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(57) ABSTRACT 

It is an object of the invention to provide an image display 
device for improving the image quality of moving images 
and still images displayed on a liquid crystal display device 
while controlling increase in power consumption. A liquid 
crystal panel for performing input image display and black 
image display at an arbitrary black display time ratio in one 
frame period, a movement detection unit for detecting a 
movement of the input image and outputting movement 
information, a display ratio control unit for fixing the black 
display time ratio based on the movement information, and 
a display brightness control unit for controlling brightness of 
the liquid crystal panel for one frame period to be substan­
tially constant irrespective of the black display period are 
provided. The movement detection m1it detects whether the 
input image is a moving image or a still image, and the 
display ratio control unit sets at least one transient black 
display time ratio between the black display time ratios for 
the moving image and the still image which is determined 
according to the result of the movement detection unit, so 
that the black display time ratio changes midway to the 
transient black display time ratio in the period when the 
black display time ratio is switched between the moving 
image and the still image. 
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IMAGE DISPLAY DEVICE AND METHOD OF 
DISPLAYING IMAGE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
benefit of priority from the prior Japanese Patent Application 
No. 2005-1901, filed on Jan. 6, 2005, 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 an image display 
device and a method of displaying an image in which the 
qualities of moving image and still image are improved 
while controlling increase in power consumption. 

[0004] 2. Description of the Related Art 

[0005] In recent years, offering of technical advantages to 
flat panel display devices, such as liquid crystal display 
devices or organic electro luminescence (EL) display 
devices, are in progress, and such display devices are 
becoming widely used in the field of TV-set in which 
cathode ray tubes (hereinafter referred to as CRT) have been 
mainly used. 

[0006] However, the liquid crystal display devices or the 
organic EL display devices have a problem such that images 
are percieved to be out-of-focus when moving images are 
displayed. This problem is caused by the fact that time-axis 
characteristics in method of displaying image are different 
between the liquid crystal display device or the organic EL 
display device and the CRT. The cause of this problem will 
be described briefly below. 

[0007] The liquid crystal display device or the organic EL 
display device using a transistor as a change-over switch for 
switching between display and non-display for each pixel is 
a display device employing a display method in which a 
displayed image is maintained for one frame period corre­
sponding to one frame (hereinafter referred to as hold-type 
display). On the other hand, the CRT is a display device 
employing a display method in which each pixel is turned on 
for certain period and then is darkened (hereinafter referred 
to as impulse-type display). 

[0008] In the case of the hold-type display, a state in which 
the same image is kept displayed from the timing where one 
frame is displayed to the timing where the next frame is 
displayed in the moving image is resulted. From the timing 
where a frame N in the moving image is displayed until the 
timing where a next frame N+l is displayed (between 
frames), the same image as in the frame N is kept displayed. 
When a moving object is shown in the moving image, the 
moving object stands still from the timing where the frame 
N is displayed until the timing where the frame N+l is 
displayed on a screen. When the frame N + 1 is displayed, the 
moving object moves discontinuously. 

[0009] On the other hand, when the observer pays atten­
tion to the moving object and keeps observing while fol­
lowing the movement of the moving object (when the ocular 
movement of the observer is the following movement), the 
observer moves his/her eyes and tries to follow the moving 
object with continuous smoothness without consciousness. 

1 
Jul. 6, 2006 

[0010] Then, there arises a difference between the move­
ment of the moving object on the screen and the movement 
of the moving object which the observer expects. Due to this 
difference, a shifted image is percieved to retinas of the 
observer according to the speed of the moving object. Since 
the observer perceives a shift image on which the shifted 
image is superimposed, he/she gets the impression that the 
moving image is out-of-focus. 

[0011] The higher the speed of the moving image, the 
larger shift amount of the image is percieved on his/her 
retinas, and hence the observer gets the stronger impression 
of out-of-focus. 

[0012] In the case of the impulse-type display, such "out­
of-focus" does not occur. It is because black color is 
displayed between the frames (for example, between the 
frame N and the frame N+l described above) of the moving 
image in the case of the impulse-type display. 

[0013] By displaying black between the frames, even 
when the observer moves his/her eyes to follow the moving 
object smoothly, the observer is not viewing the image other 
than the moment when the image is displayed. Since the 
observer recognizes each frame of the moving image as an 
independent image, the image percieved on his/her retinas is 
never be shifted. 

[0014] In order to solve the above-described problem in 
the display device in which the hold-type display is per­
formed, a technique to display "black" by any means after 
having displayed a frame (for example, see Japanese Patent 
Publication (KOKAI) No. JP-A-11-109921) is proposed. 

[0015] There is also proposed a technique to determine 
whether the input image is moving image or still image and 
only when it is the moving image, display black between the 
consecutive frames (For example, see Japanese Patent Pub­
lication (KOKAI) No. JP-A-2002-123223). 

[0016] In JP-A-11-109921, by providing "black" screen 
intentionally between the frames on the liquid crystal dis­
play, a quasi-impulse-type display as the CRT is created to 
restrain deterioration of the image quality of the moving 
image. However, a power consumed by a backlight which is 
continuously turned on during black display is wasted. Also, 
in the case of the still image, there arises such problem that 
flicker which is caused by the impulse-type display may 
occur. 

[0017] In JP-A-2002-123223, in order to solve the above­
described problem, it is controlled in such a manner that the 
hold-type display is employed for the still image display and 
the impulse-type display is employed for the moving image 
display. However, in the above-described method, for 
example, black is displayed in the same manner for the 
moving image with small motion and for the moving image 
with large motion, sufficient effect for reducing power 
consumption cannot be expected. Although the criteria 
between the moving image and the still image may be set to 
a value rather closer to the moving image in order to increase 
the effect for reducing power consumption, the quality of the 
moving image is deteriorated in this case. In addition, the 
abrupt change in a black display time ratio (black display 
period/one frame period) such as the change-over between 
the impulse display and the hold display are recognized as 
the flicker by the observers, which may result in deteriora­
tion of the image quality. 
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BRIEF SUMMARY OF THE INVENTION 

[0018] According to one embodiment of the invention, 
there is provided an image display device including: an 
image input processor for inputting an input image; a display 
ratio control processor for controlling a black display time 
ratio which is a ratio of period for displaying black in one 
frame period in a frame of the input image; a period setting 
processor for setting a black display period and an image 
display period for displaying the frame from the black 
display time ratio; a brightness compensation processor for 
obtaining brightness compensation information for compen­
sating brightness of the frame according to the black display 
time ratio; and a display for displaying the frame and the 
black image, wherein the display ratio control processor 
includes: a ratio fixing processor for fixing the black display 
time ratio; a transient black display time ratio calculating 
processor for obtaining a transient black display time ratio, 
which is a ratio between a current black display time ratio 
determined by the ratio fixing processor and a new black 
display time ratio fixed by the ratio fixing processor; and a 
transient black display time ratio setting processor for set­
ting the black display time ratio relating at least to the 
display in one frame to the transient black display time ratio 
and then setting the black display time ratio to the new black 
display time ratio, and the display displays a brightness 
compensation image based on the brightness compensation 
information and the frame in the image display period, and 
displays the black image in the black display period. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a drawing showing a structure of a liquid 
crystal display device according to a first embodiment of the 
invention; 

[0020] FIG. 2 is a drawing showing an operation in the 
first embodiment; 

[0021] FIG. 3 is a drawing showing the operation in the 
first embodiment; 

[0022] FIG. 4 is a drawing showing the operation in the 
first embodiment; 

[0023] FIG. 5 is a drawing showing a structure of a liquid 
crystal panel of the first embodiment; 

[0024] FIG. 6 is a drawing showing an operation in the 
liquid crystal panel of the first embodiment; 

[0025] FIG. 7 is a drawing showing a display state on the 
liquid crystal display device according to the first embodi­
ment; 

[0026] FIG. 8 is a drawing showing a relation of a black 
display time ratio with respect to a relative coefficient of 
transmission of the liquid crystal panel, a relative brightness 
of a backlight, and a relative brightness of the liquid crystal 
display device according to the first embodiment; 

[0027] FIG. 9 is an explanatory drawing showing an effect 
of the first embodiment; 

[0028] FIG. 10 is an explanatory drawing showing the 
effect of the first embodiment; 

[0029] FIG. 11 is an explanatory drawing showing the 
effect of the first embodiment; 
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[0030] FIG. 12 is an explanatory drawing showing the 
effect of the first embodiment; 

[0031] FIG. 13 is a drawing showing a structure of the 
liquid crystal display device according to a second embodi­
ment; 

[0032] FIG. 14 is a pattern diagram showing a method of 
detecting vector of a movement according to the second 
embodiment; 

[0033] FIG. 15 is a drawing showing a structure of the 
liquid crystal display device according to a third embodi­
ment; 

[0034] FIG. 16 is a drawing showing a structure of a 
fourth embodiment; 

[0035] FIG. 17 is a drawing showing an operation in the 
fourth embodiment; 

[0036] FIG. 18 is a drawing showing a structure of the 
liquid crystal device according a fifth embodiment; 

[0037] FIG. 19 is a structure of a backlight in the fifth 
embodiment; 

[0038] FIG. 20 is a drawing showing an operation in the 
fifth embodiment; 

[0039] FIG. 21 is a drawing showing a structure of an 
organic EL display device according to a sixth embodiment; 
and 

[0040] FIG. 22 is a drawing showing a structure of an 
organic EL panel according to the sixth embodiment. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0041] Referring now to the drawings, embodiments of an 
image display device according to the invention will be 
described below. 

FIRST EMBODIMENT 

[0042] Referring now to FIG. 1 to FIG. 12, a liquid 
crystal display device 10 according to a first embodiment of 
the invention will be described. 

(1) Structure of the Liquid Crystal Display Device 10 

[0043] The structure of the liquid crystal display device 10 
according to the first embodiment of the invention will be 
described in FIG. 1. 

[0044] The input image signal is inputted to a frame 
memory 12, a moving image/still image determination unit 
14, and a display ratio control unit 16. 

[0045] The frame memory 12 holds input image signals 
for one frame period, and outputs the same to the moving 
image/still image determination unit 14 as the image signals 
delayed by one frame. The term "one frame" used herein 
represents one image which is displayed on the liquid crystal 
display device 10, and hence one field which is generally 
referred in relation to interlaced image signals and one frame 
used herein represent the identical meaning. 

[0046] The moving image/still image determination unit 
14 detects moving image/still image between two frames 
temporally adjacent to each other using image signals 
delayed by one frame period by the input image signals and 
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the frame memory 12, and outputs the results to the display 
ratio control unit 16 as movement information. 

[0047] The display ratio control unit 16 fixes a display 
ratio of black display to be displayed between the frames of 
the input image signals displayed on a liquid crystal panel 18 
with respect to one frame period (black display period ratio) 
based on inputted movement information, and outputs the 
determined display ratio to a backlight brightness control 
unit as black display time ratio information. Image signals 
and control signals (horizontal synchronous signals, vertical 
synchronous signals) are also outputted to the liquid crystal 
panel 18. 

[0048] The backlight brightness control unit 20 fixes the 
brightness of a backlight 22 based on the inputted black 
display time ratio information, and outputs the determined 
brightness to the backlight 22 as backlight brightness control 
signals. The liquid crystal panel 18 displays image signals 
with black displays interposed between the frames based on 
the input image signals and the control signals. The back­
light 22 emits light at a brightness based on the backlight 
brightness control signals. 

[0049] The operation of the respective parts will be 
described below. 

(2) Moving Image/Still Image Determination Unit 14 

[0050] The moving image/still image determination unit 
14 detects the moving images/still images using a plurality 
of frames of the input image signals and outputs the detected 
images as the movement information. 

[0051] In this embodiment, the input image signals are 
stored for one frame period in the frame memory 12 and 
detect the moving images/still images using the image 
signals and the input image signals delayed by one frame, 
that is, using the two temporally adjacent frames. However, 
the frames for detecting the moving images/still images are 
not limited to the temporally consecutive two frames, and 
detection of the moving images/still images may be 
achieved by using only frames of even number or frames of 
odd number when the input image signals are interlaced 
image signals. 

[0052] Although various moving image/still image detect­
ing means may be considered, in this embodiment, detection 
whether or not the input image was the moving image or the 
still image was performed by obtaining the Summation of 
Absolute Differences between the two frames, and conduct­
ing threshold processing for the Summation of Absolute 
Differences. In other words, the Summation of Absolute 
Differences between the W frame and the N+l th frame 
having the number of pixels X in the horizontal direction and 
the number of pixels Y in the vertical direction is formula­
rized as Expression 1. 

X y 

SAD= I I lf(u, v, N) - f(u, v, N + 1)1 
[Expression 1] 

u=l v=l 

[0053] SAD represents the Summation of Absolute Dif­
ferences, and f(u,v,n) represents the pixel value Y at the 
position (u,v) of the nth frame. The term f(u,v,n) can be 
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formularized as Expression 2 as a linear summation of the 
pixel values (gray-scale level) of red, green and blue. 

flu, v,n)=0.299R(u, v,n)+0.587G(u, v,n)+0.! !4B(u, v,n) [Expression 2] 

[0054] The terms R(u,v,n), G(u,v,n), B(u,v,n) represent the 
pixel values ofred, green and blue at positions (u,v) respec­
tively. Although this embodiment is adapted to obtain the 
Summation of Absolute Differences of the value Y, it can 
also be adapted to obtain the Summation of Absolute Dif­
ferences of the pixel values of red, green and blue. 

[0055] Although this embodiment is adapted to obtain the 
Summation of Absolute Differences with respect to all the 
pixels in one frame, it can also be adapted to obtain the 
Summation of Absolute Differences only with respect to 
discrete pixels or to reduce one frame and obtain the 
Summation of Absolute Differences for the reduced size 
image for simplifying the processing. The Summation of 
Absolute Differences between frames may be obtained every 
two or other plurality of frames, other than between the 
adjacent frames. 

[0056] Also, in order to make the movement robust, 
movement information of the current frame can be fixed 
using the movement information of several frames in the 
past. For example, assuming that the still image is O and the 
moving image is 1 as the movement information, median 
processing is performed from the movement information of 
five frames in the past, and the movement information of the 
median is employed as the movement information of the 
current frame. With the processing as described above, even 
when only a certain still frame is detected as a moving image 
due to failure of movement detection, the received result of 
movement detection is "still image" after having performed 
the median processing. The threshold processing is per­
formed for the Summation of Absolute Differences obtained 
by the Expression 1, and whether or not the input image is 
the moving image or the still image is detected. In other 
words, when the Summation of Absolute Differences is a 
predetermined threshold or higher, it is determined as the 
moving image and when the Summation of Absolute Dif­
ferences is lower than the predetermine threshold, it is 
determined as the still image. The result of determination 
between the moving image and the still image is inputted to 
the display ratio control unit 16 as the movement informa­
tion. 

(3) Display Ratio Control Unit 16 

[0057] The display ratio control unit 16 determines the 
black display time ratio based on the inputted movement 
information. 

[0058] In this embodiment, the black display time ratio for 
the still image is assumed to be 0% and the black display 
time ratio for the moving image is assumed to be 50%. The 
change in the black display time ratio in this embodiment in 
the case where the movement information is changed from 
the still image to the moving image will be described. 

(3-1) When the Movement Information is Changed from the 
Still Image to the Moving Image 

[0059] The case in which the movement information is 
changed from the still image to the moving image will be 
described first. 

[0060] When the movement information is changed from 
the still image to the moving image, the black display time 
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ratio is changed from 0% to 50%. When the ratio is changed 
immediately from 0% to 50%, flicker may occur due to the 
abrupt change in the black display time ratio. Therefore, in 
this embodiment, when the black display time ratio is 
changed, a transient black display time ratio is set between 
the black display time ratio for the still image (0%) and the 
black display time ratio for the moving image (50%) to 
cause the black display time ratio to change via the transient 
black display time ratio. 

[0061] FIG. 2 is a pattern diagram showing a display state 
when the ratio is changed from the black display time ratio 
for the still image to the black display time ratio for the 
moving image. 

[0062] Assuming that the movement information is 
changed from the sill image to the moving image at the third 
frame in FIG. 2, since the black display time ratio is 0% for 
the still image, the image is displayed for the entire one 
frame period. When the movement information is changed 
to the moving image, the black display time ratio becomes 
50%. 

[0063] However, by setting the transient black display 
time ratio between the black display time ratio 0% and the 
black display time ratio 50% so as to prevent abrupt change 
in black display time ratio and cause the black display time 
ratio to change gradually. The amount of change in the black 
display time ratio during one frame is preferably set to a 
value below the minimum visibility so that the flicker due to 
the change in the black display time ratio is not visible. 
Minimum visibility may change depending on the bright­
ness or the like of the display device. However, in FIG. 2, 
the amount of change in the transient black display time ratio 
in one frame is set to be 10%. Therefore, the transient black 
display time ratios of 10%, 20%, 30% and 40% are set 
between the black display time ratio of 0% and the black 
display time ratio of 50%. In this arrangement, the abrupt 
change in the black display time ratio can be restrained and 
occurrence of flicker can be prevented. 

[0064] In the same manner, when the movement informa­
tion is changed from the moving image to the still image, the 
transient black display time ratios are set as shown in FIG. 
3, so that the abrupt change in the black display time ratio 
is restrained. 

(3-2) When the Movement Information is Changed in the 
Transient Black Display Period 

[0065] Subsequently the case in which the movement 
information is changed in the transient black display period 
will be described. 

[0066] FIG. 4 shows a pattern diagram showing a display 
state in the case in which the movement information is 
changed in the transient black display period. 

[0067] In FIG. 4, the movement information is changed 
from the still image to the moving image at the third frame, 
and the movement information is changed again from the 
moving image to the still image at the sixth frame. In this 
case, as shown in FIG. 4, the transient black display time 
ratio increases once when the movement information is 
changed from the still image to the moving image. However, 
since the movement information is changed again from the 
moving image to the sill image in the transient black display 
period, the black display time ratio is decreased. In other 
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words, the black display time ratio Br (N) of the W frame 
is formularized as Expression 3. 

Br(N) = Br(N - 1) + TrM(N) 

where; 

{ 

Bruin (Br(N) < Bmm) 

Br(N) = Bm~ (Br(N) > Bm~) 

Br(N) (otherwise) 

[Expression 3] 

[Expression 4] 

[0068] In this Expression, Tr represents the amount of 
change in transient black display time ratio (10% in this 
embodiment), M(N) represents the movement information 
of the Nth frame, Bmax represents the maximum black 
display time ratio for the moving image (50% in this 
embodiment), and Bmin represents the minimum black dis­
play time ratio for the still image (0% in this embodiment). 
M(N) is formularized as Expression 5. 

M(N)= 

(movement information indicates moving image) 

(movement information indicates still image) 

[Expression 5] 

[0069] The black display time ratio of the W frame can be 
obtained by verifying Expression 3 for every frame. 

[0070] In Expression 3, the black display time ratio is 
changed for every frame. However, it is also possible to 
employ a structure in which the black display time ratio is 
changed for every plurality of frames. In this case, when the 
interval of the frames for verification of the black display 
time ratio is assumed to be li.N, the black display time ratio 
is formularized as Expression 6. 

Br(N)=Br(N-Mf)+TrM(N) [Expression 6] 

[0071] In this arrangement, the black display time ratio is 
fixed by the display ratio control unit 16, and is inputted to 
the backlight brightness control unit 20 as the black display 
time ratio information. The control signals (such as hori­
zontal synchronous signals and vertical synchronous sig­
nals) for causing the liquid crystal panel 18 to operate is 
outputted together with the image signals to be displayed on 
the liquid crystal panel 18. 

(4) Liquid Crystal Panel 18 

( 4-1) Structure of the Liquid Crystal Panel 18 

[0072] Referring to FIG. 5, the structure of the liquid 
crystal panel 18 will be described. 

[0073] The liquid crystal panel 18 is an active matrix type 
in this embodiment, and as shown in FIG. 5, a plurality of 
signal lines 181 and a plurality of scanning lines 182 
intersecting therewith are arranged in a matrix manner on an 
array substrate 180 via an insulating layer, not shown, and 
pixels 183 are formed at the respective intersecting points of 
both lines 181 and 182. The ends of the signal lines 181 and 
the scanning lines 182 are connected to a signal line drive 
circuit 184 and a scanning line drive circuit 185, respec­
tively. 
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[0074] In each pixel 183, a switch element 186 formed of 
a thin-film transistor (TFT) is the switch element for writing 
the image signal, and gates thereof are commonly connected 
to the scanning line 182 by each horizontal line, and sources 
thereof are commonly connected to the signal line 181 by 
each vertical line. Each drain is connected to a pixel elec­
trode 187 and is connected to an storage capacitor 188 
disposed in electrically parallel with the pixel electrode 187. 

[0075] The pixel electrode 187 is formed on the array 
substrate 180, and a common electrode 189 electrically 
opposing to the pixel electrode 187 is formed on an opposed 
substrate, not shown. A predetermined common voltage is 
applied to the common electrode 189 from a common 
voltage generating circuit, not shown. A liquid crystal layer 
190 is held between the pixel electrode 187 and the common 
electrode 189, and the circumference of the array substrate 
180 and the opposed substrate is sealed by a seal material, 
not shown. 

[0076] The liquid crystal material used in the liquid crystal 
layer 190 may be of any type. However, since it is necessary 
to write two types of image signals such as the image display 
and the black display in one frame period as described later, 
the liquid crystal panel 18 is preferably the one which can 
respond relatively quickly. For example, a ferroelectric 
liquid crystal or a liquid crystal of an OCB (Optically 
Compensated Bend) mode is preferable. 

[0077] The scanning line drive circuit 185 is composed of 
a shift resistor, a level shifter, a buffer circuit, not shown. 
The scanning line drive circuit 185 outputs line selection 
signals to the respective scanning lines 182 based on vertical 
start signals or vertical clock signals outputted from the 
display ratio control unit 16 as the control signals. 

[0078] The signal line drive circuit 184 includes an ana­
logue switch, a shift resistor, a sample hold circuit, a video 
bus, not shown. The signal line drive circuit 184 is supplied 
with horizontal start signals and horizontal clock signals 
outputted from the display ratio control unit 16 as the control 
signals, and also with the image signals. 

( 4-2) Operation of the Liquid Crystal Panel 18 

[0079] Subsequently, the operation of the liquid crystal 
panel 18 according to this embodiment will be described. 

[0080] A timing chart of the liquid crystal panel 18 accord­
ing to this embodiment is shown in FIG. 6. FIG. 6 shows 
drive waveforms of the display signals outputted from the 
signal line drive circuit 184 and the scanning signals out­
putted from the scanning line drive circuit 185, and the state 
of image display on the liquid crystal panel 18. In FIG. 6, 
for the simplification of description, blanking periods are not 
shown. However, the drive signals for the general liquid 
crystal panel 18 have horizontal and vertical blanking peri­
ods. 

[0081] The signal line drive circuit 184 transmits the 
image display signals in the former half of a single hori­
zontal scanning period and black display signals in the latter 
half of the same. The scanning line drive circuit 185 selects 
the scanning lines 182 corresponding to the respective pixels 
183 to which the image display signals are to be supplied in 
the former half of the single horizontal scanning period, and 
selects the scanning lines 182 corresponding to the pixels 
183 to which the black display signals are to be supplied in 
the later half of the same. 
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[0082] FIG. 6 is a timing chart of the case in which the 
black display time ratio is 50%. 

[0083] When the first scanning line 182 is selected and the 
image display signal to the corresponding pixel 183 is 
supplied in the former half of the single horizontal scanning 
period, the V/2+l th scanning line 182 is selected and the 
black display signal is supplied to the corresponding pixel 
183 in the latter half of the single horizontal scanning period, 
where V represents the number of the vertical scanning lines. 

[0084] Likewise, when the second scanning line 182 is 
selected in the former half of the single horizontal scanning 
period, the V/2+2th scanning line 182 is selected in the latter 
half of the single horizontal scanning period. 

[0085] In the same manner, the subsequent scanning line 
182 is selected in the former half of the single horizontal 
scanning period and the latter half of the same respectively 
in sequence. 

[0086] In this manner, when the yth scanning line 182 is 
selected and the image display signal is supplied to the 
corresponding pixel 183 in the former half of the single 
horizontal scanning period, the V/2th scanning line 182 is 
selected and the black display signal is supplied to the 
corresponding pixel 183 in the latter half of the single 
horizontal scanning period. 

[0087] FIG. 7 shows a display state on the liquid crystal 
panel 18 in the case in which the black display time ratio is 
50%. 

[0088] FIG. 7A shows a display state in which writing of 
the image display signals on the nth frame is completed up 
to the V/2+ 1th line, and the black display signals are written 
on the first line. FIG. 7B shows a display state in which 
writing of the image display signals on the nth frame is 
completed up to the V/2+2th line, and the black display 
signals are written on the second line. FIG. 7C shows a 
display state in which the image display signals on the nth 

frame are written on the yth line and the black display 
signals are written on the V/2-1 th line. FIG. 7D shows a state 
in which the image display signals on the n+l th frame are 
written on the first line, and the black display signals are 
written on the V/2th line. FIG. 7E shows a state in which the 
image display signals on then+ 1th frame are written on the 
V~2th line, and the black display signals are written on the 
V line. 

[0089] Although the case in which the black display time 
ratio is 50% is shown in FIG. 6, a desired black display 
period can be set by likewise changing the write-start timing 
of the black display signals, that is, by changing the timing 
of the scanning line 182 signals. Therefore, by fixing the 
black display time ratio by the display ratio control unit 16 
and inputting a write-start timing of the black display signal 
to the liquid crystal panel 18 as the control signal, the image 
can be displayed on the liquid crystal panel 18 with an 
arbitrary black display time ratio. 

(5) Backlight Brightness Control Unit 20 

(5-1) Structure of the Backlight Brightness Control Unit 20 

[0090] The backlight brightness control unit 20 outputs 
backlight brightness control signals for controlling a light 
source of the backlight 22 using the inputted black display 
time ratio information. In other words, if the light source of 
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the backlight 22 is an analogue modulated LED, the back­
light brightness control unit 20 outputs the analogue voltage 
signals, and if it is a pulse width modulated (PWM) LED, it 
outputs the pulse width modulated signals. When the light 
source is a cold cathode tube, it outputs the analogue voltage 
inputted into an inverter for illuminating the cold cathode 
tube. 

[0091] In this embodiment, the LED light source of a pulse 
width modulated system, which can secure a wide dynamic 
range of brightness in a relatively simple structure is used. 
The relation between the pulse width to be inputted into the 
LED light source and the brightness of the backlight 22 is 
measured in advance, and is stored in the backlight bright­
ness control unit 20. As data to be stored, for example, it may 
be a function if the relation can be expressed by the function. 

[0092] It is also possible to hold it in an ROM as a LUT. 

[0093] When the LED light source has a structure mixing 
three LCD colors of red, green and blue to display white 
color, it is preferable to hold this data on the respective 
LEDs. 

(5-2) Relation Between the Black Display Time Ratio and 
Relative Brightness 

[0094] FIG. 8 shows the relation of the black display time 
ratio to relative transmittance of the liquid crystal panel 18, 
relative brightness of the backlight 22, and relative bright­
ness of the liquid crystal display device 10, in which the 
range of black display time ratio is set to 0% to 50%. The 
horizontal axis represents the black display time ratio, the 
right vertical axis represents the relative transmittance of the 
liquid crystal panel 18 with respect to the transmittance 
when the black display time ratio is 0%, and the left vertical 
axis represents the relative brightness of the backlight 22 
with respect to the brightness when the black display time 
ratio is 100%. 

[0095] Since the liquid crystal panel 18 used in this 
embodiment is such that the transmittance linearly reduces 
with increase in the black display time ratio, the brightness 
of the backlight 22 is increased with increase in the black 
display time ratio, and the brightness of the backlight 22 is 
controlled so that the relative brightness of the liquid crystal 
display device 10, that is, the brightness after having passed 
the liquid crystal panel 18 becomes constant. The relation 
between the black display time ratio and the relative bright­
ness with respect to the backlight 22 is obtained from FIG. 
8, and the relation between the black display time ratio and 
the pulse width can be obtained from the relation between 
the relative brightness of the backlight 22 and the pulse 
width to be inputted to the LED light source, and the 
backlight brightness control signal represented by the pulse 
width can be obtained from the black display time ratio 
information obtained by the display ratio control unit 16. 

[0096] Although the liquid crystal panel 18 displayed at 
various black display time ratios is controlled so that the 
brightness becomes always constant for one frame period, it 
is also acceptable to control to restrain variations in bright­
ness within a predetermined range centered on a brightness 
which acts as a benchmark in one frame period. In other 
words, the object of this embodiment can be achieved as 
long as it is a control to restrain variation in brightness 
within a range in which variations in brightness cannot be 
recognized when viewed by human's eyes. 
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(5-3) Modification of the Backlight Brightness Control Unit 

[0097] Although the method of storing the relation 
between the pulse width and the backlight brightness as data 
has been shown in the description above, it is also possible 
to store the relation between the black display time ratio and 
the pulse width at which the brightness on the liquid crystal 
panel 18 displayed at various black display time ratio 
becomes constant. 

[0098] In other words, a white image is displayed on the 
liquid crystal panel 18 at a certain black display time ratio, 
the backlight brightness is controlled so that the brightness 
after having passed the liquid crystal panel 18 becomes a 
predetermined value, and the pulse width inputted to the 
LED light source at that time is obtained. The above­
described operation is performed at various black display 
time ratios, and relation between the black display time ratio 
and the pulse width is obtained, which is stored as data. By 
referring the data by the inputted black display time ratio 
information, the brightness of the backlight 22 is controlled, 
so that the brightness of the liquid crystal panel 18 can be 
maintained constant with respect to an arbitrary black dis­
play time ratio. 

[0099] In addition to those described above, a method of 
controlling the brightness of the LED light source by install­
ing a photodiode or the like in the backlight 22 and per­
forming feedback while measuring the brightness of the 
backlight 22 by the photodiode or the like may be employed. 
In particular, a structure in which the feedback is performed 
by the photodiode or the like as described above is effective 
since the light-emitting characteristics of the LED light 
source are varied depending on the temperature. 

(6) Backlight 22 

[0100] The backlight 22 can be configured with various 
light sources as described above, and in this embodiment, 
the direct backlight 22 with the LED as the light source is 
employed. 

[0101] However, the structure of the backlight 22 is not 
limited to those described above, and the edge-lighting 
backlight 22 using an optical waveguide may also be appli­
cable. The backlight 22 is controlled in brightness by the 
backlight brightness control signals outputted from the back­
light brightness control unit 20. 

(7) Effects of the Liquid Crystal Display Device 10 

[0102] Subsequently, the effect of the liquid crystal dis­
play device 10 in this embodiment will be described. 

[0103] The liquid crystal display device 10 determines 
whether the input image is the moving image or the still 
image so as to improve sharpness of the moving image by 
increasing the black display time ratio for the moving image, 
and reduce the brightness of the backlight 22 by reducing the 
black display time ratio to reduce the power consumption for 
the still image. Simultaneously, the liquid crystal display 
device 10 can restrain flicker from occurring by employing 
a quasi-impulse display for the still image. 

[0104] Flicker which occurs due to abrupt change of the 
black display time ratio can be restrained as much as 
possible by setting the transient black display period. The 
principle of occurrence of flicker due to the abrupt change of 
the black display time ratio will now be described. 
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[0105] FIG. 9 shows a pattern diagram showing the 
change in display brightness when the image display time 
ratio (=I-black display time ratio) is changed from t0 to t 1 

(t0 <t1). Assuming that L0 represents relative display bright­
ness in the period of t0 , and L1 represents relative display 
brightness in the period oft10 the average brightness in one 
frame period is constant irrespective of the image display 
ratio, and hence Expression 7 is satisfied. 

[Expression 7] 

[0106] Subsequently, relative integral brightness in an 
arbitrary one frame period when the image display ratio is 
changed from t0 to t 1 will be considered. The human eyes can 
perceive brightness by integrating stimulation that his/her 
retinas receives in a certain constant period. Therefore, 
perceivable brightness is modeled by integrating the bright­
ness of the liquid crystal display device 10 in one frame 
period. The value of the integral brightness to be controlled 
at a constant value can be defined by using the relative 
integral brightness when the black insertion control is not 
performed, or the integral brightness obtained by illuminat­
ing the backlight 22 at the maximum luminous brightness 
and displaying the image with the maximum black insertion 
rate within the controllable range. Not only such integral 
brightness, but also integral brightness obtained when the 
backlight 22 emits light at a certain specified luminous 
brightness and the image is displayed with a certain speci­
fied black insertion rate may be employed. 

[0107] FIG. 10 shows temporal variation in relative inte­
gral brightness in an arbitrary one frame period when the 
image display ratio is changed from t0 to t1 . The horizontal 
axis represents time, and the vertical axis represents relative 
integral brightness. When the image display time ratio is a 
constant value of t0 or t1 , the relative integral brightness in 
the arbitrary one frame period becomes a constant value 
Lave· However, at a timing where the image display ratio 
changes from t0 to t1 , part of the relative brightness L0 when 
the image display ratio is to and part of the relative bright­
ness L1 at the time when the image display period ratio is t 1 

are integrated in an arbitrary one frame period, and hence the 
relative integral brightness is changed to a smaller value as 
shown in FIG. 10. Assuming that the smallest value at this 
time is Lmin• Lmin can be formularized as Expression 8 using 
Expression 7. 

[Expression 8] 

[0108] Therefore, the amount of change flL of the relative 
integral brightness is formularized as Expression 9. 

D.L = Lave - Limn = ( 1 - ~ )Lave 
[Expression 9] 

[0109] The period flt in which the relative integral bright­
ness is smaller than Lave is formularized as Expression 10 
from FIG. 10. 

M=t0+(t 1-10)=11 [Expression 10] 

[0110] Since perceivable flicker is considered to be pro­
portional to a product of the strength (flL) of flicker and the 
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period of generation (flt) of flicker, perceivable flicker I is 
formularized as Expression 11. 

[Expression 11] 

[0111] Here, a represents a proportional constant. 

[0112] On the other hand, as shown also in FIG. 11, when 
a case in which the image display ratio is changed from t0 

to t 1 (t0 >t1) is considered in the same manner, the relative 
integral brightness of an arbitrary one frame period will be 
as shown in FIG. 12. In other words, at a timing where the 
image display time ratio is changed from t0 to t 10 part of the 
relative brightness L0 when the image display ratio is to and 
part of the relative brightness L1 at the time when the image 
display period ratio is t1 are integrated in an arbitrary one 
frame period, and hence the relative integral brightness is 
changed to a larger value as shown in FIG. 12. Assuming 
that the maximum value at this time is Lmax• Lmax can be 
formularized as Expression 12 using Expression 7. 

( 
lo -11) Lm~ = t1L1 - (to - t1)Lo = 1 + -

10
- 4m 

[Expression 12] 

[0113] Therefore, the amount of change flL of the relative 
integral brightness is shown as Expression 13. 

[Expression 13] 

[0114] The period flT in which the relative integral bright­
ness is larger than Lave is formularized as Expression 14 
from FIG. 12. 

[Expression 14] 

[0115] Therefore, the perceivable flicker I is formularized 
as Expression 15. 

l=MtM=(t0-t1)L0 v,=a/t1-to/Lave [Expression 15] 

[0116] As described above, the perceivable flicker when 
the image display ratio is changed from t0 to t 1 is propor­
tional to the amount of change in image display ratio, that is, 
the amount of change in black display time ratio from 
Expression 11 and Expression 15. Therefore, by setting the 
transient black display period according to the amount of 
change in black display time ratio so that the perceivable 
flicker is less than cognitive limit to be perceived, occur­
rence of flicker due to the abrupt change of the black display 
period ratio can be restrained. 

[0117] As described above, according to the liquid crystal 
display device 10 in this embodiment, by changing the black 
display time ratio depending on whether the input image is 
the moving image or still image, improvement of the image 
quality of the displayed input image can be achieved while 
controlling increase in power consumption. In addition, 
flicker occurred by the abrupt change in the black display 
time ratio can be restrained as much as possible. 

SECOND EMBODIMENT 

[0118] Referring to FIG. 13 and FIG. 14, the liquid crystal 
device 10 according to a second embodiment of the inven­
tion will be described. 
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(1) Structure of Liquid Crystal Display Device 10 

[0119] FIG. 13 shows a structure of the liquid crystal 
display device 10 according to the second embodiment of 
the invention. 

[0120] Although the basic structure of the liquid crystal 
display device 10 according to the second embodiment is the 
same as the first embodiment, the second embodiment is 
characterized in that movement information which is more 
detailed than the moving image/still images is detected from 
the input image by a movement detection unit 24, and the 
black display time ratio which is divided into smaller 
sections is controlled. 

(2) Movement Detection Unit 24 

(2-1) Structure of the Movement Detection Unit 24 

[0121] The movement detection unit 24 detects the move­
ment by using a plurality of frames of the input image 
signals, and outputs the same as movement information. In 
this embodiment, the input image signals are stored by the 
frame memory 12 during the time of one frame period, and 
the movement is detected by comparison of the image 
signals delayed by one frame and the input image signals, 
that is, temporally adjacent two frames. However, the frames 
used for detecting the movement are not limited to the 
temporally adjacent two frames, and the movement detec­
tion may be achieved by using only frames of even number 
or frames of odd number when the input image signals are 
the interlaced image signals. 

[0122] Although various movements detecting means may 
be considered, a method of obtaining movement vector by 
block matching is employed in this embodiment. The block 
matching is a method of detecting movement vector used for 
coding of the moving image such as Moving Picture Experts 
group (MPEG) and, as shown in FIG. 14, nth frame of the 
input image signals (reference frame) is divided into square 
area,~ (blocks) Here the similar areas are searched in the 
n+l frame (frame to be searched) for each block. Although 
the method of verification of the similar areas may generally 
be Summation of Absolute Differences (SAD) or Summa­
tion of Squared Differences (SSD), in this embodiment, it is 
obtained by Expression 16 using the SAD. 

SAD(d) = I lp(x, n) - p(x + d, n + 1)1 [Expression 16] 

xcB 

[0123] Here, the term p (x,n) represents the pixel value of 
a position x of the nth frame, and B represents the range of 
the reference block. The SAD is obtained using Expression 
16 for various d, and the d in which the SAD is the 
minimum, is estimated to be a movement vector of the 
reference block B. This is formularized as Expression 17. 

MV = argnynSAD(d) [Expression 17] 

[0124] By solving Expression 16 and Expression 17 for all 
the blocks in the reference frame, the movement vector 
between the adjacent frames of the input image signals can 
be obtained. 
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(2-2) Method of Obtaining Movement Information 

[0125] Subsequently, a method of obtaining the movement 
information from the detected movement vector will be 
described. 

[0126] The liquid crystal display device 10 of this embodi­
ment controls the display ratio of the black display period in 
one frame period based on the movement information of the 
input image signals. In other words, if it is the still image, 
the black display for improving the image quality of the 
moving image is not necessary, and hence the black display 
time ratio may be zero. On the other hand, when the input 
image includes the movement, it is necessary to determine 
the black display time ratio according to the movement. 
However, in this case, the black display time ratio is 
determined based on deterioration of the image quality due 
to a hold effect that the observer views in the input image. 
In other words, when deterioration of the image quality 
caused by the hold effect due to the movement contained in 
the input image is significant, the black display time ratio is 
increased. In contrast, when deterioration of the image 
quality caused by the hold effect due to the movement 
contained in the input image is small, the black display time 
ratio is decreased. 

[0127] Although various types of the movement informa­
tion which significantly affect the image quality deteriora­
tion caused by the hold effect, that is, the movement infor­
mation significant for fixing the black display time ratio are 
considered, in this embodiment, the following information 
will be included. 

1) speed of movement 

2) directionality of movement 

3) contrast of a moving object 

4) spatial frequency of the moving object 

[0128] The "speed of movement" means the speed of the 
moving object included in the input image. The higher the 
speed of movement, the larger the black display time ratio is 
set to be, while the lower the speed of movement, the smaller 
the black display time ratio is set to be. When the speed of 
movement is zero, it is the still image. This is because the 
shift amount superimposed on the retinas when the observ­
er's eyes follow the moving object increases with increase in 
speed of the movement, and hence deterioration of the image 
quality caused by the hold effect increases. 

[0129] The "directionality of movement" means how the 
directions of movement contained in the input image are 
dispersed. Since deterioration of the image quality caused by 
the hold effect is deterioration which occurs when the 
observer's eyes follow the moving object, when the direc­
tions of movement contained in the input image are all the 
same and uniform, deterioration of the image quality caused 
by the hold effect becomes great, and in contrast, when the 
directions of movement contained in the input image are 
varied, the observer's eyes have difficulty following each 
moving object, and hence deterioration of the image quality 
caused by the hold effect is reduced. Therefore, the smaller 
the dispersion of the directionality of movement, the larger 
the black display time ratio is set to be, and the larger the 
dispersion of directionality of movement, the smaller the 
black display time ratio is set to be. 

[0130] The "contrast of moving object" is difference in 
gray-scale level between the still image background and the 
moving object. Deterioration of the image quality caused by 
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the hold effect is seen as bluring, and the smaller the 
gray-scale level difference between the still image back­
ground and the moving object, the less bluring is seen at the 
borderline between the still image background and the 
moving object. As an extreme example, when the gray-scale 
level difference between the still image background and the 
moving object is zero, bluring is not seen. Therefore, the 
larger the contrast of the moving object, the larger the black 
display time ratio is set to be, while the smaller the contrast 
of the moving object, the smaller the black display time ratio 
is set to be. 

[0131] The "spatial frequency of the moving object" rep­
resents fineness of the texture of the moving object. Dete­
rioration of the image quality caused by the hold effect is 
recognized by the observer as bluring, and the bluring occurs 
at the edge of the moving object. For example, even when 
the moving object of a single color moves, inside the moving 
object, bluring is not seen, since an edge does not exist. On 
the other hand, when there is a texture (for example, stripes) 
inside the moving object, bluring of the texture inside the 
moving object is recognized by the observer. Therefore, the 
higher the spatial frequency of the moving object, the larger 
the black display time ratio is set to be, while the lower the 
spatial frequency of the moving object, the smaller the black 
display time ratio is set to be. The above-described move­
ment information is simply an example, and hence, only one 
part of the above-described four types of movement infor­
mation need be employed as the movement information, or 
other types of information may be added as the movement 
information. 

(2-3) Method of Obtaining from the Input Image 

[0132] Subsequently, a method of obtaining the above­
described respective information from the input image as a 
parameter of the movement information will be described. 
In this embodiment, the difference between the adjacent 
frames is obtained before detecting the movement and 
calculating the movement information, and rough determi­
nation whether the image is a still image or a moving image 
is based on the inter-frame absolute difference value. In 
other words, a threshold calculation is performed for the 
inter-frame absolute difference value, and when the calcu­
lated value is smaller than the threshold value, it is deter­
mined to be the still image, and hence detection of the 
movement or calculation of the movement information is not 
performed and the movement information is outputted as the 
still image. On the other hand, when it is the threshold value 
or higher, movement detection and calculation of the move­
ment information as described above are performed, and the 
four parameters are outputted as the movement information. 

(2-3-1) Speed of Movement 

[0133] 1) Estimate the movement vector for each frame 
according to the method described above to find the move­
ment vectors having scalar magnitude of 1 or higher. 

[0134] 2) Classify the above-described movement vectors 
into into eight directional ranges of movement of 45° each, 
and obtain the numbers of movement vectors in each move­
ment range. 

[0135] 3) Arrange the numbers of the movement vectors 
for the respective movement ranges obtained in 2) in a 
descending order to find the ratios of the numbers of the 
movement vectors in each movement range with respect to 
the number of the movement vectors having scalar magni­
tude of 1 or higher obtained in 1 ), and obtain the respective 
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ranges of movement vectors until the cumulative ratio 
reaches at least 90% of the total. 

[0136] 4) Exclude the ranges of the movement vector 
obtained in 3) with vector number ratio less than 5% with 
respect to the number of the movement vectors having scalar 
magnitude of 1 or higher obtained in 1) above. 

[0137] 5) After having obtained the scalar averages of the 
movement vectors for the respective movement vector 
ranges obtained in 4), perform weight-averaging by the 
respective ratios of the movement ranges obtained in 3) to 
find the speed of movement. 

(2-3-2) Directionality of Movement 

[0138] The number of ranges of the movement vectors 
obtained in the speed of movement calculations 1) to 4) 
described above is set as the directionality of movement. 

(2-3-3) Contrast of Moving Object 

[0139] 1) Obtain the absolute difference value in pixel 
value between the adjacent frames. 

[0140] 2) Set the pixels 183 having the absolute difference 
value of 10 or higher to be the moving range, and obtain the 
summation of the absolute difference values in the moving 
range. 

[0141] 3) Determine a value obtained by dividing the 
above summation of the absolute difference values by the 
number of pixels of the moving range where the absolute 
difference value is 10 or more as a contrast of the moving 
object. 

(2-3-4) Spatial Frequency of the Moving Object 

[0142] 1) Detect the edge direction of the frame image. 

[0143] 2) Estimate the movement vector of the frame 
image to find the movement vector having scalar magnitude 
of 1 or higher. 

[0144] 3) Obtain inner product of the edge direction 
obtained in 1) and the magnitude of the movement vector 
obtained in 2), set this to be 1, and determine the summation 
thereof as the spatial frequency of the moving object. 

[0145] The four parameters obtained via the above-de­
scribed methods are outputted to the display ratio control 
unit 16 as the movement information 

(2-4) Modification of the Movement Information 

[0146] The movement information is not limited to the 
above-described four parameters, and other parameters may 
be added. 

[0147] Alternatively, part of the four parameters described 
above may be employed. 

[0148] Furthermore, the methods of obtaining the four 
parameters described above are not limited to those 
described above, and other methods may be employed. For 
example, the concrete values shown in the above-described 
methods may be other values. The movement information is 
preferably fixed from the amount of processing and accu­
racy. 

(3) Display Ratio Control Unit 16 

(3-1) Function of the Display Ratio Control Unit 16 

[0149] In the display ratio control unit116, the black 
display time ratio between the display frames in one frame 
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period is obtained based on the inputted movement infor­
mation. In this embodiment, the black display time ratio is 
calculated via Expression 18 using the linear summation of 
the four types of movement information obtained by the 
movement detection unit 24. 

Br(N)=axspd+bxdir+cxcr+dxfreq+e [Expression 18] 

where: Br(N) represents the black display time ratio (%) of 
the N'h frame, spd represents the speed of movement, dir 
represents the directionality of the movement, er represents 
the contrast of the moving object, freq represents the spatial 
frequency of the moving object, and a, b, c, d and e are 
weighted coefficients. 

[0150] When the movement information indicates that the 
image is a still image, calculation of Expression 18 is not 
performed, and the minimum preset black display time ratio 
is used. For example, when the preset black display time 
ratio is from 0% to 50%, and when the movement informa­
tion indicates that the image is a still image, the black 
display time ratio is 0%. Subsequently, the respective 
weighted coefficients in this embodiment are assumed to be 
a=3, b=-0.4, c=0.06, d=0.001, and e=0.4 from the result of 
the subjectivity verification experiment. 

[0151] Although the black display time ratio can be 
obtained from Expression 18, in order to restrain the abrupt 
change in the black display time ratio as in the first embodi­
ment, the black display time ratio is further corrected. The 
black display time ratio is corrected by Expression 19. 

Br(N)= [Expression 19] 

{ 

Br(N - 1) + TrSgn(Br(N) -
Br(N _ l)) (IBr(N) - Br(N - 1)1 > Tr) 

Br(N) (otherwise) 

where: 

{ 

Bruin (Br(N) < Bminl 

Br(N) = Bmax (Br(N) > Bmaxl 

Br(N) ( otherwise) 

[Expression 20] 

where: Tr represents the amount of change of the transient 
black display time ratio, Sgn (a) is a function for reversing 
the sign of a. Bmin represents the minimum value of the 
preset range of the black display time ratio, and Bmax 
represents the maximum value in the preset range of the 
black display time ratio. It is also possible to employ a 
structure in which the black display time ratio is changed for 
every nth frame as in ths first embodiment. In this case, 
when the interval between frames whose black display time 
ratio is evaluated is assumed to be li.N, the black display time 
ratio is formularized as Expression 21. 
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[0152] In order to make the movement more robust with 
respect to the detected result of the movement information 

of the movement detection unit 24, median value processing 

may be performed with respect to the black display time 

ratio as in the first embodiment. In other words, the black 

display time ratio before correction of several frames in the 

past is stored and the median of the black display time ratio 

of the several frames in the past before correction is 

employed as the black display time ratio of the current frame 

before correction, whereby the black display time ratio is 
corrected using Expression 19 or Expression 21. 

[0153] The black display time ratio obtained by Expres­
sion 19 or Expression 21 is outputted to the backlight 
brightness control unit 20 as the black display time ratio 
information. The image signal and the control signal accord­
ing to the black display time ratio are outputted to the liquid 
crystal panel 18. 

[0154] Other structures and operations are the same as 
those in the first embodiment. 

[0155] As described above, according to the liquid crystal 
display device 10 in this embodiment, the black display time 
ratio is changed depending on whether the input image is the 
moving image or the still image, and hence improvement of 
the quality of the displayed input image is achieved while 
controlling increase in power consumption. In addition, 
flicker occurred by the abrupt change in the black display 
time ratio can be restrained as much as possible. 

THIRD EMBODIMENT 

[0156] Referring now to FIG. 15, the liquid crystal display 
device 10 according to a third embodiment will be 
described. 

(1) Structure of the Liquid Crystal Display Device 10 

[0157] FIG. 15 shows a structure of the liquid crystal 
display device 10 according to the third embodiment of the 
invention. 

[0158] Although the basic structure of the liquid crystal 
display device 10 according to the third embodiment is the 
same as the first embodiment, the third embodiment is 
characterized in that the average gray-scale level of the input 
image is calculated to control the amount of change in the 
transient black display time ratio using the detected result. 

(2) An Average Gray-Scale Level Detection Unit 26 

[0159] The average gray-scale level detection unit 26 
detects the average gray-scale level of the input image. 
Assuming that X represents the number of pixels in the 
horizontal direction and Y represents the number of pixels in 

{ 
Br(N - llN) + TrSgn(Br(N) - Br(N - llN)) (IBr(N) - Br(N - llN) > Tri) 

Br(N) = Br(N) (otherwise) 

[Expression 21] 
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the vertical direction in the W frame, the average gray-scale 
level Gave can be obtained by Expression 22. 

l X T 

Gaw = - °\' °\' f(u, V, N) 
XxrL..L.. 

u=l v=l 

[Expression 22] 

where: f (u,v,n) represents the pixel value Y component at 
the position (u,v) of the nth frame. The term f(u,v,n) can be 
formularized as Expression 2 as a linear summation of the 
pixel values (gray-scale level) of red, green and blue. 

[0160] Although the average gray-scale level is obtained 
for the entire frame in this embodiment, it is also possible to 
employ a procedure obtaining first a histogram of the input 
image, and then the average value of the n pixels with the 
highest gray-scale levels, n being a predetermined fraction 
of the whole. 

(3) Display Ratio Control Unit 16 

[0161] The display ratio control unit 16 fixes the black 
display time ratio as in the first embodiment. However, the 
amount of change Tr in transient black display time ratio is 
given as a function of the Gave· In other words, Expression 
3 can be replaced by Expression 23. 

Br(N)=Br(N-1 )+ Tr( G ave)M(N) [Expression 23] 

where: Tr(Gave) represents monotone decreasing function 
relating to Gave· In other words, the larger the average 
gray-scale level of the input image, the smaller the amount 
of change in the transient black display time ratio becomes. 
In the same manner, when the structure in the second 
embodiment is employed as the basic structure, Expression 
19 is replaced by Expression 24. 
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example, when the brightness Y is changed into a half from 
1 to 0.5, the sensitivity only changes from about 0.333 to 
about 0.529, which is about 1.587 times, that is, the smaller 
the brightness becomes, the change of the sensitivity with 
respect to the change of the brightness decreases. As is clear 
from Expression 11 and Expression 15, the perceivable 
flicker is proportional to Lave, that is, to the brightness of the 
image to be displayed. Therefore, the smaller the brightness 
of the image becomes, the less the possibility of the flicker 
being perceived becomes even when the amount of change 
of the black display time ratio is increased. Even by intu­
ition, when the image is black, the flicker is not perceived 
irrespective of the change of the black display time ratio. 

[0165] Other structures and operations are the same as 
those in the first embodiment. 

[0166] As described above, according to the liquid crystal 
display device 10 in this embodiment, by changing the black 
display time ratio depending on whether the input image is 
moving image or the still image, improvement of the quality 
of the displayed input image is achieved while controlling 
the increase in power consumption. In addition, the flicker 
which occurs due to the abrupt change of the black display 
time ratio can be restrained as much as possible. 

FOURTH EMBODIMENT 

[0167] Referring now to FIG. 16 and FIG. 17, the liquid 
crystal display device 10 according to a fourth embodiment 
will be described. 

(1) Structure of the Liquid Crystal Display Deivce 10 

[0168] FIG. 16 shows a structure of the liquid crystal 
display device 10 according to the fourth embodiment of the 
invention. 

{ 
Br(N - 1) + Tr(G0 w)Sgn(Br(N) - Br(N - 1)) (IBr(N) - Br(N - 1)1 > Tr(G0 w)) 

Br(N) = Br(N) (otherwise) 

[Expression 24] 

( 4) Effect of the Liquid Crystal Display Device 10 

[0162] Subsequently, the effect of the liquid crystal dis­
play device 10 in this embodiment will be described. 

[0163] It is generally known that sensitivity of the 
human's eye increases with reduction of brightness. Bright­
ness sensed by the human is defined as a lightness value 
(L *), which is known to be substantially proportional to the 
brightness to the 1/3 power. 

L*=i3Yu3 [Expression 25] 

where: ~ represents a proportional constant and Y represents 
brightness. From Expression 25, the change of L * with 
respect to the change of the brightness Y, that is, the 
sensitivity is formularized as Expression 26. 

d/L' y-2/3 [Expression 26] 

d/Y 3 

[0164] As is clear from Expression 26, the change of the 
sensitivity is smaller than the change of the brightness Y. For 

[0169] Although the basic structure of the liquid crystal 
display device 10 according to the fourth embodiment is the 
same as the first embodiment, the fourth embodiment is 
characterized in that the display ratio of the input image 
displayed on the liquid crystal display device 10 is con­
trolled by controlling the light-up and tum-off of the back­
light 22. 

[0170] With the same structure as the first embodiment, 
the black display time ratio is determined based on the input 
image. The determined black display time ratio is inputted to 
a backlight emission ratio/brightness control unit 28 as black 
display time ratio information. The backlight emission ratio/ 
brightness control unit 28 fixes the emitting period of the 
backlight 22 and the luminous brightness of the backlight 22 
based on the black display time ratio information, which are 
then inputted to the backlight 22 as backlight emission ratio 
control signals and backlight brightness control signals. The 
backlight 22 emits light based on the inputted backlight 
emission ratio control signals and the backlight brightness 
control signals. 
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(2) Operation of the Liquid Crystal Panel 18 and the 
Backlight 22 

[0171] Subsequently, the operation of the liquid crystal 
panel 18 and the backlight 22 will be described. 

[0172] FIG. 17 shows the operation of the liquid crystal 
panel 18 and the backlight 22. The horizontal axis of FIG. 
17 represents time, and the vertical axis thereof represents 
the position of display on the liquid crystal panel 18 in the 
vertical direction. Normally, in the liquid crystal panel 18, 
the image is written on line-by line basis from the top of the 
screen in sequence. 

[0173] Therefore, writing into the liquid crystal panel 18 
is performed in such a manner that while the image is written 
on the liquid crystal panel 18 from the top of the screen the 
writing time is shifted little by little, as shown in FIG. 17. 
Writing in the liquid crystal panel 18 is normally performed 
in one frame period (generally 1/40 second). However, in this 
embodiment, in order to secure the emitting period of the 
backlight 22, described later, it is written in a shorter period 
than one frame period, that is, ¼ frame period (½4o second). 
For a predetermined period until response of the liquid 
crystal is completed after having written the lower most line 
on the liquid crystal panel 18, the backlight 22 emits light 
according to the backlight emission ratio control signals. 

[0174] The luminous brightness of the backlight 22 is 
determined by the backlight emitting period and is con­
trolled so that the product of the backlight emitting period 
and the backlight luminous brightness is kept substantially 
constant. 

[0175] The backlight 22 is preferably turned off during the 
writing period to the liquid crystal panel 18 and the response 
period of the liquid crystal. This is because part of the image 
in the previous frame is still displayed on the liquid crystal 
panel 18 during the writing period to the liquid crystal panel 
18 and the response period of the liquid crystal, and hence 
the previous frame and the current frame are combined if the 
backlight 22 emits light and are presented to the observer. 

[0176] As described above, by controlling the emitting 
period of the backlight 22, the black display time ratio of the 
liquid crystal display device 10 can be controlled as in the 
first embodiment. 

[0177] As described above, according to the liquid crystal 
display device 10 of this embodiment, improvement of 
quality of the moving image and the still image displayed on 
the liquid crystal display device 10 is achieved. 

FIFTH EMBODIMENT 

[0178] Referring now to FIG. 18 to FIG. 20, the liquid 
crystal display device 10 according to a fifth embodiment of 
the invention will be described. 

(1) Structure of the Liquid Crystal Display Device 10 

[0179] FIG. 18 shows a structure of the liquid crystal 
display device 10 according to the fifth embodiment of the 
invention. 

[0180] Although the basic structure of the liquid crystal 
display device 10 according to the fifth embodiment is the 
same as the fourth embodiment, the fifth embodiment is 
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characterized in that light light-emitting area of a backlight 
32 is divided so that the backlight 32 can be illuminated at 
different timings. 

[0181] FIG. 19 shows an example of the structure of the 
backlight 32 according to this embodiment. FIG. 19 is a 
structure referred to as a direct backlight, and includes cold 
cathode tubes 320 arranged as light sources, and each cold 
cathode tube 320 is surrounded by a reflector plate 321. A 
diffusion plate 322 is mounted on top of the cold cathode 
tubes 320, so that light from the cold cathode tubes 320 is 
diffused to provide a uniform surface light source. In this 
embodiment, the emission timings of the respective cold 
cathode tubes 320 are different. 

(2) Operation of the Liquid Crystal Panel 18 and the 
Backlight 32 

[0182] The operation of the liquid crystal panel 18 and the 
backlight 32 will be described. 

[0183] FIG. 20 shows the operation of the liquid crystal 
panel 18 and the backlight 32. In FIG. 20, the backlight 32 
is divided along the vertical direction into four sections to 
form four horizontal light-emitting areas, and the respective 
horizontal light-emitting areas can be controlled in timing of 
emission and quenching of the backlight 32. 

[0184] In the fourth embodiment, the timing of emission 
of the backlight 32 is when a predetermined period has 
elapsed after having written the lower most line of the liquid 
crystal panel 18. However, in this embodiment, the backlight 
32 is turned on according to the emitting ratio control signals 
of the backlight 21, when the response period of the liquid 
crystal has elapsed after writing the lowermost line of the 
liquid crystal panel 18 which corresponds to one of the 
respective divided horizontal light-emitting areas has been 
completed. As described above, when the light-emitting area 
of the backlight 32 is divided in the horizontal direction, the 
emitting period of the backlight 32 can be elongated in 
comparison with the fourth embodiment, and hence the 
black display time ratio can be controlled in a larger range. 
Other structures are the same as the fourth embodiment. 

[0185] As described above, according to the liquid crystal 
display device 10 in this embodiment, improvement of the 
quality of the moving image and the still image displayed on 
the liquid crystal display device 10 is achieved. 

SIXTH EMBODIMENT 

[0186] Referring now to FIG. 21 to FIG. 22, the liquid 
crystal display device 10 according to a sixth embodiment 
will be described. 

(1) Structure of an Organic EL Display Device 100 

[0187] FIG. 21 shows a structure of the organic EL 
display device 100 according to the sixth embodiment of the 
invention. 

[0188] Although the basic structure of the organic EL 
display device 100 according to the sixth embodiment is the 
same as the first embodiment, the image display unit is 
configured of an organic EL panel 34. 

[0189] FIG. 22 shows an example of the structure of the 
organic EL panel 34. 
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[0190] The organic EL panel 34 includes pixels 346 each 
having a first switch element 341 and a second switch 
element 342 formed of two thin-film transistors, a voltage 
holding capacitor 344 for holding the voltage supplied from 
a signal line 343, and an organic EL element 345. 

[0191] The ends of the signal line 343 and a power source 
line 347 are connected to a signal line drive circuit 348. 

[0192] Scanning lines 349 extending in the direction 
orthogonal to the signal line 343 and the power source line 
347 are connected to a scanning line drive circuit 350. 

(3) Operation of the Organic EL Display Device 100 

[0193] Subsequently, the operation of the organic EL 
display device 100 will be described. 

[0194] The scanning line drive signals in the ON state are 
applied to the first switch element 341 via the scanning line 
349 from the scanning line drive circuit 350, and hence the 
first switch element 341 is brought into the conducting state. 
At this time, the signal line drive signals outputted from the 
signal line drive circuit 348 are written in the voltage 
holding capacitor 344 via the signal line 343. 

[0195] The conducting state of the second switch element 
342 is defined according to the quantity of electric charge 
accumulated in the voltage holding capacity 344, and a 
current is supplied from the power source line 347 to the 
organic EL element 345, so that the organic EL element 345 
emits light. 

[0196] Since the voltage which defines the conducting 
state of the second switch element 342 is accumulated in the 
voltage holding capacity 344, even when the scanning line 
drive signals are turned OFF, the current is continuously 
supplied from the power source line 347 to the organic EL 
element 345. 

[0197] Therefore, as in FIG. 6 in conjunction with the first 
embodiment, the signal line drive circuit 348 outputs the 
image signals in the former half of the single horizontal 
scanning period and the black image signals in the latter half 
of the single horizontal scanning period, applies the ON­
state scanning line drive signal synchronized with the former 
half of the single horizontal scanning period to the scanning 
line 349 to which the image signal is to be written, and 
applies the ON-state scanning line drive signal synchronized 
with the latter half of the single horizontal scanning period 
to the scanning line 349 for writing the black image signals, 
so that the image display period and the black image display 
period of the organic EL panel 34 can be controlled as in the 
first embodiment. In other words, the scanning line drive 
circuit 350 is controlled in the same manner as the first 
embodiment based on the black display time ratio deter­
mined by the display ratio control unit 16. 

( 4) Control Specific for the Organic EL Panel 34 

[0198] However, since the organic EL panel 34 is a 
self-luminous element, it is necessary to control lightness of 
the image during the period in which the image is displayed 
according to the black display time ratio, and keep the 
brightness in one frame period substantially constant. 

[0199] Therefore, lightness of the image is digitally con­
trolled using the signal line drive circuit 348 provided with 
a 10-bit output accuracy in this embodiment. The state in 
which lightness of the image is most required is the state in 
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which the black display time ratio shows the maximum 
value in the predetermined control range. In other words, 
since the black display time ratio is large, the period during 
which the image is displayed is reduced, and hence lightness 
of the image must be increased in order to maintain the 
brightness in one frame period substantially constant. 

[0200] Therefore, the maximum brightness in the image 
display period is controlled by setting the maximum dis­
played gray-scale levels of the image when the black display 
time ratio shows the maximum value to 1020 gray-scale 
levels and reducing the value of the maximum displayed 
gray-scale levels of the image with decrease of the black 
display time ratio in the predetermined black display time 
ratio control range. In other words, assuming that y repre­
sents a gamma value of the input image, the maximum 
gray-scale levels of the input image is 8 bits (255 gray-scale 
levels), and I represents the ratio of the brightness in the 
image display period at the time of black display time ratio 
that is desired to the brightness during the image display 
period at the time of the maximum black display time ratio 
in the black display time ratio control range, the maximum 
gray-scale level Lmax set when the ratio of brightness is I is 
formularized as Expression 27. 

Lmax-(Jx(255x4)Y)l/y 

[0201] Lightness in the image display period can be con­
trolled by calculating the maximum gray-scale levels based 
on the black display time ratio by Expression 27 and then 
re-quantizing all the gray-scale levels of the image. 

[0202] Lightness of the organic EL panel 34 can also be 
controlled by controlling the current value supplied by the 
power source line 347. Therefore, a structure in which the 
current value supplied by the power source line 347 is 
controlled so that the brightness in one frame period is kept 
substantially constant in response to changes is the black 
display time ratio can also be employed. 

[0203] Other structures and operations are the same as the 
first embodiment. 

[0204] As described thus far, according to the organic EL 
display device 100 of this embodiment, improvement of the 
quality of the moving image and the still image displayed on 
the organic EL display device 100 is achieved. 

(Modification) 

[0205] Although the embodiments of the invention have 
been described thus far, the invention is not limited to the 
embodiments described above, and may be implemented 
with various modifications without departing the scope of 
the invention. 

[0206] For example, even when the several structural 
components are eliminated from the disclosed structural 
components, it can be construed to be the invention as long 
as the specific effects of the invention are achieved. 

(1) Modification 1 

[0207] Although description is focused on the black dis­
play time ratio in the respective embodiments, it can also be 
focused on the image display ratio for displaying the frame 
in one frame period. In other words, since a relation of 
"image display ratio+black display time ratio=!" is estab­
lished, the same effects as the above-described embodiments 
can be achieved by reducing the image display ratio more for 
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the image of larger movement, and increasing the image 
display ratio for the still image. 

(2) Modification 2 

[0208] Although description has been made about the 
liquid crystal display device 10 and the organic EL display 
device 100 in this embodiment, other devices can also 
improve the quality of the moving image and the still image 
by applying the invention as long as it is the hold-type 
display device which displays the moving image by con­
tinuously displaying the image for one frame period such as 
an inorganic EL display device. 

What is claimed is: 
1. An image display device comprising: 

an image inputting unit configured to input an input 
image; 

a display ratio controller which controls a black display 
ratio which is a ratio of a period for displaying a black 
image in one frame period in a frame of the input 
image; 

a period setting unit which sets a black display period and 
an image display period for displaying the frame on the 
basis of the black display ratio; 

a brightness compensator which obtains brightness com­
pensation information for compensating brightness of 
the frame according to the black display ratio; and 

a display which displays the frame and the black image, 
the display ratio controller comprising: 

a ratio fixer which determines the black display ratio; 

a transient black display time ratio calculator which 
calculates a transient black display ratio, which is a 
ratio between the current black display ratio fixed by 
the ratio fixer and a new black display ratio fixed by the 
ratio fixer; and 

a transient black display time ratio setting unit which sets 
the black display ratio relating at least to the display of 
one frame from the current black display ratio to the 
transient black display ratio and then setting the black 
display ratio to the new black display ratio, 

wherein the display displays a brightness compensation 
image based on the brightness compensation informa­
tion and the frame in the image display period, and 
displays the black image in the black display period. 

2. The device according to claim 1, wherein the transient 
black display time ratio setting processor comprises: 

a comparator which determines whether an criterion indi­
cating the change from the current black display ratio 
to the new black display ratio is larger than a prede­
termined condition; 

a first setting unit which sets the black display time ratio 
of at least one frame to the transient black display ratio 
and then setting the black display ratio to the new black 
display ratio when the criterion is larger than the 
predetermined condition; and 

a second setting unit which sets the black display ratio to 
be the new black display ratio when the criterion is 
smaller than the predetermined condition. 
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3. The device according to claim 1 further comprising an 
image determiner which determines whether the input image 
is a moving image or a still image, 

wherein the ratio fixer sets the black display ratio when 
the input image is determined to be the moving image 
to be a ratio larger than the black display ratio when the 
input image is determined to be the still image. 

4. The device according to claim 3, wherein the image 
determiner detects a movement of the input image, and 
determines the input image to be a moving image when the 
magnitude of the movement is larger than a predetermined 
threshold, and determines the input image to be a still image 
when the magnitude of the movement is smaller than the 
threshold. 

5. The device according to claim 3, wherein the ratio fixer 
increases the new black display ratio in proportion to the 
magnitude of the movement. 

6. The device according to claim 2, wherein the transient 
black display time ratio calculator obtains the transient black 
display ratio so that absolute differences of the black display 
ratio between adjacent frames of the input image become 
smaller than a predetermined threshold, and 

the transient black display time ratio setting unit changes 
the black display ratio so that the absolute differences 
of the black display ratio between the adjacent frames 
become smaller than the predetermined threshold. 

7. The device according to claim 2, wherein the transient 
black display time ratio calculator sets the transient black 
display ratio so that the absolute value of rate of change in 
the black display ratio between the adjacent frames of the 
input image become smaller than a predetermined threshold, 
and 

the transient black display time ratio setting unit changes 
the black display ratio so that the absolute value of the 
rate of change in black display ratio between the 
adjacent frames become smaller than the threshold. 

8. The device according to claim 1, wherein the transient 
black display time ratio calculator obtains a plurality of 
different transient black display ratios based on an average 
gray-scale level of pixels contained in the frame of the input 
image. 

9. The device according to claim 8, wherein the transient 
black display time ratio calculator obtains the plurality of 
different transient black display time ratios based on the 
average gray-scale level of the pixels having gray-scale 
levels from a maximum gray-scale level to a gray-scale level 
which is smaller than the maximum gray-scale level by a 
predetermined proportion. 

10. The device according to claim 8, wherein the transient 
black display time ratio calculator determines a plurality of 
different transient black display ratios based on the average 
gray-scale level of pixels included in a range from the 
highest to a predetermined ranking in gray-scale level. 

11. The device according to claim 8, wherein the transient 
black display time ratio calculator determines a plurality of 
different transient black display ratios based on the average 
gray-scale level of the n pixels with the highest gray-scale 
levels, n being a predetermined fraction of the whole. 

12. The device according to claim 1, wherein the display 
comprises a liquid crystal panel and a surface light source 
disposed on the back side of the liquid crystal panel for 
illuminating the liquid crystal panel from the back surface, 
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the brightness compensator obtains luminous brightness 
information of the surface light source based on the 
black display ratio and employs the obtained luminous 
brightness information as the brightness compensation 
information in order to control variations in integral 
brightness in one frame period caused by the change in 
the black display ratio within a predetermined range, 
and 

an image display controller which controls the luminous 
brightness of the surface light source based on the 
brightness compensation information and writes the 
image information of the frame on the liquid crystal 
panel. 

13. The device according to claim 12, wherein the image 
display controllor causes the surface light source to emit 
light during the image display period, and causes the surface 
light source to tum off for the black display period. 

14. The device according to claim 12, wherein the surface 
light source comprises an emission switching unit which 
switches the surface light source, comprising a plurality of 
horizontal light-emitting region units which are divided in 
the vertical direction of the screen of the liquid crystal panel, 
between on and off, 

the liquid crystal panel comprises an image information 
inputting unit which inputs the image information to 
each horizontal line from the top or bottom of the 
screen on a line-by-line basis, and 

the image display controllor writes the image information 
of the frame in a display area on the liquid crystal panel 
corresponding to the horizontal light-emitting area 
units, and then turns off light in the horizontal light­
emitting area in the black display period and causes the 
horizontal light-emitting area to emit light in image 
display period. 

15. The device according to claim 14, wherein the image 
display controller turns light off in the horizontal light­
emitting area in the black display period and then causes the 
horizontal light-emitting area to emit light in the image 
display period, or causes the horizontal light-emitting area to 
emit light in the image display period and then turns off the 
light in the horizontal light-emitting area in black display 
period. 

16. The device according to claim 1, wherein the display 
comprises an electro-luminescence panel. 

17. The device according to claim 16, wherein the bright­
ness compensator obtains maximum display gray-scale level 
information based on the black display ratio and employs the 
obtained maximum display gray-scale level information as 
the brightness compensation information in order to control 
variations in integral brightness in one frame period caused 
by the change in the black display ratio within a predeter­
mined range, and 

an image display control processor generates the bright­
ness compensation image using the maximum display 
gray-scale level information and pixel information of 
the frame, and displays the brightness compensation 
image on the electro-luminescence panel. 

18. The device according to claim 16, wherein the bright­
ness compensator calculates the electric current value to be 
supplied to the electro-luminescence panel and employs the 
obtained current value as the brightness compensation infor­
mation in order to control variations in integral brightness in 
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one frame period caused by the change in the black display 
ratio within a predetermined range, and 

an image display controller supplies a current of the 
current value based on the pixel information of the 
frame and the brightness compensation information to 
the electro-luminescence panel. 

19. An image display device comprising: 

an image inputting unit configured to input an input 
image; 

a display ratio controllor which controls an image display 
ratio which is a ratio of a period for displaying the 
frame when the frame and the black image are dis­
played in one frame period of the input image; 

a period setting unit which sets a black display period and 
an image display period for displaying the frame based 
on the image display ratio; 

a brightness compensator which obtains brightness com­
pensation information for compensating brightness of 
the frame according to the image display ratio; and 

a display which displays the frame and the black image, 

the display ratio controllor comprising: 

a ratio fixer which determines the image display ratio; 

a transient image display ratio calculator which obtains 
the transient image display ratio, which is a ratio 
between the current image display ratio determined by 
the ratio fixer and a new ratio determined by the ratio 
fixer; and 

a transient image display ratio setting unit which sets the 
image display ratio relating at least to the display in one 
frame from the current image display ratio to the 
transient image display ratio and then setting the image 
display ratio to be the new image display ratio, 

wherein the display displays a brightness compensation 
image based on the brightness compensation informa­
tion and the frame in the image display period, and 
displays a black image in a black display period. 

20. The device according to claim 19, wherein the tran­
sient image display ratio setting unit comprises: 

a comparater which determines whether or not an crite­
rion indicating the change from the current image 
display ratio to the new image display ratio is larger 
than a predetermined condition; 

a first setting unit which sets the image display ratio of at 
least one frame to be the transient image display ratio 
and then setting the image display ratio to be the new 
image display ratio, when the criterion is larger than the 
predetermined condition; and 

a second setting unit which sets the image display ratio to 
be the new image display ratio when the criterion is 
smaller than the predetermined condition. 

21. The device according to claim 19 further comprising 
an image determiner which determines whether the input 
image is a moving image or a still image, 

wherein the ratio fixer sets the image display ratio when 
the input image is determined to be the moving image 
to a ratio smaller than the image display ratio when the 
input image is determined to be the still image. 
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22. The device according to claim 21, wherein the image 
determiner detects a movement of the input image, and 
determines the input image to be the moving image when the 
magnitude of the movement is larger than a predetermined 
threshold, while determines the input image to be the still 
image when the magnitude of the movement is smaller than 
the threshold. 

23. The image display device according to claim 21, 
wherein the ratio fixer decreases the new image display ratio 
in proportion to the magnitude of the movement. 

24. The device according to claim 20, wherein the tran­
sient image display ratio calculator calculates the transient 
image display ratio so that absolute differences between the 
image display ratio of adjacent frames of the input image 
become smaller than a predetermined threshold, and 

the transient image display ratio setting unit changes the 
image display ratio so that the absolute differences 
between the image display ratio of the adjacent frames 
become smaller than the predetermined threshold. 

25. The device according to claim 20, wherein the tran­
sient image display ratio calculator obtains the transient 
image display ratio so that the absolute value of rate of 
change in the image display ratio of adjacent frames of the 
input image becomes smaller than a predetermined thresh­
old, and 

the transient image display ratio setting unit changes the 
image display ratio so that the absolute value of the rate 
of change in image display ratio of adjacent frames 
become smaller than the threshold. 

26. The device according to claim 19, wherein the tran­
sient image display ratio calculator determines a plurality of 
different transient image display ratios based on an average 
gray-scale level of pixels contained in the frame of the input 
image. 

27. The image display device according to claim 16, 
wherein the transient image display ratio calculator deter­
mines the plurality of different transient image display ratios 
based on the average gray-scale level of the pixels having 
gray-scale level from a maximum gray-scale levels to a 
gray-scale level which is smaller than the maximum gray­
scale level by a predetermined proportion. 

28. The device according to claim 16, wherein the tran­
sient image display ratio calculator obtains the plurality of 
different transient image display ratios based on the average 
gray-scale level of pixels included in a range from the 
highest to a predetermined ranking in gray-scale level. 

29. The device according to claim 16, wherein the tran­
sient image display ratio calculator obtains the plurality of 
different transient image display ratios based on the average 
gray-scale level of the n pixels with the highest gray-scale 
levels, n being a predetermined fraction of the whole. 

30. The device according to claim 19, wherein the display 
comprises a liquid crystal panel and a surface light source 
disposed on the back side of the liquid crystal panel for 
illuminating the liquid crystal panel from the back surface, 

the brightness compensator obtains luminous brightness 
information of the surface light source based on the 
image display ratio, and employs the obtained lumi­
nous brightness information as the brightness compen­
sation information in order to control variations in 
integral brightness in one frame period caused by the 
change in the image display ratio within a predeter­
mined range, and 
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an image display controller controls the luminous bright­
ness of the surface light source based on the brightness 
compensation information and writes the image infor­
mation of the frame on the liquid crystal panel. 

31. The device according to claim 30, wherein the image 
display controller causes the surface light source to emit 
light for the image display period, and turns off the surface 
light source for the black display period. 

32. The device according to claim 30, wherein the surface 
light source comprises an emission switching unit which 
switches the surface light source, comprising a plurality of 
horizontal light-emitting region units which are divided in 
the vertical direction of the screen of the liquid crystal panel, 
between on and off, 

the liquid crystal panel comprises an image information 
inputting unit which inputs the image information to 
each horizontal line from the top or bottom of the 
screen on a line-by-line basis, and 

the image display controller writes the image information 
of the frame in a display area on the liquid crystal panel 
corresponding to the horizontal light-emitting area 
units, and turns off light in the horizontal light-emitting 
area in the black display period and causes the hori­
zontal light-emitting area to emit light in the image 
display period. 

33. The device according to claim 31, wherein the image 
display controllor turns off light in the horizontal light­
emitting area in the black display period and then causes the 
horizontal light-emitting area to emit light in the image 
display period, or causes the horizontal light-emitting area to 
emit light in the image display period and then turns off the 
horizontal light-emitting area in black display period. 

34. The device according to claim 19, wherein the display 
comprises an electro-luminescence panel. 

35. The device according to claim 34, wherein the bright­
ness compensator obtains maximum display gray-scale level 
information based on the image display ratio, and employs 
the obtained maximum display gray-scale level information 
as the brightness compensation information in order to 
control variations in integral brightness in one frame period 
caused by the change in the image display ratio within a 
predetermined range, and 

an image display controller generates the brightness com­
pensation image using the maximum display gray-scale 
level information and the pixel information of the 
frame, and displays the brightness compensation image 
on the electro-luminescence panel. 

36. The device according to claim 34, wherein the bright­
ness compensator calculates the electric current value to be 
supplied to the electro-luminescence panel and employs the 
obtained current value as the brightness compensation infor­
mation in order to control variations in integral brightness in 
one frame period caused by the change in the image display 
ratio within a predetermined range, and 

an image display controllor supplies current of the value 
calculated based on the pixel information of the frame 
and the brightness compensation information to the 
electro-luminescence panel. 

Petitioner Samsung Ex-1015, 0035



US 2006/0146005 Al 

37. A method of displaying an image comprising: 

an image input step of inputting an input image; 

a display ratio control step of controlling a black display 
ratio which is a ratio of a period for displaying black 
image in one frame period in a frame of the input 
image; 

a period setting step of setting a black display period and 
an image display period of displaying the frame from 
the black display ratio; 

a brightness compensation step of obtaining brightness 
compensation information for compensating brightness 
of the frame according to the black display ratio; and 

an image display step of displaying the frame and the 
black image, 

the display ratio control step comprising: 

a ratio fixing step of determining the black display ratio; 

a transient black display time ratio calculating step of 
obtaining the transient black display time ratio, which 
is a ratio between the current black display ratio, 
determined in the ratio fixing step, and a new black 
display ratio determined in the ratio fixing step; and 

a transient black display time ratio setting step of setting 
the black display time ratio relating at least to the 
display in one frame from the current black display 
time ratio to the transient black display time ratio and 
then setting the black display time ratio to the new 
black display time ratio, 

wherein the image display step displays a brightness 
compensation image based on the brightness compen­
sation information and the frame in the image display 
period, and displays a black image in the black display 
period. 

38. A computer-readable medium having a computer 
program of a method of displaying image wherein an image 
input function for inputting an input image; 

a display ratio control function for controlling a black 
display ratio which is a ratio of a period for displaying 
black in one frame period in a frame of the input image; 

a period setting function for setting a black display period 
and an image display period for displaying the frame 
from the black display ratio; 

a brightness compensation function for obtaining bright­
ness compensation information for compensating 
brightness of the frame according to the black display 
ratio; and 

an image display function for displaying the frame and the 
black image, 

are implemented by a computer, 

wherein the display ratio control function implements: 

a ratio determining function for fixing the black display 
time ratio; 

a transient black display time ratio calculating function 
for obtaining the transient black display ratio, which is 
a ratio between the current black display ratio deter-
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mined by the ratio fixing function and a new black 
display ratio determined by the ratio fixing function; 
and 

a transient black display time ratio setting function for 
setting the black display ratio relating at least to the 
display in one frame from the current black display 
time ratio to the transient black display ratio and then 
setting to the new black display time ratio, and 

wherein the image display function displays a brightness 
compensation image based on the brightness compen­
sation information and the frame in the image display 
period, and displays a black image in the black display 
period. 

39. A method of displaying an image comprising: 

an image input step for inputting an input image; 

a display ratio control step of controlling an image display 
ratio which is a ratio of a period for displaying black 
image in one frame period in the frame of the input 
image; 

a period setting step of setting a black display period and 
an image display period for displaying the frame from 
the image display ratio; 

a brightness compensation step of obtaining brightness 
compensation information for compensating brightness 
of the frame according to the black display time ratio; 
and 

an image display step of displaying the frame and the 
black image, 

the display ratio control step comprising: 

a ratio fixing step of fixing the image display ratio; 

a transient image display ratio calculating step of obtain­
ing the transient image display ratio, which is a ratio 
between a current black display time ratio fixed in the 
ratio fixing step and a new black display time ratio fixed 
in the ratio fixing step; and 

a transient image display ratio setting step of setting the 
image display ratio relating at least to the display in one 
frame from the current image display ratio to the 
transient black display time ratio and then setting to the 
new black display time ratio, 

wherein the image display step displays a brightness 
compensation image based on the brightness compen­
sation information and the frame in the image display 
period, and displays a black image in the black display 
period. 

40. A computer-readable medium having a computer 
program of a method of displaying images, carrying out 

an image input function for inputting an input image; 

a display ratio control function for controlling the image 
display ratio which is the ratio of the time for display­
ing a frame of the input image in one frame period in 
which a frame and black image are displayed 

a period setting function for setting a black display period 
and an image display period for displaying the frame 
based on the image display ratio; 
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a brightness compensation function for obtaining bright­
ness compensation information for compensating 
brightness of the frame according to the image display 
ratio; and 

an image display function for displaying the frame and the 
black image, 

by a computer, 

wherein the display ratio control function implements: 

a ratio determining function for determining the image 
display ratio; 

a transient image display ratio calculating function for 
obtaining the transient image display ratio, which is a 
ratio between a current image display ratio determined 
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by the ratio fixing function and a new image display 
ratio determined by the ratio fixing function; and 

a transient image display ratio setting function for setting 
the image display ratio relating at least to the display in 
one frame from the current image display ratio to the 
transient image display ratio and then setting to the new 
image display ratio, and 

wherein the image display function displays a brightness 
compensation image based on the brightness compen­
sation information and the frame in the image display 
period, and displays a black image in the black display 
period. 

* * * * * 
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