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VIDEO DISPLAYING APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a video displaying
apparatus applying light to a display panel such as a liquid
crystal panel from a backlight source to display video and the
video displaying apparatus dynamically changes aluminance
of the backlight source depending on input video signals.

BACKGROUND OF THE INVENTION

[0002] Video displaying apparatuses using liquid crystal
panels to display video are widely used for video display in
television receivers, computer apparatuses, etc. As is well
known, a video displaying apparatus using a liquid crystal
panel includes liquid crystal enclosed between two clear sub-
strates provided with electrodes, controls a voltage of each
drive electrode arranged in a matrix shape to control aggre-
gation and orientation of liquid crystal molecules, and
changes a transmission rate of light applied from a backlight
source provided on the backside of the clear substrates to
display video on the liquid crystal panel.

[0003] Inavideo displaying apparatus as described above,
a luminance level of the backlight source can be set to a value
adjusted through a manual operation (light modulation) by a
user, and in this case, a luminance level of the backlight
source is constant regardless of input video signals. On the
other hand, to display more easily viewable images or to
reduce power consumption, active-backlight-mode video dis-
playing apparatuses are provided that dynamically adjust
brightness of the backlight sources depending on input video
signals changed any time for each screen. This mode may
achieve improvement in a contrast ratio and reduction of
power consumption.

[0004] For example, in a technology described in patent
document 1, it makes possible to arbitrarily set time on a timer
to start the control for a contrast value or backlight luminance
value when display contents of video are switched to prevent
flickering of screen in such scenes as video frequently
switched.

[0005] However, the object of the technology described in
patent document 1 is to achieve a constant display luminance
when display contents of video are switched, and it is prob-
lematic that the black floating of video is not improved since
a light source luminance may become high even though APL
(average picture level) is low for dark scenes as in the case of
movie software.

[0006] On the other hand, in technologies described in
patent documents 2 and 3, a light source luminance is con-
trolled to be reduced in dark scenes with low APL to enable
prevention of occurrence of the black floating in video. In the
case of patent document 2, when APL of the input video
signal is within a range smaller than a predetermined thresh-
old, a light amount applied to a display element is controlled
to be a predetermined minimum level or nearby levels in this
entire range.

[0007] Inthe case of patent document 3, change rates of the
emission luminance may respectively be set for the cases of
increasing and reducing the light-source emission luminance.
Specifically, a change amount setting signal at the time of
reducing the luminance is always set to a value larger than a
change amount setting signal at the time of increasing the
luminance to accelerate a change rate of the emission lumi-
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nance when the light-source luminance is changed to a lower
luminance as compared to when the luminance is changed to
a higher luminance.

[0008] FIG. 61is ablock diagram of a configuration example
of a video displaying apparatus described in patent document
3. The video displaying apparatus includes an APL detecting
part 101, an intermediate control signal generating part 102, a
signal change controlling part 103, a light-source drive part
104, a backlight source 105, a video signal processing part
106, a display element drive part 107, and a liquid crystal
panel 108.

[0009] InFIG. 6, the video signal processing part 106 per-
forms various video processing for an input video signal to
generate a form suitable for a display format of display ele-
ments of the liquid crystal panel 108.

[0010] The display element drive part 107 drives the dis-
play elements of the liquid crystal panel 108 based on the

video signal processed by the video signal processing part
106.

[0011] The APL detecting part 101 detects APL of the input
video signal and outputs an APL signal to the intermediate
control signal generating part 102.

[0012] The intermediate control signal generating part 102
generates an intermediate control signal changing in each umt
field period in accordance with changes in APL and outputs
the intermediate control signal to the signal change control-
ling part 103.

[0013] The signal change controlling part 103 controls the
intermediate control signal sent from the intermediate control
signal generating part 102 based on a set time constant and
converts it into a signal having different change rates for the
cases of increasing and reducing the light-source emission
luminance and outputs the signal as a light-source control
signal to the light-source drive part 104.

[0014] The light-source drive part 104 changes the emis-
sion luminance of the backlight source 105 based on the
light-source control signal output from the signal change
controlling part 103.

[0015] FIG. 7 depicts changes of the emission luminance of
the backlight source with time in response to changes in APL
in the video displaying apparatus shown in FIG. 6. FIG. 7(A)
depicts changes in APL and FIG. 7(B) depicts changes of the
emission luminance of the backlight source with time.

[0016] In this light modulation controlling method, the
change rates of the emission luminance may respectively be
set for the cases of increasing and reducing the emission
luminance of the backlight source. In an example of FIG.
7(B), a change rate of the emission luminance 1s accelerated
when the light-source luminance is changed to a lower lumi-
nance as compared to when the luminance is changed to a
higher luminance. Thatis, when the light-source luminance is
increased, the backlight emission luminance is slowly
changed to the extent that a change in the luminance is not
perceived by a user, and when the light-source luminance is
reduced, the backlight emission luminance is changed rela-
tively faster.

[0017] [Patent Document 1] Japanese Laid-Open Patent
Publication No. 5-127608

[0018] [Patent Document 2] Japanese Laid-Open Patent
Publication No. 2003-36063
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[0019] [Patent Document 3] Japanese Laid-Open Patent
Publication No. 2002-357810

DISCLOSURE OF THE INVENTION

[Problems to be Solved by the Invention]

[0020] However, in the case of the technology described in
patent document 3, although no major problem is generated
when the APL is rapidly reduced, a user visually recognizes a
phenomenon that brightness changes slowly without chang-
ing video when the APL is rapidly increased, resulting in
deterioration of video quality.

[0021] That is, when APL is high, the control is performed
to increase the light modulation, and the high APL means that
the major part of video has luminance components. There-
fore, although brightness should be returned to original
brightness in accordance with the timing of the video, if the
light-modulation rate is slow when the emission luminance is
increased as in the case of patent document 3, the backlight
emission luminance remains low even though the video is
displayed, and the video remains in the dark state.

[0022] Conversely, the low APL means that a black area
occupies larger part of video, and in this case, it is actually
black but the black part is slightly bright due to leak of light
because of the characteristics of the liquid crystal panel. This
reaches a level visible to viewers. Therefore, the light-source
luminance is controlled to be reduced at dark scenes with low
APL, and it is desirable to decelerate the light-modulation
rate when the emission luminance is reduced to change
brightness without causing viewers to recognize the change.
[0023] These problems are caused by factors including a
difference between times required for the light adaptation and
the dark adaptation of human eyes. When the APL is rapidly
increased, human eyes are light-adapted to respond to the
rapid change in brightness. Since time required for the light
adaptation is extremely short as compared to time required for
the dark adaptation, eyes are quickly adapted to the bright-
ness. Therefore, when the backlight luminance change is slow
when the APL is changed to a higher level, a viewer recog-
nizes video in the middle of change in luminance and recog-
nizes the change in brightness. As a result, quality of video is
deteriorated and a viewer feels uncomfortable.

[0024] Although the light modulation rate of the backlight
source may dynamically be changed in consideration of the
difference between times required for the light adaptation and
the dark adaptation to solve the problems, this is not imple-
mented in the technologies described in patent documents 1
to 3.

[0025] The present invention was conceived in view of the
above problems and it is therefore the object of the present
invention to provide a video displaying apparatus capable of
changing a light-modulation rate of a backlight source in
accordance with changes in a feature quantity of an input
video signal based on a difference between times required for
the light adaptation and the dark adaptation.

[Means for Solving the Problems]

[0026] To solve the problems, a first technical means of the
present invention is a video displaying apparatus comprising
adisplay panel that displays an input video signal, a backlight
source that applies light to the display panel, a feature quan-
tity detecting part that detects a feature quantity of the input
video signal, and a light-source controlling part that variably
controls a change amount of emission luminance of the back-
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light source for each predetermined time based on the
detected feature quantity, the light-source controlling part
performing control such that the change amount for the fea-
ture quantity of the input video signal changing to a higher
quantity becomes greater than the change amount for the
feature quantity of the input video signal changing to a lower
quantity.

[0027] A second technical means is the video displaying
apparatus of the first technical means, wherein the light-
source controlling part determines a target luminance of the
backlight source depending on the feature quantity of the
input video signal and performs control such that the change
amount until attaining the target luminance becomes greater
than a predetermined amount when a set luminance set for the
backlight source is lower than the determined target lumi-
nance.

[0028] A third technical means is the video displaying
apparatus of the first or the second technical means, wherein
the feature quantity of the input video signal is obtained from
anyone of or a combination of two or more of an average
luminance level, a maximum luminance level, a minimum
luminance level, and a luminance distribution status of the
input video signal.

[Effect of the Invention]

[0029] According to the present invention, since a light-
modulation rate of a backlight source may be changed in
accordance with changes in a feature quantity of an input
video signal based on a difference between times required for
the light adaptation and the dark adaptation, video quality will
not deteriorate in any video and, even if a scene is rapidly
made brighter, a viewer does not recognize a change in bright-
ness and does not feel uncomfortable.

PREFERRED EMBODIMENTS OF THE
INVENTION

[0030] Preferred embodiments of a video displaying appa-
ratus of the present invention will hereinafter be described
with reference to the accompanying drawings.

[0031] FIG. 1is ablock diagram of a configuration example
ofavideo displaying apparatus according to one embodiment
of the present invention. The video displaying apparatus of
the embodiment includes a video signal processing part 1 that
performs various video processing for an input video signal to
generate a form suitable for a display format of display ele-
ments of a liquid crystal panel 3, and a liquid crystal controller
2 that outputs a liquid crystal signal to a gate driver 4 and a
source driver 5 of the liquid crystal panel 3 based on the
display video signal processed by the video signal processing
part 1.

[0032] The video displaying apparatus includes an APL
detecting part 6 that detects APL (average picture level) ofthe
input video signal for each screen, a remote-controller light-
receiving part 7 that receives an instruction signal input by a
user using a remote controller (not shown), and a control
microcomputer 8 that detects/analyzes the instruction signal
received by the remote-controller light-receiving part to con-
trol a light-source driving part 10 such as an inverter circuit
driving a backlight source 9 based on the APL detected by the
APL detecting part 6.

[0033] Inthe configuration of FIG. 1, a display panel of the
present invention corresponds to the liquid crystal panel 3; a
feature quantity detecting part of the present invention corre-
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sponds to the APL detecting part 6; and a light-source con-
trolling part corresponds to the control microcomputer 8 and
the light-source driving part 10.

[0034] The video displaying apparatus of the embodiment
may be either the direct backlight mode or the side-edge
backlight mode, and the backlight source 9 may be achieved
by using light-emitting diodes (LED), etc., as well as cold
cathode fluorescent lamps (CCFL), which are currently used
in general, or may be achieved by using these devices at the
same time. The luminance controlling method of the back-
light source 9 is not limited to the voltage (or current) control
and of course the duty (emission pulse width) control may be
employed.

[0035] A main characteristic part of the present invention is
that the light modulation rate of the backlight source is
changed in accordance with changes in the feature quantity of
the input video signal based on a difference between times
required for the light adaptation and the dark adaptation.
Specifically, when the APL is rapidly increased, the light
modulation rate of the backlight source 9 is accelerated and
the emission luminance of the backlight source 9 is changed
in accordance with changes in video such that a viewer does
not recognize a change in brightness in the same video. On the
other hand. when the APL is rapidly reduced, the light modu-
lation rate of the backlight source 9 is decelerated to change
brightness at such a rate that a viewer becomes unrecogniz-
able to changes in brightness due to leak of light. Therefore,
mismatch of video and brightness is made less visible to a
viewer to improve the video quality.

[0036] InFIG.1,the APL detecting umt 6 detects APL ofan
input video signal and outputs the detection result as an APL
signal to the control microcomputer 8.

[0037] The control microcomputer 8 compares the APL
signal sent from the APL detecting unit 6 with the previous
APL signal to detect a change in the APL. The control micro-
computer 8 determines a target luminance of the backlight
source 9 and determines a change amount of emission lumi-
nance (hereinafter, emission luminance change amount) of
the backlight source 9 for each predetermined time based on
the change in the APL to output the target luminance and the
emission luminance change amount to the light-source driv-
ing part 10.

[0038] The light-source driving part 10 changes the emis-
sion luminance of the backlight source 9 based on the target
luminance and the emission luminance change amount sent
from the control microcomputer 8.

[0039] FIG.?2 depicts changes of the emission luminance of
the backlight source with time in response to changes in APL
in the video displaying apparatus shown in FIG. 1. FIG. 2(A)
depicts changes of APL and FIG. 2(B) depicts changes of the
emission luminance of the backlight source with time.
[0040] The control microcomputer 8 determines the emis-
sion luminance change amounts such that the emission lumi-
nance change amount for the APL of the input video signal
changing to a higher level becomes greater than the emission
luminance change amount for the APL of the input video
signal changing to a lower level. Therefore, as shown in FIG.
2(B), when the APL is rapidly increased, the light modulation
rate of the backlight source 9 can be accelerated to shorten a
change time Tr2, and when the APL is rapidly reduced, the
light modulation rate of the backlight source 9 can be decel-
erated to elongate a change time Td2.

[0041] The control microcomputer 8 determines the target
luminance of the backlight source 9 depending on the APL of
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the input video signal, and when the luminance of the back-
light source 9 is lower than the determined target luminance,
the emission luminance change amount is determined to
become greater than a predetermined amount such that the
luminance of the backlight source 9 is increased to the target
luminance at an accelerated light modulation rate. This pre-
determined amount is, for example, a value preliminarily set
for a change from the maximum luminance to the minimum
luminance of the backlight source 9 based on a time (rate)
required for the light adaptation. When the APL is rapidly
increased due to this light modulation control, the light modu-
lation rate of the backlight source 9 can be accelerated to
complete the light modulation processing before a viewer is
light-adapted.

[0042] According to the light modulation controlling
method of the video displaying apparatus of the present
invention, the light modulation rate can be changed between
the cases of increasing and reducing the luminance of the
backlight source to perform the light modulation control in
accordance with changes in video. That is, as shown in FIG.
2, when the APL is rapidly increased, the light modulation
rate is made faster than a conventional rate to cause the
luminance of the backlight source to follow changes in video.
Therefore, the light modulation control can be completed
before a viewer is light-adapted and the luminance of the
backlight source can be increased to the target level without a
change in brightness visually recognized by the viewer in the
same video.

[0043] FIG. 3 depicts a characteristic curve representing a
relationship between APL of the input video signal and the
backlight luminance. The horizontal axis indicates the APL in
percentage (%), and when the entire screen of the displayed
video is black, the APL is 0%, and when the screen is entirely
white, the APL is 100%. The vertical axis indicates the emis-
sion luminance of the backlight source 9 in percentage (%),
which is 100% when the backlight luminance is maximized,
and the minimum luminance is generally controlled to about
10% to 20% at the time of backlight modulation.

[0044] FIG. 3 shows anexample of a characteristic curve of
backlight using cold cathode fluorescent lamps, and of course
acharacteristic curve different from FIG. 3 is generated when
another light source is used such as LED and organic EL.
[0045] The control microcomputer 8 adaptively changes a
drive voltage value (or current value) of the backlight source
9 for the average luminance level of the input video signal by
reference to alook-up table using a built-in ROM (not shown)
or through calculations using approximate functions. On this
occasion, the control microcomputer 8 determines the target
luminance of the backlight source 9 based on the APL/back-
light luminance (brightness) characteristics shown in FIG. 3.
That is, in the case of the example of the emission luminance
control of the backlight source 9 based on FIG. 3, the emis-
sion luminance of the backlight source 9 is controlled to be
raised as the APL of the input video signal increases such that
the screen luminance is increased.

[0046] FIGS. 4 and 5 are explanatory flowcharts of an
example of active backlight control of the video displaying
apparatus of the present invention. It is assumed that the
processing of this example is executed by the video display-
ing apparatus shown in FIG. 1, and in FIGS. 4 and 5, a
light-modulation current value indicates a set value of the
emission luminance currently set in the backlight source 9; a
light-modulation target value indicates a target value of the
emission luminance of the backlight source 9; the number of



US 2009/0085862 A1l

steps for an up-modulation indicates a change amount of the
emission luminance setting value when the light modulation
of the backlight source 9 is increased; and the number of steps
for a down-modulation indicates a change amount of the
emission luminance setting value when the light modulation
of the backlight source 9 is reduced.

[0047] An example of an initial setting processing of the
video displaying apparatus of the present invention will be
described with reference to FIG. 4(A). The control micro-
computer 8 of the video displaying apparatus sets a light-
modulation setting value of the current video mode as a
light-modulation current value (step S1). The video display-
ing apparatus includes a plurality of video modes and
includes different light-modulation setting values for the
respective video modes. In this case, the light-modulation
current value is set as a light-modulation setting value
depending on a video mode selected by a viewer with a
remote controller, etc.

[0048] An example of a light-modulation target value set-
ting processing of the video displaying apparatus of the
present invention will be described with reference to FIG.
4(B). This processing is executed every 16 msec.

[0049] The control microcomputer 8 of the video display-
ing apparatus acquires APL (average picture level) of the
input video signal (step S11), calculates a light modulation
level corresponding to the acquired APL from the character-
istic curve (APL/backlight luminance characteristics) shown
in FIG. 3, and sets this level as a light-modulation target value
(step S12)

[0050] An example of a light modulation processing of the
video displaying apparatus of the present invention will be
described with reference to FIG. 5. This processing is
executed every 32 msec.

[0051] The control microcomputer 8 of the video display-
ing apparatus determines whether the light-modulation target
value is greater than the light-modulation current value (step
S21), and when it is determined that the light-modulation
target value is greater than the light-modulation current value
(inthe case of YES), it is determined that the APL of the input
video signal is changed to a higher level. In this case, the
control microcomputer 8 sets the number of steps for the
up-modulation as a light-modulation step amount (step S22).

[0052] The control microcomputer 8 adds the light-modu-
lation step amount to the light-modulation current value and
determines the result of the addition as the light-modulation
current value (step S23). The determined light-modulation
current value is set in the light-source driving part 10 (step
S24). The light-source driving part 10 changes the emission
luminance of the backlight source 9 based on the light-modu-
lation current value (the target luminance and the emission
luminance change amount) sent from the control microcom-
puter 8.

[0053] On the other hand, when it is determined at above
step S21 that the light-modulation target value is not greater
than the light-modulation current value (in the case of NO),
the control microcomputer 8 determines whether the light-
modulation target value is smaller than the light-modulation
current value (step S25). When itis determined that the light-
modulation target value is smaller than the light-modulation
current value (in the case of YES), it is determined that the
APL of the input video signal is changed to a lower level. In
this case, the control microcomputer 8 sets the number of
steps for the down-modulation as the light-modulation step
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amount (step S26) This number of steps for down-modulation
is set to a value smaller than the number of steps for up-
modulation.

[0054] The control microcomputer § then subtracts the
light-modulation step amount from the light-modulation cur-
rent value and determines a result of the subtraction as the
light-modulation current value (step S27). The process goes
to step S24 to set to the determined light-modulation current
value in the light-source driving part 10. The light-source
driving part 10 changes the emission luminance of the back-
light source 9 based on the light-modulation current value
(the target luminance and the emission luminance change
amount) sent from the control microcomputer §.

[0055] When it is determined at step S25 that the light-
modulation target value is not smaller than the light-modula-
tion current value (in the case of NO), the control microcom-
puter 8 determines that no change is generated since the
light-modulation target value is equal to the light-modulation
current value and the processing is directly terminated.
[0056] Inthe case of this example, the number of steps for
the up-modulation and the number of steps for the down-
modulation correspond to the change amounts of the emis-
sion luminance of the backlight source 9 per 32 ms and are
assumed to satisfy a relationship of the number of steps for the
up-modulation>the number of steps for the down-modula-
tion. Therefore, the light modulation rate at the time of
increasing the APL may be faster than the light modulation
rate at the time of reducing the APL.

[0057] Although an average picture level (APL) of a
detected area in the display screen is used as the feature
quantity of the input video signal in the above mentioned
embodiment, the present invention is not limited to this
embodiment and may be configured to obtain and utilize a
state (presence or amount) of peak luminance of a video
signal of a certain area in the display screen for the luminance
modulation of the backlight source.

[0058] The maximum and minimum luminance levels and
the luminance distribution status (histogram) in a predeter-
mined area (period) of one frame may be used for the feature
quantity of the input video signal, or the backlight source
emission luminance may variably be controlled based on a
video feature quantity obtained from a combination of two or
more thereof. The backlight source emission luminance may
variably be controlled depending on the feature quantity of
the input video signal and the tone correction control of the
input video signal may be performed in conjunction with this
control.

BRIEF DESCRIPTION OF THE DRAWINGS

[0059] FIG. 1is ablock diagram of a configuration example
ofavideo displaying apparatus according to one embodiment
of the present invention;

[0060] FIG. 2 depicts changes of emission luminance of a
backlight source with time in response to changes in APL in
the video displaying apparatus shown in FIG. 1;

[0061] FIG. 3 depicts a characteristic curve representing a
relationship between APL of the input video signal and the
backlight luminance;

[0062] FIG. 4 is explanatory flowcharts of an example of
active backlight control of the video displaying apparatus of
the present invention;

[0063] FIG. 51is an explanatory flowchart of an example of
the active backlight control of the video displaying apparatus
of the present invention;
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[0064] FIG. 6isablockdiagram ofa configuration example
of a video displaying apparatus described in patent document
3; and

[0065] FIG. 7 depicts changes of emission luminance of a
backlight source with time in response to changes in APL in
the video displaying apparatus shown in FIG. 6.

EXPLANATION OF REFERENCE NUMERALS

[0066] 1,106 ... video signal processing part; 2 . . . liquid
crystal controller; 3, 108 . . . liquid crystal panel; 4 . . . gate
driver; 5 . .. source driver; 6, 101 . . . APL detecting part; 7 .
.. remote-controller light-receiving part; 8 . . . control micro-
computer; 9,105 .. . backlight source; 10, 104 . . . light-source
driving part; 102 . . . intermediate control signal generating
part; 103 . . . signal change controlling part; 107 . . . display
element drive part.

1. A video displaying apparatus comprising a display panel
that displays an input video signal, a backlight source that
applies light to the display panel, a feature quantity detecting
part that detects a feature quantity of the input video signal,
and a light-source controlling part that variably controls a
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change amount of emission luminance of the backlight source
for each predetermined time based on the detected feature
quantity,

the light-source controlling part performing control such

that the change amount for the feature quantity of the
input video signal changing to a higher quantity
becomes greater than the change amount for the feature
quantity of the input video signal changing to a lower
quantity.

2. The video displaying apparatus as defined in claim 1,
wherein the light-source controlling part determines a target
luminance of the backlight source depending on the feature
quantity of the input video signal and performs control such
that the change amount until attaining the target luminance
becomes greater than a predetermined amount when a set
luminance set for the backlight source is lower than the deter-
mined target luminance.

3. The video displaying apparatus as defined in claim 1 or
2, wherein the feature quantity of the input video signal is
obtained from any one of or a combination of two or more of
an average luminance level, a maximum luminance level, a
minimum luminance level, and a luminance distribution sta-
tus of the input video signal.
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