in the look-up
table 431 of the fourth embodiment, the correlation of the
input luminance value and the output luminance value of FIG.
34 is the same as the correlation of FIG. 27. Accordingly, as in
the fourth embodiment, the gray level property naturally
shown to a human is obtained in the fifth embodiment.

[0332] FIGS.35A,35B,35C and 35D are views showing an
experimental result of an image display device according to a
fifth embodiment of the present invention, and FIGS. 36A,
36B, 36C and 36D are views showing a magnified experi-
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mental result of an image display device according to a fifth
embodiment of the present invention.

[0333] FIG. 35A shows an RGB image, FIG. 35B shows a
bit expansion input image obtained by performing a color
matrix conversion for the RGB image, FI1G. 35B shows an LV
image obtained by performing a bit expansion by the bit
expander and a gray level conversion to the bit expansion
input image by the look-up table 532, and FIG. 35D shows a
final output image obtained by overlapping the RGB image of
FIG. 35A and the LV image of FIG. 35B.

[0334] FIGS. 36A to 36D are magnified views of FIGS.
35A to 35D.
[0335] In the final output image, the gray level property of

a black is improved and the image display having a high
contrast ratio is obtained.

[0336] FIGS.37A, 37B, 37C and 37D are histograms with
respect to a luminance value of an experimental result image
according to fourth and fifth embodiments of the present
invention.

[0337] FIG. 37A shows a luminance histogram distribution
of the RGB image of FIGS. 28A and 35A, F1G. 37B shows a
luminance histogram distribution of the LV image of FIG.
28C where the gray level conversion is performed by the
look-up table 431, FIG. 37C shows a luminance histogram
distribution of the LV image of FIG. 35B where the gray level
conversion is performed by the look-up table 532 after the bit
expansion is performed by the bit expander 531. Since the bit
expansion is not performed in FIG. 37B, there is an omission
in the luminance values. In FIG. 37C where the bit expansion
is performed, the omission in the luminance value is reduced
and the luminance value distribution is improved as com-
pared with FIG. 37B to be flattened.

[0338] FIG. 37D shows a luminance histogram of an image
where a low pass filtering is further applied to the result of
FIG. 35C. As a result, more flat distribution is obtained.
[0339] Inaddition, a bit expansion method is not limited to
the above-mentioned method and the other method may be
applied to the fifth embodiment.

[0340] FIG. 38 is a block diagram showing an image dis-
play device according to a sixth embodiment of the present
invention. A main body 102 of the image display device 601
of the sixth embodiment has the same structure as the main
body 102 of the image display device 101 of the first embodi-
ment.

[0341] An LCD module 603 of the image display device
601 of the sixth embodiment includes an interface (I/F) 105,
an LCD controller 606 and an RGB panel 107. The interface
107 and the RGB panel 107 of the image display device 601
of the sixth embodiment are the same as the interface 107 and
the RGB panel 107 of the image display device 101 of the first
embodiment. However, differently from the third and fourth
embodiments, the image display device 601 does not include
an LV controller 408 and 50 and an L'V panel 109. Instead, the
LCD controller 606 includes a bit expander 631 and a look-up
table 632. As a result, a bit expansion and a gray level con-
version are performed to an RGB image displayed by the
RGB panel 107.

[0342] The bit expander 631 may have the same operation
as the bit expander 531 of the fifth embodiment. As a result,
the bit expander 631 performs the bit expansion process to
each pixel of the input image to the bit expander 631 and
assigus the value based on the weighted value calculated from
the order relation between the object pixel and the adjacent



US 2016/0180782 A1

pixels to the expanded bits. The bit expander 631 transmits
the generated LUT input image to the look-up table 632.
[0343] The look-up table 632 may have the same correla-
tion as the look-up table 532 of the fifth embodiment. When
the input luminance value corresponds to one of the measured
points, the correction coefficients are calculated from the
measured value of the output luminance value of the LCD
panel where the measuring point is used as the input lumi-
nance value and the ideal value of the output luminance value
where the measuring point is used as the input luminance
value, and the correction coefficients are normalized by the
maximum of the luminance value. As a result, the ‘LUT
value’ may be preliminarily calculated and the correlation of
the measuring points and the ‘LUT value’ may be registered
in the look-up table 632. In addition, when the input lumi-
nance value does not correspond to any of the measured
points, the measured values of the measuring points are lin-
early interpolated between two measuring points having the
corresponding luminance value as an interval value to obtain
the values corresponding to the measured value of the corre-
sponding input luminance value. Further, the correction coef-
ficients are calculated from the values corresponding to the
measured value of the corresponding input luminance value
and the ideal value of the corresponding input luminance
value, and the correction coefficients are normalized by the
maximum of the luminance value. As a result, the ‘LUT
value’ may be preliminarily calculated and the correlation of
the input luminance value and the ‘LUT value’ may be reg-
istered in the look-up table 632.

[0344] The difference of bit expander 631 and the look-up
table 632 from the bit expander 531 and the look-up table 532
of the fifth embodiment in FIG. 30 is that the bit expander 631
and the look-up table 632 are disposed in the LCD controller
606 of the LCD module 603. While the bit expander 531 and
the look-up table 532 are disposed in the LV controller 508
and process the image of a gray scale outputted from the color
matrix converter 130 in the LV controller 508 in the fifth
embodiment, the bit expander 631 and the look-up table 632
process the RGB image and transmits the processed RGB
image to the RGB panel 107. The LCD controller 606 may be
constituted such that the processes of the bit expander 631 and
the look-up table 632 are performed individually to one of R,
G and B of the RGB image, the luminance value selected from
the R, G and B or all luminance values.

[0345] The look-up table 632 transmits the LUT output
image of which the gray level is converted and the luminance
is adjusted to the RGB panel 107.

[0346] A sequence of displaying an image according to the
sixth embodiment will be illustrated hereinafter.

[0347] The image processing engine 104 of the main body
102 generates the RGB image displayed by the image display
device 601 and transmits the RGB image to the LCD module
603.

[0348] The LCD module 603 receives the RGB image
through the interface 105, and the interface 105 transmits the
RGB image to the LCD controller 606.

[0349] The LCD controller 606 receives the RGB image
from the interface 105 and transmits the RGB image to the bit
expander 631.

[0350] Thebit expander 631 receives the RGB image from
the interface 105. The bit expander 631 performs the bit
expansion process to each pixel of the received RGB image
(e.g., all luminance values of R, G and B) to generate LUT
input image. The values assigned to the expanded bits are set
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based on the weighted value calculated from the order rela-
tion between the object pixel and the adjacent pixels. The bit
expander 631 transmits the generated LUT input image to the
look-up table 632.

[0351] Thelook-up table 632 receives the LUT input image
from the bit expander 631. The correlation between lumi-
nance values before and after the gray level conversion is
registered in the look-up table 632. When the input luminance
value corresponds to one of the measured points, the correc-
tion coefficients are calculated from the measured value of the
output luminance value of the LCD panel where the measur-
ing point is used as the input luminance value and the ideal
value of the output luminance value where the measuring
point is used as the input luminance value, and the correction
coefficients are normalized by the maximum of the luminance
value. As a result, the ‘LUT value’ may be preliminarily
calculated and the correlation of the measuring points and the
‘LUT value’ may be registered in the look-up table 632. In
addition, when the input luminance value does not corre-
spond to any of the measured points, the measured values of
the measuring points are linearly interpolated between two
measuring points having the corresponding luminance value
as an interval value to obtain the values corresponding to the
measured value of the corresponding input luminance value.
Further, the correction coefficients are calculated from the
values corresponding to the measured value of the corre-
sponding input luminance value and the ideal value of the
corresponding input luminance value, and the correction
coefficients are normalized by the maximum of the luminance
value. As a result, the ‘LUT value’ may be preliminarily
calculated and the correlation of the input luminance value
and the ‘LUT value’ may be registered in the look-up table
632.

[0352] The look-up table 632 performs the gray level con-
version for each pixel of the received LUT input image (e.g.,
all luminance values of R, G and B) and generates the gray
level converted RGB image as the LUT output image. The
look-up table 632 transmits the generated LUT output image
to the RGB panel 107.

[0353] The RGB panel 107 displays the RGB image
received from the LCD controller 606.

[0354] In the sixth embodiment, the look-up table 632
whichhas the same function as the look-up tables 431 and 532
of the fourth and fifth embodiments performs the gray level
conversion to the RGB image without changing to a gray
scale image. Accordingly, similarly to the fourth and fifth
embodiments, minute control of the contrast ratio for prevent-
ing deterioration of the gamma conversion by the broken lines
may be obtained and the gray level property naturally shown
to a human may be obtained.

[0355] Inaddition, the bit expander 631 has the same func-
tion as the bit expander 531 of the fifth embodiment. Accord-
ingly, similarly to the fifth embodiment, the gray level con-
version property by the look-up table may be further
flattened.

[0356] Although the RGB image is bit expanded by the bit
expander 631 and is gray level converted by the look-up table
632 in the sixth embodiment, the bit expander 631 may be
omitted for reducing product cost. When the bit expander 631
is omitted, the RGB image may be directly input to the look-
up table 632 without the bit expansion. In addition, the look-
up table 632 may have the same correlation as the look-up
table 431 of the fourth embodiment for the gray level conver-
sion.
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[0357] FIG.39isablock diagram showing an [V controller
of an image display device according to a seventh embodi-
ment of the present invention. A structure of the seventh
embodiment is the same as a structure of the first embodiment
except for the LV controller 708.

[0358] In FIG. 39, an LV controller 708 includes a color
matrix converter 130, a bit expander 731, a look-up table
(LUT) 732 and a high luminance region expander 733.
[0359] The color matrix converter 130 is the same as that of
the first embodiment. The color matrix converter 130 per-
forms a color matrix conversion to generate a bit expansion
input image of a gray scale and transmits the bit expansion
input image to the bit expander 731.

[0360] Thebit expander 731 is the same as the bit expander
531 of the fifth embodiment. The bit expander 731 receives
the bit expansion input image from the color matrix converter
130 and expands the luminance value of each pixel of the bit
expansion input image. The bit expander 731 transmits the bit
expansion image (i.e., the LUT input image) of the bit which
is expanded by a value reflecting the order relation between
the object pixel and the adjacent pixels as a weighted value to
the look-up table 732.

[0361] The look-up table 732 is the same as the look-up
table 532 of the fifth embodiment. The look-up table 732
receives the bit expansion image (i.e., the LUT input image)
from the bit expander 731 and generates the LUT output
image by performing the gray level conversion to the received
bit expansion image. The look-up table 732 transmits the
LUT output image to the high luminance region expander
733.

[0362] Thehighluminance region expander 733 performs a
local signal process to a peak ina high luminance region of the
LUT output image and generates a high luminance region
expansion image by expanding the high luminance region.
This process of signaling and expansion may be referred to as
a peak hold process.

[0363] FIG. 40 is a view showing a circuit of a high lumi-
nance region expander of an image display device according
to a seventh embodiment of the present invention.

[0364] InFIG. 40, the high luminance region expander 733
includes a pixel storing part 781, a logic circuit part 782 and
an output part 783. The pixel storing part 781 includes regis-
ters X1 to X5. The output part 783 includes registers Y1to Y6
and first to fifth selectors 783a to 783e. Although the pixel
storing part 781 includes 5 registers in the seventh embodi-
ment, the number of registers is not limited to 5.

[0365] The pixel storing part 781 receives the LUT output
image from the look-up table 732. Here, it is assumed that the
luminance values of the pixels of each horizontal line of the
LUT output image are sequentially received from the leftmost
pixel toward a left direction by one pixel. The pixel storing
part 781 stores the luminance value in the register X1. The
registers X1 to X5 are sequentially connected to each other
such that the output of the previous register Xi is connected to
the input of the next register Xi+1. When the process for one
pixel is completed, each register transmits the value stored
therein to the next register. When the pixel storing part 781
receives the next luminance value, the value in the register X1
is transmitted to the register X2 and the newly received lumi-
nance value is stored in the register X1. As a result, the pixel
corresponding to the luminance value stored in the register
X3 is the object pixel, and total 5 pixels at left and right of the
object pixel (i.e., the pixels of horizontal 5 tabs with the object
pixel as a center) are stored in the registers X1 to X5. When
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the process cycle is performed, the values in the previous
registers are shifted to the next registers by one value.
[0366] The output part 738 receives the LUT output image
at the same timing as the pixel storing part 781. Similarly to
the pixel storing part 781, the registers are sequentially con-
nected to each other, and each register transmits the value
stored therein to the next register when the process for one
pixel is completed. The difference of the output part 738 from
the pixel storing part 781 is that the first to fifth selectors 783a
to 783e are interposed between the previous register Yi and
the next register Yi+1. The output of the previous register Yi is
connected to a first input of each of the first to fifth selectors
783a to 783¢, and the register X3 outputted from the logic
circuit part 782 (i.e., the luminance value of the object pixel)
is supplied to a second input of each of the first to fifth
selectors 783a to 783¢.

[0367] Inaddition, the selection signals S1 to S5 outputted
from the logic circuit part 782 are supplied to each of the first
to fifth selectors 783a to 783e. After the process for the object
pixel is completed, the output part 783 selects one of the
luminance value X3 of the object pixel and the value stored in
the previous register Yi as a value that will be stored in each
register Yi+1 at next step according to the judgment of the
logic circuit part 782 (i.e., the selection signals S1 to S5). For
example, when the selection signal S1 is 1, the luminance
value X3 of the object pixel is selected as the next value of the
next register Y2. When the selection signal S1 is 0, the value
of the register Y1 is selected as the next value of the next
register Y2. As a result, each of the registers Y1 to Y 6 receives
the same input as the pixel storing part 781 and is continu-
ously updated by the luminance value X3 of the object pixel
according to the judgment of the logic circuit part 782 to
transmit the value stored therein to the next register Yi+1.
[0368] The output of the registers X1 to X5 and the output
of the registers Y1to Y5 are connected to the logic circuit part
782. The logic circuit part 782 receives the luminance values
of 5 pixels from the registers X1 to X5 and receives the
luminance values of 5 pixels updated through the process
from the registers Y1 to Y5. Based on the inputs, the logic
circuit part 782 judges whether each register need to be
updated by the value of the object pixel and transmits the
result of the judgment to each of the first to fifth selectors
783a to 783¢ of the output part 783 as the selection signals S1
to S5.

[0369] In the seventh embodiment, the high luminance
region expander 733 performs the peak hold process, and the
logic circuit part 782 generates the selection signals S1to S5
for the peak hold process. In the peak hold process, when the
luminance value X3 of the object pixel is the maximum or the
local maximum of the luminance values stored in the registers
X1 to X5, the selection signal is set as 1.

[0370] FIG. 41 is a view showing a peak hold process in an
image display device according to a seventh embodiment of
the present invention.

[0371] In FIG. 41, a horizontal axis represents the pixel
sequentially arranged in a horizontal line, and a vertical axis
represents the luminance value of each pixel. A white circle
represents the original luminance value corresponding to
each pixel of the LUT output image and input to the high
luminance region expander 733. A black circle represents the
luminance value which is the maximum or the local maxi-
mum of 5 serial pixels including the object pixel, 2 left pixels
of the object pixel and 2 right pixels of the object pixel. In the
peak hold process, when the object pixel corresponds to the
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black circle, the selection signals S1 to S5 are determined
such that the luminance values of the 5 serial pixels are
updated to the luminance value of the object pixel (i.e., the
black circle).

[0372] When the luminance value X3 is greater than a first
threshold value and a difference between the maximum and
the minimum of the luminances of the 5 serial pixels includ-
ing the object pixel is greater than a second threshold value,
the process of the logic circuit part 782 is performed. As a
result, the process is performed when the local maximum has
a relatively high luminance value and the difference of the
luminance of the local maximum and the luminances of the
adjacent pixels is relatively great.

[0373] The output part 783 sequentially outputs the lumi-
nance values by one pixel and the luminance values outputted
from the output part 783 constitute the high luminance region
expansion image. The high luminance region expander 733
generates the high luminance region expansion image (i.e.,
the LV image (a black-and-white image of a gray scale of an
adjusted luminance)) and transmits the high luminance
region expansion image to the LV panel 109.

[0374] A sequence of displaying an image according to the
seventh embodiment will be illustrated hereinafter.

[0375] As shown in FIG. 4, the image processing engine
104 ofthe main body 102 generates the RGB image displayed
by the image display device 101 and transmits the RGB image
to the LCD module 103.

[0376] The LCD module 103 receives the RGB image
through the interface 105, and the interface 105 transmits the
RGB image to the LCD controller 106 and the LV controller
708.

[0377] The LCD controller 106 receives the RGB image
from the interface 105 and processes the RGB image to trans-
mit the RGB image to the RGB panel 107.

[0378] The RGB panel 107 displays the RGB image
received from the LCD controller 106.

[0379] The LV controller 708 as the LCD controller 106
receives the RGB image from the interface 105.

[0380] The color matrix converter 130 of the LV controller
708 of FIG. 39 performs the color matrix conversion for the
received RGB image and generates the bit expansion input
image of a gray scale which has only light and shade of a
white to a black to transmit the bit expansion input image to
the bit expander 731.

[0381] The bit expander 731 receives the bit expansion
input image from the color matrix converter 130 and gener-
ates the bit expansion image (i.e., the LUT input image) by
expanding the bit number of the luminance value of each pixel
of the bit expansion input image. The values assigned to the
expanded bits are set based on the weighted value calculated
from the order relation between the object pixel and the
adjacent pixels. The bit expander 731 transmits the LUT input
image to the look-up table 732.

[0382] Thelook-up table 732 receives the LUT input image
from the bit expander 731. The correlation between lumi-
nance values before and after the gray level conversion is
registered in the look-up table 732.

[0383] The look-up table 732 performs the gray level con-
version for each pixel of the received LUT input image to
generate the LUT output image. The look-up table 732 trans-
mits the LUT output image to the high luminance region
expander 733.

[0384] The high luminance region expander 733 performs
the local signal process to the peak in the high luminance

Jun. 23,2016

region of the LUT output image and generates the high lumi-
nance region expansion image by expanding the high lumi-
nance region. When the luminance value of the object pixel is
the maximum or the local maximum in a horizontal n tab
including the object pixel, the high luminance region is
expanded by replacing the luminance value of each pixel in
the horizontal n tab with the luminance value of the object
pixel.

[0385] ThehighIuminance region expander 733 of FIG. 40
receives the LUT output image from the look-up table 732.
The received LUT output image is input to the pixel storing
part 781 and the output part 783 by one pixel. The pixel
storing part 781 stores the luminance values of the pixels in
the horizontal n tab of the horizontal line.

[0386] FIG. 42 is a flow chart showing a peak hold process
in an image display device according to a seventh embodi-
ment of the present invention.

[0387] InFIG. 42, one clock is progressed (step S101) and
each of the selection signals S1 to S5 is initialized as 0 (step
S102). The logic circuit part 782 receives the luminance
values of the 5 serial pixels (5 tab) from the registers X1 to X5
of the pixel storing part 781 (step S103). The logic circuit part
782 calculates the maximum and the minimum of the regis-
ters X1 to X5 and a dynamic range DR (i.e., a difference
between the maximum and the minimum) (step S104).
[0388] The logic circuit part 782 judges whether the regis-
ter X3 is greater than the first threshold value, whether the
dynamic range DR is greater than the second threshold value
and whether the register X3 is the maximum of the registers
X1 to X5 (step S105). When the judgment results are true
(Yes) (i.e., the luminance value X3 of the object pixel belongs
to the high luminance region having a luminance brighter
than a reference, the luminance value X3 of the object pixel is
the maximum among the luminance values X1 to X5 of the
adjacent pixels, and the luminance value X3 of the object
pixel has the difference greater than a reference as compared
with the luminance values X1 to X5 of the adjacent pixels),
the logic circuit part 782 judges that the replacement of the
luminance values X1 to X5 of the adjacent pixels with the
luminance value X3 of the object pixel has a definite effect
and sets the selection signals S1 to S5. When one of the
judgment results is not true (No), the logic circuit part 782
outputs the selection signals S1 to S5 having the initial value
of 0 of step S102. As a result, 0 is supplied to all of the first to
fifth selectors 783a to 783e as the selection signals, each
register Yi+1 receives the previous register Yi, and none of
values is replaced with the luminance value X3 of the object
pixel.

[0389] When the judgment results of the steps S105, S106
and S107 are true, the setting process of the selection signals
S1to S5is performed. The variable iis initialized (step S108).
Next, the value of the register Y1 is compared with the lumi-
nance value X3 of the object pixel (step S109). When the
luminance value X3 of the object pixel is greater than the
register Yi, the selection signal S1 is set as 1 (step S110).
Basically, each value of the registers Y is replaced with the
luminance value X3 of the object pixel by setting all of the
selection signals S1 to S5 as 1. However, the luminance value
of the initial state of the registers Y may be already replaced
as a result of the peak hold process for the object pixel in the
previous process cycle. Accordingly, the condition judgment
of the step S109 is performed and the value of the registers Y
is not updated (i.e., the selection signal S1 is maintained as 0)
when the luminance value X3 of the object pixel of the present
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cycle is smaller than the value of the registers which has a
possibility of update. As a result, the maximum luminance
value that the corresponding pixel may have is maintained.
[0390] Thelogic circuit part 782 increases the variable i by
increment (step S111) and repeatedly performs the compari-
son process for the registers Y1 to Y5 and the setting process
for the selection signals S1 to S5. When the comparison
process for the registers Y1 to Y5 and the setting process for
the selection signals S1 to S5 are completed (step S112), the
logic circuit part 782 outputs the selection signals S1 to S5 to
the output part 783 (step S113).

[0391] Theoutput part 783 receives the selection signals S1
to S5 and the luminance value X3 of the object pixel, updates
the values of the registers Y2 to Y6 and outputs the luminance
values of the results of the peak hold process by one pixel for
one cycle.

[0392] The high luminance region expander 733 transmits
the output of the output part 783 to the LV panel 109 as the
high luminance region expansion image (i.e., LV image (i.e.,
a black-and-white image of a gray scale of an adjusted lumi-
nance)).

[0393] As a result, the luminance value X3 of the object
pixel is supplied to the pixel belonging to the region judged
that the update of the luminance value after the peak hold
process is required in the LV image, and the corresponding
pixel is displayed with a brighter luminance by the luminance
value X3 of the object pixel. The RGB image is simulta-
neously displayed in the RGB panel 107 through the LCD
controller 106 as the RGB image and in the LV panel 109
through the LV controller 408 as the LV image of a gray scale
which has only light and shade of a white to a black.

[0394] Since the RGB panel 107 as a front LCD panel and
the LV panel 109 as a rear LCD panel overlap each other as
shown in FIG. 5, the light emitted from the light source 120
through the backlight unit 110 sequentially passes the LV
panel 109 where the LV image based on the RGB image is
displayed and the RGB panel 107 where the RGB image is
displayed to reach an eye of a human. While the light passes
through the LV panel 109 and the RGB panel 107, the color
and the luminance of the light are controlled by the CF sub-
strate 111 of the RGB panel 107 and the liquid crystal layers
(not shown) of each of the LV panel 109 and the RGB panel
107.

[0395] Since the luminance may be individually controlled
by each of the LV panel 109 and the RGB panel 107, the
contrast ratio may be minutely controlled.

[0396] The light emitting from the backlight unit 110 and
reaching an eye of a human through the L'V panel 109 and the
RGB panel 107 has a transmittance obtained by multiplica-
tion of a transmittance of the LV panel 109 and a transmit-
tance of the RGB panel 107.

[0397] In the seventh embodiment, since the correspon-
dence graph of the input luminance value and the output
luminance value in the look-up table 732 may be the same as
FIG. 34, minute control of the contrast ratio, prevention of the
black lifting, simple structure of the circuit and low fabrica-
tion cost are obtained similarly to the fifth embodiment.

[0398] Similarly, since the method for setting the correla-
tion in the look-up table 732 of the seventh embodiment is the
same as the method for setting the correlation in the look-up
table 532 of the fifth embodiment, the correlation of the input
luminance value and the output luminance value is the same
as the correlation of FIG. 34. Accordingly, as in the fifth
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embodiment, the gray level property naturally shown to a
human is obtained in the seventh embodiment.

[0399] FIGS.43A,43B,43C and 43D are views showing an
experimental result of an image display device according to a
seventh embodiment of the present invention, and FIGS. 44A,
44B, 44C and 44D are views showing a magnified experi-
mental result of an image display device according to a sev-
enth embodiment of the present invention.

[0400] FIG. 43A shows an RGB image, FIG. 43B shows a
bit expansion input image obtained by performing a color
matrix conversion for the RGB image, F1G. 43C shows an LV
image obtained by performing a bit expansion by the bit
expander and a gray level conversion and a peak hold process
to the bit expansion input image by the look-up table 732, and
FIG. 43D shows a final output image obtained by overlapping
the RGB image of FIG. 43A and the LV image of FIG. 43C.

[0401] FIGS. 44A to 44D are magnified views of FIGS.
43A t0 43D.
[0402] In the final output image, the gray level property of

a black is improved and the image display having a high
contrast ratio is obtained. Further, a dual image and a color
distortion at an edge are prevented.

[0403] An image display device according to an eighth
embodiment of the present invention will be illustrated here-
inafter. A structure of the eighth embodiment is the same as a
structure of the seventh embodiment except for the high lumi-
nance region expander 733.

[0404] In the high luminance region expander 733 of the
eighth embodiment, an edge hold process instead of the peak
hold process is performed. The high luminance region
expander 733 performs the local signal process to an edge of
the high luminance region of the LUT output image and
generates the high luminance region expansion image by
expanding the high luminance region.

[0405] Similarly to the seventh embodiment, the high lumi-
nance region expander 733 of the eighth embodiment
includes the pixel storing part 781, the logic circuit part 782
and the output part 783. The pixel storing part 781 includes
registers X1 to X5, and the output part 783 includes registers
Y1 to Y6 and first to fifth selectors 7834 to 783e.

[0406] In addition, connection and operation of the regis-
ters X1 to X5 of the pixel storing part 781 and connection and
operation of the registers Y1 to Y6 and the first to fifth selec-
tors 783a to 783e of the output part 783 of the eighth embodi-
ment are the same as those of the seventh embodiment.
[0407] The process of the high luminance region expander
733 of the logic circuit part 782 of the eighth embodiment is
different from those of the seventh embodiment. The high
luminance region expander 733 performs the edge hold pro-
cess and the logic circuit part 782 sets the selection signals S1
to S5 for the edge hold process. In the edge hold process,
when the luminance value X3 of the object pixel is greater
than the luminance value X1 and X2 in the registers (i.e., the
luminance values of the pixels at left of the object pixel), 1 is
set as the selection signal. In addition, when the luminance
value X3 of the object pixel is greater than the luminance
value X4 and X5 in the registers (i.c., the luminance values of
the pixels at right of the object pixel), 1 is set as the selection
signal.

[0408] FIG. 45 is a view showing an edge peak process in
an image display device according to an eighth embodiment
of the present invention.

[0409] In FIG. 45, a horizontal axis represents the pixel
sequentially arranged in a horizontal line, and a vertical axis
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represents the luminance value of each pixel. A white circle
represents the original luminance value corresponding to
each pixel of the LUT output image and input to the high
luminance region expander 733. In the edge hold process, the
luminance value of the object pixel is compared with the
luminance values of total 5 pixels atleft and right of the object
pixel. When the luminance value of the pixel at left or right of
the object pixel is smaller than the luminance value of the
object pixel, the selection signals S1 to S5 are set such that the
luminance value of the pixel at left or right of the object pixel
is updated with the luminance value of the object pixel.
[0410] When the luminance value X3 is greater than a third
threshold value and a difference between the luminance value
of the object pixel and the luminance value of the pixel at left
or right of the object pixel is greater than a fourth threshold
value, the process of the logic circuit part 782 is performed.
As a result, the process is performed when the edge has a
relatively high luminance value and the difference of the
luminance of the edge and the luminances of the adjacent
pixels is relatively great.

[0411] The output part 783 sequentially outputs the lumi-
nance values by one pixel and the luminance values outputted
from the output part 783 constitute the high luminance region
expansion image. The high luminance region expander 733
generates the high luminance region expansion image (i.e.,
the LV image (a black-and-white image of a gray scale of an
adjusted luminance)) and transmits the high luminance
region expansion image to the LV panel 109.

[0412] A sequence of displaying an image according to the
eighth embodiment will be illustrated hereinafter. Since the
difference of the eighth embodiment from the seventh
embodiment is the process of the logic circuit part 782, the
process of the logic circuit part 782 will be illustrated.
[0413] The high luminance region expander 733 performs
the local signal process to the edge in the high luminance
region of the LUT output image and generates the high lumi-
nance region expansion image by expanding the high lumi-
nance region. When the luminance value of the object pixel is
greater than the luminance value of the pixel at left of the
object pixel, the luminance value of the pixel at left of the
object pixel is replaced with the luminance value of the object
pixel. When the luminance value of the object pixel is greater
than the luminance value of the pixel at right of the object
pixel, the luminance value of the pixel at right of the object
pixel is replaced with the luminance value of the object pixel.
As a result, the high luminance region is expanded.

[0414] Thehigh luminance region expander 733 of FIG. 40
receives the LUT output image from the look-up table 732.
The received LUT output image is input to the pixel storing
part 781 and the output part 783 by one pixel. The pixel
storing part 781 stores the luminance values of the pixels in
the horizontal n tab of the horizontal line.

[0415] FIG. 46 is aflow chart showing an edge hold process
in an image display device according to an eighth embodi-
ment of the present invention.

[0416] InFIG. 46, one clock is progressed (step S201) and
each of the selection signals S1 to S5 is initialized as 0 (step
S202). The logic circuit part 782 receives the luminance
values of the 5 serial pixels (5 tab) from the registers X1 to X5
of the pixel storing part 781 (step S203).

[0417] The logic circuit part 782 judges whether the regis-
ter X3 is greater than the third threshold value (step S204).
When the judgment result is true (Yes) (i.e., the luminance
value X3 of the object pixel belongs to the high luminance
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region having a luminance brighter than a reference), the
logic circuit part 782 performs the edge hold process. When
the judgment result is not true (No), the logic circuit part 782
outputs the selection signals S1 to S5 having the initial value
of 0 of step S202. As a result, 0 is supplied to all of the first to
fifth selectors 783a to 783e¢ as the selection signals, each
register Yi+1 receives the previous register Yi, and none of
values is replaced with the luminance value X3 of the object
pixel.

[0418] When the judgment result of the steps S204 is true,
the logic circuit part 782 calculates the left difference Left
between the luminance value X3 of the object pixel and the
luminance value X2 of the left pixel (step S205) and judges
whether the left difference Left is greater than the fourth
threshold value (step S206). When the judgment result of step
S206 is true (i.e., the left difference Left is greater than the
fourth threshold value), the logic circuit part 782 performs the
edge hold process to the luminance values X2 and X1 of the
left pixels. When the judgment result of step S206 is not true,
the logic circuit part 782 compares the luminance value X3 of
the object pixel with the luminance values of the right pixels
(step S212).

[0419] When the left difference Left is greater than the
fourth threshold value, the variable 1is initialized (step S207).
Next, the value of the register Yi is compared with the lumi-
nance value X3 of the object pixel (step S208). When the
luminance value X3 of the object pixel is greater than the
register Y1, the selection signal S1 is set as 1 (step S209).
Similarly to the step S109 of the peak hold process, the
condition judgment of the step S208 is performed for prevent-
ing the replacement with a smaller value.

[0420] The logic circuit part 782 increases the variable i by
increment (step S210) and repeatedly performs the compari-
son process for the registers Y1and Y2 and the setting process
for the selection signals S1 and S2. When the comparison
process for the registers Y1 and Y2 and the setting process for
the selection signals S1 and S2 are completed (step S211), the
logic circuit part 782 compares the luminance value X3 of the
object pixel and the luminance values of the right pixels.
[0421] In the comparison process of the luminance value
X3 of the object pixel and the luminance values of the right
pixels, the logic circuit part 782 calculates the right difference
Right between the luminance value X3 of the object pixel and
the luminance value X4 of the right pixel (step S212) and
judges whether the right difference Right is greater than the
fourth threshold value (step S213). When the judgment result
of step S213 is true (i.e., the right difference Right is greater
than the fourth threshold value), the logic circuit part 782
performs the edge hold process to the luminance values X4
and X5 of the right pixels. When the judgment result of step
S206 is not true, the logic circuit part 782 transmits the
selection signals S1 to S5 which are set in the comparison
process of the luminance value X3 of the object pixel and the
luminance values of the left pixels to the output part 783 (step
S219).

[0422] When the right difference Right is greater than the
fourth threshold value, the variable i is initialized as 3 (step
S214). Next, the value of the register Y1 is compared with the
luminance value X3 of the object pixel (step S215). When the
luminance value X3 of the object pixel is greater than the
register Yi, the selection signal S1 is set as 1 (step S216).
Similarly to the step S109 of the peak hold process, the
condition judgment of the step S215 is performed for prevent-
ing the replacement with a smaller value.
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[0423] The logic circuit part 782 increases the variable i by
increment (step S217) and repeatedly performs the compari-
son process for the registers Y3 to Y5 and the setting process
for the selection signals S3 to S5. When the comparison
process for the registers Y3 to Y5 and the setting process for
the selection signals S3 to S5 are completed (step S218), the
logic circuit part 782 outputs the selection signals S1 to S5 to
the output part 783 (step S219).

[0424] The output part 783 receives the selection signals S1
to S5 and the luminance value X3 of the object pixel, updates
the values of the registers Y2 to Y6 and outputs the luminance
values of the results of the edge hold process by one pixel for
one cycle.

[0425] The high luminance region expander 733 transmits
the output of the output part 783 to the LV panel 109 as the
high luminance region expansion image (i.e., LV image (i.e.,
a black-and-white image of a gray scale of an adjusted lumi-
nance)).

[0426] As a result, the luminance value X3 of the object
pixel is supplied to the pixel belonging to the region judged
that the update of the luminance value after the edge hold
process is required in the LV image, and the corresponding
pixel is displayed with a brighter luminance by the luminance
value X3 of the object pixel.

[0427] Although the edge hold process of the eighth
embodiment is different from the peak hold process of the
seventh embodiment, the edge hold process and the peak hold
process may commonly expand the high luminance region.
As aresult, a dual image and a color distortion at an edge are
prevented similarly to the seventh embodiment.

[0428] In principle, the peak hold process is effective to an
image including only one point of a bright peak. However,
when the pixels having a similar luminance value gathers, the
peak hold process is not sufficient. In this case, the high
luminance region may be effectively expanded by the edge
hold process. The structure of the logic circuit 782 for the
edge hold process is more complicated than the structure of
the logic circuit 782 for the peak hold process. Accordingly,
oneofthe peak hold process and the edge hold process may be
selected by a trade-off between a product cost and a circuit
performance.

[0429] Since the image display device of the eighth
embodiment is the same as the image display device of the
seventh embodiment except for the logic circuit 782, minute
control of the contrast ratio, prevention of the black lifting,
the gray level property naturally shown to a human, preven-
tion of a dual image and a color distortion and low fabrication
cost are obtained similarly to the seventh embodiment.

[0430] FIGS.47A,47B,47C and 47D are views showing an
experimental result of an image display device according to
an eighth embodiment of the present invention, and FIG. 48 is
a view showing a magnified experimental result of an image
display device according to an eighth embodiment of the
present invention.

[0431] FIG. 47A shows an RGB image, FI1G. 47B shows a
bit expansion input image obtained by performing a color
matrix conversion for the RGB image, F1G. 47C shows an LV
image obtained by performing a bit expansion by the bit
expander and a gray level conversion and an edge hold pro-
cess to the bitexpansion input image by the look-up table 732,
and FIG. 47D shows a final output image obtained by over-
lapping the RGB image of F1G. 47A and the LV image of FIG.
47C.
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[0432] FIGS. 48A to 48D are magnified views of FIGS.
47A to 47D.
[0433] In the final output image, the gray level property of

a black is improved and the image display having a high
contrast ratio is obtained. Further, a dual image and a color
distortion at an edge are prevented.

[0434] In the seventh and eighth embodiments, since a
group of pixels of one horizontal line is input to the high
luminance region expander 733, the peak hold process and
the edge hold process are performed with reference to the
luminance values of the pixels in the same horizontal line as
the object pixel (i.e., the pixels adjacent to the object pixel
along a horizontal direction). In another embodiment, the
peak hold process and the edge hold process may be per-
formed with reference to the luminance values of the pixels in
the same vertical line as the object pixel, thereby the peak
hold process and the edge hold process expanding two-di-
mensionally.

[0435] In another embodiment, the peak hold process and
the edge hold process may be performed along the vertical
direction by changing the scan direction.

[0436] Inthe peak hold process, when the luminance value
of the object pixel is the maximum or the local maximum in
avertical n tab including the object pixel, the high luminance
region may be expanded by replacing the luminance value of
each pixel in the vertical n tab with the luminance value of the
object pixel.

[0437] Inthe edge hold process, when the luminance value
of the object pixel is greater than the luminance values of the
upper pixels of the object pixel ina vertical n tab including the
object pixel, the high luminance region may be expanded by
replacing the luminance values of the upper pixels in the
vertical n tab with the luminance value of the object pixel. In
addition, when the luminance value of the object pixel is
greater than the luminance values of the lower pixels of the
object pixel in a vertical n tab including the object pixel, the
high luminance region may be expanded by replacing the
luminance values of the lower pixels in the vertical n tab with
the luminance value of the object pixel.

[0438] Inthe edgehold process along the vertical direction,
a dual image and a color distortion at an edge along the
vertical direction may be prevented.

[0439] In the seventh and eighth embodiments, the high
luminance region expander 733 receives the LUT output
image from the look-up table 732 and performs the process to
the LUT output image. In another embodiment, the high
luminance region expander 733 may be disposed between the
bit expander 731 and the look-up table 732. The high lumi-
nance region expander 733 may receive the bit expansion
image from the bit expander 731 and may perform the high
luminance region expansion to provide the result image to the
look-up table 732. The look-up table 732 may perform the
gray level conversion to generate the LUT output image and
may transmit the LUT output image to the LV panel 109 as the
LV image (a black-and-white image of a gray scale of an
adjusted luminance). In the seventh and eighth embodiments,
since the high luminance region expander 733 and the look-
up table 732 perform the luminance adjustment for the image
of a gray scale, the sequence of the processes of the high
luminance region expander 733 and the look-up table 732
may be changed.

[0440] When the sequence of the processes is changed, the
bit number of the luminance value expanded in the bit
expander 731 may be reduced in the look-up table 732 after
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passing through the high luminance region expander 733. As
aresult, the circuit size of the high luminance region expander
733 which processes with the expanded bit number may
increase.

[0441] To prevent increase of the circuit size, the bit
expander 731 may be omitted so that the image data can be
transmitted through the color matrix converter 130, the high
luminance region expander 733 and the look-up table 732.
The high luminance region expander 733 may receive the
color matrix conversion image from the color matrix con-
verter 130 and may perform the high luminance expansion
process. The high luminance region expander 733 may trans-
mit the result image (LUT input image) to the look-up table
732 and the look-up table 732 may perform the gray level
conversion to generate the LUT output image. The look-up
table 732 may transmit the LUT output image to the LV panel
109 as the LV image (a black-and-white image of a gray scale
of an adjusted luminance).

[0442] Alternatively, in the structure of the LV controller
708 of FIG. 39 of the seventh and eighth embodiments, the bit
expander 731 may be omitted so that the image data can be
transmitted through the color matrix converter 130, the look-
up table 732 and the high luminance region expander 733.
The look-up table 732 may receive the color matrix convet-
sion image from the color matrix converter 130 and may
perform the gray level conversion. The look-up table 732 may
transmit the result image (LUT output image) to the high
luminance region expander 733 and the high luminance
region expander 733 may perform the high luminance region
expansion to generate the high luminance region expansion
image. The high luminance region expander 733 may trans-
mit the high luminance region expansion image to the LV
panel 109 as the LV image (a black-and-white image of a gray
scale of an adjusted luminance).

[0443] Inthe seventh and eighth embodiments, the look-up
table 732 performs the gray level conversion with change of
the bit number such that the input luminance value of the
expanded bit number is converted to the output luminance
value of the original bit number. When the bit expander 731 is
omitted, the look-up table 732 may perform the gray level
conversion without change of the bit number such that the
input luminance value and the output luminance value have
the same original bit number.

[0444] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A method of displaying an image using an image display
device including a front LCD panel and a rear LCD panel
overlapping each other, comprising:

displaying an RGB image in the front LCD panel,

generating a black-and-white image having a luminance

value adjusted by a pixel by signal-processing the RGB
image; and

displaying the black-and-white image in the rear LCD

panel.

2. The method of claim 1, wherein generating the black-
and-white image comprises:

generating a binary data by binarizing a luminance value of

a pixel of a first image based on the RGB image;
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generating one of a high luminance region expansion
binary data and a low luminance region reduction binary
data by expanding a high luminance region of the binary
data and by reducing a low luminance region of the
binary data; and

replacing the luminance value of the pixel of the first image

according to a value of a pixel of one of the high lumi-
nance region expansion binary data and the low lumi-
nance region reduction binary data.

3. The method of claim 2, wherein generating the first
image comprises:

generating an LUT input image from the RGB image

through a color matrix conversion; and

converting a gray level of the LUT input image with a

look-up table where a correlation of the luminance value
before and after a gray level conversion is registered.

4. The method of claim 2, wherein generating the binary
data comprises:

setting a value corresponding to the pixel of the binary data

as 1 according to ajudgment that the pixel belongs to the
high luminance region when of the luminance value of
the pixel of the first image is greater than a first threshold
value; and

setting the value corresponding to the pixel of the binary

data as 0 according to a judgment that the pixel belongs
to the low luminance region when of the luminance
value of the pixel of the first image is smaller than the
first threshold value.

5. The method of claim 4, wherein generating the high
luminance region expansion binary data when the high lumi-
nance region is expanded comprises:

when the binary data corresponding to the pixel is 1 and the

binary data of an adjacent pixel of the pixel is 0, replac-
ing the binary data of the adjacent pixel with 1.

6. The method of claim 4, wherein generating the low
luminance region reduction binary data when the low lumi-
nance region is reduced comprises:

when the binary data corresponding to the pixel is 0 and the

binary data of an adjacent pixel of the pixel is 1, replac-
ing the binary data of the pixel with 1.

7. The method of claim 5, wherein when the high lumi-
nance region expansion binary data corresponding to the
pixel is 1, the luminance value of the pixel of the first image
is replaced with a luminance value corresponding to the high
luminance region.

8. The method of claim 2, wherein a size of one of the
expanded high luminance region and the reduced low lumi-
nance region is determined by at least one of a distance
between the front LCD panel and the rear LCD panel and a
size of the RGB image.

9. The method of claim 1, wherein generating the black-
and-white image comprises:

detecting a high band where a spatial frequency of a lumi-

nance value of a pixel of a first image based on the RGB
image is greater than a reference value; and

replacing the luminance value of the pixel of the first image

corresponding to the high band.

10. The method of claim 9, wherein generating the first
image comprises:

generating an LUT input image from the RGB image

through a color matrix conversion; and

converting a gray level of the LUT input image with a

look-up table where a correlation of the luminance value
before and after a gray level conversion is registered.
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11. The method of claim 10, wherein detecting the high

band comprises:

calculating a variance of the luminance value of an adja-
cent pixel of the pixel of the first image;

when the variance is equal to or greater than a second
threshold value, judging that the adjacent pixel belongs
to the high band and setting a high band judge flag as 1;
and

when the variance is smaller than the second threshold
value, judging that the adjacent pixel does not belong to
the high band and setting the high band judge flag as 0.

12. The method of claim 11, wherein when the high band

flag of the pixel is 1, the luminance value of the pixel of the
first image is replaced with one of a luminance value corre-
sponding to the high luminance region and a corresponding
luminance value of an output image through a low pass fil-
tering to the first image.

13. An image display device including a front LCD panel

and a rear LCD panel overlapping each other, comprising:
an LCD controller signal-processing an RGB image and
supplying the signal-processed RGB image to the front
LCD panel; and

an LV controller generating a black-and-white image hav-
ing a luminance value adjusted by a pixel by signal-
processing the RGB image and supplying the black-and-
white image to the rear LCD panel.

14. The image display device of claim 13, wherein the LV

controller comprises:

a binarizer generating a binary data by binarizing a lumi-
nance value of a pixel of a first image based on the RGB
image;

a region processor generating one of a high luminance
region expansion binary data and a low luminance
region reduction binary data by expanding a high lumi-
nance region of the binary data and by reducing a low
luminance region of the binary data; and

adatareplacer replacing the luminance value of the pixel of
the first image according to a value of a pixel of one of
the high luminance region expansion binary data and the
low luminance region reduction binary data.

15. The image display device of claim 14, wherein the LV

controller further comprises:

a color matrix converter generating an LUT input image
from the RGB image through a color matrix conversion;
and

a look-up table converting a gray level of the LUT input
image and generating the first image, a correlation of the
luminance value before and after a gray level conversion
registered in the look-up table.

16. The image display device of claim 14, wherein the

binarizer sets:

a value corresponding to the pixel of the binary data as 1
according to a judgment that the pixel belongs to the
high luminance region when of the luminance value of
the pixel of the first image is greater than a first threshold
value; and

the value corresponding to the pixel of the binary data as 0
according to a judgment that the pixel belongs to the low
luminance region when of the luminance value of the
pixel of the first image is smaller than the first threshold
value.

17. The image display device of claim 16, wherein when

the high luminance region is expanded and when the binary
data corresponding to the pixel is 1 and the binary data of an
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adjacent pixel of the pixel is 0, the region processor replaces
the binary data of the adjacent pixel with 1.

18. The image display device of claim 16, wherein when
the low luminance region is reduced and when the binary data
corresponding to the pixel is 0 and the binary data of an
adjacent pixel of the pixel is 1, the region processor replaces
the binary data of the pixel with 1.

19. The image display device of claim 17, wherein when
the high luminance region expansion binary data correspond-
ing to the pixel is 1, the data replacer replaces the luminance
value of the pixel of the first image with a luminance value
corresponding to the high luminance region.

20. The image display device of claim 14, wherein a size of
one of the expanded high luminance region and the reduced
low luminance region is determined by at least one of a
distance between the front LCD panel and the rear LCD panel
and a size of the RGB image.

21. The image display device of claim 13, wherein the LV
controller comprises:

a high band detector detecting a high band where a spatial
frequency of a luminance value of a pixel of a first image
based on the RGB image is greater than a reference
value; and

adatareplacer replacing the luminance value of the pixel of
the first image corresponding to the high band.

22. The image display device of claim 21, wherein the LV

controller further comprises:

a color matrix converter generating an LUT input image
from the RGB image through a color matrix conversion;
and

a look-up table converting a gray level of the LUT input
image and generating the first image, a correlation of the
luminance value before and after a gray level conversion
registered in the look-up table.

23. The image display device of claim 22, wherein the high

band detector comprises:

a variance calculator calculating a variance of the lumi-
nance value of an adjacent pixel of the pixel of the first
image;

acomparator judging that the adjacent pixel belongs to the
high band and setting a high band judge flag as 1 when
the variance is equal to or greater than a second threshold
value, and judging that the adjacent pixel does not
belong to the high band and setting the high band judge
flag as 0 when the variance is smaller than the second
threshold value.

24. The image display device of claim 23, wherein when
the high band flag of the pixel is 1, the data replacer replaces
the luminance value of the pixel of the first image with one of
a luminance value corresponding to the high luminance
region and a corresponding luminance value of an output
image through a low pass filtering to the first image.

25. A method of displaying an image using an image dis-
play device including a front LCD panel and arear LCD panel
overlapping each other, comprising:

displaying an RGB image in the front LCD panel,

generatingan LUT output image having a luminance value
by converting a gray level of a first image based on the
RGB image with a look-up table where a correlation of
the luminance value before and after a gray level con-
version is registered; and

displaying a black-and-white image based on the LUT
output image in the rear LCD panel,
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wherein when a luminance value of a pixel of the first
image is equal to or greater than a first threshold value,
the correlation is set such that the luminance value of the
pixel is replaced with a first luminance value, and

wherein when the luminance value of the pixel of the first
imageis equal to or greater than a second threshold value
greater than the first threshold value, the correlation is
set such that the luminance value of the pixel is replaced
with a maximum luminance value.

26. The method of claim 25, wherein generating the black-
and-white image comprises:

generating a high luminance region expansion data by

expanding a high luminance region of the LUT output
image;

generating an LPF applied image by applying a low pass

filtering to the LUT output image; and

generating the black-and-white image by selecting one of a

luminance of a pixel of the LUT output image and a
luminance ofa pixel of the LPF applied image according
to a value corresponding to the pixel of the high lumi-
nance region expansion data.

27. The method of claim 25, wherein when the luminance
value of the pixel of the first image is smaller than the first
threshold value, the correlation is set such that the luminance
value of the pixel is replaced with a value between 0 and the
first luminance value.

28. The method of claim 26, wherein generating the high
luminance region expansion data comprises:

when the luminance value of the pixel of the LUT output

image is the maximum luminance value and aluminance
value of an adjacent pixel of the pixel is not the maxi-
mum luminance value, replacing the luminance value of
the adjacent pixel with the maximum luminance value.
29. The method of claim 26, wherein generating the black-
and-white image comprises:
when a value corresponding to the pixel of the high lumi-
nance region expansion data is the maximum luminance
value, selecting the luminance value of the pixel of the
LPF applied image; and

when the value corresponding to the pixel of the high
luminance region expansion data is not the maximum
luminance value, selecting the luminance value of the
pixel of the LUT output image.
30. The method of claim 25, wherein the first image is
generated from the RGB image through a color matrix con-
version.
31. An image display device including a front LCD panel
and a rear LCD panel overlapping each other, comprising:
an LCD controller signal-processing an RGB image and
supplying the signal-processed RGB image to the front
LCD panel; and

an LV controller including alook-up table that generates an
LUT output image having a luminance value by convert-
ing a gray level of a first image based on the RGB image
and supplying a black-and-white image based on the
LUT output image to the rear LCD panel, a correlation
of the luminance value before and after a gray level
conversion registered in the look-up table,

wherein when a luminance value of a pixel of the first

image is equal to or greater than a first threshold value,
the correlation is set such that the luminance value of the
pixel is replaced with a first luminance value, and
wherein when the luminance value of the pixel of the first
imageis equal to or greater than a second threshold value
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greater than the first threshold value, the correlation is
set such that the luminance value of the pixel is replaced
with a maximum luminance value.

32. The image display device of claim 31, wherein the LV
controller comprises:

a high luminance region expander generating a high lumi-
nance region expansion data by expanding a high lumi-
nance region of the LUT output image;

alow pass filter generating an LPF applied image by apply-
ing a low pass filtering to the LUT output image; and

a selector generating the black-and-white image by select-
ing one of a luminance of a pixel of the LUT output
image and a luminance of a pixel of the LPF applied
image according to a value corresponding to the pixel of
the high luminance region expansion data.

33. The image display device of claim 31, wherein when
the luminance value of the pixel of the first image is smaller
than the first threshold value, the correlation is set such that
the luminance value of the pixel is replaced with a value
between 0 and the first luminance value.

34. The image display device of claim 32, wherein when
the luminance value of the pixel of the LUT output image is
the maximum luminance value and a luminance value of an
adjacent pixel of the pixel is not the maximum luminance
value, the high luminance region expander generates the high
luminance region expansion data by replacing the luminance
value of the adjacent pixel with the maximum luminance
value.

35. The image display device of claim 32, wherein the
selector generates the black-and-white image by:

when a value corresponding to the pixel of the high lumi-
nance region expansion data is the maximum luminance
value, selecting the luminance value of the pixel of the
LPF applied image; and

when the value corresponding to the pixel of the high
luminance region expansion data is not the maximum
luminance value, selecting the luminance value of the
pixel of the LUT output image.

36. The image display device of claim 31, wherein the LV
controller further comprises a color matrix converter genet-
ating the first image from the RGB image through a color
matrix conversion.

37. A method of displaying an image using an image dis-
play device including a front LCD panel and arear LCD panel
overlapping each other, comprising:

displaying an RGB image in the front L.CD panel,

generating a black-and-white image having a luminance
value by converting a gray level of an LUT input image
based on the RGB image with a look-up table where a
correlation of the luminance value before and after a
gray level conversion is registered; and

displaying the black-and-white image in the rear LCD
panel,

wherein the correlation is obtained:

by calculating a correction coefficient from a measured
value of an output luminance value of the rear LCD
panel where a measuring point between 0 to a maximum
luminance value is used as an input luminance value and
an ideal value of the output luminance value where the
measuring point is used as the input luminance value;
and

by normalizing the correction coefficient with the maxi-
mum luminance value.
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38. The method of claim 37, wherein the LUT input image
is generated from the RGB image through a color matrix
conversion.

39. A method of displaying an image using an image dis-
play device including an LCD panel, comprising:

generating an LUT output image by converting a gray level

of an LUT input image based on the RGB image with a
look-up table where a correlation of the luminance value
before and after a gray level conversion is registered; and
displaying the LUT output image in the LCD panel,
wherein the correlation is obtained:
by calculating a correction coefficient from a measured
value of an output luminance value of the LCD panel
where a measuring point between 0 to a maximum
luminance value is used as an input luminance value
and an ideal value of the output luminance value
where the measuring point is used as the input lumi-
nance value; and
by normalizing the correction coefficient with the maxi-
mum luminance value.

40. The method of claim 39, wherein generating the LUT
input image comprises expanding a bit number of a lumi-
nance value of a pixel of the RGB image.

41. The method of claim 40, wherein a value assigned to an
expanded bit is set based on a weighted value calculated from
an order relation between the pixel and an adjacent pixel of
the pixel.

42. The method of claim 39, wherein the correlation for a
virtual point other than the measuring point is obtained:

by linearly interpolating the measured value of the mea-

suring point to obtain a corresponding measured value of
the luminance value of the virtual point; and

by calculating the correction coefficient from the corre-

sponding measured value and the ideal value; and

by normalizing the correction coefficient with the maxi-

mum luminance value.
43. An image display device including a front LCD panel
and a rear LCD panel overlapping each other, comprising:
an LCD controller signal-processing an RGB image and
supplying the signal-processed RGB image to the front
LCD panel; and

an LV controller including a look-up table that generates a
black-and-white image having a luminance value by
converting a gray level of an LUT input image based on
the RGB image and supplying the black-and-white
image to the rear LCD panel, a correlation of the lumi-
nance value before and after a gray level conversion
registered in the look-up table,

wherein the correlation is obtained:

by calculating a correction coefficient from a measured
value of an output luminance value of the rear LCD
panel where a measuring point between 0 to a maxi-
mum luminance value is used as an input luminance
value and an ideal value of the output luminance value
where the measuring point is used as the input lumi-
nance value; and

by normalizing the correction coefficient with the maxi-
mum luminance value.

44. The device of claim 43, wherein the LV controller
further includes a color matrix converter generating the LUT
input image from the RGB image through a color matrix
conversion.
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45. An image display device comprising:

a look-up table generating an LUT output image by con-
verting a gray level of an LUT input image based on the
RGB image, a correlation of the luminance value before
and after a gray level conversion registered in the look-
up table where; and

an LCD panel displaying the LUT output image,

wherein the correlation is obtained:

by calculating a correction coefficient from a measured
value of an output luminance value of the LCD panel
where a measuring point between 0 to a maximum lumi-
nance value is used as an input luminance value and an
ideal value of the output luminance value where the
measuring point is used as the input luminance value;
and

by normalizing the correction coefficient with the maxi-
mum luminance value.

46. The device of claim 45, further comprising a bit
expander generating the LUT input image by expanding a bit
number of a luminance value of a pixel of the RGB image.

47. The device of claim 46, wherein a value assigned to an
expanded bit is set based on a weighted value calculated from
an order relation between the pixel and an adjacent pixel of
the pixel.

48. The device of claim 45, wherein the correlation for a
virtual point other than the measuring point is obtained:

by linearly interpolating the measured value of the mea-
suring point to obtain a corresponding measured value of
the luminance value of the virtual point; and

by calculating the correction coefficient from the corre-
sponding measured value and the ideal value; and

by normalizing the correction coefficient with the maxi-
mum luminance value.

49. A method of displaying an image using an image dis-
play device including a front LCD panel and arear LCD panel
overlapping each other, comprising:

displaying an RGB image in the front LCD panel,

generating a high luminance region expansion image by
locally signal-processing one of a peak and an edge ofa
high luminance region of a first image based on the RGB
image and by expanding the high luminance region; and

displaying a black-and-white image based on the high
luminance region expansion image in the rear LCD
panel.

50. The method of claim 49, wherein when the peak of the

high luminance region is signal-processed,

when a luminance value of an object pixel is one of a
maximum or a local maximum in a horizontal n tab
including the object pixel, the high luminance region is
expanded by replacing a luminance value of the pixel in
the horizontal n tab with a luminance value of the object
pixel.

51. The method of claim 50, wherein when the luminance
value of the object pixel is greater than a first threshold value
and a difference between a maximum and a minimum of the
luminance value in the horizontal n tab is greater than a
second threshold value, the high luminance region is
expanded.

52. The method of claim 49, wherein when the edge of the
high luminance region is signal-processed, the high lumi-
nance region is expanded by:

when a luminance value of an object pixel is greater than a
luminance value of a left pixel in a horizontal n tab
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including the object pixel, replacing the luminance of
the left pixel with the luminance of the object pixel; and

when the luminance value of the object pixel is greater than
a luminance value of a right pixel in the horizontal n tab,
replacing the luminance of the right pixel with the lumi-
nance of the object pixel.

53. The method of claim 52, wherein when the luminance
value of'the object pixel is greater than a third threshold value
and a difference between the luminance of the object pixel
and the luminance of one of the left and right pixels is greater
than a fourth threshold value, the high luminance region is
expanded.

54. The method of claim 49, wherein when the peak of the
high luminance region is signal-processed,

when a luminance value of an object pixel is one of a

maximum or a local maximum in a vertical n tab includ-
ing the object pixel, the high luminance region is
expanded by replacing a luminance value of the pixel in
the vertical n tab with a luminance value of the object
pixel.

55. The method of claim 49, wherein when the edge of the
high luminance region is signal-processed, the high lumi-
nance region is expanded by:

when a luminance value of an object pixel is greater than a

luminance value of an upper pixel in a vertical n tab
including the object pixel, replacing the luminance of
the upper pixel with the luminance of the object pixel;
and

when the luminance value of the object pixel is greater than

a luminance value of a lower pixel in the vertical n tab,
replacing the luminance of the lower pixel with the lumi-
nance of the object pixel.
56. The method of claim 49, wherein generating the first
image comprises:
generating a color matrix conversion image from the RGB
image through a color matrix conversion; and

converting a gray level of a second image based on the
color matrix conversion image with a look-up table
where a correlation of the luminance value before and
after a gray level conversion is registered.
57. The method of claim 56, wherein generating the second
image comprises expanding a bit number of a luminance
value of a pixel of the color matrix conversion image.
58. The method of claim 49, wherein the first image is
generated from the RGB image through a color matrix con-
version, and the black-and-white image is generated by con-
verting a gray level of the high luminance region expansion
image with a look-up table where a correlation of the lumi-
nance value before and after a gray level conversion is regis-
tered.
59. The method of claim 58, wherein the first image is
generated further by expanding abit number of the luminance
value of the pixel after the color matrix conversion.
60. An image display device including a front LCD panel
and a rear LCD panel overlapping each other, comprising:
an LCD controller signal-processing an RGB image and
supplying the signal-processed RGB image to the front
LCD panel; and

an LV controller including a high luminance region
expander generating a high luminance region expansion
image by locally signal-processing one of a peak and an
edge of a high luminance region of a first image based on
the RGB image and by expanding the high luminance
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region and supplying a black-and-white image based on
the high luminance region expansion image to the rear
LCD panel.

61. The image display device of claim 60, wherein when
the peak of the high luminance region is signal-processed, the
high luminance region expander comprises:

a pixel storing part storing luminance values of n pixels in

a horizontal n tab including an object pixel;

a logic circuit part receiving the luminance values of the n
pixels from the pixel storing part and setting a selection
signal corresponding to each of the n pixels as 1 when
the luminance value of the object pixel is one of a maxi-
mum or a local maximum among the luminance values
of the n pixels; and

an output part outputting the luminance value of the object
pixel as a luminance value of each of the n pixels when
the selection signal is 1.

62. The image display device of claim 61, wherein when
the luminance value of the object pixel is greater than a first
threshold value and a difference between a maximum and a
minimum of the luminance value in the horizontal n tab is
greater than a second threshold value, the logic circuit part set
the selection signal as 1.

63. The image display device of claim 60, wherein when
the edge of the high luminance region is signal-processed, the
high luminance region expander comprises:

a pixel storing part storing luminance values of n pixels in

a horizontal n tab including an object pixel,

a logic circuit part receiving the luminance values of the n
pixels from the pixel storing part, setting a selection
signal corresponding to a left pixel in the horizontal ntab
as | when the luminance value of the object pixel is
greater than a luminance value of the left pixel and
setting aselection signal corresponding to aright pixel in
the horizontal n tab as 1 when the luminance value of the
object pixel is greater than a luminance value of the right
pixel; and

an output part outputting the luminance value of the object
pixel as a luminance value of each of the n pixels when
the selection signal is 1.

64. The image display device of claim 63, wherein when
the luminance value of the object pixel is greater than a third
threshold value and a difference between the luminance of the
object pixel and the luminance of one of the left and right
pixels is greater than a fourth threshold value, the logic circuit
part set the selection signal as 1.

65. The image display device of claim 60, wherein when
the peak of the high luminance region is signal-processed, the
high luminance region expander comprises:

a pixel storing part storing luminance values of n pixels in

a vertical n tab including an object pixel;

a logic circuit part receiving the luminance values of the n
pixels from the pixel storing part and setting a selection
signal corresponding to each of the n pixels as 1 when
the luminance value of the object pixel is one of a maxi-
mum or a local maximum among the luminance values
of the n pixels; and

an output part outputting the luminance value of the object
pixel as a luminance value of each of the n pixels when
the selection signal is 1.

66. The image display device of claim 60, wherein when

the edge of the high luminance region is signal-processed, the
high luminance region expander comprises:
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a pixel storing part storing luminance values of n pixels in
a vertical n tab including an object pixel;

alogic circuit part receiving the luminance values of the n
pixels from the pixel storing part, setting a selection
signal corresponding to an upper pixel in the vertical n
tab as 1 when the luminance value of the object pixel is
greater than a luminance value of the upper pixel and
setting a selection signal corresponding to a lower pixel
in the vertical n tab as 1 when the luminance value of the
object pixel is greater than a luminance value of the
lower pixel; and

an output part outputting the luminance value of the object
pixel as a luminance value of each of the n pixels when
the selection signal is 1.

67. The image display device of claim 60, wherein the LV

controller further comprises:

a color matrix converter generating a color matrix conver-
sion image from the RGB image through a color matrix
conversion; and

a look-up table converting a gray level of a second image
based on the color matrix conversion image and gener-

Jun. 23,2016

ating the firstimage, a correlation of the luminance value
before and after a gray level conversion registered in the
look-up table.
68. The image display device of claim 67, wherein the LV
controller further comprises a bit expander generating the
second image by expanding a bit number of a luminance
value of a pixel of the color matrix conversion image.
69. The image display device of claim 60, wherein the LV
controller further comprises:
acolor matrix converter generating the firstimage from the
RGB image through a color matrix conversion; and

a look-up table generating the black-and-white image by
converting a gray level of the high luminance region
expansion image, a correlation of the luminance value
before and after a gray level conversion registered in the
look-up table.

70. The image display device of claim 69, wherein the LV
controller further comprises a bit expander generating a bit
expansion image by expanding a bit number of the luminance
value of the pixel of the first image and supplying the bit
expansion image to the high luminance region expander.
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