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LIQUID CRYSTAL DISPLAY APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play apparatus and, more particularly, to a liquid crystal dis-
play apparatus that dynamically changes luminance of a
backlight light source depending on a video signal.

BACKGROUND OF THE INVENTION

[0002] For a liquid crystal display apparatus including a
liquid crystal panel that modulates light-source light in accor-
dance with a video signal and a light source such as a back-
light for applying light to the liquid crystal panel, technolo-
gies have been proposed to improve quality of display video
by controlling the emission luminance of the backlight light
source depending on a video signal.

[0003] Forexample, a patent document 1 and a patent docu-
ment 2 have proposed those capable of displaying high-qual-
ity moving picture with sharp contrast (with dynamic contrast
augmented) by detecting an average picture level (APL) as a
feature quantity of an input video signal, reducing the emis-
sion luminance when the detected average picture level is
high, and increasing the emission luminance when the level is
low to differentiate the screen luminance even though the
video is displayed at the same gradation level and dynami-
cally change the screen luminance depending on displayed
video contents.

[0004] With regard to such a technology that uses a feature
quantity of an input video signal to control the emission
luminance of the backlight light source, for example, Japa-
nese Patent Application No. 2005-39959 (filed on May 6,
2004) filed by the same applicant as that of the present appli-
cation describes an image display device capable of reducing
effects of undesirable additional information as much as pos-
sible to constantly acquire the optimum screen Iuminance.
This image display device includes a liquid crystal panel that
uses a backlight light source to display an input video signal,
a feature-quantity detecting means that detects a feature
quantity of an input video signal, and a light-source control-
ling means that dynamically and variably controls the emis-
sion luminance of the backlight light source based on the
feature quantity detected by the feature-quantity detecting
means.

[0005] The feature-quantity detecting means extracts a
video signal of a predetermined area in a screen to detect a
feature quantity of the extracted video signal. This enables the
effects of the undesirable additional information included in
the input video signal to be reduced as much as possible to
acquire the optimum screen luminance (brightness) depend-
ing on original video contents.

[0006] Patent Document 1: Japanese Laid-Open Patent
Publication No. 8-201812

[0007] Patent Document 2: WO03/38799
DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention
[0008] Iftheemission luminance ofa backlight light source

is controlled depending on an input video signal as described
above, the optimum brightness control characteristics must
be selected in consideration of the visual perception of the
human eye. In this regard, for example, in video signals,
additional information such as captions, scores in sport cast-
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ing, or channel information displayed by OSD (On Screen
Display) has different luminance as compared to original
video.

[0009] When the emission luminance of the backlight light
source is controlled depending on a feature quantity of a video
signal as described above, if a feature quantity of a video
signal is detected with the above additional information
included, the feature quantity is affected by the different
luminance of the additional information and is not equivalent
to a feature quantity of the original video signal. Therefore,
the emission luminance is not optimized in the backlight light
source depending on the feature quantity and the quality of
display video may not sufficiently be improved.

[0010] To such a problem, as in above Japanese Patent
Application No. 2005-39959, a video signal in a desirable
area may selectively be extracted to eliminate effects of unde-
sirable additional information.

[0011] However, the above technology is intended to set the
predetermined area of the video signal for calculating the
feature quantity in accordance with user’s instruction input
and is not intended to determine a feature of video to be
displayed to automatically extract the predetermined area and
to use a feature quantity of a video signal in the automatically
extracted predetermined area to control the emission lumi-
nance of the backlight light source.

[0012] The present invention was conceived in view of the
above situations and it is therefore the object of the present
invention to provide a liquid crystal display apparatus that
implements video display with the optimum display quality
by automatically extracting a screen area for measuring a
feature quantity of a video signal depending on video to be
displayed, by obtaining the feature quantity from the video
signal in the extracted screen area, and by controlling the
emission luminance of the backlight light source depending
on the feature quantity.

Means for Solving the Problems

[0013] To solve the above problem, a first technical means
of the present invention is a liquid crystal display apparatus
comprising a liquid crystal panel that displays video in accor-
dance with an input video signal and a light source that
applies light to the liquid crystal panel, the liquid crystal
display apparatus controlling the emission luminance of the
light source based on a feature quantity of the input video
signal, the liquid crystal display apparatus automatically and
variably controlling a screen area of a video signal for mea-
suring the feature quantity depending on the video displayed
on the liquid crystal panel.

[0014] A second technical means is the first technical
means wherein a non-video area included in the video signal
is excluded from the screen area for detecting the feature
quantity.

[0015] A third technical means is the second technical
means wherein a luminance signal of the video signal is
compared with a predetermined threshold value to detect a
video area lower than the threshold value as the non-video
area.

[0016] A fourth technical means is any one of the first to
third technical means wherein the screen area for measuring
the feature quantity is determined based on genre information
of the video displayed on the liquid crystal panel.

[0017] A fifth technical means is a fourth technical means
wherein an area likely to display additional information
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added to the original video signal is excluded from the screen
area for measuring the feature quantity based on the genre
information.

[0018] A sixthtechnical means is any one of the first to fifth
technical means wherein when OSD information is dis-
played, an area displaying the OSD information is excluded
from the range for measuring the feature quantity.

[0019] A seventh technical means is any one of the first to
sixth technical means wherein when a plurality of screens of
video is concurrently displayed on one screen, a non-video
area inevitably generated due to a screen configuration is
excluded from the range for measuring the feature quantity.
[0020] An eighth technical means is any one of the first to
seventh technical means wherein at least an average picture
level per frame of the input video signal is used as the feature
quantity of the input video signal.

[0021] A ninth technical means is any one of the first to
eighth technical means wherein the input video signal is
extended and compressed while the emission luminance of
the light source is controlled.

[0022] A tenth technical means is any one of the first to
eighth technical means wherein gradation conversion charac-
teristics for the input video signal are changed while the
emission luminance of the light source is controlled.

EFFECT OF THE INVENTION

[0023] According to the present invention, video display
can always be achieved with the optimum display quality
without cumbersome user setting operations by automati-
cally and variably controlling a screen area for measuring a
feature quantity of a video signal depending on video to be
displayed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG.1 is a block diagram for explaining a configu-
ration ofone embodiment ofa liquid crystal display apparatus
according to the present invention.

[0025] FIG. 2is a view of an exemplary configuration of a
backlight unit applicable to the liquid crystal display appara-
tus of the present invention.

[0026] FIG. 3isa view of another exemplary configuration
of the backlight unit applicable to the liquid crystal display
apparatus of the present invention.

[0027] FIG. 4 is a view of an example of genre codes
defined by the digital broadcast standard.

[0028] FIG.5isa view for explaining exemplary control of
an APL measurement area for measuring the APL.

[0029] FIG. 6 is a view for explaining another exemplary
control of the APL. measurement area for measuring the APL.
[0030] FIG. 7 is a view for explaining yet another exem-
plary control of the APL, measurement area for measuring the
APL.

[0031] FIG. 8 is a view for explaining yet another exem-
plary control of the APL measurement area for measuring the
APL.

[0032] FIG. 9 is a view for explaining yet another exem-
plary control of the APL measurement area for measuring the
APL.

[0033] FIG. 10 is a flow chart for explaining an exemplary
process when determining the APL. measurement area.
[0034] FIG. 11 is a view for explaining an example of the
luminance conversion characteristics for controlling the
emission luminance of the backlight.
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[0035] FIG. 12 is a view for explaining another example of
the luminance conversion characteristics for controlling the
emission luminance of the backlight light source.

[0036] FIG. 13 is a view of an example of a luminance
conversion table used when video is displayed with video
signals compressed and extended while the emission lumi-
nance of the light source is controlled.

[0037] FIG. 14 is a view for explaining gradation charac-
teristics.

EXPLANATION OF REFERENCE NUMERALS

[0038] 1...liquidcrystal display apparatus; 11 .. . antenna;
12 . .. tuner; 13 . .. decoder; 14 . . . letter-size detecting
portion; 15 .. . . gate portion; 16 . .. APL measuring portion; 17
... filter; 18 . . . backlight controlling portion; 19 . . . backlight
or backlight unit; 20 . . . video processing portion; 21 ... LCD
controller; 22 . .. liquid crystal panel; 23 . . . microcomputer;
24 . .. table storage memory; 25 . . . luminance conversion
table; 26 . . . multiplier; 27 . . . remote controller light-
receiving portion; 30 . . . housing; 31 . . . fluorescent tube; 32
... diffusion plate; 41 . . . red light source; 42 . . . green light
source; 43 . . . blue light source; 100 . . . effective video area;
and 101 . . . non-measurement range.

PREFERRED EMBODIMENTS OF THE
INVENTION

[0039] According to an embodiment of a liquid crystal
display apparatus according to the present invention, an aver-
age picture level (APL; Average Picture Level) per frame of
an input video signal is used as a feature quantity of the input
video signal to control the emission luminance of a backlight
light source depending on changes in the APL. In this case,
the liquid crystal display apparatus retains a luminance con-
version table defining the luminance conversion characteris-
tics and controls the emission luminance of the backlight light
source in accordance with the luminance control characteris-
tics of the luminance conversion table.

[0040] According to the embodiment of the liquid crystal
display apparatus according to the present invention, an APL
measurement area used for controlling the emission lumi-
nance of the backlight light source is automatically extracted
from a feature of a video signal, and the APL measured from
the video signal in the extracted area is used to control the
emission luminance of the backlight light source in accor-
dance with the luminance control characteristics of the lumi-
nance conversion table.

[0041] The screen area of the video signal for measuring
the APL is automatically and variably controlled depending
on video displayed on a liquid crystal panel. For example, the
screen area may be determined by determining an effective
area of the video signal with the use of a predetermined index
such as a luminance value of the video signal, or may be
determined based on genre information included in the input
video signal or OSD display information when the liquid
crystal display apparatus performs OSD display. This can
eliminate an area of a non-video portion, additional informa-
tion displayed in the case of a video signal of a certain genre,
or additional information at the time of OSD display from the
screen area for measuring the APL. This enables the emission
luminance of the backlight light source to be controlled such
that the optimum display quality can be acquired depending
on the video displayed on the screen.
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[0042] FIG. 1 is a block diagram for explaining a configu-
ration of one embodiment ofa liquid crystal display apparatus
according to the present invention. In a liquid crystal display
apparatus 1, a tuner 12 selects a broadcast signal received by
an antenna 11. A decoder 13 demultiplexes the broadcast
signal selected by the tuner 12 with a decode process and
outputs a video signal for driving a liquid crystal panel 22 and
genre information included in electronic program guide
information, etc., of the broadcast signal.

[0043] The video signal demultiplexed by the decoder 13 is
subjected to various video processes by a video processing
portion 20 and is then input to an LCD controller 21 driving
and controlling the liquid crystal panel 22. The LCD control-
ler 21 outputs a liquid crystal drive signal to a gate driver and
asource driver not shown of the liquid crystal panel 22 based
on the input video signal, which causes video to be displayed
on the liquid crystal panel 22 in accordance with the video
signal.

[0044] The video processing portion 20 includes an OSD
processing portion. The OSD processing portion generates
OSD data such as characters and symbols specified by a
character code included in, for example, digital broadcast
signals or OSD data for performing channel display as OSD
display information, which is overlapped and output with the
video signal.

[0045] The video signal demultiplexed by the decoder 13 is
also input to a letter-size detecting portion 14. The letter-size
detecting portion 14 determines whether the video signal is
sent in the letter size. A luminance signal of the video signal
demultiplexed by the decoder 13 is detected here, and the
luminance signal is compared with a predetermined threshold
value to detect a video area lower than the threshold value as
anon-video area. If the non-video areas are detected as black
belts with a certain width on the upper and lower sides of the
video area, it can be determined that the signal is a letter-size
video signal. A microcomputer 23 controls a gate portion 15
in accordance with the detection result of the letter-size
detecting portion 14 to control the range (screen area) of the
video signal output to an APL measuring portion 16 if the
input video signal is a letter-size signal. Not only the above
luminance level of the video signal but also chromaticity
information or color temperature information of the video
signal may be used as an index for judging the letter size.
[0046] When the letter-size detecting portion 14 detects the
letter size, a condition of time axis information may be added
to determine that the signal is a letter-size signal when the
black-belt-shape non-video areas of the video signal are con-
tinuously detected for a predetermined time.

[0047] Ifletter-size information is included in genre infor-
mation described later, the microcomputer 23 may control the
range of the video signal output by the gate portion 15
depending on the letter-size information.

[0048] The gate portion 15 selects and extracts a video
signal corresponding to a predetermined vertical scanning
period and/or a predetermined horizontal scanning period
from the input video signal in accordance with the control
signal from the microcomputer 23 and outputs the video
signal to the APL, measuring portion 16.

[0049] The microcomputer 23 inputs to the gate portion 15
the control signal in accordance with not only the extracted
area based on the above detection result of the letter-size
detecting portion 14 but also an extracted area selected in
accordance with the genre information of the video signal and
an extracted area selected in accordance with the OSD display
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information. The gate portion 15 selects an area extracted
from the video signal in accordance with the control signal
defining these extracted areas.

[0050] The APL measuring portion 16 measures an APL
per frame of the video signal output from the gate portion 15.
A measurement area of this APL is a video signal of a certain
area extracted by the gate portion 15 as above. If the gate
portion 15 does not control the extraction of the certain area,
the video signal demultiplexed by the decoder 13 is directly
input to the APL, measuring portion 16.

[0051] The APL measured by the APL measuring portion
16 1s sent to a filter 17. The APL corresponds to one of video
feature quantities of the present invention and the emission
luminance of the backlight light source is controlled depend-
ing on the APL based on luminance conversion characteris-
tics of a luminance conversion table described later.

[0052] When the backlight luminance is controlled
depending on the measurement value of the APL, the filter 17
sets the follow-up ability for changes in the APL of the video
signal. The filter 17 is made up of'a multistage digital filter, for
example.

[0053] The filter 17 inputs the APL per frame measured by
the APL measuring portion 16 and calculates an output APL
by performing a weighted average calculation for each frame
with the APL of past one or a plurality of frames in accor-
dance with the weightings thereof. The number of past frame
stages reflected in the target frame can variably be set here and
the weightings are set for the target frame and each of the past
frames (of the set number of stages).

[0054] When the APL of the target frame is input, the
weighted average calculation is performed for the input APL
and the APL of the frames of the number of stages used in the
past in accordance with the weightings thereof, and an
obtained APL is output. This enables the follow-up ability to
be set appropriately for the output APL following the actual
changes in the APL.

[0055] The number of stages and the weighting values of
the filter are set in accordance with the genre code input to the
microcomputer 23. The number of stages and the weighting
values of the filter 17 can appropriately be set as above and the
filter function can be set to be turned on/off.

[0056] The APL output from the filter 17 is input to a
backlight controlling portion 18. The backlight controlling
portion 18 outputs a backlight luminance adjustment signal
for adjusting the backlight luminance depending on the input
APL based on a selected luminance conversion table 25. The
backlight unit 19 controls the emission luminance of the
backlight light source in accordance with the backlight lumi-
nance adjustment signal output from the backlight controlling
portion 18.

[0057] As described above, after the APL is measured by
the APL measuring portion 16 and the follow-up ability
thereof is controlled through the filter portion 15, the APL is
input to the backlight controlling portion 18 and used for
controlling the emission luminance of the backlight light
source. To perform the luminance control of the backlight
light source in accordance with the APL, the preliminarily
stored luminance conversion table is used in this embodi-
ment. The luminance conversion table (lookup table) defining
the emission luminance characteristics of the backlight light
source in accordance with the APL may be stored in a table
storage memory 24 such as ROM.
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[0058] Alternatively, a plurality of the luminance conver-
sion tables may be prepared for the respective genres of the
display video and may be stored in the table storage memory
24.

[0059] In this case, a luminance conversion table stored in
the table storage memory 24 is selected based on the genre
information demultiplexed from the video signal by the
decoder 13 and output or acquired from other routes and is
determined as the luminance conversion table 25 used for the
backlight luminance control.

[0060] Theluminance conversion table defines a relation of
the emission luminance of the backlight light source depend-
ing on the video feature quantity (in this case, APL) of the
input video signal. The luminance conversion table used for
the control may be selected by preliminarily preparing and
retaining a plurality of selectable luminance conversion
tables and by specifying a table number to be used depending
on the genre information, etc.

[0061] Alternatively, when the luminance conversion table
is selected and changed, a changed luminance conversion
table may be obtained through calculations.

[0062] InFIG.1,aluminance adjustment coefficient is used
for setting the brightness of the entire screen depending on
user operations. For example, an item for adjusting the bright-
ness of the screen is set in a menu screen retained by the liquid
crystal display apparatus 1. A user can manipulate the setting
item to set arbitrary screen brightness. The microcomputer 23
of FIG. 1 recognizes the brightness setting and outputs the
luminance adjustment coefficient to a multiplier 26 in accor-
dance with the set brightness. The multiplier 26 multiplies the
currently used luminance conversion value of the luminance
conversion table by the luminance adjustment coefficient to
cause the backlight light source to emit light depending on the
brightness setting.

[0063] The Iuminance adjustment coefficient changes the
slope of the luminance conversion characteristics of the lumi-
nance conversion table. That is, when using a luminance
adjustment coefficient darkening a screen at a constant rate,
the slope of the luminance conversion characteristics is
changed in a reducing direction.

[0064] The emission luminance of the backlight light
source is controlled based on the luminance conversion table
25 selected from the luminance conversion tables stored in
the table storage memory 24, and the luminance conversion
characteristic value of the luminance conversion table is mul-
tiplied by the above luminance adjustment coefficient based
on the user setting and is output to the backlight controlling
portion 18.

[0065] For example, as shown in FIG. 2, the backlight unit
19 is configured by disposing a plurality of narrow-tube-
shaped fluorescent tubes 31 at even intervals within a housing
30 attached to the backside of the liquid crystal panel 22. A
diffusion plate 32 equally diffuses the illumination light emit-
ted from the fluorescent tubes 31.

[0066] In this case, for example, the backlight unit 19
includes a light modulation control circuit that outputs a light
modulation signal, which is pulse-width modulation output
having a signal period ratio (duty) of rectangular-wave high-
potential and low-potential levels changed in accordance with
the backlight luminance adjustment signal input from the
backlight controlling portion 18, and an inverter that receives
the light modulation signal from the light modulation control
circuit to generate an alternating voltage having frequency
and voltage corresponding to the light modulation signal and
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that applies the alternating voltage to the fluorescent tubes 31
to drive the fluorescent tubes 31 to emit light (both not
shown). The inverter is operated when the output of the above
light modulation control circuit is ata high-potential level and
is terminated when the output is at a low-potential level, and
the luminance of the light source is adjusted through this
intermittent operation depending on the output duty of the
light modulation control circuit.

[0067] Alternatively, as shown in FIG. 3, the backlight unit
19 may be configured by disposing LED light sources with a
plurality of colors composed of three primary colors of red,
green, and blue, i.e., a red light source 41, a green light source
42, and a blue light source 43 within the housing 30 attached
to the backside of the liquid crystal panel 22. The emission
luminance of the LED light sources may be controlled by
LED currents to the respective LED light sources. Although
not shown, the above fluorescent tubes and the LEDs may
concurrently be used in a mode of those applicable as the
backlight unit 17. In this case, the light may be applied to the
liquid crystal panel 20 through a so-called side-edge type
configuration, which equalizes the light from the light sources
such as the fluorescent tubes and the LEDs on a surface with
the use of an optical light guide plate.

[0068] The liquid crystal display apparatus 1 includes a
remote controller light-receiving portion 27 that receives a
remote-control control signal transmitted from a remote-con-
trol device 29. The remote controller light-receiving portion
27 is made up of a light-receiving LED for receiving a remote-
controller operation signal using infrared light, for example.
[0069] The remote-controller operation signal received by
the remote controller light-receiving portion 27 is input to the
microcomputer 23, and the microcomputer 23 performs pre-
determined control in accordance with the input remote-con-
troller operation signal.

[0070] The genre information of broadcast programs is
included as a genre code in a portion of the electronic program
guide information (hereinafter, “EPG information”) over-
lapped and transmitted with a broadcast signal of terrestrial
digital broadcasting or BS/CS digital broadcasting, for
example.

[0071] The broadcast signal is received by the tuner 12 and
is subjected to the decode process by the decoder 13 as above.
From this broadcast signal, the genre code is extracted and
output as the genre information. The genre information is not
limited to be separated and obtained from the broadcast signal
tuned by the tuner 12, and for example, when an external
device such as a DVD player and a Blu-ray Disc player is
connected to the liquid crystal display apparatus 1 to display
video information reproduced by the external device on the
liquid crystal display apparatus 1, the genre information may
be acquired by detecting a flag representing contents (e.g., an
identification code indicating “movie”) added to a medium
such as a DVD.

[0072] The broadcast signal is not limited to the digital
broadcasting and the content information can also be
obtained from analog broadcasting. For example, ADAMS-
EPG is the EPG information overlapped and transmitted with
the analog broadcasting.

[0073] The genre information may be input not only con-
currently with the input video signal, but also as sub-infor-
mation other than the video signal. In this case, if the video
signal and the genre information are separately input, the
genre information is input in a correlated manner to indicate
which video information is indicated by the genre informa-
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tion. For example, XMLTYV is an application that automati-
cally acquires a TV program table published on the Web to
output the program table in the XML format, and this can be
utilized for acquiring the genre information of the display
video from a network.

[0074] For example, the genre code is defined as the genre
information by the terrestrial digital broadcasting standard as
shown in FIG. 4. In the example shown in FIG. 4, the genres
preliminarily prescribed as major categories are “news/re-
port”, “sport”, “information/tabloid show”, “drama”,
“music”, “variety”, “movie”, “cartoon/special effects”,
“documentary/cultural”, “stage/performance”, “hobby/edu-
cation”, and “others”.

[0075] A plurality of middle categories is prescribed for
each major category. For example, in the major category
“sport”, middle categories are prescribed as “sport news”,
“baseball”, “soccer”, “golf”, “other ball sports”, “sumo/fight-
ing sport”, “Olympics/international convention”, “marathon/
athletics/swimming”, “motor sport”, “marine/winter sport”,
“horse race/public race”, and “others”. In the major category
“movie”, middle categories are prescribed as “foreign
movie”, “domestic movie”, and “cartoon” (not shown).
[0076] In the embodiment of the liquid crystal display
apparatus according to the present invention, an area of the
video signal is automatically extracted from the feature of the
video signal for measuring the APL to be used, and the APL
detected from the video signal in the extracted area is used to
control the emission luminance of the backlight light source
in accordance with the luminance control characteristics of
the luminance conversion table. The APL non-measurement
range is a range where the APL measurement is not performed
and is set to include additional information such as captions
and the OSD display or the black-belt areas generated when
displaying letter-size video or performing two-screen display.
That is, the intended backlight luminance control may effi-
ciently be performed in accordance with video by measuring
the APL only with the effective video area excluding the
above additional information and the black-belt areas that
may affect the APL, measurement.

[0077] FIG.5is a view for explaining exemplary control of
an APL measurement area for measuring the APL. In the
example shown in FIG. 5, if the video signal is letter-size, the
black-belt portions generated as non-video areas on the upper
and lower sides of the display screen are defined as APL
non-measurement ranges 101, and the APL. measurement is
performed with an effective video area 100 excluding the
APL non-measurement ranges 101.

[0078] Whether the video signal is letter-size may be deter-
mined from the detection result of the letter-size detecting
portion 14 as described above. The letter size may also be
identified from a video signal input through another route
such as an external device. Alternatively, the letter size infor-
mation may be identified from the genre information acquired
from the video signal.

[0079] The microcomputer 23 of the liquid crystal display
apparatus 1 controls the gate portion 15 to extracts the area
(effective video area 100) excluding the APL non-measure-
ment ranges 101 shown in FIG. 5. The APL measuring pot-
tion 16 performs the APL, measurement for the video signal of
the effective video area 100 extracted by the gate portion.
[0080] IL the APL is measured without excluding the
black-belt areas included in the letter-size video signal as
above, this affects the APL of the video desired to be opti-
mized in brightness, resulting in a value different from the

Jun. 11, 2009

APL of the original video. Therefore, the optimum backlight
luminance control can be performed by excluding the black-
belt areas of the letter size as the APL non-measurement
ranges 101 from the APL measurement area.

[0081] FIG. 6 is a view for explaining another exemplary
control of the APL. measurement area for measuring the APL.
In the example shown in FIG. 6, it is intended to optimize the
backlight control by excluding from the APL. measurement
area a caption area included in the video signal of the movie
genre, for example.

[0082] Forexample, when displaying the video signal hav-
ing the genre information indicating “movie”, the microcom-
puter 23 of the liquid crystal display apparatus 1 controls the
gate portion 15 based on the genre information demultiplexed
by the decoder 13 or acquired through another route and
indicating “movie” to extract the effective video area 100
excluding the APL non-measurement range 101 shown in
FIG. 6. The APL measuring portion 16 performs the APL
measurement for the video signal of the effective video area
100 extracted by the gate portion.

[0083] As shown in FIG. 6, the video signal of the “movie”
genre is likely to have additional information such as captions
displayed in the surrounding area on the upper and lower
sides or the right and left sides of the video, for example. Such
additional information is preliminarily overlapped with the
broadcast contents of the movie program.

[0084] If the APL is measured with the inclusion of such
caption display, this affects the APL of the video desired to be
optimized in brightness, resulting in a value different from the
APL of the original video. Therefore, as shown in FIG. 6, the
optimum backlight luminance control can be performed by
excluding from the APL, measurement area the area which
have additional information such as captions likely displayed
as the APL, non-measurement ranges 101 in accordance with
the genre information (in this case, “movie”).

[0085] When controlling the APL measurement range for
the above “movie” genre, the APL non-measurement ranges
101 as shown in FIG. 6 may be set only when the major
category of the video signal genre is “movie”; the middle
category is “foreign movies”; and the audio information asso-
ciated with the video signal is not bilingual to more accurately
determine the possibility of captions. This is intended to more
accurately exclude only the caption area taking advantage of
the fact that the movies having captions displayed are virtu-
ally limited to “foreign movies” not having bilingual audio.
[0086] FIG. 7 is a view for explaining yet another exem-
plary control of the APL measurement area for measuring the
APL. In the example shown in FIG. 7, for example, it is
intended to optimize the backlight control by excluding from
the APL measurement area an additional information area
formed by characters and symbols included in the video sig-
nal of the baseball genre, for example.

[0087] Forexample, when displaying the video signal hav-
ing the genre information indicating the major category
“sport” and the middle category “baseball”, the microcom-
puter 23 of the liquid crystal display apparatus 1 controls the
gate portion 15 based on the genre information demultiplexed
by the decoder 13 or acquired through another route and
indicating “baseball” to extract the effective video area 100
excluding the APL non-measurement ranges 101 shown in
FIG. 7. The APL measuring portion 16 performs the APL
measurement for the video signal of the effective video area
100 extracted by the gate portion.
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[0088] As shown in FIG. 7, the video signal of the “base-
ball” genre have additional information such as score and
count likely displayed in the upper left area of the video, for
example. Although not shown in FIG. 7, the additional infor-
mation such as score is also likely to be displayed in the lower
right area of the video. Such information is overlapped and
transmitted with the baseball video by the broadcast station
broadcasting the baseball program, for example.

[0089] If the APL is measured with the inclusion of the
additional information such as score and count, this affects
the APL of the baseball video actually desired to be optimized
in video brightness, resulting in a value different from the
APL of the original video. Therefore, as shown in FIG. 7, the
optimum backlight luminance control can be performed by
excluding from the APL measurement area the area likely to
have additional information such as characters and symbols
likely displayed as the APL non-measurement ranges 101 in
accordance with the genre information (in this case, “base-
ball”).

[0090] FIG. 8 is a view for explaining yet another exem-
plary control of the APL, measurement area for measuring the
APL. In the example shown in FIG. 8, for example, it is
intended to optimize the backlight control by excluding from
the APL. measurement area an additional information area
formed by characters and symbols displayed as the OSD
information, for example.

[0091] For example, when performing the OSD display
such as a channel number in accordance with the user opera-
tion, the microcomputer 23 of the liquid crystal display appa-
ratus 1 performs the OSD display control instructed through
the user operation and controls the gate portion 15 to extract
the effective video area 100 excluding the APL non-measure-
ment range 101 shown in FIG. 8. When performing the OSD
display control, the microcomputer 23 sets an area including
the OSD display as the APL. non-measurement range 101.
The APL measuring portion 16 performs the APL measure-
ment for the video signal of the effective video area 100
extracted by the gate portion 15.

[0092] If the APL is measured with the inclusion of the
OSD display by characters and symbols such as channel
information, this affects the APL of the video desired to be
optimized in brightness, resulting in a value different from the
APL of the original video. Therefore, as shown in FIG. 8, the
optimum backlight luminance control can be performed by
excluding from the APL measurement area the area display-
ing the additional information such as characters and symbols
by OSD as the APL. non-measurement range 101.

[0093] FIG. 9 is a view for explaining yet another exem-
plary control of the APL measurement area for measuring the
APL. In the example shown in FIG. 9, at the time of the
two-screen display, the APL is measured in the effective
video area excluding black belts inevitably generated as the
non-video areas on the upper and lower sides of the display
screen.

[0094] For example, when performing the two-screen dis-
play in accordance with the user operation, the microcom-
puter 23 of the liquid crystal display apparatus 1 performs
control for the two-screen display and controls the gate por-
tion 15 to extract the effective video area 100 excluding the
APL non-measurement ranges 101 shown in FIG. 9. When
performing the control for the two-screen display, the micro-
computer 23 sets the black belt areas on the upper and lower
sides displayed with no video as the APL non-measurement
range 101. The APL measuring portion 16 performs the APL
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measurement for the video signal of the effective video area
100 extracted by the gate portion.

[0095] If the APL is measured with the inclusion of the
non-video black belt areas generated on the upper and lower
sides at the time of the two-screen display, this affects the
APL of the video actually desired to be optimized in bright-
ness, resulting in a value different from the APL of the origi-
nal video. Therefore, as shown in FIG. 9, the optimum back-
light luminance control can be performed by excluding from
the APL measurement area the black belt areas on the upper
and lower sides at the time of the two-screen display as the
APL non-measurement range 101.

[0096] As described above, the effective APL measurement
range can be determined by detecting the luminance value
level of the video signal to be displayed or by using the genre
information or the OSD information of the video signal. As a
result, the emission luminance of the backlight light source
can be controlled such that the optimum display quality can
be obtained depending on the video signal.

[0097] The effective APL measurement range may also be
determined in another process such as acquiring a program
name from the EPG and extracting the characteristics of the
program from predetermined keywords to determine a pre-
defined area depending on the characteristics as the APL
non-measurement range.

[0098] FIG. 10 is a flow chart for explaining an exemplary
process when determining the API, measurement area.
[0099] First, a section of “video signal <MIN” is measured
to detect the letter size (step S1). The luminance value of the
video signal is compared here with the predetermined MIN to
measure the section of the video signal of the luminance
lower than the MIN. That is, the MIN can be understood as a
threshold value for determining whether the video signal
exists.

[0100] Based on the measurement result at above step S1,
the APL measurement section is determined (step S2). That
is, a range for measuring the APL is determined in one frame
of the video signal. At the above step, the range of the effec-
tive video signal can be determined in the letter-size video
signal.

[0101] Itis then determined whether the genre information
of the video signal is “foreign movie” (step S3). The “foreign
movie” genre is categorized as a middle category in the major
category “movie”. If the genre information is not “movie”,
the APL is measured in accordance with the APL section
determined at above step S2.

[0102] If the genre information is “movie”, it is further
determined whether the audio associated with the video sig-
nal is bilingual (step S4). If the audio is bilingual, the APL is
measured in accordance with the APL. measurement section
determined at above step S2.

[0103] If the audio is not bilingual, the APL, measurement
section is reduced. In this case, APL measurement section is
reduced to exclude the area having additional information

such as captions likely to be displayed as shown above in FIG.
6

[0104] Exemplary setting will then be described for the
luminance conversion characteristics of the backlight light
source controlled through the luminance conversion table.
FIG. 11 is a view for explaining an example of the luminance
conversion characteristics for controlling the emission lumi-
nance of the backlight light source. The APL is shown in
percentage and if the entire screen of the display video is
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black, the APL is zero. If the entire screen of the display video
is white, which has the maximum value, the APL is 100%.
[0105] In FIG. 11, the horizontal axis indicates APT (%)
which was measured at the APL measuring portion. The
vertical axis of FIG. 11 indicates the emission luminance of
the backlight light source in percentage, which is 100% when
the backlight luminance is maximized and 0% when the back-
light light source is turned off.

[0106] In FIG. 11, the control characteristics of the back-
light light source are changed in accordance with an area with
low APL (first APL area) shown between A and B, an area
with APL at intermediate levels (second APL area) shown
between B and C, and an area with high APL (third APL area)
shown between C and D.

[0107] In the first APL area (between A and B) where the
APL of the input video signal is low, the emission luminance
of the backlight light source is set to a constant value at a high
level.

[0108] Since the low APL area corresponds to dark video,
setting high emission luminance in the backlight light source
has less effect such as the glare of the screen and the stimulus
to the eye. On the other hand, since the peak portion is empha-
sized in a dark screen, beautiful video can be achieved with
the contrast feeling in the low APL area.

[0109] Inthe third APL area (between C and D) where the
APL ofthe input video signal is high, the emission luminance
of the backlight light source is set to a constant value at a low
level to reduce the effect on the glare of the screen and the
stimulus to the eye as much as possible.

[0110] The second APL area connecting the above first and
third APL areas has slope of a certain level to perform control
such that the emission luminance of the backlight light source
1s reduced as the APL increases. That is, as the detected APL
of the video signal becomes higher, the emission luminance
of the backlight light source is changed to be smaller, and the
glare of the screen and the stimulus to the eye are reduced to
display the video with appropriate luminance.

[0111] As described above, the backlight light source is
controlled to emit light at the maximum luminance level of
the luminance conversion characteristics in the first APL area
(black side), and the backlight light source is controlled to
emit light at the minimum luminance level of the luminance
conversion characteristics in the third APL area (white side).
[0112] FIG. 12 is a view for explaining another exemplary
control of the emission luminance of the backlight light
source using the luminance control table and shows another
example of the shape of the luminance control characteristics
applicable to the embodiment.

[0113] In the example of FIG. 12, the control characteris-
tics of the backlight light source are changed in accordance
with the area with low APL (first APL area) shown between A
and B, the area with APL at intermediate levels (second APL
area) shown between B and C, and the area with high APL
(third APL area) shown between C and D, and a characteristic
change point G is provided in the second APL area of inter-
mediate levels to change the slope of the luminance control
characteristics.

[0114] The luminance control characteristics of FIG. 12 are
set with the intention of achieving lower power consumption
in the backlight light source while maintaining the quality of
the display video. For example, a characteristic change point
B closer to the lowest APL of the luminance control charac-
teristics of this example is set at the position where APL is
10%, and a characteristic change point C closer to the highest
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APL side is set at the position where APL is 90%. The char-
acteristic change point B on the lower APL side is defined as
a characteristic change point corresponding to the maximum
emission luminance of the backlight.

[0115] The signal area of the APL of 10 to 90% includes
95% or more of the broadcasted video signals. In this signal
area, the light-source emission luminance is increased at
lower APL values (around 10%) to improve the contrast feel-
ing, and the light-source emission luminance is reduced at
higher APL values (around 90%) to alleviate undesirable
glare feeling, as is the case with the above conventional tech-
nology.

[0116] Thatis, in the signal area (area B-C) with the APL of
10 to 90%, the emission luminance of the backlight light
source is reduced as the APL increases. The characteristic
change point G is also set in this area to change the rate of
variation.

[0117] In the signal area (area A-B) with extremely low
APL of 0 to 10%, the emission luminance is reduced as the
APL decreases from the characteristic change point B corre-
sponding to the maximum emission luminance of the back-
light light source.

[0118] In the signal area (area C-D) with extremely high
APL 0f 90 to 100%, the emission luminance of the backlight
light source is further reduced as the APL increases.

[0119] In the signal area with extremely high APL of 90 to
100%, the video signal itself has sufficient luminance and it is
meaningless to make the backlight light source brighter.
Rather, the viewer’s eyes may adversely be affected due to the
glare feeling from the screen. Therefore, in this signal area,
the rate of change in the emission luminance of the backlight
light source to the APL can be made larger than the rate of
change to the APL in the signal area with the APL of 10 to
90% to reduce the emission luminance of the backlight light
source.

[0120] With regard to the luminance control characteris-
tics, for example, a CRT (Cathode-Ray Tube) is a typical
displaying means and has characteristics that the screen lumi-
nance is reduced as the APL increases after the APL exceeds
about 50%.

[0121] Inthe aboveluminance control characteristics, since
the emission luminance of the backlight light source is
reduced corresponding to the increase inthe APL in the signal
area with high APL (area C-D) to comply with the luminance
characteristics of the CRT, no discomfort is felt when viewing
and the image quality is less deteriorated.

[0122] As above, the luminance conversion table is used to
control the emission luminance of the backlight light source
depending on the APL of the video signal.

[0123] Thebacklight luminance is controlled in accordance
with the luminance conversion characteristics as above. In
this case, the control is performed through the APL value
output from the filter 17 and input to the backlight controlling
portion 18.

[0124] Although the APL is used as a video feature quantity
of the input video signal to control the emission luminance of
the backlight light source depending on the AP, measured in
the effective area determined by the microcomputer 23 in the
above examples, the video feature quantity is not limited to
the APL and, for example, a state of peak luminance (pres-
ence or degree) in the effective area determined in one frame
of the input video signal may be utilized.

[0125] Alternatively, the maximum and minimum lumi-
nance levels and the luminance distribution status (histo-
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gram) in the effective area of one frame may be used for the
video feature quantity of the input video signal, or the emis-
sion luminance of the backlight light source may variably be
controlled based on a video feature quantity obtained by a
combination thereof.

[0126] The above luminance conversion comtrol is appli-
cable notonly to a direct-view liquid crystal display apparatus
as shown in FIG. 2 or 3 but also to a projection type displaying
device such as a liquid crystal projector. In this case, the video
display is performed by applying the light-source light from
the backside of the liquid crystal panel and the emission
luminance of the light-source light is controlled in accor-
dance with the above luminance conversion characteristics.

Second Embodiment

[0127] A second embodiment of the present invention will
then be described. Although the display device described in
the first embodiment only performs the control such that the
emission luminance of the light source is made smaller when
the APL of the input video signal increases, it will be
described in this embodiment that a video signal process may
be added to the light-source control.

[0128] FIG. 13 shows examples of luminance control tables
for respective genres (major categories) according to the
present invention. Unlike the first embodiment, the lumi-
nance conversion characteristics of this embodiment are
luminance conversion characteristics that cause the higher
emission luminance of the light source when the APL, i.e., the
video feature quantity of the input video signal increases.
Since it can be said that the video with low APL is generally
dark video, this is intended to sufficiently constrain the black
level and enhance the contrast feeling by reducing the emis-
sion luminance and extending a video signal level to expand
the dynamic range when the video is dark. Similarly, for the
video with high APL, the video signal level is compressed and
the emission luminance of the light source is increased to
constrain the generation of white crushing.

[0129] The present invention may be applied to those
enhancing the contrast feeling of the display video by execut-
ing the extension/compression process of the video signal
concurrently with the emission luminance control of the light
source depending on the feature quantity of the input video
signal as above, and in this case, the power consumption can
also be reduced while maintaining the contrast feeling by
performing the optimum light-source control for each content
type.

[0130] In the above embodiment, the optimum video rep-
resentation for each content type can be performed by com-
bining the changes in the gradation conversion characteristics
such as gamma correction and contrast correction with the
suitable control of the emission luminance of the light source.
For example, since movies are the video with low APL, the
representation ability in the low gradation portion is enhanced
by performing the gradation conversion with the use of the
characteristic shown by a curve D of FIG. 14. Since sport is
the video with high APL, the representation ability in the high
gradation portion is enhanced by performing the gradation
conversion with the use of the characteristic shown by a curve
E. In the case of news/report, the video may be displayed with
the characteristic of a line A of FIG. 14 without the gradation
conversion.

[0131] Ifthe gradation conversion process is performed for
the video signal in this case, the reduction of the number of the
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representable gradations is caused from the above reason, and
therefore, a reference gradation voltage for driving the liquid
crystal panel may be varied depending on the input video
signal. Specifically, the optimum gamma correction or con-
trast correction can be performed for each content type by
storing a plurality of predetermined reference gradation volt-
age data and by switching and selecting the data depending on
the genre of the video to be displayed.

[0132] In this embodiment, it does not matter whether the
luminance conversion characteristics are the linear character-
istics such as A, B, and C of FIG. 14 or the nonlinear charac-
teristics such as D and E of FIG. 14.

1. A liquid crystal display apparatus comprising a liquid
crystal panel that displays video in accordance with an input
video signal and a light source that applies light to the liquid
crystal panel, the liquid crystal display apparatus controlling
the emission luminance of the light source based on a feature
quantity of the input video signal,

the liquid crystal display apparatus automatically and vari-

ably controlling a screen area of a video signal for mea-
suring the feature quantity depending on the video dis-
played on the liquid crystal panel.

2. The liquid crystal display apparatus as defined in claim
1, wherein a non-video area included in the video signal is
excluded from the screen area for detecting the feature quan-
tity.

3. The liquid crystal display apparatus as defined in claim
1, wherein a luminance signal of the video signal is compared
with a predetermined threshold value to detect a video area
lower than the threshold value as the non-video area.

4. The liquid crystal display apparatus as defined in any one
of claims 1 to 3, wherein the screen area for measuring the
feature quantity is determined based on genre information of
the video displayed on the liquid crystal panel.

5. The liquid crystal display apparatus as defined in claim
4, wherein an area likely to display additional information
added to the original video signal is excluded from the screen
area for measuring the feature quantity based on the genre
information.

6. The liquid crystal display apparatus as defined in any one
of claims 1 to 5, wherein when OSD information is displayed,
an area displaying the OSD information is excluded from the
range for measuring the feature quantity.

7. The liquid crystal display apparatus as defined in any one
of claims 1 to 6, wherein when a plurality of screens of video
is concurrently displayed on one screen, a non-video area
inevitably generated due to a screen configuration is excluded
from the range for measuring the feature quantity.

8. The liquid crystal display apparatus as defined in any one
of claims 1 to 7, wherein at least an average picture level per
frame of the input video signalis used as the feature quantity
of the input video signal.

9. The liquid crystal display apparatus as defined in any one
of claims 1 to 8, wherein the input video signal is extended
and compressed while the emission luminance of the light
source is controlled.

10. The liquid crystal display apparatus as defined in any
one of claims 1 to 8, wherein gradation conversion charactet-
istics for the input video signal are changed while the emis-
sion luminance of the light source is controlled.
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