US 20080001881A1

a9y United States

12 Patent Application Publication (o) Pub. No.: US 2008/0001881 A1

Baba et al.

43) Pub. Date: Jan, 3, 2008

(54)

(75)

(73)

1)

LIQUID CRYSTAL DISPLAY AND IMAGE
DISPLAY METHOD

Inventors: Masahiro Baba, Yokohama-shi
(JP); Goh Itoh, Tokyo (JP)

Correspondence Address:

AMIN, TUROCY & CALVIN, LLP

1900 EAST 9TH STREET, NATIONAL CITY
CENTER, 24TH FLOOR,

CLEVELAND, OH 44114

Assigrnee: KABUSHIKI KAISHA
TOSHIBA, Tokyo (IP)

Appl. No.:  11/767,618

Publication Classification

(51) Int. CL

G09G 3/36 (2006.01)
(52) UsSu Cle oo 345/89
(57) ABSTRACT

There is provided with an image display method including:
calculating black information indicating a length of a period
in which a black image should be displayed in one frame
period of an input image or a ratio of a period in which the
black image should be displayed in the one frame period of
the input image; controlling a light source luminance of the
light source according to the information to suppress fluc-
tuation of a display luminance at a maximum gray-scale
level displayable by a liquid crystal panel due to variation of
a length of a black display period depending on the infor-
mation; correcting a gray-scale level of each pixel of the

(22) Filed: Jun. 25, 2007 . ! '
input image to obtain corrected gray-scale levels for sup-
(30) Foreign Application Priority Data pressing fluctuation of a display luminance at gray-scale
levels other than the maximum gray-scale level due to the
Jun. 30, 2006 (JP) cevovvrvveirerennerneirinennes 2006-181745  control of the light source luminance of the light source.
GRAY-SCALE
LEVELDATA 14
HOLDING UNIT 15
L 16
INPUT VIDEO ~11 S
GRAY-SCALE LEVEL
O CORRECTOR LIQUID CRYSTAL PANEL
BACKLIGHT

CALCULATOR

BLACK-INSERTION-RATIO | _ |BACKLIGHT-LUMINANCE ]
SETTING UNIT

)

12

)

13



Patent Application Publication  Jan. 3,2008 Sheet 1 of 15 US 2008/0001881 A1

GRAY-SCALE
LEVEL DATA  ~14
HOLDING UNIT 15

INPUT VIDEQ ~11
o GRAY-SCALE LEVEL

CORRECTOR

LIQUID CRYSTAL PANEL

BACKLIGHT

BLACK-INSERTION-RATIO | _ [ BACKLIGHT-LUMINANCE N
CALCULATOR SETTING UNIT

) )

12 13

FIG. 1

ONE FRAME PERIOD

4 N

TIME

INPUT VIDEO  BLACK DISPLAY
DISPLAY PERIOD ~ PERIOD

FIG. 2



Patent Application Publication

INPUT
GRAY-SCALE <
LEVEL

Jan. 3,2008 Sheet 2 of 15

BLACK INSERTION RATIO

A

US 2008/0001881 A1

4 B
0% 50%
0 23 0
1 23 1
2 23 2
27 34 27
28 35 28
29 36 29
253 253 253
254 254 254
255 255 2?5

FIG. 3

CORRECTED GRAY-SCALE LEVEL



US 2008/0001881 A1

Ol
TIATT ITYIS-AVHD LNdNI

ooe 0sZ 00¢ 0Gl1 oot 0s o

Jan. 3,2008 Sheet 3 of 15

%0G O1LVY NOILYISNI MOV 18—
%0 OILVH NOILH3SNI MOV18—

Patent Application Publication

S U SO . N NSt Y
e e s e [ e e e i e e e e

JONVNIWNT JAILYTIY



US 2008/0001881 A1

Jan. 3,2008 Sheet 4 of 15

Patent Application Publication

031934400 =
(31934400 LON—

ooe

0se

G 'Old
T3A3T 3TVIS-AVHI 1NN

002 0S1 oot 0s

T T e e e e o —

e e e o o e o e e e i 0 1 1tk [ e e s e s o]

o e i e St o b e e o e e e ]

100°C

20070

€00°0

v00°0

S00°0

90070

JON3434410 JONVNINNT JAILY T3



US 2008/0001881 A1

9 'Ol
TIAFT ITYIS-AVHD LNdNI

00€ 0SZ 002 0S1L 001 (o 0
Y1

-1 10070

S S— -1 zo0'0

Jan. 3,2008 Sheet 5 of 15

(31934400 ==
(31034409 LON —

..................... £00°0

Patent Application Publication

..................... ¥00°0

..... . S00°0

T el At B et e

9000

JONFY34410 FONYNINNT JAILYTIY



Patent Application Publication

INPUT
GRAY-SCALE <
LEVEL

Jan. 3,2008 Sheet 6 of 15

BLACK INSERTION RATIO

US 2008/0001881 A1

g A

0% 50%
0 23 0
15 27 15
31 37 31
95 97 95
111 112 111
127 128 127
223 223 223
239 239 239
255 255

255

CORRECTED GRAY-SCALE LEVEL

FIG. 7



US 2008/0001881 A1

Jan. 3,2008 Sheet 7 of 15

Patent Application Publication

8 9ld

J1VH1SANS AVHHY I V72

S
i

S SR

TIXId: EZ
{ 3N WNAIST LZ

A2

LINOHID ONIAIHG INIT-ININNYIS

ol I, o AN f N o BN d S

-3 -3 D 3 lHll—l_l'.- |H|l|_|_||n- -3

1 1 1 1 1 1 1
JE o B, R S R d B J
HOLIOYdYD AYYITIXNY : mmT 1 T 1 T T T T
300419373 ¥ILINN0D - P E— D\Z =z x x x x =
HIAYT WLSAHD QINDIT: € . : . : . . , |
300410373 13XI1d - 2 ﬁ \H T 1 1 1 T T
Lo R s L _— —_ - ——a

ANITONINNYIS 2 22

INFWATT HOLIMS 2 LE

LINOHID INIAIEA INIT-TYNDIS

¢




Patent Application Publication  Jan. 3,2008 Sheet 8 of 15 US 2008/0001881 A1

1/2 VERTICAL
SCANNING PERIOD

ONE HORIZONTAL 1 VERTICAL
SCANNING PERIOD SCANNING PERIOD

)

LINE g ack oispray — — —

WRITING e

SCANNING LINE

OF FIRST LINE HOLDING

—1
]
1

SCANNING LINE  WRITING
OF V/2+1ST LINEHO

LDING

]
i
— 1
]

SCANNING LINE WR‘””G'] !
FVIHLNE oo

IMAGE
DISPLAY STATE  DISPLAY
OF FIRST LINE  BLAGK g !
DISPLAYY v ¢ b b .
IMAGE || L : N
DISPLAY STATE  DISPLAY ! i |
OF 1/2+1TH LINEBLACK | R ] !
DISPLAY, ! T . P r
MAGE | 11 P R e
DISPLAY STATE  DISPLAY 44 ; N »
OF VIHLINE  Buck | | !¢ ! ~ L
TIME



Patent Application Publication  Jan. 3,2008 Sheet 9 of 15 US 2008/0001881 A1

(a)

(b)

(c)

(d)

(e)

FIG. 10



Patent Application Publication  Jan. 3,2008 Sheet 10 of 15  US 2008/0001881 A1

[%1 JONVYNINNT JAILYTIY

120

o o o)
0 O <

Q
w]
—
l\ i i

\\\ J
\

20
o

50

40

RELATIVE TRANSMITTANCE
OF BACKLIGHT

30
BLACK INSERTION RATIO [%]]
FIG. 11

RELATIVE LUMINANCE OF
20

LIQUID CRYSTAL DISPLAY DEVICE

RELATIVE TRANSMITTANCE OF
LIQUID CRYSTAL PANEL

| | 1 o

O o o O
00 0 N

[%6] TANVd TYLSAHD QINOIT
40 JINVLLINSNVHL JAILYTY

120
00
40



z

= gl 9l

2 (IWYY4 GIHOEVIS) (IWYHd FONIHILTY)

] IWVHA LN IHYES LeN

. 3

E %0078
| — 30N3Y43Y

_—40133A NOILOK

120719 INIONOJSIHH0D

Patent Application Publication



US 2008/0001881 A1

Jan. 3,2008 Sheet 12 of 15

Patent Application Publication

RELEN
> 3TVIS-AVHD
LNdNI

OlLvd NOILLH3SNI MOv14

SETEY MJ<ow->mww 31934400 el 9Ol
ssz | saz ssz | ggz sz | ssz | gsz
pez | vgz psz | sz vez | vsz | vsz
gsz | egz csz | egz esz | esz | esz
62 62 e e oc o 62
8z 8z e e e se 8z
12 12 26 2 e e )2
z 9 61 61 £z £z z
| g 61 61 £z ez |
0 S 61 61 £z £z 0
%os | %ew %1z | %9z %1 %0
~



US 2008/0001881 A1

Jan. 3,2008 Sheet 13 of 15

Patent Application Publication

(%05 OILvH NOILHISNI ¥Qv14) 431034400 - — —

(%0 OILVH NOILHISNI ¥Jv¥789) QALIFHHOD =

(%06 OILYd NOILYISNI ¥Ov18) 03L03HH0D LON--~--
(%0 01LYd NOILHISNI ¥Ov14) G31234H0D LON ———

ooe

1l Old
13A37 ITVIS-AVHI LNdNI

0ge 002 oGl 001 0g 0
T
i
1
I
I i
I I i
1 I 1
1 1 1
S el e e A —— po——b o
1 i
1 i
i i
1 I
1 1
i i
1 I 1
L N S e A L]
1 i 1
1 i 1
H 1 i H
i i i 1 i
i i t 1 i
i A\ ] 1 I
i 1Y I i I
| 1\ _ 1 _ 1
|||||||||| L ntaiebetn i e Stk Mkttt =R e -Gttt
] [EEA i I | i
i (BN i I
1 i Ay 1 | i _
| AN i i i
! LN ! o
ettt e e e e o o o e s ot e ittt e s s e e Fm———— P|l::
i I N 1 i
i i A i ] ]
I i Nk i I
I i NJ I I 1
I i /_/ 1 1
1 i 1 I | \
; | L | ;
|||||||| [ i ittt Mt 1 it ¥
i | | R i i
1 I 1 ~ 1 i f
1 1 i S 1 \
i 1 i N 1 i
! 1 | Y i
1 1 1 N I
llllllllll e e e A D . Sty
i 1 1 i ~ I
i i i i ~~ i \
I 1 i I S|
“ | ; i T~ \
i I 1 1 i
1 | 1 1 3
i 1 H 1 i

500070

10070

G100°0

20070

§200°0

€00°0

GEODO

JONFHI4410 JONYNINNT JAILYTIY



US 2008/0001881 A1

Jan. 3,2008 Sheet 14 of 15

Patent Application Publication

JELER
> 3VIS-AVHD
1NdNI

13037 TI¥DS-AYHD 03LITHHOD G194
N
ssz | ssz ccz | ssz sez | ssz | ssz
paz | vez | pez | voz rsz | vsz | sz
eaz | esz | esz | esz | gsz | ez | ese
62 e | ze ve | 9e o 62
8z 6z | 2z ee - se sg 8z
L2 6z | e z€ ] v > L2
z Ll | el 61 | 22 £2 z
| 0l gl 61 T £2 _
0 0ol g1 61 ) 22 £z 0
%os | w%svy | %0E | %oz %s %0
- Ny ] \

O1LVH NOILYASNI %ov14



Patent Application Publication  Jan. 3,2008 Sheet 15 0of 15  US 2008/0001881 A1

( START )

CALCULATE BLACK INSERTION RATIO —~—S11

DETERMINE LIGHT EMISSION LUMINANCE OF BACKLIGHT TO
SUPPRESS FLUCTUATION OF DISPLAY LUMINANCE IN MAXIMUM—~—S12
GRAY-SCALE LEVEL DISPLAYABLE ON LIQUID CRYSTAL PANEL

WHEN BLACK INSERTION RATIO VARY

CORRECT GRAY-SCALE LEVEL OF INPUT IMAGE TO

SUPPRESS FLUCTUATION OF DISPLAY LUMINANCE IN  ~S13
GRAY SCALE LEVELS OTHER THAN THE MAXIMUM

GRAY-SCALE LEVEL WHEN BLACK INSERTION RATIO VARY

DISPLAY INPUT IMAGE CORRECTED AND BLACK IMAGE IN 514
ACCORDANCE WITH BLACK INSERTION RATIO CALCULATED

FIG. 16



US 2008/0001881 A1l

LIQUID CRYSTAL DISPLAY AND IMAGE
DISPLAY METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Applica-
tions No. 2006-181745 filed on Jun. 30, 2006, the entire
contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display and an image display method for improving qualities
of moving image and still images while suppressing an
increase in power consumption.

[0004] 2. Related Art

[0005] When a moving image is displayed on a liquid
crystal display or an organic EL (electroluminescence) dis-
play, the image looks blurred. This problem occurs because
a temporal characteristic of an image display method of the
liquid crystal display and the organic EL display is different
from that of a cathode ray tube (hereinafter referred to as
CRT).

[0006] The liquid crystal display and the organic EL
display adopt a display method with which a displayed
image is held for a period of one frame (hereinafter referred
to as hold-type display). On the other hand, the CRT adopts
a display method with which each of pixels emits for a short
time and then darkened (hereinafter referred to as impulse-
type display).

[0007] In the case of the hold-type display, in a period
from the time when an Nth frame in the moving image is
displayed until the next N+1th frame is displayed, the same
image as the Nth frame is displayed. When a moving object
is shown in the input image, the moving object remains
stationary on a screen in the period from the time when the
Nth frame is displayed until the N+1th frame is displayed.
Therefore, The moving object moves discontinuously when
the N+1th frame is displayed.

[0008] On the other hand, when an observer focuses on the
moving object and tracks it (when an eye movement of the
observer is a pursuit eye movement), the observer tries to
move the eyes and pursues the moving object continuously
and smoothly.

[0009] Then, a difference occurs between a motion of the
moving object on the screen and a motion of the moving
object assumed by the observer. Because of this difference,
images shifted depending on speed of the moving object are
presented on retinas of the observer. Therefore, the observer
receives an impression that a moving image is blurred.
[0010] As the moving object moves at higher speed, since
the shift of images presented on the retina of the observer
increases, the observer receives an impression that the
moving image is more blurred.

[0011] Such “blurring” does not occur in the case of the
impulse-type display. This is because black image is dis-
played between frames of the moving image (e.g., between
the Nth frame and the N+1th frame described above) in the
case of the impulse-type display.

[0012] Since black image is displayed between frames,
even when the observer is moving the eyes to smoothly
pursue the moving object, the observer cannot see images
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except instances when images are displayed. Since the
observer recognizes frames of the moving image as images
independent from one another, images presented on the
retinas are not shifted.

[0013] 1In order to solve the problems described above in
the hold-type display, a method of displaying “black” by
some means after displaying a frame is proposed (see, for
example, JP-A H11-109921 (Kokai)).

[0014] There is also proposed a method of detecting
whether an input image is a moving image or a still image
and displaying black image between temporal two frames
only in the case that the input image is the moving image
(see, for example, JP-A 2002-123223 (Kokai)).

[0015] In JP-A H11-109921 (Kokai), a screen of liquid
crystal is intentionally turned into black image between
frames like the impulse-type display and control deteriora-
tion in a quality of a moving image. However, power
consumption of a backlight that emits even during a black
display period is wasted. Moreover, in a still image, there is
a problem in that flicker due to the impulse-type display
occurs.

[0016] InJP-A 2002-123223 (Kokai), in order to solve the
problems described above, display is controlled to be the
hold-type display during the still image display and to be the
impulse-type display during the moving image display.
During the still image display, display same as that of the
normal liquid crystal display is performed. During the
moving image display, “black” is displayed between frames
to perform the impulse-type display. In that case, display
luminance of the liquid crystal display decreases because
“black” is displayed between frames. Therefore, fluctuation
in luminance during the hold-type display and during the
impulse-type display is controlled by increasing the lumi-
nance of the backlight during the impulse-type display and
reducing the luminance of the backlight during the hold-type
display. However, when fluctuation in display luminance is
controlled only by adjusting the luminance of the backlight
as described above, for example, it is possible to control
fluctuation in display luminance in displaying a white image
of maximum gray-scale level. However, in that case, fluc-
tuation in luminance of a middle gray-scale level is not
sufficiently controlled. This is because, even when the
transmittance of a liquid crystal panel is minimized (0
gray-scale level), a part of the light from the backlight
transmits in the liquid crystal panel. Displaying the 0 gray-
scale level is equivalent to displaying “black”. Therefore,
when an input image is a black image, the transmittance of
the liquid crystal panel is the same in both the impulse-type
display and the hold-type display. However, since the lumi-
nance of the backlight is set high in the impulse-type display
compared with the hold-type display, the luminance changes
in the impulse-type display and the hold-type display due to
the leak of light. Since the phenomenon described above
also occurs in the middle gray-scale level, display luminance
of the middle gray-scale level changes in the impulse-type
display and the hold-type display.

SUMMARY OF THE INVENTION

[0017] According to an aspect of the present invention,
there is provided with a liquid crystal display which com-
prises an input unit, a light source, a liquid crystal panel, a
black information calculator, a light-source-luminance con-
troller, a gray-scale level corrector and a liquid crystal panel
driver. The input unit is configured to input an input image.
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The light source is configured to emit light. The liquid
crystal panel is configured to display an image by modulat-
ing a transmittance or a reflectance of light from the light
source based on signals representing the image. The black
information calculator is configured to calculate black infor-
mation indicating a length of a period in which black should
be displayed in one frame period of the input image or a ratio
of a period in which black should be displayed in the one
frame period of the input image. The light-source-luminance
controller is configured to control a light source luminance
of the light source according to the black information to
suppress fluctuation of a display luminance at a maximum
gray-scale level displayable by the liquid crystal panel due
to variation of a length of a black display period depending
on the black information. The gray-scale level corrector is
configured to correct a gray-scale level of each pixel of the
input image to obtain corrected gray-scale levels to suppress
fluctuation of a display luminance at gray-scale levels other
than the maximum gray-scale level due to controlling of the
light source luminance of the light source. The liquid crystal
panel driver is configured to, in the one frame period, (1)
provide the liquid crystal panel with signals of each pixel
having the corrected gray-scale levels in continuous period
obtained by subtracting a black display period depending on
the black information from the one frame period, and (2)
provide the liquid crystal panel with signals of each pixel
indicating black in the black display period.

[0018] According to an aspect of the present invention,
there is provided with an image display method for per-
forming in an image display device including a light source
capable of adjusting a light source luminance and a liquid
crystal panel displaying an image by modulating a trans-
mittance or a reflectance of light from the light source based
on signals representing the image. The image display
method comprises steps of inputting an input image, calcu-
lating black information, controlling a light source lumi-
nance of the light source, correcting a gray-scale level of
each pixel of the input image, providing the liquid crystal
panel with signals of each pixel having the corrected gray-
scale levels and providing the liquid crystal panel with
signals of each pixel indicating black. The black information
indicates a length of a period in which a black image should
be displayed in one frame period of an input image or a ratio
of a period in which the black image should be displayed in
the one frame period of the input image. The light source
luminance of the light source is controlled according to the
black information to suppress fluctuation of a display lumi-
nance at a maximum gray-scale level displayable by the
liquid crystal panel due to variation of a length of a black
display period depending on the black information. The
gray-scale level of each pixel of the input image is corrected
to obtain corrected gray-scale levels to suppress fluctuation
of a display luminance at gray-scale levels other than the
maximum gray-scale level due to the controlling of the light
source luminance of the light source. The signals of each
pixel having the corrected gray-scale levels is provided in
continuous period obtained by subtracting a black display
period depending on the black information from the one
frame period. The signals of each pixel indicating black are
provided in the black display period.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 11is a block diagram showing a structure of a
liquid crystal display according to a first embodiment;
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[0020] FIG. 2 is a diagram for explaining a black insertion
ratio;
[0021] FIG. 3 is a diagram showing a lookup table in

which input gray-scale levels and corrected gray-scale levels
according to the black insertion ratio are held;

[0022] FIG. 4 is a graph showing a relation between an
input gray-scale level and a relative luminance for each
black insertion ratio;

[0023] FIG. 51is a graph for explaining an effect of the first
embodiment;

[0024] FIG. 6 is a graph for explaining an effect of the first
embodiment;

[0025] FIG. 7 is a diagram showing another example of
the lookup table;

[0026] FIG. 8 is a diagram showing an example of a
structure of a liquid crystal panel;

[0027] FIG. 9 is a timing chart of a liquid crystal display
panel;
[0028] FIG. 10 is a diagram showing examples of display

states of the liquid crystal panel;

[0029] FIG. 11 is a diagram showing a relation among a
black insertion ratio, a relative transmittance of a liquid
crystal panel, a relative luminance of backlight, and a
relative luminance of a liquid crystal display;

[0030] FIG. 12 is a diagram for explaining a method of
detecting a motion vector;

[0031] FIG. 13 is a diagram showing an example of a
lookup table in a second embodiment;

[0032] FIG. 14 is a diagram for explaining an effect of the
second embodiment;

[0033] FIG. 15 is a diagram showing another example of
a lookup table in the second embodiment; and

[0034] FIG. 16 is a flowchart for explaining an image
display method executed in the liquid crystal display in FIG.
1.

DETAILED DESCRIPTION OF THE
INVENTION

First Embodiment

[0035] A structure of a liquid crystal display according to
a first embodiment of the invention is shown in FIG. 1. An
input video (an input image) is inputted to a gray-scale level
corrector 11 and a black-insertion-ratio calculator (a black
information calculator) 12. The black-insertion-ratio calcu-
lator 12 calculates, according to the input video, a black
insertion ratio (black information), which is a ratio of a black
display period between frames of the input video displayed
on a liquid crystal panel 15 to one frame period, and sends
the black insertion ratio to the gray-scale level corrector 11
and a backlight-luminance setting unit (a light-source-lumi-
nance controller) 13. The gray-scale level corrector 11
converts gray-scale levels of respective pixels of the input
video into corrected gray-scale levels with reference to a
lookup table held in a gray-scale level-correction-data hold-
ing unit (memory) 14 based on the black insertion ratio and
an input gray-scale level. A corrected video converted into
the corrected gray-scale levels is inputted to the liquid
crystal panel 15 together with control signals (a horizontal
synchronizing signal, a vertical synchronizing signal, etc.)
depending on the black insertion ratio for driving the liquid
crystal panel 15. The liquid crystal panel 15 displays the
corrected video inserted the black display period between
frames by using the input control signals. The backlight-
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luminance setting unit 13 calculates a backlight luminance
on the basis of the black insertion ratio inputted from the
black-insertion-ratio calculator 12 and sends the backlight
luminance to a backlight 16. The backlight 16 emits light at
the backlight luminance set by the backlight-luminance
setting unit 13 at timing when the corrected image is
displayed on the liquid crystal panel 15.

[0036] Operations of the respective parts will be herein-
after explained in detail.

(Black-Insertion-Ratio Calculator)

[0037] The black-insertion-ratio calculator 12 calculates a
black insertion ratio on the basis of an input video. The black
insertion ratio is, as shown in FIG. 2, a ratio of the black
display period to one frame period. As a basic operation,
when the input video is a moving image, the black insertion
ratio is increased and, when the input video is a still image,
the black insertion ratio is reduced. In other words, the
black-insertion-ratio calculator 12 detects whether the input
video is a moving image or a still image and calculates the
black insertion ratio. Various methods are conceivable as a
method of detecting a moving image and a still image. In this
embodiment, a method described below is used.

[0038] Inamethod of detecting a moving image and a still
image according to this embodiment, an input video is held
in a frame memory for one frame period and a moving image
and a still image are detected using an image delayed by one
frame and the input image, i.e., two frames temporally
adjacent to each other. Images for detecting a moving image
and a still image are not limited to the temporally adjacent
two frames. For example, when the input video is an
interlaced video, detection of a moving image and a still
image may be performed using only even fields or odd
fields. Moreover, a sum of absolute difference between two
frames is calculated and threshold processing is applied to
the sum of absolute difference to detect whether the input
video is a moving image or a still image. When the sum of
absolute difference is equal to or larger than a predetermined
threshold, it is detected that the input video is a moving
image. When the sum of absolute difference is smaller than
the predetermined threshold, it is detected that the input
video is a still image. A sum of absolute difference of an Nth
frame and an N+1th frame with the number of horizontal
pixels X and the number of vertical pixels Y is represented
by Equation 1.

X Y [Equation 1]
SAD = ZZ\f(u, v, N) = Flat, v, N +1)]

=1 v=1

where, SAD represents the sum of absolute difference and
f(u, v, N) represents a Y value of a pixel in a position (u, v)
of an Nth frame. f(u, v, N) is represented as a linear sum of
pixel values (gray-scale levels) of red, green, and blue as
indicated by Equation 2.

S, v, N)=0.299R(11,v, N)+0.587G(u,v,N)+0.114B(u,v,N)

[0039] R(u,v,N), G(u, v, N), and B(u, v, N) represent pixel
values of red, green, and blue in a position (u, v) of an Nth
frame, respectively. In this embodiment, the sum of absolute
difference of a Y value is calculated. However, sum of
absolute differences of pixel values of red, green, and blue
may be calculated respectively.

[Equation 2]
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[0040] In this embodiment, the sum of absolute difference
is calculated for all the pixels in one frame. However, to
simplify processing, the sum of absolute difference may be
calculated for discrete pixels or one frame may be down-
sampled, and then calculate the sum of absolute difference
for the down-sampled image.

[0041] Moreover, a sum of absolute difference between
frames may be calculated for every two frames or every
plural frames other than between adjacent frames.

[0042] To make operations more robust, a method of
detecting motion information of a present frame using
motion information of several frames in the past may be
used. For example, the motion information of a still image
is represented as 0 and that of a moving image is represented
as 1, median processing is performed from motion informa-
tion of five frames in the past, and motion information of the
median is set as a result of detection of a moving image and
a still image of a present frame. By performing such
processing, even if a moving image is detected only for a
certain frame because of a failure in detection of a moving
image and a still image in the present frame, a result of
detection of a moving image and a still image indicates a still
image according to the median processing.

[0043] As another method of detecting a moving image
and a still image, an EPG (Electronic Program Guide) may
be used. When a genre of a broadcast program is detected by
the EPG and the broadcast program includes a large number
of moving images such as a sport program, it is detected that
an input video is a moving image. When the broadcast
program includes a large number of still images such as a
news program, it is detected that the input video is a still
image.

[0044] It is detected as described above whether the input
video is a moving image or a still image and a black insertion
ratio is calculated within a predetermined black insertion
ratio range. For example, when the black insertion ratio
range is a range from 0% to 50%, a black insertion ratio is
set to 0% in the case of a still image and is set to 50% in the
case of a moving image. The calculated black insertion ratio
is sent to the backlight-luminance setting unit 13 and the
gray-scale level corrector 11.

(Gray-Scale Level Corrector)

[0045] The gray-scale level corrector corrects gray-scale
levels of respective pixels of the input video on the basis of
the black insertion ratio calculated by the black-insertion-
ratio calculator. A relation between an input gray-scale level
and a corrected gray-scale level for each black insertion ratio
is held in a gray-scale level correction data holding unit (a
memory) described later. The gray-scale level corrector
calculates a corrected gray-scale level with reference to the
gray-scale level correction data holding unit according to the
black insertion ratio calculated by the black-insertion-ratio
calculator and the gray-scale levels of the respective pixels
of the input video. The corrected video converted the input
gray-scale level into the corrected gray-scale level is sent to
the liquid crystal panel together with control signals such as
a vertical synchronizing signal, a horizontal synchronizing
signal, and the like.

(Gray-Scale Level Correction Data Holding Unit)

[0046] A relation between an input gray-scale level and a
corrected gray-scale level for each black insertion ratio is
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held in the gray-scale level correction data holding unit 14
as an LUT (Look-up Table). The gray-scale level correction
data holding unit 14 may have any structure as long as it is
possible to hold the LUT. The gray-scale level correction
data holding unit 14 is constituted by a ROM (Read Only
Memory), a RAM (Random Access Memory), or the like. As
a structure of the LUT, as shown in FIG. 3, when a black
insertion ratio is calculated by the black-insertion-ratio
calculator 12 as 0% or 50%, an LUT having a two-dimen-
sional matrix structure with a black insertion ratio set in a
column direction and an input gray-scale level set in a row
direction is prepared. A column is selected according to the
black insertion ratio and a row is selected according to the
input gray-scale level. A value of an intersection of the
column and the row is outputted as a corrected gray-scale
level. The LUT described above is an example. The LUT
may take any structure as long as it is possible to output a
corrected gray-scale level from a black insertion ratio and an
input gray-scale level.

[0047] Correction data held in the gray-scale level correc-
tion data holding unit 14 will be hereinafter explained in
detail.

[0048] A relation between an input gray-scale level dis-
played on the liquid crystal display and a relative luminance
(a display gamma characteristic) depending on a black
insertion ratio is shown in FIG. 4. The backlight luminance
is controlled, so as to maintain a constant display luminance
(1 in FIG. 4) without depending on the black insertion ratios
(0% and 50%) in the case that 255 gray-scale level (maxi-
mum gray-scale level in a liquid crystal display capable of
representing 8 bits) is displayed on the liquid crystal display.
[0049] However, even if the display luminance in the 255
gray-scale level is constant as described above, when the
black insertion ratios are different, brightness is different in
gray-scale levels less than the 255 gray-scale level as shown
in FIG. 4. A reason for this is described below.

[0050] A black insertion ratio is changed by changing the
black display period between frames of an input video.
When 0 gray-scale level is displayed on the liquid crystal
display as an input gray-scale level, since the 0 gray-scale
level is a black image, a transmittance of the liquid crystal
panel does not change even if the black insertion ratio is
changed. On the other hand, a backlight luminance is set
different for the black insertion ratios 0% and 50% such that
a display luminance does not change between the black
insertion ratios 0% and 50% when the 255 gray-scale level
is displayed on the liquid crystal display. Since the trans-
mittance of the liquid crystal panel is different by about two
times between the black insertion ratios 0% and 50%, the
backlight luminance is also different by about two times
between the black insertion ratios 0% and 50%. When the
input gray-scale level is the O gray-scale level, regardless of
the fact that the backlight luminance is different by about
two times, the transmittance of the liquid crystal panel does
not change. Therefore, the luminance of the liquid crystal
display varies according to the difference of the backlight
luminance. In the example explained here, the input gray-
scale level is the O gray-scale level. However, the luminance
of the liquid crystal display varies at all input gray-scale
levels lower than the 255 gray-scale level depending on a
black insertion ratio because of the same reason.

[0051] The gray-scale level correction data held by the
gray-scale level correction data holding unit 14 is correction
data for controlling this difference in brightness. As a
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correction method, there are two methods: a method of
adjusting a display gamma characteristic at the minimum
black insertion ratio (the black insertion ratio 0%) to a
display gamma characteristic at the maximum black inser-
tion ratio (the black insertion ratio 50%) and a method of
adjusting a display gamma characteristic at the maximum
black insertion ratio (the black insertion ratio 50%) to a
display gamma characteristic at the minimum black inset-
tion ratio (the black insertion ratio 0%).

[0052] (1) The method of adjusting a display gamma
characteristic at the minimum black insertion ratio to a
display gamma characteristic at the maximum black inser-
tion ratio

[0053] A display gamma characteristic according to a
black insertion ratio is represented by Equation 3.

Ly e s
_) (Tax (1 = B) = Tin) + Tonin [Equation 3]

HLB)= (255 T

where I(L, B) indicates a relative luminance of the liquid
crystal display of an I. gray-scale level at a black insertion
ratio B, T,,,. indicates a maximum transmittance of the
liquid crystal panel, T, ,, indicates a minimum transmittance
of the liquid crystal panel, B indicates a black insertion ratio,
and vy indicates a gamma value. Equation 3 is an equation
representing a display gamma characteristic when the maxi-
mum input gray-scale level is 255 gray-scale level. When an
input gray-scale level is the 255 gray-scale level, a display
luminance is fixed (or substantially fixed) by the backlight-
luminance setting unit 13 described later without depending
on a black insertion ratio. Therefore, in Equation 3, when L
is 255, I(255, B) is represented as 1 without depending on
any black insertion ratios. According to Equation 3, a
display gamma characteristic in the case that the black
insertion ratio is the maximum (the black insertion ratio
50%) is represented by Equation 4.

Ly [Equation 4]
(532) Tnae(1 = B = Toia) + o

Taax (1 = Buiax)
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where 1,,,.(L) indicates a relative luminance of the liquid
crystal display of an L gray-scale level at the maximum
black insertion ratio and B, ., indicates the maximum black
insertion ratio. Therefore, a corrected gray-scale level for
matching a display gamma characteristic at an arbitrary
black insertion ratio B to a display gamma characteristic at
the maximum black insertion ratio B, . is represented by
Equation 5 from Equations 3 and 4.

TnanL) Tuan(1 = B) = T} [Equation 3]

Tmax(l - B) - Tmin

L(L, B):ZSS-(

where L_(L, B) represents a corrected gray-scale level at the
time when an input gray-scale level is L and a black insertion
ratio is B.

[0054] In this embodiment, the black insertion ratio is
changed between 0% and 50%, and therefore, a display
gamma characteristic at the black insertion ratio 50% is set
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to 1,,(L) and a corrected gray-scale level at the black
insertion ratio 0% is calculated by using Equation 5,
whereby corrected gray-scale level data is obtained. This
gray-scale level correction data is held in the LUT of the
gray-scale level correction data holding unit 14.

[0055] Since the maximum black insertion ratio (the black
insertion ratio 50%) is set as a reference, a corrected
gray-scale level at the maximum black insertion ratio (the
black insertion ratio 50%) coincides with an input gray-scale
level. Therefore, it is unnecessary to hold the correction data
of both the minimum black insertion ratio (the black inser-
tion ratio 0%) and the maximum black insertion ratio (the
black insertion ratio 50%) in the LUT as shown in FIG. 3.
The gray-scale level corrector 11 may detect whether a black
insertion ratio is the minimum or the maximum, and then,
when the black insertion ratio is the maximum, directly
output the input gray-scale level as a corrected gray-scale
level, and, only when the black insertion ratio is the mini-
mum, calculate a corrected gray-scale level with reference to
the gray-scale level correction data holding unit 14. In this
case, a relation between the input gray-scale level at the
minimum black insertion ratio and the corrected gray-scale
level only has to be held in the LUT of the gray-scale level
correction data holding unit 14.

[0056] FIG. 5 shows a difference between a display
gamma characteristic at the black insertion ratio 0% and the
black insertion ratio 50% for a case in which gray-scale level
correction is performed by using the gray-scale level cor-
rection data held by the gray-scale level correction data
holding unit 14 and a case in which the gray-scale level
correction is not performed.

[0057] The abscissa indicates the input gray-scale level
and the ordinate indicates an absolute difference between the
display gamma characteristic at the black insertion ratio 0%
and the black insertion ratio 50%. A thin line indicates a
graph in the case in which the gray-scale level correction is
not performed and a bold line indicates a graph in the case
in which the gray-scale level correction is performed. As
shown in FIG. 5, when the correction is not performed, a
difference occurs between display luminance of the liquid
crystal display at the black insertion ratios 0% and 50% in
input gray-scale levels lower than the 255 gray-scale level.
On the other hand, when the correction is performed, the
difference is 0 for all input gray-scale levels, i.e., the display
gamma characteristics are the same regardless of the black
insertion ratio. Therefore, a change in brightness of the
liquid crystal display according to a change in the black
insertion ratio does not occur.

[0058] (2) Method of adjusting a display gamma charac-
teristic at the maximum black insertion ratio to a display
gamma characteristic at the minimum black insertion ratio
[0059] According to Equation 3, a display gamma char-
acteristic in the case that a black insertion ratio is the
minimum (the minimum black insertion ratio 0%) is repre-
sented by Equation 6.

Ly tion 6
(o) Tl = B = Tai) # T 1500

55
Tinax(1 = Buin)

Inin (L) =

where [, (L) indicates a relative luminance of the liquid
crystal display of an [ gray-scale level at the minimum black
insertion ratio and B, indicates the minimum black inser-
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tion ratio. Therefore, a corrected gray-scale level for match-
ing a display gamma characteristic at an arbitrary black
insertion ratio B to a display gamma characteristic at the
minimum black insertion ratio B, ,, is represented as follows
according to Equations 3 and 6.

[Equation 7]

Imln(L;‘ ) Tmax(l - B) - Tmin ]1/7

Lt =5 (s

where L (L, B) represents a corrected gray-scale level in the
case that an input gray-scale level is L and a black insertion
ratio is B. In this embodiment, since the black insertion ratio
is changed between 0% and 50%, a display gamma charac-
teristic at the black insertion ratio 0% is setto I, (L) and a
corrected gray-scale level at the black insertion ratio 50% is
calculated by using Equation 7, whereby corrected gray-
scale level data is obtained.

[0060] However, in Equation 7, a value of a numerator
takes a negative value at a part of gray-scale levels L, i.e.,
a corrected gray-scale level L, is undefined. This is because
a display gamma characteristic at the minimum black inset-
tion ratio takes a small value at the same input gray-scale
level compared with a display gamma characteristic at the
maximum black insertion ratio. Therefore, when an input
gray-scale level is low, even if an input gray-scale level at
the maximum black insertion ratio is corrected to the 0
gray-scale level, the input gray-scale level can only be
corrected to a value larger than the display gamma charac-
teristic at the minimum black insertion ratio. As a result,
Equation 7 is corrected to Equation 8 below.

Li(L, B) = [Equation 8]
Le(Ly, B)
L L
Ly <L
255 Iin(L)- Tas (1 = B) = Tin Y7 herwi
(P, ) ot
[0061] Equation 8 indicates that, when an input gray-scale

level is lower than an L, gray-scale level (a threshold
value), the input gray-scale level is corrected to a value on
a straight line connecting a corrected gray-scale level at the
L, gray-scale level to the O gray-scale level. As a result,
when an input gray-scale level L is lower than the L,
gray-scale level, it is impossible to match the display gamma
characteristics at the minimum black insertion ratio and the
maximum black insertion ratio. However, for input gray-
scale levels equal to or higher than the L,, gray-scale level,
it is possible to match the display gamma characteristics at
the minimum black insertion ratio and the maximum black
insertion ratio.

[0062] In this embodiment, the black insertion ratio is
changed between 0% and 50%, a display gamma character-
istic at the black insertion ratio 0% is set to [,,,(L) and a
corrected gray-scale level at the black insertion ratio 50% is
calculated by using Equation 8, whereby corrected gray-
scale level data is obtained. This gray-scale level correction
data is stored in the LUT of the gray-scale level correction
data holding unit 14.

[0063] Since the minimum black insertion ratio (the black
insertion ratio 0%) is set as a reference, a corrected gray-
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scale level at the minimum black insertion ratio (the black
insertion ratio 0%) coincides with an input gray-scale level.
Therefore, it is unnecessary to hold the correction data of
both the minimum black insertion ratio (the black insertion
ratio 0%) and the maximum black insertion ratio (the black
insertion ratio 50%) in the LUT as shown in FIG. 3. The
gray-scale level corrector 11 may detect whether a black
insertion ratio is the minimum or the maximum and, when
the black insertion ratio is the minimum, directly output the
input gray-scale level as a corrected gray-scale level, and,
only when the black insertion ratio is the maximum, calcu-
late a corrected gray-scale level with reference to the gray-
scale level correction data holding unit 14. In this case, a
relation between the input gray-scale level at the maximum
black insertion ratio and the corrected gray-scale level only
has to be held in the LUT of the gray-scale level correction
data holding unit 14.

[0064] FIG. 6 shows a difference between a display
gamma characteristic at the black insertion ratio 0% and the
black insertion ratio 50% for a case in which gray-scale level
correction is performed by using the gray-scale level cor-
rection data held by the gray-scale level correction data
holding unit 14 and a case in which the gray-scale level
correction is not performed.

[0065] The abscissa indicates the input gray-scale level
and the ordinate indicates an absolute difference between the
display gamma characteristic at the black insertion ratio 0%
and the black insertion ratio 50%. A thin line indicates a
graph in the case in which the gray-scale level correction is
not performed and a bold line indicates a graph in the case
in which the gray-scale level correction is performed. A
threshold L, is set to 32. As shown in FIG. 6, when the
correction is not performed, a difference occurs between
display luminance of the liquid crystal display at the black
insertion ratios 0% and 50% in input gray-scale levels lower
than the 255 gray-scale level. However, when the correction
is performed, the difference is 0 at input gray-scale levels
equal to or higher than the threshold L. At input gray-scale
levels lower than the threshold L,,, the luminance difference
is small compared with the case in which the correction is
not performed. Therefore, the change in the display gamma
characteristics due to the black insertion ratio is reduced. In
other words, a change in brightness of the liquid crystal
display according to a change in the black insertion ratio is
substantially improved compared with the case in which the
correction is not performed.

[0066] The gray-scale level correction data has been
explained above. However, a method of calculating the
gray-scale level correction data is not limited to the method
of analytically calculating the gray-scale level correction
data. For example, the gray-scale level correction data may
be calculated by using actual measurement data. If a display
gamma characteristic at the minimum black insertion ratio is
matched to a display gamma characteristic at the maximum
black insertion ratio, first, a backlight luminance is set such
that a display luminance of the liquid crystal display at the
minimum black insertion ratio and the maximum black
insertion ratio coincide with each other at the maximum
gray-scale level. Subsequently, a display gamma character-
istic at the maximum black insertion ratio is measured and
gray-scale level correction data at the minimum black inser-
tion ratio is calculated to coincide with this display gamma
characteristic at the maximum black insertion ratio.
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[0067] The gray-scale level carrection data does not have
to be correction data for matching a display gamma char-
acteristic at the minimum black insertion ratio and the
maximum black insertion ratio. The gray-scale level correc-
tion data may be correction data (within a predetermined
display luminance range) with which a difference between
the display gamma characteristic at the minimum and the
maximum black insertion ratios is small compared with that
at the minimum and the maximum black insertion ratios in
the case in which the correction is not performed. In other
words, gray-scale level between the input gray-scale level
and the corrected gray-scale level for matching the display
gamma characteristic at the minimum and the maximum
black insertion ratios may be set as corrected gray-scale
level data. In this way, compared with the difference before
the correction, it is possible to reduce the difference. There-
fore, it is possible to reduce a change in brightness of the
liquid crystal display according to a change in a black
insertion ratio.

[0068] In FIG. 3, corrected gray-scale levels according to
black insertion ratios are held in the LUT of the gray-scale
level correction data for all input gray-scale levels. How-
ever, for example, as shown in FIG. 7, a corrected gray-scale
level according to an input gray-scale level for each prede-
termined gray-scale levels and a black insertion ratio may be
held. For an input gray-scale level between the predeter-
mined gray-scale levels held in the LUT, a corrected gray-
scale level only has to be calculated by appropriately inter-
polating the predetermined gray-scale levels. In the example
in FIG. 7, if an input gray-scale level is 23 gray-scale level,
linear interpolation only has to be performed in such a
manner as (23-15)/(31-15)x(37-27)+27=32 gray-scale level.

(Liquid Crystal Panel)

[0069] The liquid crystal panel 15 is a liquid crystal panel
of an active matrix type in this embodiment. As shown in
FIG. 8, plural signal lines 21 and plural scanning lines 22
crossing the signal lines 21 are arranged on an array sub-
strate 24 via a not-shown insulating film. Pixels 23 are
formed at respective intersections of both the lines. Ends of
the signal lines 21 are connected to a signal-line driving
circuit 25 and ends of the scanning lines 22 are connected to
a scanning-line driving circuit 26.

[0070] In the pixels 23, switch elements 31 formed by thin
film transistors (TFTs) are switch elements for writing a
video signal. Gates of the switch elements 31 are connected
to the scanning lines 22 in common for each horizontal line
and sources thereof are connected to the signal lines 21 in
common for each vertical line. Moreover, drains thereof are
connected to pixel electrodes 32 and are connected to
storage capacitors 33 electrically arranged in parallel to the
pixel electrodes 32.

[0071] The pixel electrodes 32 are formed on the array
substrate 24. Common electrodes 34 electrically opposed to
the pixel electrodes 32 are formed on a not-shown opposed
substrate. A predetermined common voltage is given to the
common electrodes 34 from a not-shown common-voltage
generating circuit. Liquid crystal layers 35 are held between
the pixel electrodes 32 and the common electrodes 34.
Peripheries of the array substrate 24 and the opposed sub-
strate are sealed by a not-shown seal material. A liquid
crystal material used for the liquid crystal layers 35 may be
any material. However, as described later, since the liquid
crystal panel 15 according to this embodiment needs to write
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two image signals for image display and black display in one
frame period, it is desirable that the liquid crystal material
responds at relatively high speed. For example, ferroelectric
liquid crystal, liquid crystal of an OCB (Optically Compen-
sated Bend) mode, and the like are preferable.

[0072] The scanning-line driving circuit 26 includes a
not-shown shift register, level shifter, and buffer circuit. The
scanning-line driving circuit 26 outputs a row selection
signal to the respective scanning lines 22 on the basis of a
vertical start signal and a vertical clock signal outputted
from a gray-scale level corrector as control signals.

[0073] The signal-line driving circuit 25 includes a not-
shown analog switch, shift register, sample hold circuit, and
video bus. A horizontal start signal and a horizontal clock
signal outputted from the gray-scale level corrector as
control signals are inputted to the signal-line driving circuit
25. A video signal is also inputted to the signal-line driving
circuit 25.

[0074] Operations of the liquid crystal panel 15 will be
hereinafter explained in detail.

[0075] FIG. 9 shows a timing chart of the liquid crystal
display panel 15 in the case in which a black display ratio is
50%. Driving waveforms of a display signal outputted from
the signal-line driving circuit 25 and a scanning line signal
outputted from the scanning-line driving circuit 26 and an
image display state of the liquid crystal panel 15 are shown
in the figure. In an example explained here, the number of
vertical scanning lines is 8. In FIG. 9, for simplification of
explanation, a blanking period is not shown. However,
usually, a driving signal of a general liquid crystal panel has
horizontal and vertical blanking periods.

[0076] The signal-line driving circuit 25 outputs an image
display signal in a former half of one horizontal scanning
period and outputs a black display signal in a latter half
thereof. The scanning-line driving circuit 26 selects scan-
ning lines corresponding to pixels, to which the image
display signal should be supplied, in the former half of one
horizontal scanning period and selects scanning lines cor-
responding to pixels, to which the black display signal
should be supplied, in the latter half thereof.

[0077] When a scanning line of a first line is selected in the
former half of on horizontal scanning period and the image
display signal is supplied to pixels corresponding to the
scanning line, a scanning line of a V/2+1th line is selected
in the latter half of one horizontal scanning line and the
black display signal is supplied to pixels corresponding to
the scanning lines. Similarly, when a scanning line of a
second line is selected in the former half of one horizontal
scanning period, a scanning line of a V/242th line is selected
in the latter half of one horizontal scanning period. Similarly,
the next scanning lines are sequentially selected in the
former half and the latter half of one horizontal scanning
period. When a scanning line of a Vth line is selected in the
former half of one horizontal scanning period and the image
display signal is supplied to pixels corresponding to the
scanning line, a scanning line of a V/2th line is selected in
the latter half of one horizontal scanning period and the
black display signal is supplied to pixels corresponding to
the scanning line.

[0078] FIGS. 10(a) to (e) shows display states on the
liquid crystal panel in the case in which a black insertion
ratio is 50%. FIG. 10(a) shows a display state at the time
when writing of an image display signal of an Nth frame is
completed to a V/2+1th line and a black display signal is
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written in a first line. FIG. 10(b) shows a display state at the
time when the image display signal of the Nth frame is
written to a V/2+2th line and the black display signal is
written in the second line. FIG. 10(c) shows a display state
in which the image display signal of the Nth frame is written
in a Vth line and the black display signal is written in a
V/2-1th line. FIG. 10(d) shows a display state at the time
when an image display signal of an N+1th frame is written
in the first line and the black display signal is written in a
V/2+1th line. FIG. 10(e) shows a display state at the time
when the image display signal of the N+1th frame is written
in a V/2th line and the black display signal is written in the
Vth line.

[0079] In FIG. 9, the black insertion ratio is 50%. How-
ever, it is possible to set an arbitrary black insertion ratio by
changing timing to start writing of the black display signal,
i.e., changing the timing of a scanning line signal. Therefore,
the black-insertion-ratio calculator 12 calculates a black
insertion ratio and the gray-scale level corrector 11 sends the
timing to start writing of the black display signal to the
liquid crystal panel 15 as a control signal. This makes it
possible to display an image on the liquid crystal panel 15
at the arbitrary black insertion ratio.

(Backlight-Luminance Setting Unit)

[0080] The backlight-luminance setting unit 13 outputs a
backlight luminance signal for setting a light source for the
backlight 16 on the basis of the black insertion ratio. When
a light source of the backlight 16 is an LED (Light-Emitting
Diode) of analog modulation, the backlight-luminance set-
ting unit 13 outputs an analog voltage signal. When the light
source is an LED of a pulse width modulation (PWM), the
backlight-luminance setting unit 13 outputs a pulse width
modulation signal. When the light source is a cold cathode
fluorescent lamp (CCFL), the backlight-luminance setting
unit 13 outputs an analog voltage to be inputted to an
inverter for lighting the CCFL.

[0081] In this embodiment, the LED light source of the
pulse width modulation system is used. A relation between
a pulse width inputted to the LED light source and lumi-
nance of a backlight is measured and stored in the backlight-
luminance setting unit 13 in advance. As this holding data,
for example, when it is possible to represent the relation with
a function, the function may be held. The data may also be
held in a ROM or the like as an LUT (Look-up Table). When
LEDs with LED light sources of three primary colors of red,
green and blue are mixed to display white, it is desirable to
hold data of the respective LEDs.

[0082] The method of holding a relation between a pulse
width and a backlight luminance as data is described above.
However, a relation between a black insertion ratio and a
pulse width with which luminance is constant on a liquid
crystal panel displayed at various black insertion ratios may
be held. A white image (a maximum gray-scale level) is
displayed on the liquid crystal panel at a certain black
insertion ratio, a backlight luminance is controlled to set
luminance after transmission through the liquid crystal panel
to a predetermined value, and a pulse width inputted to the
LED light source at that time is obtained. The operation is
performed at various black insertion ratios and relations
between black insertion ratios and pulse widths are obtained
and held as data. By referring to the data with a black
insertion ratio, luminance of the backlight is controlled and
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it is possible to keep luminance on the liquid crystal panel
constant with respect to an arbitrary black insertion ratio.
[0083] Other than the methods described above, a method
of setting a photodiode or the like in a backlight, performing
feedback while measuring luminance of the backlight with
the photodiode or the like, and controlling luminance of an
LED light source may be adopted. In particular, since a light
emission characteristic of the LED light source changes
according to temperature, it is effective to perform feedback
with the photodiode or the like as described above.

[0084] FIG. 11 is a diagram showing a relation among a
black insertion ratio, a relative transmittance of a liquid
crystal panel, a relative luminance of a backlight, and a
relative luminance of the liquid crystal display at a setting of
0% to 50% of a black insertion ratio.

[0085] The abscissa indicates a black insertion ratio, the
left ordinate indicates a relative transmittance with respect to
the transmittance of the liquid crystal panel 15 at the time
when the black insertion ratio is 0%, and the right ordinate
indicates a relative luminance with respect to the luminance
of the backlight 16 at the time when the black insertion ratio
is 50%. In the liquid crystal panel 15 used in this embodi-
ment, the transmittance linearly decreases as the black
insertion ratio increases. Therefore, the luminance of the
backlight is controlled to increase the luminance of the
backlight 16 as the black insertion ratio increases, and
thereby relative luminance of the liquid crystal display, i.e.,
the luminance after transmission through the liquid crystal
panel is controlled to be constant. In other words, in FIG. 11,
there is a relation of relative transmittance of the liquid
crystal panelxrelative luminance of the backlight=relative
luminance of the liquid crystal display.

[0086] A relation between the black insertion ratio and the
relative luminance of the backlight is calculated from FIG.
11. With the relation, it is possible to calculate a relation
between the black insertion ratio and the pulse width from
a relation between the relative luminance of the backlight
and a pulse width inputted to the LED light source. There-
fore, it is possible to calculate a backlight luminance setting
signal represented by the pulse width from the black inser-
tion ratio calculated by the black-insertion-ratio calculator
12.

(Backlight)

[0087] As described above, it is possible to constitute the
backlight 16 with various light sources. However, in this
embodiment, the backlight 16 is a direct-type backlight with
an LED as a light source. However, the structure of the
backlight is not limited to the above. For example, the
backlight may be an edge light type backlight employing a
light guide plate. The Iuminance of the backlight is con-
trolled by a backlight luminance setting signal outputted
from the backlight-luminance setting unit 13.

[0088] FIG. 16 is a flowchart for explaining an image
display method executed in the liquid crystal display in FIG.
1.

[0089] First, a black insertion ratio representing a period
in which a black image is displayed in one frame period is
calculated (S11).

[0090] A light source luminance (light emission lumi-
nance) of the backlight is determined to suppress fluctuation
of a display luminance in a maximum gray-scale level
displayable on the liquid crystal panel when the black
insertion ratio varies (S12).
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[0091] Gray-scale levels of an input image are corrected to
suppress fluctuation of display luminance in gray-scale
levels other than the maximum gray-scale level when the
black insertion ratio varies (S13).

[0092] The corrected input image and the black image are
displayed in accordance with the calculated black insertion
ratio (S14).

[0093] As described above, according to this embodiment,
it is possible to improve a quality of a moving image
displayed on the liquid crystal display by changing a black
insertion ratio of the liquid crystal panel according to an
input image. It is also possible to suppress a change in a
display gamma characteristic due to a change in a black
insertion ratio as much as possible.

Second Embodiment

[0094] As a structure of a liquid crystal display according
to a second embodiment of the invention, a basic structure
1s the same as that in the first embodiment. The liquid crystal
display has a characteristic in that a black insertion ratio
calculated by the black-insertion-rate calculator is calculated
at plural steps rather than the two steps (0% and 50% in the
first embodiment) as a result of detecting whether an input
video is a moving image or a still image. Therefore, a
structure of gray-scale level correction data held by the
gray-scale level correction data holding unit is different from
that in the first embodiment. A black-insertion-ratio calcu-
lator and a gray-scale level correction data holding unit,
which are different from the first embodiment in this
embodiment, are explained. Explanations of other compo-
nents are omitted because the components are the same as
those in the first embodiment.

(Black-Insertion-Ratio Calculator)

[0095] The black-insertion-ratio calculator according to
the first embodiment detects whether an input video is a
moving image or a still image. Black insertion ratios at two
steps are outputted to set a black insertion ratio to 50% in the
case of a moving image and set a black insertion ratio to 0%
when the input video is a still image. The black-insertion-
ratio calculator according to this embodiment calculates
black insertion ratios at plural steps, rather than the two steps
described above. As a method of calculating black insertion
ratios at plural steps, for example, as in the first embodiment,
a sum of absolute difference between frames is calculated
according to Equation 1 and a black insertion ratio is
determined on the basis of a level of the sum of absolute
difference. In this case, a black insertion ratio B is calculated
by using threshold processing as shown in Equation 9.

0 SAD<T,
B={025 Ty<SAD< Ty
0.5 SAD = Ty

[Equation 9]

where SAD indicates a sum of absolute difference calculated
by using Equation 1, T, and T, are thresholds with respect
to the SAD (T,<T55). When the SAD is smaller than T, the
black insertion ratio is set to 0%, when the SAD is equal to
or larger than T, the black insertion ratio is set to 50%, and
in other cases, the black insertion ratio is set to 25%. When
the SAD is a small value, this means that a motion in an
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input video is small and contrast of a motion area is low.
Therefore, even if the black insertion ratio is a small value,
an effect of improvement of a moving image quality is
sufficient. On the other hand, when the SAD is a large value,
this means that a motion of an input video is large and
contrast of a motion area is high. Therefore, the black
insertion ratio is increased to improve a moving image
quality.

[0096] In Equation 9, the black insertion ratios are set at
the three steps. However, black insertion ratios at a larger
number of steps are possible. For example, it is also possible
to set a black insertion ratio as a continuous function based
on the SAD and calculate a black insertion ratio as a
continuous value in a predetermined black insertion ratio
range (e.g., 0% to 50%). However, since the effect of
improvement of a moving image quality is not increased
even if the black insertion ratio is controlled excessively
finely, it is preferable to calculate the black insertion ratio,
for example, in steps of 1%.

[0097] In the above description, the method of calculating
black insertion ratio at plural steps on the basis of a value of
the SAD is explained. Besides, it is also possible that motion
detection between two frames is performed and black inser-
tion ratios at plural steps are calculated on the basis of a
detected motion. The motion detection is performed by, for
example, holding an input video in a frame memory for one
frame period and using an image delayed by one frame and
the input image, i.e., two frames temporally adjacent to each
other. However, frames for detecting a motion are not
limited to the temporally adjacent two frames. For example,
when an input video is an interlaced video, the motion
detection may be performed using only even fields or odd
fields. Various means are conceivable as means for detecting
motion. In this embodiment, a method of detecting a motion
vector according to block matching is used. The block
matching is a motion vector detection method used for
encoding of moving image such as Moving Picture Experts
Group (MPEG). As shown in FIG. 12, an Nth frame (a
reference frame) of an input video is divided into square
areas (blocks) and, for each of the blocks, a similar area in
an N+1th frame (a searched frame) is searched for. As a
method of evaluating the similar area, in general, a sum of
absolute difference (SAD), a sum of squared difference
(SSD), and the like are used. In this embodiment, the SAD
1s used and calculated according to Equation 10.

SADy(d) = Z Ip(x, N) = plx +d, N +1)] [Equation 10]

xeBy

where p(x, N) represents a pixel value of a position x of the
Nth frame and B, represents an area of a kth reference block.
The SAD is calculated for various values of d using Equa-
tion 10 and a value of d with which the SAD is minimized
is estimated as a motion vector of the reference block B,.
This is represented by Equation 11.

MV, = arg rrbinSADk (d) [Equation 11]

[0098] By solving Equations 10 and 11 for all the blocks
of the reference frame, it is possible to calculate a motion
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vector between adjacent frames of the input video. An
average norm of motion vectors of the entire frame is
calculated from the motion vector for each of the blocks.
When the number of blocks is J, an average norm MV, of

motion vectors of the entire frame is calculated according to
Equation 12.

[Equation 12]

vl
k

J

MV =

[0099] In the same manner as the threshold processing
applied to the SAD, threshold processing is applied to
MV calculated as described above to calculate a black
insertion ratio. It is also possible to set a black insertion ratio
as a continuous function based on MV, and calculate a
black insertion ratio as a continuous value in a predeter-
mined black insertion ratio range (e.g., 0% to 50%). In both
the cases, a black insertion ratio is calculated such that a

black insertion ratio takes a larger value as MV, is larger.

(Gray-Scale Level Correction Data Holding Unit)

[0100] The gray-scale level correction data holding unit
holds a relation between an input gray-scale level and a
corrected gray-scale level for each of the black insertion
ratios calculated by the black-insertion-ratio calculator as an
LUT. For example, when a black insertion ratio is calculated
by the black-insertion-ratio calculator in steps of 1%, as
shown in FIG. 13, the gray-scale level correction data
holding unit holds an LUT of a two-dimensional matrix
structure in which black insertion ratios are held in a column
direction and input gray-scale levels are held a row direc-
tion. By selecting a column according to a black insertion
ratio and selecting a row according to an input gray-scale
level, it is possible to acquire a corrected gray-scale level at
an intersection of the column and the row.

[0101] The LUT does not have to be the two-dimensional
matrix structure described above. The LUT may be any
structure as long as it is possible to acquire a corrected
gray-scale level according to a black insertion ratio and an
input gray-scale level.

[0102] As a method of calculating gray-scale level cor-
rection data, there are three methods: a method of adjusting
a display gamma characteristic at other black insertion ratios
to a display gamma characteristic at the minimum black
insertion ratio (the black insertion ratio 0%), a method of
adjusting a display gamma characteristic at other black
insertion ratios to a display gamma characteristic at the
maximum black insertion ratio (the black insertion ratio
50%), and a method of adjusting a display gamma charac-
teristic at other black insertion ratios to a display gamma
characteristic at the reference black insertion ratio (e.g., the
black insertion ratio 25%) set in advance between the
minimum black insertion ratio (the black insertion ratio 0%)
and the maximum black insertion ratio (the black insertion
ratio 50%). The method of adjusting to a gamma character-
istic at the maximum black insertion ratio and the method of
adjusting to a gamma characteristic at the minimum black
insertion ratio are the same as those in the first embodiment.
Thus, the method of adjusting to a display gamma charac-
teristic at the reference black insertion ratio will be
explained.
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[0103] A display gamma characteristic at the reference
black insertion ratio is represented as follows by Equation
13

Ly [Equation 13]
(_) ‘Tmax(l - Bbaxz) - Tmin) + Tmin d

255
Tpase(L) =
me( ) Tmax(l - Bbaxe;‘

where I, (L) represents a display gamma characteristic at
the reference black insertion ratio and B,,,., represents the
reference black insertion ratio. A display gamma character-
istic at an arbitrary black insertion ratio is matched to the
display gamma characteristic at the reference black insertion
ratio represented by Equation 13. When a black insertion
ratio is lower than the reference black insertion ratio, pro-
cessing same as the method of adjusting a display gamma
characteristic at the minimum black insertion ratio to a
display gamma characteristic at the maximum black inser-
tion ratio in the first embodiment only has to be performed.
When a black insertion ratio is equal to or higher than the
reference black insertion ratio, processing same as the
method of adjusting a display gamma characteristic at the
maximum black insertion ratio to a display gamma charac-
teristic at the minimum black insertion ratio in the first
embodiment only has to be performed. A corrected gray-
scale level is represented by Equation 14.

L.(L B)= [Equation 14]
L(Ly, B
BB, B2 By AL< Ly,
L
Tpase(L) * Tmax (1 = B) = Touin Y7
255 ( bose(L) ( ) otherwise
. Tmax(l - B) - Tmin

where L (L, B) represents a corrected gray-scale level in the
case that an input gray-scale level is L and a black insertion
ratio is B. A threshold L, may be a function depending on
the black insertion ratio B rather than a constant. In particu-
lar, it is desirable that the threshold L, and the black
insertion ratio B are in a relation of L,=0 in B=B,__,. This
is because it is possible to prevent a display gamma char-
acteristic from discontinuously changing before and after
B:Bbase'

[0104] FIG. 14 shows a difference between display
gamma characteristics at the minimum black insertion ratio
0% and the maximum black insertion ratio 50% due to
presence or absence of correction of the input gray-scale
level and a display gamma characteristic at the reference
black insertion ratio 25%. The abscissa indicates an input
gray-scale level and the ordinate indicates an absolute
difference between a display gamma characteristic at the
reference black insertion ratio 25% and display gamma
characteristics at the minimum black insertion ratio 0% and
the maximum black insertion ratio 50%. As it is evident
from FIG. 14, by correcting gray-scale levels, it is possible
to reduce a difference between the display gamma charac-
teristic at the reference black insertion ratio and the display
gamma characteristics at the minimum black insertion ratio
(the black insertion ratio 0%) and the maximum black
insertion ratio (the black insertion ratio 50%).

[0105] The gray-scale level correction data has been
explained above. However, the method of calculating the
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gray-scale level correction data is not limited to the method
of analytically calculating the gray-scale level correction
data. For example, the gray-scale level correction data may
be calculated on the basis of actual measurement data.

[0106] In order to match a display gamma characteristic at
an arbitrary black insertion ratio to a display gamma char-
acteristic at the reference black insertion ratio, first, a
backlight luminance for each black insertion ratio is set such
that a display luminance of the liquid crystal display at the
arbitrary black insertion ratio coincides with that in the case
of the reference black insertion ratio in the maximum
gray-scale level. Subsequently, a display gamma character-
istic at the reference black insertion ratio is measured and
gray-scale level correction data at the arbitrary black inser-
tion ratio is calculated to match with the display gamma
characteristic at the reference black insertion ratio.

[0107] The gray-scale level carrection data does not have
to be correction data for matching a display gamma char-
acteristic at the arbitrary black insertion ratio to a display
gamma characteristic at the reference black insertion ratio.
The gray-scale level correction data only has to be correc-
tion data with which a difference between the display
gamma characteristic at the reference black insertion ratio
and the display gamma characteristic at the arbitrary black
insertion ratio is reduced (within a predetermined display
luminance range) compared with that in the case in which
correction is not performed. In other words, a gray-scale
level between an input gray-scale level and a corrected
gray-scale level for matching the display gamma character-
istic at the reference and the other black insertion ratios may
be set as corrected gray-scale level data. In this way, since
it is also possible to at least reduce the difference compared
with that before the correction, it is possible to reduce a
change in brightness of the liquid crystal display according
to a change in a black insertion ratio.

[0108] InFIG. 13, corrected gray-scale levels according to
all input gray-scale levels and black insertion ratios at steps
of 1% are held in the LUT of the gray-scale level correction
data. However, for example, as shown in FIG. 15, a cor-
rected gray-scale level and an input gray-scale level may be
held per predetermined black insertion ratios. For a black
insertion ratio between the predetermined black insertion
ratios, a corrected gray-scale level only has to be calculated
by appropriately interpolating the predetermined black
insertion ratios. Moreover, as in the first embodiment, if a
corrected gray-scale level is held per predetermined input
gray-scale levels, it is possible to further reduce a size of the
LUT.

[0109] As described above, according to this embodiment,
it is possible to improve a quality of a moving image
displayed on the liquid crystal display by changing a black
insertion ratio of the liquid crystal panel according to an
input video. It is also possible to suppress a change in a
display gamma characteristic due to a change in a black
insertion ratio as much as possible.

[0110] In the example explained in the embodiment, a
black insertion ratio of the liquid crystal panel is changed
according to an input video. However, a length of a period
in which a black image should be displayed in one frame
period of the input video may be changed instead of the
black insertion ratio.
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What is claimed is:

1. A liquid crystal display comprising:

an input unit configured to input an input image;

a light source configured to emit light;

a liquid crystal panel configured to display an image by
modulating a transmittance or a reflectance of light
from the light source based on signals representing the
image;

a black information calculator configured to calculate
black information indicating a length of a period in
which black should be displayed in one frame period of
the input image or a ratio of a period in which black
should be displayed in the one frame period of the input
image;

a light-source-luminance controller configured to control
a light source luminance of the light source according
to the black information to suppress fluctuation of a
display luminance at a maximum gray-scale level dis-
playable by the liquid crystal panel due to variation of
a length of a black display period depending on the
black information;

a gray-scale level corrector configured to correct a gray-
scale level of each pixel of the input image to obtain
corrected gray-scale levels to suppress fluctuation of a
display luminance at gray-scale levels other than the
maximum gray-scale level due to controlling of the
light source luminance of the light source; and

a liquid crystal panel driver configured to, in the one
frame period,

(1) provide the liquid crystal panel with signals of each
pixel having the corrected gray-scale levels in continu-
ous period obtained by subtracting a black display
period depending on the black information from the
one frame period, and

(2) provide the liquid crystal panel with signals of each
pixel indicating black in the black display period.

2. The display according to claim 1, wherein

the black information calculator calculates a black inser-
tion ratio in a range between a minimum black insertion
ratio and a maximum black insertion ratio which are a
minimum value and a maximum value of a ratio of a
period in which the black image is displayed in the one
frame period, and

the gray-scale level corrector corrects gray-scale levels of
the input image to a gray-scale level which can obtain
a display luminance within a predetermined display
luminance range with respect to a display luminance at
the time when the input image is displayed on the liquid
crystal panel at a reference black insertion ratio which
is in the range between the minimum black insertion
ratio and the maximum black insertion ratio.

3. The display according to claim 2, wherein the prede-
termined display luminance range is a range between the
display luminance at the time when the input image is
displayed on the liquid crystal panel at the reference black
insertion ratio and a display luminance at the time when the
input image is displayed on the liquid crystal panel at the
black insertion ratio calculated by the black information
calculator.

4. The display according to claim 2, wherein

the reference black insertion ratio is the minimum black
insertion ratio, and

the gray-scale level corrector corrects the gray-scale lev-
els of the input image to lower gray-scale levels.

11
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5. The display according to claim 2, wherein

the reference black insertion ratio is the maximum black

insertion ratio, and

the gray-scale level corrector corrects the gray-scale lev-

els of the input image to higher gray-scale levels.

6. The display according to claim 2, wherein the gray-
scale level corrector corrects the gray-scale levels of the
input image to higher gray-scale levels when calculated
black insertion ratio is equal to or larger than the minimum
black insertion ratio and smaller than the reference black
insertion ratio, and corrects the gray-scale levels of the input
image to lower gray-scale levels when the calculated black
insertion ratio is larger than the reference black insertion
ratio and equal to or smaller than the maximum black
insertion ratio.

7. The display according to claim 1, further comprising a
memory to hold a gray-scale level correction data represent-
ing a relation among black information, gray-scale levels,
and corrected gray-scale levels, wherein

the gray-scale level corrector corrects the gray-scale lev-

els of the input image by referring to the memory by
using the black information of the input image and the
gray-scale level of each pixel in the input image.
8. The display according to claim 7, wherein
the memory holds gray-scale levels at predetermined level
intervals in the gray-scale level correction data, and

the gray-scale level corrector calculates a corrected gray-
scale level by performing interpolation processing
using a gray-scale level held in the memory lower than
the gray-scale level of the input image and a gray-scale
level held in the memory higher than the gray-scale
level of the input image when the gray-scale level of the
input image is not held in the gray-scale level correc-
tion data.

9. The display according to claim 7, wherein

the black information is a black insertion ratio represent-

ing a ratio of a period in which black image is displayed
in one frame period,
the memory holds black insertion rations at predetermined
intervals in the gray-scale level correction data, and

the gray-scale level corrector calculates a corrected gray-
scale level by performing interpolation processing
using data of a black insertion ratio held in the memory
smaller than calculated black insertion ratio and data of
a black insertion ratio held in the memory larger than
the calculated black insertion ratio.

10. The display according to claim 1, wherein the gray-
scale level corrector corrects the gray-scale level of the input
image by calculating a function having black information
and a gray-scale level as variables.

11. The display according to claim 1, wherein

the black information is a black insertion ratio represent-

ing a ratio of a period in which the black image is
displayed in one frame period,

the black information calculator detects whether the input

image is a still image or a moving image, calculates a
first black insertion ratio as the black information when
a result of detection is a still image, and, calculates a
second black insertion ratio larger than the first black
insertion ratio when a result of detection is a moving
image.

12. The display according to claim 11, wherein the black
information calculator calculates a sum of absolute differ-
ence between two frames of an input image and detects
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whether the input image is a still image or a moving image
by comparing the sum of absolute difference with a thresh-
old value.

13. The display according to claim 1, wherein

the black information is a black insertion ratio represent-

ing a ratio of a period in which the black image is
displayed in one frame period, and

the black information calculator detects a magnitude of

motion of an object in the input image and calculates a
larger black insertion ratio as the magnitude of motion
is larger.

14. The display according to claim 13, wherein the black
information calculator detects a motion vector between two
frames of an input image and determines the black insertion
ratio based on a magnitude of detected motion vector.

15. The display according to claim 13, wherein the black
information calculator calculates a sum of absolute differ-
ence between two frames of an input image and determines
the black insertion ratio based on calculated sum of absolute
difference.

16. An image display method for performing in an image
display device including a light source capable of adjusting
a light source luminance and a liquid crystal panel display-
ing an image by modulating a transmittance or a reflectance
of light from the light source based on signals representing
the image, comprising;
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inputting an input image;

calculating black information indicating a length of a
period in which a black image should be displayed in
one frame period of an input image or a ratio of a period
in which the black image should be displayed in the one
frame period of the input image;

controlling a light source luminance of the light source
according to the black information to suppress fluctua-
tion of a display luminance at a maximum gray-scale
level displayable by the liquid crystal panel due to
variation of a length of a black display period depend-
ing on the black information;

correcting a gray-scale level of each pixel of the input
image to obtain corrected gray-scale levels to suppress
fluctuation of a display luminance at gray-scale levels
other than the maximum gray-scale level due to the
controlling of the light source luminance of the light
source;

providing the liquid crystal panel with signals of each
pixel having the corrected gray-scale levels in continu-
ous period of a length obtained by subtracting a black
display period of a length depending on the black
information from the one frame period, and;

providing the liquid crystal panel with signals of each
pixel indicating black in the black display period.
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