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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a liquid crystal
type image display device for displaying a picture signal
on a liquid crystal display panel and more specifically to
a transmission type liquid crystal display device of the
direct viewing type or projection type, which has a light
source and can dynamically adjust the luminance of the
light source in accordance with a picture signal to be dis-
played.

BACKGROUND OF THE INVENTION

[0002] A liquid crystal display device represents a
transmission type display device having a light source.
The transmission type liquid crystal display device re-
quires a separate light source since a liquid crystal panel
itself does not emit light. A direct-viewing type liquid crys-
tal display device has a light source called "back light"
mounted behind the liquid crystal panel, which light
source is usually a fluorescent lamp generally called a
cold cathode tube. A projection type liquid crystal display
device called generally a liquid crystal projector which
uses a lamp such as a halogen lamp and metal halide
lamp to obtain brightness of an image projected on a
screen.
[0003] Figure 15 shows a general construction of a di-
rect-viewing type liquid crystal display device. In Fig. 15,
there is shown a liquid crystal display portion 201, a back-
light 202, a backlight control portion 203, a display control
portion 204 and an input 205. A picture signal to be dis-
played on a liquid crystal display portion 201 is input in
the form of a signal YPbPr (a luminance signal and a
color difference signal) from the input 205. The display
control portion 204 performs control operations for dis-
playing the input picture signal on the liquid crystal display
portion 201. In practice, the display control portion 204
performs, for example, conversion of the signal YPbPr
into a signal RGB, rearrangement of picture signals in
accordance with the method of driving the liquid crystal
display portion 201 and adaptive gamma correction for
the liquid crystal display portion 201. The backlight 202
is a light source from which the liquid crystal display por-
tion 201 obtains luminance. The backlight control portion
203 drives the backlight and controls the operation of the
backlight so that it emits light always at a specified level
of brightness. This backlight control portion 203 may
have a dimming function, which has a plurality of preset
voltage values (or current values) to obtain correspond-
ing predetermined values of brightness of the backlight
and regulates the brightness of the backlight 202 by se-
lecting the voltage value according to a command signal
given for example from a personal computer.
[0004] Figures 16A and 16B show the relationship be-
tween an average level of brightness of a picture signal
to be displayed and a screen brightness of an image dis-

play device. Two kinds of the screen brightness are pre-
set as brightness control values. Characteristic 16-1 re-
lates to the brightness of the backlight, which is obtain-
able when a user-viewer selects ^bright[ mode. It shows
that the display screen brightness 420 candelas is ob-
tainable when a white signal is displayed on the screen.
Characteristic 16-2 relates to the brightness of the back-
light, which is obtainable when the user selects ̂ normal[
mode. It shows that the display screen brightness 260
candelas being is obtainable when a white signal is dis-
played thereon. As apparent from Figs. 16A and 16B,
the user-viewer can change, by using the dimming func-
tion, the current brightness of the display screen to the
other brightness which value is always constant inde-
pendent of a picture signal to be displayed thereon.
[0005] The display screen luminance (brightness) of
the display device is determined as a product of multipli-
cation of the transmittance of the liquid crystal display
portion 201 by the brightness of light emitted from the
backlight 202. As described above, since the brightness
of the backlight 202 is constant independently of picture
signals, the gradation of each picture signal to be dis-
played depends upon only the transmittance of the liquid
crystal display portion 201. In other words, the display
capability of the image display device can be determined
by the dynamic range of the liquid crystal display portion
201 (i.e., the ability to display a white signal and a black
signal respectively).
[0006] In recent years, there have been proposed a
number of methods for improving the image quality and
the visibility of liquid crystal display devices by dynami-
cally regulating the contrast of picture signals and the
brightness of the light source in accordance with picture
signals varying with time.
[0007] Patent document 1 discloses an example of
conventional improving method by dynamically regulat-
ing a backlight, which is described below with reference
to Fig. 17. This method is featured by using an average
brightness detecting circuit 206 and a backlight control
portion 207 shown in Fig. 17. An average brightness de-
tecting circuit 206 detects an average brightness level of
a picture signal. With a high average brightness level
detected by the circuit 206, the backlight control portion
207 controls the backlight 202 to decrease its luminance
of the light. The relationship between the average bright-
ness of the picture signal and the brightness of the display
screen is shown in Fig. 18. As the brightness of the dis-
play screen is thus regulated in accordance with the av-
erage brightness level of a picture signal, it is possible
to effectively prevent the display screen from having ex-
cessive brightness or darkness, thereby providing a dis-
play image that the user can view with ease and pleasure.
This feature enables the user to visually sense an appar-
ently widened dynamic range of the display in compari-
son with the case of merely maintaining a constant bright-
ness of the backlight. In other words, the contrast of the
image is increased on a dark screen and a bright screen
respectively. Furthermore, if an image contains a bright
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part such as a metallic element on a dark background, it
can have a high quality with increased luster provided by
the effect of the increased brightness of the metallic part.
[0008] The patent document 2 discloses a convention-
al improvement of the display image quality of a display
device by dynamically regulating both the contrast of a
picture signal and the brightness of a backlight in a certain
correlation. The method disclosed in the document 2 in-
creases a dynamic range of a picture signal according
to average brightness and shifts a level of the picture
signal according to an offset value. This may cause the
level shift of a visually sensible brightness of the image
on the screen, so the backlight brightness is at the same
time regulated by dimming control to absorb the possible
level shift of visually sensible brightness. The visual con-
trast of an image can be improved by the above process-
ing.
[0009] Patent document 3 discloses another example
of a conventional method of improving the quality of an
image by dynamical and correlative control of both the
contrast of a picture signal (amplitude modulation of the
signal) and the brightness of the backlight (output mod-
ulation of the light source). The conventional method of
the document 3 is such that a dark level of a picture signal
is detected and, if the duration of the detected dark level
exceeds a threshold value, the output level of the light
source is reduced and, at the same time, the dynamic
range of the picture signal is enlarged. If the dark level
duration does not exceed the threshold value, no mod-
ulation is done for both the output light and the picture
signal. The above regulation can reduce the unevenness
of the dark-level image area with no affection on the
bright-level image area.
[0010] However, the method of the document 1 for im-
proving the display image quality by increasing the bright-
ness of the backlight when the average brightness level
of a picture signal is low involves the following problem.
Namely, the liquid crystal display portion 201 may have
a leakage of light from the backlight even when displaying
a black signal thereon. The light leakage causes a phe-
nomenon called "loss of true black" which makes the dis-
play image generally whitish, considerably degrading the
image displayed. Therefore, an increase in the intensity
of the backlight is accompanied by losing the true black
image. The brightness of the light source can not always
improve the contrast of the display image.
[0011] The method of the document 2 for improving
the display image quality by increasing a dynamic range
of a picture signal also involves the following problem.
Namely, if the dynamic range of a picture signal contain-
ing a picture of collapsed gradation is simply widened,
the defective parts of the picture are emphasized and
recognized as defects by the user. If the dynamic range
of a picture signal with a noise component superposed
thereon is increased, the noise component is also em-
phasized and recognized as a defect by the user.
[0012] The method of the document 3 for improving
the display image quality by detecting the duration of the

black level of the picture signal and simultaneously mod-
ulating both the picture signal and the backlight output
also involves the following problem. Namely, the modu-
lation of both the picture signal and the backlight output
is conducted only based on information of the black level
of the picture signal and without preferring to other kinds
of information such as (for example average brightness
of) the picture signal, so the modulation is not made for
the picture signal if it has no black level, i.e., the display
image cannot be improved. Like the method of the doc-
ument 2, the amplitude modulation of the picture signal
emphasizes the defectively gradated parts and the noise
component superposed on the picture.signal.

(Patent Document 1)
Japanese Laid-Open Patent Publication No.
8-201812 (Title: Liquid Crystal Display Device)
(Patent Document 2)
Japanese Laid-Open Patent Publication No.
2001-27890 (Title: Image Display Device and Image
Display Method)
(Patent Document 3)
Japanese Laid-Open Patent Publication No.
6-102484 (Title: Image Display Device using a spa-
tial light modulating element and Image Display
Method using the same)

[0013] Document EP 1 111 578 A1 refers to an image
display device and to an image display method which are
capable of visually improving a sense of contrast by ad-
justing contrast and brightness of a light source to have
a correlation there between. This adjusting is done dy-
namically. The proposed image display apparatus com-
prises an amplitude adjustment part which is adapted for
dynamically adjusting an amplitude of a video signal to
become a predetermined amplitude value. Based on the
adjusted video signal, a light source brightness is adjust-
ed such that the displayed image - after amplitude ad-
justment - does not vary visually from a predetermined
level. It is suggested to determine a maximum brightness
level, a minimum brightness level and an average bright-
ness level of a video signal received. Based on these
parameters, the maximum amplitude, i.e. the difference
between the maximum amplitude and the minimum am-
plitude, is amplified to a width of a dynamic range for an
output for the image display.

SUMMARY OF THE INVENTION

[0014] An object of the present invention is to provide
an image display device capable of displaying high qual-
ity video featuring richness in luster and optimal-to-view-
er brightness, which device can improve visually sensible
contrast and reproducibility of an image without widening
a dynamic range of the picture signal not to cause arti-
facts and can optimally regulating the display screen
brightness not to cause the loss of the true black image.
[0015] The object underlying the present invention is
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achieved by an image display device according to inde-
pendent claim 1 and by a display control method accord-
ing to independent claim 15. Preferred embodiments are
defined in the respective dependent claims.
[0016] The above described object is achieved by the
display device which is provided with the following tech-
nical means.
[0017] The basic construction of the image display de-
vice according to the present invention comprises an im-
age displaying means for presenting an image, a display
control means for performing the control of operations
for displaying an image on the image displaying means,
a light source for illuminating the image displaying
means, a light source control means for dynamically con-
trolling the brightness of the light source, an average
brightness detecting means and a peak detecting mean
for detecting a peak of a picture signal.
[0018] The light source control means dynamically
controls the brightness of the light source based on the
average brightness of a picture to be displayed on the
image displaying means. For displaying a picture signal
having low average brightness, the brightness of the light
source is regulated so that the display screen brightness
of the image displaying means can attain a larger value
in comparison with the case when displaying a picture
signal having high average brightness.
[0019] The dynamic control of the light source bright-
ness is further corrected based on a result of peaks de-
tected by the peak detecting means. If a picture signal
has a peak satisfying a certain condition or a large
number of peaks, the light source brightness is regulated
so that the screen brightness of the image displaying
means can attain a higher value in comparison with the
case that a picture signal has no peak or a small number
of peaks. If a picture signal has no peak or a small number
of peaks, the light source brightness is regulated so that
the screen brightness of the image displaying means can
attain a lower value in comparison with the case that a
picture signal has a peak or a large number of peaks.
[0020] The dynamic control of the light source bright-
ness is performed by the light source control means by
using a characteristic changing point corresponding to a
certain value of average brightness. In case of displaying
a picture signal which average brightness detected by
the average brightness detecting means is not more than
the characteristic changing point, the brightness of the
light source is regulated by changing the characteristic
in advance based on the detected peak as described
above. When the picture signal has average brightness
being not less than the characteristic changing point, then
the light source brightness is regulated without changing
the characteristic based on the detected peak.
[0021] Namely, the image display device according to
the present invention performs the conventional control
of the brightness of the light source and further performs
the dynamic control of the brightness of the same light
source based on the detected peak condition of a picture.
[0022] In fact, if the brightness of the light source is

increased for a picture signal of low average brightness
representing a generally dark picture having no peak or
a small number of peaks, merely the brightness of black
components of the image displaying means is increased,
resulting in the loss of true black picture portions. There-
fore, the brightness of the light source is corrected to be
reduced for a generally dark picture, i.e., a picture having
low average brightness and including no peak or a small
peak. This is needed to prevent the occurrence of the
loss of the true black picture portions.
[0023] On the contrary, a picture having low average
brightness (i.e., representing a generally dark picture)
having a peak or a large number of peaks is preferably
emphasized at its peak portion(s) with increased bright-
ness so that it can produce a high contrast and well-
modulated image on the display screen. In this case, the
brightness of the light source is regulated to increase. A
typical example is an image showing a metal-made finger
ring on a dark background, which shall be displayed on
the display screen sufficiently illuminated by the light
source to make the subject stand out with luster of metal
on the dark background.
[0024] According to the present invention, no process-
ing for widening a dynamic range of a picture signal is
made, thereby eliminating the possibility of emphasizing
defective picture components such as a defectively gra-
dated portion and a noise of the picture signal.
[0025] Furthermore, according to the present inven-
tion, since information about a picture signal containing
no peak or peaks and representing a dark or bright scene
can be obtained in advance from a peak value and av-
erage brightness value detected by the peak detecting
means and the average brightness detecting means re-
spectively, it is also possible to improve the dynamic con-
trast of picture by the effect of alternating a dark picture
(of low average brightness) with a bright picture (of high
average brightness).
[0026] Thus, the present invention makes it possible
to present a high quality display image best adapted to
users-viewers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

Fig. 1 is a block diagram showing the construction
of an image display device according to the first em-
bodiment of the present invention.
Fig. 2 is a construction block diagram of a peak de-
tecting portion of the image display device according
to the first embodiment of the present invention.
Figs. 3A and 3B show an example of control char-
acteristics of a backlight control portion of the image
display device according to the first embodiment of
the present invention.
Figs. 4A and 4B show another example of control
characteristics of a backlight control portion of the
image display device according to the first embodi-
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ment of the present invention.
Figs. 5A and 5B show a further example of control
characteristics of a backlight control portion of the
image display device according to the first embodi-
ment of the present invention.
Fig. 6 is a construction block diagram of a peak de-
tecting portion of the image display device according
to the second embodiment of the present invention.
Figs. 7A and 7B show an example of control char-
acteristics of a backlight control portion of the image
display device according to the second embodiment
of the present invention.
Fig. 8 is a construction block diagram of a peak de-
tecting portion of the image display device according
to the third embodiment of the present invention.
Fig. 9 is a construction block diagram of a peak de-
tecting portion of the image display device according
to the fourth embodiment of the present invention.
Figs. 10A and 10B show an example of control char-
acteristics of a backlight control portion of the image
display device according to the fifth embodiment of
the present invention.
Fig. 11 is a block diagram showing the construction
of an image display device according to the sixth
embodiment of the present invention.
Figs. 12A and 12B show an example of control char-
acteristics of a backlight control portion of the image
display device according to the sixth embodiment of
the present invention.
Fig. 13 is a block diagram showing the construction
of an image display device according to the seventh
embodiment of the present invention.
Figs. 14A and 14B show an example of control char-
acteristics of a backlight control portion of the image
display device according to the seventh embodiment
of the present invention.
Fig. 15 is a block diagram showing the construction
of an image display device according to a prior art.
Figs. 16A and 16B show an example of control char-
acteristics of a backlight control portion of the image
display device of Fig. 15.
Fig. 17 is a block diagram showing the construction
of an image display device according to another prior
art.
Fig. 18 shows an example of control characteristics
of a backlight control portion of the image display
device of Fig. 17.

PREFERRED EMBODIMENTS OF THE INVENTION

[0028] Preferred embodiments of the present inven-
tion will be described below with reference to accompa-
nying drawings.

(The first embodiment)

[0029] Referring to Figs. 1 to 5, an image display de-
vice according the first embodiment of the present inven-

tion is described as follows.
[0030] Fig. 1 is a construction block diagram of the
image display device according to the first embodiment
of the present invention, which comprises, as shown in
Fig. 1, a liquid crystal display portion 11, a backlight 12,
a backlight control portion 13, a display control portion
14, average brightness detecting portion 15, a peak de-
tecting portion 16 and an input 17.
[0031] A PIC (Picture) signal in the form of, for exam-
ple, a Y color difference signal to be displayed on the
liquid crystal display portion 11 is inputted into the display
device through the input 17. The display control portion
14 performs the control operation necessary for display
the PIC signal on the liquid crystal display portion 11 and
outputs it as a DRV (Drive) signal to the display portion.
The backlight 12 serves a light source for providing the
brightness to a display screen of the transmission type
liquid crystal display portion 11.
[0032] The average brightness detecting portion 15
detects average brightness of the PIC signal and outputs
it as an AVE (Average) signal to the backlight control
portion 13. The average brightness is expressed as a
value in percents: a display picture of all black over a
whole screen has the average brightness of 0% and a
display picture of all white has the average brightness of
100%. The backlight control portion 13 receives the AVE
signal and controls the brightness of the backlight 12 ac-
cording to a CTL (Control) signal. The backlight control
portion 13 controls the backlight to increase its brightness
with a small AVE signal and reduce the brightness with
a large AVE signal.
[0033] The display device according to the present in-
vention is featured by the provision of the peak detecting
portion 16 which detects a peak of a picture signal and
outputs a detection PEK (Peak) signal to the backlight
control portion 13.
[0034] Fig. 2 is a detailed block view of the peak de-
tecting portion 16 which comprises a comparator 21, a
counter 22, discriminator 23, a threshold value (m) gen-
erator 24, a threshold value (n) generator 25, a vertical
start pulse generator "VRESET-S" 26, a vertical end
pulse generator "VRESET-E" 27, an input 28 and an out-
put 29.
[0035] A PIC signal through the input 28 is input to the
comparator 21 which compares a brightness signal or
brightness component of each of successively inputted
PIC signals with a threshold value m generated by the
threshold value (m) generator 24 and outputs a compar-
ison result CMP (compare) signal to the counter 22. The
CMP signal takes a High state when the brightness signal
level is larger than the threshold value m while it takes a
Low state when the brightness signal level is smaller than
the threshold value m. The pulse generator VRESET-S
26 generates a pulse V-ST (vertical start) signal in ac-
cordance with the vertical start phase of the picture sig-
nal. The reset pulse generator VRESET-E 27 generates
a pulse V-END (vertical end) signal in accordance with
the vertical end phase of the picture signal. The vertical
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start and vertical end of the PIC signal are defined for
example by rising and tailing, respectively, of a vertical
synchronizing signal accompanying the PIC signal. The
counter 22 performs counting action for a period defined
by the V-ST signal and the V-END signal. A counter value
is reset by the V-ST signal and +1 is count up with the
CMP signal of High state, i.e., representing that the
brightness level of the PIC signal being greater than the
threshold value m, and the count value is held with the
CMP signal of Low state. The counter value is latched
by the V-END signal and outputted as a count CNT signal
to the discriminator 23 which in turn compares the CNT
signal with the threshold value n produced by the thresh-
old (n) generator 25 and outputs a resultant PEK signal
through the output 29. The PEK signal takes a High state
for example when the CNT signal has a value greater
than the threshold value n and it takes a Low state when
the CNT signal has a value smaller than the same thresh-
old value.
[0036] -The peak detecting portion 16 conducts the
above described sequential operations for each of pixels
composing a picture signal for a period defined by the V-
ST signal and V-END signal. If the PIC signal is of VGA
resolution, the number of counts amounts about 300000
(=640x480) for the period of a sequence of operations.
In this case, the PIC signal is assumed as a digital signal
of 8 bits. Hence, the PIC signal has, for example, the
brightness level of 0 for all black and 255 for all white. It
is assumed that the threshold m value is 200 and the
threshold n value is 300. The counter 22 is first reset to
zero by the V-ST signal. The comparator 21 compares
each of brightness levels of successively input pixels of
the PIC signal with the threshold value m (=200). If the
brightness level is not less than the value m (=200), then
the comparator outputs a signal High to the counter 22
which in this case counts +1. If the brightness level is not
more than the value m (=200), then the comparator out-
puts a signal Low to the counter 22 which in this case do
no count and holds an already counted value. With the
V-END signal, the counter 22 transfers a count result to
the discriminator 23 which in turn determines by compar-
ison whether the count result (the number of counts) is
greater or smaller than the threshold value n (=300). In
other words, the brightness level values of respective
pixel signals successively inputted for a period defined
by vertical sync signals (start and end) of a complete
picture are compared with the threshold m, pixels having
the level being not less than m are counted and the count
result is determined whether it is not less than the thresh-
old n. When the number of the counted pixels is not less
than the threshold n, it is decided that the picture contains
a peak or peaks because n pixels among 300000 pixels
composing a picture have values not less than the thresh-
old level m. The decision result is then output from the
discriminator.
[0037] The counting operation by the counter 22 can
be sometimes conducted not for every pixel but every d
pixels, where d is any integer. In this instance, the

processing rate (clock speed) may be reduced to 1/d.
There is also a picture whose peak can be surely detected
by sampling every line. In this instance, one line means
a unit pixel line of a picture to be vertically scanned for
displaying a PIC signal on a liquid crystal display portion
11.
[0038] Although the above described case uses the
thresholds m=200 and n=300, it is also possible to use
the threshold run=255 that means the detection of a pixel
having a maximum amplitude in a picture. It is also pos-
sible to use the threshold n=1 to decide the picture has
a peak in case that only one of pixels exceeds the thresh-
old level m.
[0039] Referring now to Figs. 3A and 3B, the operation
of the backlight control portion 13 is described below.
Figs. 3A and 3B indicate control characteristics of the
backlight control portion 13. In Fig. 3A, the axis of ab-
scissa represents average brightness values (%) detect-
ed by the average brightness detecting portion 15, with
indication of 0% for all black display picture and 100%
for all white display picture. The axis of ordinate repre-
sents screen brightness (cd/m2) of the liquid crystal dis-
play portion 11 which is displaying a white signal (8 bits
digital signal of level 255) and which is illuminated by the
backlight 12 regulated by the backlight control portion
13. Average brightness of 0% means that a black color
signal of level 0 is displayed on a whole screen area of
the liquid crystal display portion. Therefore, the expres-
sion "brightness of the screen displaying thereon a white
color signal of level 255 at average brightness of 0%" is
contradictive in the strict sense but, for simplicity of ex-
planation, average brightness of substantially 0% is ex-
pressed as average brightness of 0%. For example, in
case of the VGA resolution system, if the white color of
level 255 is displayed within an area of 20 by 20 pixels
of a whole screen showing the black color of level 0, the
average brightness is determined as 0. 13% and is simply
expressed as 0%. Fig. 3B shows data (numerical values)
of characteristics shown in Fig. 3A. The shown embodi-
ment is featured by the fact that it uses two kinds of char-
acteristics of average brightness versus screen bright-
ness. In Fig. 3A, there are shown two characteristics 3-1
and 3-2 which are switched over from one to the other
with a PEK signal representing a detection result ob-
tained by the peak detecting portion 16.
[0040] In Fig. 3A, average brightness of 40% is used
as a point for switching over the control characteristic of
the backlight 12 by deciding whether the detected aver-
age brightness is grater or smaller than the point (the
average bright level exceeds the above point level or
not). In Fig. 3A, the characteristic 3-1 is selected with the
PEK signal being of High state (i.e. , the peak detecting
portion 16 decided that the picture has a peak) and the
backlight 12 is regulated so as to obtain the correspond-
ing screen brightness shown by the selected character-
istic 3-1. For example, with the picture signal having low
average brightness of 20%, the backlight 12 is regulated
so as to obtain the screen brightness of 440 candelas.
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When the average brightness is 70% or higher, the back-
light is regulated so as to obtain the screen brightness
290 candelas. In case if a picture signal has no peak, the
control characteristic 3-2 of Fig. 3A is selected by a PEK
signal being in Low state to regulate the backlight 12 so
as to obtain the screen brightness of, e.g., 390 candelas
at a low average brightness of 20%. In other words, the
brightness of the backlight 12 is regulated so as to attain
a screen brightness 440 candelas for a picture signal
having a peak and a screen brightness 390 candelas for
a picture signal having no peak at the same average
brightness.
[0041] As is apparent from Fig. 3A, the backlight for
displaying a picture signal having no peak is regulated
to be lower than that of the backlight for displaying a
picture signal having a peak. In this instance, the back-
light is also regulated to be higher than that in the case
when the signal has a high average value of brightness.
[0042] The above described control is to obtain higher
brightness of backlight for a dark picture signal than that
for a bright picture signal when both signals have a peak
respectively. A picture showing, for example, a metal-
made spoon on a dark background can be improved in
visual quality with increased luster of the metal by in-
creasing the screen brightness of the liquid crystal dis-
play portion 11. A picture showing, for example, clear sky
being bright in average can be improved in visual quality
by reducing the screen brightness. When two pictures
thus processed are presented one after the other, an
enhanced visual contrast is created between two scenes
a spoon and clear sky. When displaying a picture signal
having no peak, i.e., containing no bright subject or a few
bright parts to be presented desirably with enhanced lus-
ter, it is no use of increasing the backlight brightness to
improve the visual quality of the screen image. In this
case, an increase in the quantity of light from the backlight
is stopped and wasted within the liquid crystal display
portion 11, causing the loss of true black image portion
of the displayed image. In this instance, the control char-
acteristic 3-2 is selected so as to reduce the brightness
in comparison with the characteristic 3-1 as shown in Fig.
3A.
[0043] In comparison with the case when a whole
screen is illuminated evenly at the brightness of 420 can-
delas by using a conventional backlight having a control
characteristic 16-1 as shown in Figs. 16A and 16B, the
brightness control by using the characteristic of Fig. 3A
also offers the advantage of saving power consumption.
[0044] Hardware for attaining the characteristics as
shown in Fig. 3A may be for example a lookup table using
a ROM or a polygonal approximating calculator provided
on an LSI.
[0045] Although Fig. 3A relates to an example of line-
arly controlling the screen brightness relative to average
brightness of an input picture signal, it is also possible to
control the screen brightness by using non-linear control
characteristics as shown in Figs. 4A and 4B.
[0046] Although an example of average brightness of

40% being used as a characteristic changing point was
described above with reference to Fig. 3A, there may be
a case of using average brightness of 50% being used
as a characteristic changing point as shown Figs. 4A and
4B. Therefore the above average brightness is variable
at will.
[0047] Although an example of control characteristic
of the backlight in terms of the screen brightness of 200
and 500 candelas for displaying picture signals including
a peak and having average brightness of 100% and 0%
respectively was described above with reference to Fig.
3A, there may be a case of using control characteristics
of the backlight in terms of the screen brightness of 100
and 350 candelas for displaying picture signals having
average brightness of 100% and 0% respectively and
including a peak as shown Figs. 5A and 5B . The rela-
tionship between the average brightness of the picture
signal and the screen brightness depends upon the char-
acteristic of the liquid crystal display portion 11 and the
characteristic of the backlight 12. Accordingly, the visual
quality of the screen image on the liquid crystal display
portion 11 of the actually measured characteristic is de-
termined in practice and the optimal values for the screen
brightness in relation with respective picture signals are
also determined based on the results of measurements
in view of the power consumption of the device. The con-
trol of the backlight brightness is then conducted under
the backlight control portion 13 based on thus obtained
optimal control characteristic values.
[0048] The image display device according to the
above described embodiment of the present invention is
provided with a liquid crystal display portion, a backlight,
a backlight control portion, a display control portion, an
average brightness detecting portion and a peak detect-
ing portion and is capable of dynamically controlling the
brightness of the backlight in accordance with an average
brightness value and a peak of a picture.
[0049] In other words, this embodiment can dynami-
cally control the brightness of the backlight in accordance
with average brightness of a picture and can further cor-
rect the control characteristic of the backlight in accord-
ance with peak value. Namely, in case of displaying a
dark picture with no peak, (i.e. , a picture including peak
not more than a certain condition value and having a low
average brightness level), increasing the brightness of
backlight increases the brightness of black elements of
the displaying means, causing the loss of true black pic-
ture portions. Therefore, in case of displaying a picture
having low average brightness and no peak or a small
number of peaks, the backlight is further corrected so as
not to increase its brightness. Dynamic contrast of image
can be improved by changing scenes from a dark picture
(of low average brightness) to a bright picture (of high
average brightness) and reverse.
[0050] The display device can present a high-quality
display image with luster at brightness optimal to users-
viewers, preventing the occurrence of loss of the true
black color in the image on the display screen.
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(The second embodiment)

[0051] An image display device according to the sec-
ond embodiment of the present invention will be de-
scribed below with reference to Figs. 6, 7A and 7B.
[0052] Fig. 6 is a block diagram of a peak detecting
portion 16 of the display device which is the second em-
bodiment of the present invention, where parts similar to
those shown in Fig. 2 are given the same numerals. In
Fig. 6, there are shown comparators 61, 62, 65, 66,
counters 63, 64, a discriminator 67, threshold generators
68 to 71 for generating threshold values ma, mb, na and
nb respectively and an output 72.
[0053] A PIC signal through the input 28 is input to the
comparators 61 and 62 respectively. The comparator 61
compares each of successively inputted brightness sig-
nals or brightness components of the PIC signal with the
threshold value ma generated by the threshold (ma) gen-
erator 68 and outputs a comparison result to the counter
63 which in turn counts inputs for a duration defined by
V-ST signal and V-END signal and outputs a count result
to the comparator 65. In the comparator 65, the output
from the counter 63 is compared with the threshold value
na generated by the threshold (na) generator 70 and a
resultant CMP-A signal is output to the discriminator 67.
[0054] The comparator 62 compares each of succes-
sively inputted brightness signals or brightness compo-
nents of the PIC signal with a threshold value mb gener-
ated by the threshold (mb) generator 69 and outputs a
comparison result to the counter 64 which in turn counts
inputs for a duration defined by V-ST signal and V-END
signal and outputs a count-up result to the comparator
66. In the comparator 66 , the output from the counter 64
is compared with the threshold value nb generated by
the threshold (nb) generator 71 and a resultant CMP-B
signal is output to the discriminator 67.
[0055] The discriminator 67 determines from the input
CMP-A and CMP-B signals a MOD signal which repre-
sents one of three stages and outputs the MOD signal
through the output 72.
[0056] This embodiment differs from the first embodi-
ment in that it has two peak detecting systems having
different thresholds and detects a peak level of a picture
signal in three stages. The MOD (Mode) signal based on
the peak level and the frequency of occurrence of that
peak level represents one of three stages: "no peak", "a
small number of peaks" and "a large number of peaks"
to be visually sensible. The determined MOD signal is
output to the backlight control portion 13.
[0057] For example, it is assumed that ma=160,
mb=200 and na=nb=400. When a picture signal PIC in
one scene contains 500 pixels of brightness level 230,
both the comparators 65 and 66 judge "there is a peak",
so the discriminator 67 outputs the MOD signal indicating
the existence of "a large number of peaks".
[0058] For example, when an input picture signal PIC
contains 500 pixels of level 180 and 100 pixels of level
230 in one picture, the comparator 65 decides that there

is no peak and the comparator 66 decides that there is
a peak. Consequently, the discriminator 67 outputs a
MOD signal indicating "there are a small number of
peaks".
[0059] For example, when an input PIC signal contains
500 pixels of level 100 and 100 pixels of level 180 in one
picture, both the comparators 65 and 66 decide "there is
no peak" and the discriminator 67 in this instance outputs
a MOD signal indicating "there is no peak".
[0060] Figs. 7A and 7B show control characteristics of
the backlight control portion 13 of the present invention.
In Fig. 7A, the axis of abscissa shows the average bright-
ness values detected by the average brightness detect-
ing portion 15 and the axis of ordinate shows the screen
brightness values of liquid crystal display portion 11 illu-
minated by the backlight 12.
[0061] As is apparent from Figs. 7A and 7B, the back-
light control portion 13 in this second embodiment has
three different characteristics which are selectively
changed from one to another by corresponding MOD sig-
nals prepared based on the peak detection results from
the peak detecting portion 16 as described with reference
to Fig. 6. In practice, the characteristics 7-1, 7-2 and 7-3
are selected with the MOD signals of the states "there
are a large number of peaks", "there is a small number
of peaks" and "there is no peak" respectively and the
backlight is controlled. As compared with the first em-
bodiment using two peak detection states, the present
embodiment can carry out more dedicated control.
[0062] Although the second embodiment has been de-
scribed above by way of example by using three peak-
detection states and three corresponding control char-
acteristics, it can also have four or more states and use
the same number of corresponding control characteris-
tics.
[0063] As described above, the present embodiment
can detect a plurality of states based on the results of
peak detection made by peak detecting portion and use
the same number of corresponding control characteris-
tics to attain more adaptive processing.

(The Third Embodiment)

[0064] An image display device according to the third
embodiment of the present invention will be described
below with reference to Fig. 8.
[0065] Fig. 8 is a block diagram of a peak detecting
portion 16 of the image display device which is the second
embodiment of the present invention, where parts similar
to those shown in Fig. 2 are given the same numerals.
In Fig. 8, there are shown comparators 81 and 83, a latch
82 and a threshold (p) generator 84.
[0066] The shown embodiment is featured by the pro-
vision of the comparator 81 forming a loop to detect the
maximum brightness level of an input PIC signal to be
displayed. Specifically, a FBK (Feedback) signal indicat-
ing a comparison result is fed back to an input of the
comparator 81. The feedback operation of the compara-
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tor 81 is conducted on each of successively inputted pix-
els of a PIC signal. The PIC signal and the FBK signal
levels are compared with each other on the pixel-by-pixel
basis and a larger signal is output as an updated FBK
signal.
[0067] At the image start time of the PIC signal when
the comparator 81 begins the processing, the FBK signal
is reset to zero according to a V-ST signal output by the
circuit VRESET-S 26. For example, it is assumed that
the PIC signal is input in the order of pixels a0, a1, a2,
a3 from the image start time of the PIC signal and levels
of the respective pixels are a0=50, a1=200, a2=140 and
a3=50. Since the FBK signal is reset to zero at the image
start time, the comparator 81 compares the first pixel a0
with zero and outputs a FBK signal of 50 (a=0). When a
next pixel was inputted, the comparator 81 compares a1
with a FBK signal feedback thereto, i.e., compares a1
with a0 in fact. As the result of this, the FBK signal level
is updated to take 200 (a1). With a next input, the com-
parator 81 compares a2 with a1 (feedback FBK signal)
and recognizes that a1 is larger than a2. As the result,
the FBK signal level is kept at 200. With a next input, the
comparator 81 compares a3 with the feedback FBK sig-
nal level and recognizes that the feedback FBK signal
level is larger than a3. As the result, the FBK signal level
is kept at 200. The comparison is thus conducted for each
of pixels successively inputted after the vertical start of
the picture signal to select a greater bright level pixel
every time. The operation is repeated until the vertical
end of the image is given. The highest brightness level
of pixels composing a picture signal is thus detected.
[0068] At timing of the vertical end of the picture signal,
the latch 82 takes the operation result of the comparator
81 and outputs the same to the comparator 83 which in
turn compares the output of the latch 82 with a threshold
received from the threshold (p) generator 84 to determine
whether the output is larger than the threshold p or not.
When the output level is higher than the threshold, the
comparator 83 decides that "there is a peak" and, then,
outputs the result in the form of a PEK signal through the
output 29 to the backlight control portion 13. Based on
the PEK signal from the comparator 83, the backlight
control portion 13 selects suitable one of its control char-
acteristics of Figs. 3A and 3B and regulates the bright-
ness of the backlight 12 according to the selected control
characteristic.
[0069] As described above, the present embodiment
can detect the maximum level of a picture signal to be
displayed on a display screen by comparing on the pixel-
by-pixel basis a current input with a past input fed back
through a comparator loop circuit. The comparison is
conducted for each of pixels composing a picture signal
successively inputted for a period from a vertical start to
a vertical end of the picture signal. As compared with the
first embodiment, this embodiment has a more compact
configuration of its peak detection circuit with no use of
a counter and can save the power consumption. Further-
more, the peak detection system uses only one threshold

and can be easily adjusted.

(The Fourth Embodiment)

[0070] Referring now to Fig. 9, an image display device
according to the fourth embodiment of the present inven-
tion is described below.
[0071] Fig. 9 is a block diagram depicting the construc-
tion of a peak detecting portion 16 of the image display
device according to the fourth embodiment of the present
invention. In Fig. 9, parts similar to those shown in Figs.
2, 6 and 8 are given the same numerals. In Fig. 9 , there
are shown comparators 91 and 92, a discriminator 93,
threshold generators 94 and 95 for generating threshold
values (pa) and (pb) respectively and an output 96.
[0072] This embodiment is featured by the fact that
each of pixel values outputted from the latch 82 is com-
pared with two kinds of thresholds pa and pb to determine
the pixel value in one of three kinds of peak states rep-
resented by three kinds of PMOD (Peak Mode) signals
indicative of "a small peak", "a medium peak" and "a large
speak" respectively and the corresponding information
is outputted through the output 96 to the backlight control
portion 13.
[0073] For example, it is assumed that pa= 200 and
pb=150. If an output of the latch 82 is of the level 230,
both the comparators 91 and 92 judge "there is a peak".
The discriminator 93 in this instance decides that "the
peak is large".
[0074] In the case that, for example, pa = 200, pb =
150 and the output of the latch 82 is of the level 160, the
comparator 91 outputs a signal indicating "there is no
peak" and the comparator 92 outputs a signal indicating
"there is a peak". In this instance, the discriminator 93
decides that "the peak is intermediate".
[0075] In the case that, for example, pa = 200, pb =
150 and the output of the latch 82 is of the level 100. Both
of the comparators 91, 92 output a signal indicating "there
is no peak". In this instance, the discriminator 93 decides
that "the peak is small".
[0076] Based on the PMOD signal received from the
peak detecting portion, the backlight control portion 13
selects suitable one of three-staged control characteris-
tics shown in Figs. 7A and 7B to control the backlight.
Characteristic 7-1 is selected with a PMOD signal indi-
cating "a large peak", characteristic 7-2 is selected with
a PMOD signal indicating "an intermediate peak" and
characteristic 7-3 is selected with a PMOD signal indi-
cating "a small peak".
[0077] Although the present embodiment has been de-
scribed above by way of example by detecting a peak
level in one of three kinds of states and selectively use
three corresponding control characteristics, it can also
have four or more states and use the same number of
corresponding control characteristics.
[0078] As described above, the present embodiment
can detect a peak level in a plurality of states by using a
plurality of thresholds as described before for the third
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embodiment and controls the backlight by selectively us-
ing the same number of corresponding control charac-
teristics to achieve more adaptive image processing.

(The Fifth Embodiment)

[0079] An image display device according to the fifth
embodiment of the present invention will be described
below with reference to Figs. 10A and 10B.
[0080] Figs. 10A and 10B show control characteristics
of the backlight control portion 13. In Fig. 10A, the axis
of abscissa shows the average brightness (%) detected
by the average brightness detecting portion 15 and the
axis of ordinate shows the screen brightness of liquid
crystal display portion 11 illuminated by the backlight 12.
[0081] This embodiment is featured by controlling the
brightness of the display screen at a constant level in a
certain range by using thresholds instead of average
brightness. In Figs. 10A and 10B, control data relates to
the case that a threshold ra for deciding the low level of
average brightness is 20%. When a detected level of
average brightness was not more than 20%, the display
screen brightness is regulated, independently of the de-
tected average value of the picture signal, to a constant
value which is 500 candelas with a peak detected by the
peak detecting portion 16 and 400 candelas with no peak
detected by the same portion. A threshold rb used for
deciding the high brightness level is 80%. If the detected
average brightness was not less than 80%, the display
screen brightness is regulated, independently of the de-
tected average brightness of the picture signal, to a con-
stant value which is 200 candelas without consideration
of the result of peak detection by the peak detecting por-
tion 16.
[0082] This feature is made with view of the fact that
the frequency of occurrence of brightness detection re-
sult being not more than the threshold ra and being not
less than the threshold rb is very small. In the ranges of
average brightness values, which have the low frequency
of occurrence, fixed values are selected so as to effec-
tively use a dynamic range of the backlight in the range
of the high frequency of occurrence.
[0083] Although the thresholds ra and rb are assumed
to be of 20% and 80% for the example of characteristics
of Figs. 10A and 10B, they (ra and rb) may be set to 30%
and 70% respectively. Furthermore, it is also possible to
use only the threshold ra (preset for example to 30%)
and make no use of the threshold rb by presetting it to
100%. Alternately, it is possible to use only the threshold
rb (preset for example to 70%) and make no use of the
threshold ra by presetting it to 0%.
[0084] As describe above, the present embodiment is
featured by the fact that the backlight control character-
istics are given thresholds for defining brightness ranges
in which the display screen brightness is fixed to a certain
level independent of the average brightness of a picture
signal. The control characteristics may be provided with
thresholds on both higher and lower sides of average

brightness or a threshold on only one side. This feature
offers the advantage of effectively using a dynamic range
of the backlight control characteristics for the high fre-
quency of occurrence of brightness detection results,
thereby making it possible for the backlight to be regu-
lated optimally for an image to be displayed on the display
screen.

(The Sixth Embodiment)

[0085] An image display device according to the sixth
embodiment of the present invention will be described
below with reference to Figs. 11, 12A and 12B.
[0086] Fig. 11 is a block diagram showing the construc-
tion of a projection type liquid crystal display device which
is the sixth embodiment of the present invention. In Fig.
11, parts similar to those shown in Fig. 1 are given the
same numerals. In Fig. 11, there is shown a screen 111,
projection lens 112, a liquid crystal light valve 113, a lamp
114 and a lamp control portion 115.
[0087] The lamp control portion 115 controls the lamp
114 based on an AVE signal indicating an average bright-
ness value of a picture signal, which is detected by an
average brightness detecting portion 15, and a PEK sig-
nal indicating a peak level of the picture signal, which is
detected by a peak detecting portion 16. According to
the control of the lamp control portion 115, the lamp 114
illuminates the liquid crystal light valve 113. The liquid
crystal light valve 113 is composed of one or three sheets
of transmission type liquid crystal display panels for mod-
ulating the light from the lamp (light source) 114 into red,
green and blue components. The light passed through
the liquid crystal light valve 113 is enlarged by the pro-
jection lens 112 and projected onto the screen 111 to
form an image thereon.
[0088] Figs. 12A and 12B show characteristics of the
lamp 114 to be controlled by the lamp control portion 115.
In Fig. 12A, the axis of abscissa shows the average
brightness (%) detected by the average brightness de-
tecting portion 15 and the axis of ordinate shows the
screen brightness (lumen) of the screen 111 illuminated
by the lamp 114 under the control of the lamp control
portion 115. Control characteristics 12-1 and 12-2 are
changed over one to the other by a PEK signal. Namely,
when the PEK signal from the peak detecting portion 16
indicates there is a peak or there are may peaks, the
lamp 114 is regulated by the lamp control portion 115 so
that the screen brightness designated by the control char-
acteristic 12-1 may be obtained. With a PEK signal indi-
cating there is no peak, the lamp 114 is regulated so that
the screen brightness designated by the control charac-
teristic 12-2 may be obtained.
[0089] As described above, the image display device
according to the present invention can be used not only
as a direct viewing type liquid crystal display device but
also as a projection type liquid crystal display device.
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(The Seventh Embodiment)

[0090] An image display device according to the sev-
enth embodiment of the present invention will be de-
scribed below with reference to Figs. 13, 14A and 14B.
[0091] Fig. 13 is a block diagram showing the construc-
tion of an image display device which is the seventh em-
bodiment of the present invention, where parts similar to
those shown in Fig. 1 are given the same numerals and
characters.
[0092] In Fig. 13, numeral 101 designates an image
discriminator which determines the feature of an image
to be displayed. The discrimination result is output as a
P-BRT (Picture-Bright) signal and a P-PEK (Picture-
Peak) signal to a backlight control portion 13. The P-BRT
signal indicates a degree of brightness of a picture to be
displayed, which degree is determined for example as a
result of detection of average brightness of the picture.
The P-PEK signal indicates a degree of a peak value of
the picture to be displayed, which can be obtained for
example by the processing as described in the first em-
bodiment with reference to Fig. 2.
[0093] Figs. 14A and 14B show control characteristics
of the backlight control portion 13 of the image display
device according to the seventh embodiment of the
present invention. In Fig. 14A, the axis of abscissa rep-
resents the P-BRT signal showing that a larger signal
value represents a brighter picture to be displayed or a
greater average brightness of the same picture. The axis
of ordinate shows the brightness (luminance) of the light-
emitting surface of the backlight 12. For example, when
the transmittance of the liquid crystal display portion 11
is 5% and the brightness of the backlight is 2000 cande-
las, the brightness of the display image formed by the
light passed through the liquid crystal display portion 11
is about 100 candelas.
[0094] Figs. 14A and 14B describe two kinds of control
characteristics 14-1 and 14-2 which are selected by the
backlight control portion according to the P-PEK signal.
Specifically, the characteristic 14-2 is selected to use for
controlling the backlight when a received P-PEK signal
has a small value and the characteristic 14-1 is selected
when a received P-PEK signal has a large value. In other
words, Figs. 14A and 14B indicate that the backlight is
regulated to increase the light quantity when a picture
signal has a large peak or a large number of peaks and
a display screen is dark and it is regulated to decrease
the light quantity when a picture signal has a small peak
or a small number of peaks and a display screen is dark.
[0095] As described above, this embodiment of the
present invention can regulate the quantity of light emit-
ted from the backlight (light source) by using a means
for detecting whether a display screen is darker than a
specified brightness level or a picture to be displayed is
dark or bright and the peak detecting means for detecting
a peak of a picture. The control characteristic is such that
when a picture has an average brightness level lower
than a specified value and has a peak or a large number

of peaks, the light source must be regulated to have a
greater brightness value in comparison with the case
when a picture has no peak or a small number of peaks.
By doing so, when displaying a sequence of scenes of
fireworks rising in a night sky, only a scene showing a
bright shot of fireworks appears in the dark night sky is
displayed on a screen with an increased quantity of light
from the backlight so as to increase the luster of sparks
of the fireworks busted in the dark sky. The burst of the
fireworks can be detected by using the peak detection
function. The above processing makes it possible to suf-
ficiently present the brilliance of the fireworks and to cre-
ate an enhanced dynamic contrast of the visual presen-
tation by the effect of changing a scene of the fireworks
(in the night sky) with a generally bright scene (specta-
tors).
[0096] As is apparent from the foregoing, an image
display device according to the present invention is pro-
vided with an image displaying means composed of a
direct-viewing type liquid-crystal display or a projection
type liquid-crystal display, a display control means, a light
source such as a backlight, a light source control means
such as a backlight control means, an average brightness
detecting means and a peak detecting means and can
dynamically control the brightness of the light source
(backlight) in accordance with the average brightness
and the peak level of a picture to be displayed on the
image displaying means.
[0097] According to the present invention, it is possible
to dynamically control the backlight according to the av-
erage brightness of a picture signal to be displayed.
Namely, the brightness of the backlight is decreased for
displaying a bright picture having high average bright-
ness while it is increased for displaying a dark picture
having small average brightness. In comparison with a
conventional image display device with a backlight emit-
ting light having a fixed brightness value, which may
present an excessively bright or dark picture unpleasant
to the user-viewer, the image display device of the
present invention can offer the advantage of presenting
to users-viewers a pleasant picture by increasing or re-
ducing the backlight brightness for a dark picture or a
bright picture. According to the present invention, it is
also possible to enhance the visual contrast of image by
alternating a bright picture with a dark picture.
[0098] According to the present invention, it is also
possible to dynamically correct for the control character-
istic of the backlight (light source) in accordance with a
peak value of a picture. Namely, if the backlight bright-
ness was increased for displaying a dark picture with no
peak, (i.e., peak of a picture to be displayed not more
than a certain condition value and having a low average
brightness level), it may increase the brightness of black
elements of the image displaying means causing the loss
of true black picture portions. Therefore, when displaying
a picture having a low average brightness value and hav-
ing no peak or a small number of peaks, the brightness
of the backlight is dynamically corrected not to increase.
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This makes it possible to present a picture with increased
luster avoiding the occurrence of loss of true black.
[0099] Furthermore, the image display device accord-
ing to the present invention can increase the brightness
of the backlight when presenting a generally dark picture
having a peak or large number of peaks. For example, a
picture showing a metal-made finger ring on a dark back-
ground is displayed on a screen illuminated sufficiently
by increasing the brightness of the backlight. The picture
thus reproduced may show the lustrous ring standing out
on the background with no loss of true black portion there-
of.
[0100] Since the image display device according to the
present invention does not perform any processing for
widening a dynamic range of a picture signal, thereby
eliminating the possibility of causing collapse of gradation
and/or enhancement of noise components.
[0101] Generally speaking, the image display devices
according to the present invention can present an image
optimally adapted to the user-viewer.

Claims

1. Image display device, comprising:

an image display means (11),
a light source (12) being arranged to provide
brightness for displaying an image on the display
means (11);
an input terminal for receiving an input picture;
an average brightness detecting means (15) for
detecting an average brightness of the input pic-
ture;
a peak detecting means (16) for detecting a de-
gree of peak level of the brightness of the input
picture;
a light source control means (13) for controlling
brightness of the light source (12) in accordance
with the detected average brightness and the
detected degree of peak level of the input pic-
ture;

characterized in that the light source control means
(13) is configured to:

store a characteristic changing point;
control the brightness of the light source (12)
independently of the detected degree of peak
level when the detected average brightness val-
ue exceeds the characteristic changing point;
correct a screen brightness of the image display
means (11) by setting the brightness of the light
source (12) to a higher level if the detected av-
erage brightness of the input picture is below
the characteristic changing point and the detect-
ed degree of peak level is above a threshold,
than the brightness level which is set for a picture

with a detected average brightness below the
characteristic changing point and a detected de-
gree of peak level below or equal to the thresh-
old.

2. Image display device according to claim 1,
wherein the peak detecting means (16) is configured
to decide the degree of peak level of the brightness
of an input picture as being large in a case when the
input picture contains n or more pixels each being
larger than a level m, where n and m are preset val-
ues.

3. Image display device according to claim 1,
wherein the peak detecting means (16) is configured
to compare the number of pixels of an input picture
having a value larger than a level ma with a number
na, where na and ma are preset values, and to com-
pare the number of pixels of an input picture having
a value larger than a level mb with a number nb,
where nb and mb are preset values, and to decide
whether a degree of peak level of the brightness is
at an intermediate level between a low level and a
high level based on the results of the comparisons.

4. Image display device according to claim 1,
wherein the peak detecting means (16) is configured
to store at least three combinations of threshold level
mx and threshold number nx, and to compare the
number of pixels of an input picture having a value
larger than the level mx with the number nx, where
nx and mx are preset values, and to decide whether
a degree of peak level of the brightness is at an in-
termediate level between a low level and a high level
based on the results of the comparisons.

5. Image display device according to claim 1,
wherein the peak detecting means (16) is configured
to detect a maximum level within an input picture, to
compare the maximum level with a level p, where p
is a preset value, and to decide a degree of peak
level as being large when the maximum level is larger
than the level p.

6. Image display device according to claim 1,
wherein the peak detecting means (16) is configured
to detect a maximum level within an input picture, to
compare the maximum level with a level pa and a
level pb respectively, where pa and pb are preset
values, and to decide whether a degree of peak level
of the brightness is at an intermediate level between
a low level and a high level based on the results of
the comparisons.

7. Image display device according to claim 1,
wherein the peak detecting means (16) is configured
to detect a maximum level within an input picture, to
store at least three levels px to be compared with
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the maximum level, where px is a preset value, and
to detect a degree of peak level of the brightness as
an intermediate level between a low level and a high
level based on the results of the comparisons.

8. Image display device according to claim 1,
wherein the device is configured to store a first
threshold value ra, where ra is a preset value, being
smaller than the characteristic changing point, and
to control the light source (12) to have a value of
brightness independent of the detected average
brightness in a case when the detected average
brightness of an input picture is smaller than the first
threshold value ra.

9. Image display device according to claim 1
wherein the device is configured to store a second
threshold value rb, where rb is a preset value, being
larger than the characteristic changing point, and to
control the light source (12) to have a fixed value of
brightness in a case when the average brightness
of the input picture is larger than the second thresh-
old value rb.

10. Image display device according to any one of claim
1 to 9,
wherein the device is configured to control the bright-
ness of the light source (12) so that the brightness
of the light source (12) in a case when the detected
average brightness of the input picture is not more
than the characteristic changing point is set higher
than the brightness of the light source (12) in a case
when the detected average brightness of the input
picture exceeds the characteristic changing point.

11. Image display device according to any one of claims
1 to 10,
wherein the image display means (11) is a direct-
viewing type liquid crystal display.

12. Image display device according to any one of claims
1 to 10,
wherein the image display means (11) is a projecting
type liquid crystal display.

13. Image display device according to any one of claims
1 to 12,
wherein the device is configured to keep the bright-
ness of the light source (12) at a fixed value in a case
when the average brightness of the input picture is
within a specified range.

14. Image display device according to any one of the
preceding claims,
which is a liquid crystal display device.

15. Method for controlling brightness of a display device
comprising an image display means (11) and a light

source (12), comprising the steps of:

detecting an average brightness of an input pic-
ture;
detecting a degree of peak level of the bright-
ness of the input picture;
correcting the brightness of the light source (12)
in accordance with the detected average bright-
ness and the detected degree of peak level of
the input picture;

characterized by:

correcting the brightness of the light source (12)
in accordance with the detected degree of peak
level in a case when the detected average
brightness of the input picture is not more than
a characteristic changing point, wherein the
brightness is set to a higher level if the detected
degree of peak level is above a threshold than
the brightness level which is set if the detected
degree of peak level is below or equal to said
threshold; and
controlling the brightness of the light source (12)
independently of the detected degree of peak
level of the brightness in a case when the de-
tected average brightness of the input picture
exceeds the characteristic changing point.

Patentansprüche

1. Bildanzeigevorrichtung, mit:

einem Bildanzeigemittel (11),
einer Lichtquelle (12), die dazu ausgelegt ist,
Leuchtkraft zum Anzeigen eines Bildes auf dem
Anzeigemittel (11) bereitzustellen;
einem Eingangsanschluss, um ein Eingangsbild
zu empfangen;
einem Durchschnittsleuchtkraft-Detektionsmit-
tel (15), um eine durchschnittliche Leuchtkraft
des Eingangsbildes zu detektieren;
einem Spitzen-Detektionsmittel (16), um einen
Grad des Spitzenpegels der Leuchtkraft des
Eingangsbildes zu detektieren;
einem Lichtquellen-Steuermittel (13), um die
Leuchtkraft der Lichtquelle (12) in Übereinstim-
mung mit der detektierten durchschnittlichen
Leuchtkraft und dem detektierten Grad des Spit-
zenpegels des Eingangsbildes zu steuern;

dadurch gekennzeichnet, dass das Lichtquellen-
Steuermittel (13) konfiguriert ist, um:

einen charakteristischen Änderungspunkt zu
speichern;
die Leuchtkraft der Lichtquelle (12) unabhängig
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von dem detektierten Grad des Spitzenpegels
zu steuern, wenn der Wert der detektierten
Durchschnittsleuchtkraft den charakteristi-
schen Änderungspunkt übersteigt;
dann, wenn die detektierte durchschnittliche
Leuchtkraft des Eingangsbildes unter dem cha-
rakteristischen Änderungspunkt liegt und der
detektierte Grad des Spitzenpegels über einem
Schwellenwert liegt, eine Bildschirmleuchtkraft
des Bildanzeigemittels (11) durch Einstellen der
Leuchtkraft der Lichtquelle (12), auf einen Pegel
zu korrigieren, der höher als der Leuchtkraftpe-
gel ist, der für ein Bild eingestellt wird, dessen
detektierte durchschnittliche Leuchtkraft unter
dem charakteristischen Änderungspunkt liegt
und bei dem ein detektierter Grad des Spitzen-
pegels kleiner oder gleich dem Schwellenwert
ist.

2. Bildanzeigevorrichtung nach Anspruch 1,
wobei das Spitzen-Detektionsmittel (16) konfiguriert
ist, um den Grad des Spitzenpegels der Leuchtkraft
eines Eingangsbildes als groß zu bestimmen, falls
das Eingangsbild n oder mehr Pixel enthält, wovon
jedes größer als ein Pegel m ist, wobei n und m im
Voraus festgelegte Werte sind.

3. Bildanzeigevorrichtung nach Anspruch 1,
wobei das Spitzen-Detektionsmittel (16) konfiguriert
ist, um die Anzahl von Pixeln eines Eingangsbildes,
die einen größeren Wert als ein Pegel ma haben,
mit einer Anzahl na zu vergleichen, wobei na und
ma im Voraus festgelegte Werte sind, und um die
Anzahl von Pixel eines Eingangsbildes, die einen
Wert größer als einen Pegel mb haben, mit einer
Anzahl nb zu vergleichen, wobei nb und mb im Vor-
aus festgelegte Werte sind, und um auf der Grund-
lage der Ergebnisse der Vergleiche zu entscheiden,
ob ein Grad des Spitzenpegels der Leuchtkraft auf
einem Zwischenpegel zwischen einem niedrigen
Pegel und einem hohen Pegel liegt.

4. Bildanzeigevorrichtung nach Anspruch 1,
wobei das Spitzen-Detektionsmittel (16) konfiguriert
ist, um wenigstens drei Kombinationen eines
Schwellenpegels mx und einer Schwellenanzahl nx
zu speichern und um die Anzahl von Pixel eines Ein-
gangsbildes, die einen Wert größer als der Pegel mx
haben, mit der Anzahl nx zu vergleichen, wobei nx
und mx im Voraus festgelegte Werte sind, und um
anhand der Ergebnisse der Vergleiche zu entschei-
den, ob ein Grad des Spitzenpegels der Leuchtkraft
auf einem Zwischenpegel zwischen einem niedrigen
Pegel und einem hohen Pegel liegt.

5. Bildanzeigevorrichtung nach Anspruch 1,
wobei das Spitzen-Detektionsmittel (16) konfiguriert
ist, um einen maximalen Pegel in einem Eingangs-

bild zu detektieren, den maximalen Pegel mit einem
Pegel p zu vergleichen, wobei p ein im Voraus fest-
gelegter Wert ist, und einen Grad des Spitzenpegels
als groß zu bestimmen, wenn der maximale Pegel
größer ist als der Pegel p.

6. Bildanzeigevorrichtung nach Anspruch 1,
wobei das Spitzen-Detektionsmittel (16) konfiguriert
ist, um einen maximalen Pegel in einem Eingangs-
bild zu detektieren, den maximalen Pegel mit einem
Pegel pa bzw. mit einem Pegel pb zu vergleichen,
wobei pa und pb im Voraus festgelegte Werte sind,
und um anhand der Ergebnisse der Vergleiche zu
entscheiden, ob ein Grad des Spitzenpegels der
Leuchtkraft ein Zwischenpegel zwischen einem
niedrigen Pegel und einem hohen Pegel ist.

7. Bildanzeigevorrichtung nach Anspruch 1,
wobei das Spitzen-Detektionsmittel (16) konfiguriert
ist, um einen maximalen Pegel in einem Eingangs-
bild zu detektieren, wenigstens drei mit dem maxi-
malen Pegel zu vergleichende Pegel px zu spei-
chern, wobei px ein im Voraus festgelegter Wert ist,
und anhand der Ergebnisse der Vergleiche einen
Grad des Spitzenpegels der Leuchtkraft als einen
Zwischenpegel zwischen einem niedrigen Pegel und
einem hohen Pegel zu detektieren.

8. Bildanzeigevorrichtung nach Anspruch 1,
wobei die Vorrichtung konfiguriert ist, um einen er-
sten Schwellenwert ra zu speichern, wobei ra ein im
Voraus festgelegter Wert ist, der kleiner als der cha-
rakteristische Änderungspunkt ist, und um die Licht-
quelle (12) so zu steuern, dass sie einen von der
detektierten durchschnittlichen Leuchtkraft unab-
hängigen Leuchtkraftwert hat, falls die detektierte
durchschnittliche Leuchtkraft eines Eingangsbildes
kleiner ist als der erste Schwellenwert ra.

9. Bildanzeigevorrichtung nach Anspruch 1,
wobei die Vorrichtung konfiguriert ist, um einen zwei-
ten Schwellenwert rb zu speichern, wobei rb ein im
Voraus festgelegter Wert ist, der größer ist als der
charakteristische Änderungspunkt, und um die
Lichtquelle (12) so zu steuern, dass sie einen festen
Leuchtkraftwert hat, falls die durchschnittliche
Leuchtkraft des Eingangsbildes größer ist als der
zweite Schwellenwert rb.

10. Bildanzeigevorrichtung nach einem der Ansprüche
1 bis 9,
wobei die Vorrichtung konfiguriert ist, um die Leucht-
kraft der Lichtquelle (12) so zu steuern, dass die
Leuchtkraft der Lichtquelle (12) in dem Fall, in dem
die detektierte durchschnittliche Leuchtkraft des Ein-
gangsbildes nicht größer ist als der charakteristische
Änderungspunkt, höher eingestellt wird als die
Leuchtkraft der Lichtquelle (12) in dem Fall, in dem
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die detektierte durchschnittliche Leuchtkraft des Ein-
gangsbildes den charakteristischen Änderungs-
punkt übersteigt.

11. Bildanzeigevorrichtung nach einem der Ansprüche
1 bis 10,
wobei das Bildanzeigemittel (11) eine Flüssigkristall-
anzeige des Direktbetrachtungstyps ist.

12. Bildanzeigevorrichtung nach einem der Ansprüche
1 bis 10,
wobei das Bildanzeigemittel (11) eine Flüssigkristall-
anzeige des Projektionstyps ist.

13. Bildanzeigevorrichtung nach einem der Ansprüche
1 bis 12,
wobei die Vorrichtung konfiguriert ist, um die Leucht-
kraft der Lichtquelle (12) auf einem festen Wert zu
halten, falls die durchschnittliche Leuchtkraft des
Eingangsbildes innerhalb eines spezifizierten Be-
reichs liegt.

14. Bildanzeigevorrichtung nach einem der vorherge-
henden Ansprüche, die eine Flüssigkristallanzeige-
vorrichtung ist.

15. Verfahren zum Steuern der Leuchtkraft einer Anzei-
gevorrichtung, die ein Bildanzeigemittel (11) und ei-
ne Lichtquelle (12) besitzt, das die folgenden Schritte
enthält:

Detektieren einer durchschnittlichen Leucht-
kraft eines Eingangsbildes;
Detektieren eines Grades des Spitzenpegels
der Leuchtkraft des Eingangsbildes;
Korrigieren der Leuchtkraft der Lichtquelle (12)
in Übereinstimmung mit der detektierten durch-
schnittlichen Leuchtkraft und dem detektierten
Grad des Spitzenpegels des Eingangsbildes;

gekennzeichnet durch:

Korrigieren der Leuchtkraft der Lichtquelle (12)
in Übereinstimmung mit dem detektierten Grad
des Spitzenpegels, falls die detektierte durch-
schnittliche Leuchtkraft des Eingangsbildes
nicht größer ist als ein charakteristischer Ände-
rungspunkt, wobei die Leuchtkraft dann, wenn
der detektierte Grad des Spitzenpegels über ei-
nem Schwellenwert liegt, auf einen höheren Pe-
gel eingestellt wird als der Leuchtkraftpegel, der
eingestellt wird, falls der detektierte Grad des
Spitzenpegels kleiner oder gleich dem Schwel-
lenwert ist; und
Steuern der Leuchtkraft der Lichtquelle (12) un-
abhängig von dem detektierten Grad des Spit-
zenpegels der Leuchtkraft, falls die detektierte
durchschnittliche Leuchtkraft des Eingangsbil-

des den charakteristischen Änderungspunkt
übersteigt.

Revendications

1. Dispositif d’affichage d’image comprenant :

un moyen d’affichage d’image (11),
une source lumineuse (12) étant prévue pour
produire une luminosité permettant l’affichage
d’une image sur le moyen d’affichage (11) ;
un terminal d’entrée pour recevoir une image
d’entrée ;
un moyen de détection de luminosité moyenne
(15) pour détecter une luminosité moyenne de
l’image d’entrée ;
un moyen de détection de crête (16) pour dé-
tecter un degré de niveau de crête de la lumi-
nosité de l’image d’entrée ;
un moyen de commande de source lumineuse
(13) pour commander la luminosité de la source
lumineuse (12) en fonction de la luminosité
moyenne détectée et du degré détecté de ni-
veau de crête de l’image d’entrée ;

caractérisé en ce que le moyen de commande de
source lumineuse (13) est conçu pour:

le stockage d’un point de changement de
caractéristique ;
la commande de la luminosité de la source lu-
mineuse (12) indépendamment du degré détec-
té de niveau de crête lorsque la valeur de lumi-
nosité moyenne détectée dépasse le point de
changement de caractéristique ;
la correction d’une luminosité d’écran du moyen
d’affichage d’image (11) par réglage de la lumi-
nosité de la source lumineuse (12), si la lumino-
sité moyenne détectée de l’image d’entrée est
inférieure au point de changement de caracté-
ristique et que le degré détecté de niveau de
crête dépasse un certain seuil, à un niveau su-
périeur au niveau de luminosité qui est réglé
pour une image ayant une luminosité moyenne
détectée inférieure au point de changement de
caractéristique et un degré détecté de niveau
de crête inférieur ou égal au seuil.

2. Dispositif d’affichage d’image conformément à la re-
vendication 1, dans lequel le moyen de détection de
crête (16) est conçu pour décider que le degré de
niveau de crête de la luminosité d’une image d’en-
trée sera élevé dans un cas dans lequel l’image d’en-
trée contient n pixels ou plus, le niveau de chacun
des pixels étant supérieur à un niveau m, n et m étant
des valeurs prédéfinies.
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3. Dispositif d’affichage d’image conformément à la re-
vendication 1, dans lequel le moyen de détection de
crête (16) est conçu pour comparer le nombre de
pixels d’une image d’entrée ayant une valeur plus
élevée qu’un niveau ma à un nombre na, na et ma
étant des valeurs prédéfinies, et pour comparer le
nombre de pixels d’une image d’entrée ayant une
valeur plus élevée qu’un niveau mb à un nombre nb,
nb et mb étant des valeurs prédéfinies, et pour dé-
cider si un degré de niveau de crête de la luminosité
est ou non à un niveau intermédiaire entre un niveau
faible et un niveau élevé en fonction des résultats
des comparaisons.

4. Dispositif d’affichage d’image conformément à la re-
vendication 1, dans lequel le moyen de détection de
crête (16) est conçu pour stocker au moins trois com-
binaisons de niveau seuil mx et de nombre seuil nx,
et pour comparer le nombre de pixels d’une image
d’entrée ayant une valeur plus élevée que le niveau
mx au nombre nx, nx et mx étant des valeurs pré-
définies, et pour décider si un degré de niveau de
crête de la luminosité est ou non à un niveau inter-
médiaire entre un niveau faible et un niveau élevé
en fonction des résultats des comparaisons.

5. Dispositif d’affichage d’image conformément à la re-
vendication 1, dans lequel le moyen de détection de
crête (16) est conçu pour détecter un niveau maximal
dans une image d’entrée, pour comparer le niveau
maximal à un niveau p, p étant une valeur prédéfinie,
et pour décider qu’un degré de niveau de crête sera
élevé lorsque le niveau maximal est supérieur au
niveau p.

6. Dispositif d’affichage d’image conformément à la re-
vendication 1, dans lequel le moyen de détection de
crête (16) est conçu pour détecter un niveau maximal
dans une image d’entrée, pour comparer le niveau
maximal à un niveau pa et à un niveau pb respecti-
vement, pa et pb étant des valeurs prédéfinies, et
pour décider si un degré de niveau de crête de la
luminosité est ou non à un niveau intermédiaire entre
un niveau inférieur et un niveau élevé en fonction
des résultats des comparaisons.

7. Dispositif d’affichage d’image conformément à la re-
vendication 1, dans lequel le moyen de détection de
crête (16) est conçu pour détecter un niveau maximal
dans une image d’entrée, pour stocker au moins trois
niveaux px à comparer au niveau maximal, px étant
une valeur prédéfinie, et pour détecter un degré de
niveau de crête de la luminosité en tant que niveau
intermédiaire entre un niveau faible et un niveau éle-
vé en fonction des résultats des comparaisons.

8. Dispositif d’affichage d’image conformément à la re-
vendication 1, dans lequel le dispositif est conçu pour

stocker une première valeur seuil ra, ra étant une
valeur prédéfinie, inférieure au point de changement
de caractéristique, et pour commander la source lu-
mineuse (12) afin que sa valeur de luminosité soit
indépendante de la luminosité moyenne détectée
dans un cas dans lequel la luminosité moyenne dé-
tectée d’une image d’entrée est inférieure à la pre-
mière valeur seuil ra.

9. Dispositif d’affichage d’image conformément à la re-
vendication 1, dans lequel le dispositif est conçu pour
stocker une seconde valeur seuil rb, rb étant une
valeur prédéfinie, supérieure au point de change-
ment de caractéristique, et pour commander la sour-
ce lumineuse (12) pour qu’elle ait une valeur de lu-
minosité fixe dans un cas dans lequel la luminosité
moyenne de l’image d’entrée est supérieure à la se-
conde valeur seuil rb.

10. Dispositif d’affichage d’image conformément à l’une
quelconque des revendications 1 à 9,
dans lequel le dispositif est conçu pour commander
la luminosité de la source lumineuse (12) de sorte
que la luminosité de la source lumineuse (12), dans
un cas dans lequel la luminosité moyenne détectée
de l’image d’entrée n’est pas supérieure au point de
changement de caractéristique, est réglée de façon
à être supérieure à la luminosité de la source lumi-
neuse (12) dans un cas dans lequel la luminosité
moyenne détectée de l’image d’entrée dépasse le
point de changement de caractéristique.

11. Dispositif d’affichage d’image conformément à l’une
quelconque des revendications 1 à 10,
dans lequel le moyen d’affichage d’image (11) est
un afficheur à cristaux liquides de type à visualisation
directe.

12. Dispositif d’affichage d’image conformément à l’une
quelconque des revendications 1 à 10,
dans lequel le moyen d’affichage d’image (11) est
un afficheur à cristaux liquides de type à projection.

13. Dispositif d’affichage d’image conformément à l’une
quelconque des revendications 1 à 12,
dans lequel le dispositif est conçu pour maintenir la
luminosité de la source lumineuse (12) à une valeur
fixe dans un cas dans lequel la luminosité moyenne
de l’image d’entrée se trouve dans une plage spéci-
fiée.

14. Dispositif d’affichage d’image conformément à l’une
quelconque des revendications précédentes, lequel
est un dispositif d’affichage à cristaux liquides.

15. Procédé pour commander la luminosité d’un dispo-
sitif d’affichage comprenant un moyen d’affichage
d’image (11) et une source lumineuse (12) compre-
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nant les étapes :

de détection d’une luminosité moyenne d’une
image d’entrée ;
de détection d’un degré de niveau de crête de
la luminosité de l’image d’entrée ;
de correction de la luminosité de la source lumi-
neuse (12) en fonction de la luminosité moyenne
détectée et du degré détecté de niveau de crête
de l’image d’entrée ;

caractérisé par :

une correction de la luminosité de la source lu-
mineuse (12) en fonction du degré détecté de
niveau de crête dans un cas dans lequel la lu-
minosité moyenne détectée de l’image d’entrée
n’est pas supérieure à un point de changement
de caractéristique, la luminosité étant réglé, si
le degré détecté du niveau de crête est supérieur
à un certain seuil, à un niveau supérieur au ni-
veau de luminosité qui est réglé si le degré dé-
tecté de niveau de crête est inférieur ou égal
audit seuil ; et
une commande de la luminosité de la source
lumineuse (12) indépendamment du degré dé-
tecté du niveau de crête de la luminosité dans
un cas dans lequel la luminosité moyenne dé-
tectée de l’image d’entrée dépasse le point de
changement de caractéristique.
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