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(54) DISPLAY DEVICE AND METHOD, RECORDING MEDIUM, AND PROGRAM

(57) The present invention relates to a display appa-
ratus and a method, a storage medium, and a program
which cause a so- �called "hold-�type display apparatus" to
display an image that makes it difficult for motion blur
and jerkiness to be perceived at a lower frame rate. Dis-

play of individual pixels of a screen on an LCD 12 is held
in each period of a frame. A display controller 11 controls
the display of the LCD 12 so as to time-�sequentially in-
crease or time-�sequentially reduce the brightness of the
screen in each period of a frame. The present invention
is applicable to a display apparatus.
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Description

Technical Field

�[0001] The present invention relates to display apparatuses and methods, storage media, and programs. In particular,
the present invention relates to a display apparatus and a method, a storage medium, and a program which are suitable
for displaying moving images.

Background Art

�[0002] The number of frames (fields) displayed by a conventional display apparatus based on an NTSC (National
Television System Committee) system or HD (High Definition television) system for one minute is 60 frames (more
precisely, 59.94 frames per minute).
�[0003] The number of frames displayed for one minute will hereinafter be referred to as a "frame rate".
�[0004] The frame rate of display apparatuses based on a PAL (Phase Alternating by Line) is 50 frames per minute.
Further, the frame rate for movies is 24 frames per minute.
�[0005] In images displayed with 60 frames to 24 frames per second, moving-�image quality deterioration, such as
moving image blur (blur) (motion blur) or jerkiness (jerkiness) occurs. In particular, the occurrence of moving-�image blur
is prominent in a so-�called "hold-�type display apparatus" in which display is held during the period of each frame.
�[0006]  Conventionally, there is a technology in which comparison is performed with previous display data and, for a
pixel having any change, display data emphasized to have the amount of change greater than or equal to that change
is written to the pixel, so as to cause a change greater than or equal to a value corresponding to the initial display data.
Further, based on the optical response of the liquid crystal at this point, the lighting timing and the lighting period of a
light source is controlled for each area of an illumination device having multiple areas (e.g., refer to Patent Document 1).
�[0007] There is also a liquid crystal display apparatus in which the light of a florescent lamp having fluorescent-�material
films for emitting red, green, and blue light is controlled, by a lighting circuit, through pulse-�width modulation lighting and
video signals are written to a liquid-�crystal panel so as to cause the fluorescent lamp to serve as a backlight for the liquid
crystal panel. Further, with the green-�light-�emitting fluorescent material film provided in the fluorescent lamp, a period
of time in which the amount of light reaches one tenth of a lighting period after the light is turned off becomes 1 mm
second or less (e.g., refer to Patent Document 2).
�[0008] �[Patent Document 1] Japanese Unexamined Patent Application Publication No. 2001-125067
�[0009] �[Patent Document 2] Japanese Unexamined Patent Application Publication No. 2002-105447

Disclosure of Invention

Problems to be Solved by the Invention

�[0010] When a direct-�viewing or reflective LCD display apparatus serving as a hold-�type display apparatus displays
an image (an image object) that moves on its display screen, moving-�image blur is perceived. The moving-�image blur
is caused by a displacement in an image formed on the retinas, which displacement is referred to as a retinal slip (retinal
slip) in tracking vision in which the eyes are caused to track an image (an image object) that moves on the display screen
(Shikaku Jouho Shori Handbook, edited by Nihon Shikaku Gakkai, Asakura Shoten, pp 393). From typical images that
are displayed at a frame rate of 60 or less per second and that include a moving image object, a large amount of motion
blur is perceived.
�[0011] In order to reduce such motion blur, it is also considered that light is emitted in a pulsed manner in a shorter
period of time than a period in which one frame is displayed (i.e., in a rectangular- �wave form relative to time). With such
display, however, in fixed vision in which a displayed image is seen with a fixed line of vision (point of vision), jerkiness
in which image motion is discretely seen (i.e., is seen in a jerky manner) is perceived with respect to an image object
that moves quickly.
�[0012] The present invention has been made in view of such situations, and an object of the present invention is to
cause the so-�called "hold- �type display apparatus", in which display is held during the period of each frame, to display
an image that makes it difficult for motion blur and jerkiness to be perceived at a smaller frame rate.

Means for Solving the Problems

�[0013] A display apparatus of the present invention includes displaying means for holding display of individual pixels
of a screen in each period of a frame, and display controlling means for controlling the display of the displaying means
so as to time- �sequentially increase brightness of the screen or time-�sequentially reduce the brightness of the screen in
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each period of the frame.
�[0014] The display controlling means can include synchronization-�signal generating means for generating a synchro-
nization signal for synchronization with the frame; sequence-�signal generating means for generating, based on the
synchronization signal, a sequence signal that time- �sequentially increases or time- �sequentially decreases in each period
of the frame; and brightness controlling means for controlling the brightness of the screen, based on the sequence signal.
�[0015] By controlling brightness of a light source, the display controlling means can control the display of the displaying
means so as to time- �sequentially increase the brightness of the screen or time-�sequentially reduce the brightness of the
screen.
�[0016] The light source can include an LED (light emitting diode).
�[0017] By controlling the brightness of the light source by a PWM (pulse width modulation) system, the display con-
trolling means can control the display of the displaying means so as to time-�sequentially increase the brightness of the
screen or time- �sequentially reduce the brightness of the screen.
�[0018] The display apparatus can further include motion-�amount detecting means for detecting an amount of motion
of an image displayed; storing means for storing a light-�emission intensity that serves as a reference; and determining
means for determining, based on the stored light-�emission intensity and the detected amount of motion, a characteristic
value defining a characteristic for time- �sequentially increasing the brightness of the screen or time-�sequentially reducing
the brightness of the screen, with a constant light- �emission intensity for the frame. The display controlling means can
control the display of the displaying means so as to time- �sequentially increase the brightness of the screen or time-
sequentially reduce the brightness of the screen in each period of the frame, based on the characteristic value.
�[0019] Based on the spectral luminous efficiency of human eyes, by time-�sequentially increasing or time- �sequentially
reducing brightness of each of the three primary colors in each period of the frame, the display controlling means can
control the display so as to time-�sequentially increase the brightness of the screen or time-�sequentially reduce the
brightness of the screen.
�[0020] The display controlling means can include correcting means for correcting, based on the spectral luminous
efficiency of human eyes, a characteristic value for each of the three primary colors of light so as to cancel out a change
in human eye sensitivity according to a brightness change and relative to each of the three primary colors of light. The
characteristic value defines a characteristic for time-�sequentially increasing the brightness of the screen or time- �sequen-
tially reducing the brightness of the screen. Based on the corrected characteristic value, the display controlling means
can control the display so as to time- �sequentially increase the brightness of the screen or time-�sequentially reduce the
brightness of the screen, by time-�sequentially increasing or time-�sequentially reducing the brightness of each of light
sources having the three primary colors.
�[0021] A display method of the present invention is directed to a display method for a display apparatus in which
display of individual pixels of a screen is held in each period of a frame. The method includes a display controlling step
of controlling the display so as to time-�sequentially increase brightness of the screen or time- �sequentially reduce the
brightness of the screen in each period of the frame.
�[0022] A program in a storage medium of the present invention is directed to a program for display processing for a
display apparatus in which display of individual pixels of a screen is held in each period of a frame. The program includes
a display controlling step of controlling the display so as to time-�sequentially increase brightness of the screen or time-
sequentially reduce the brightness of the screen in each period of the frame.
�[0023] A program of the present invention causes a computer, which controls a display apparatus in which display of
individual pixels of a screen is held in each period of a frame, to execute a display controlling step of controlling the
display so as to time-�sequentially increase brightness of the screen or time- �sequentially reduce the brightness of the
screen in each period of the frame.
�[0024] According to the display apparatus and the method, the storage medium, and the program of the present
invention, display is controlled so as to time-�sequentially increase the brightness of the screen or time-�sequentially
reduce the brightness of the screen in each period of a frame.
�[0025] The display apparatus may be an independent apparatus and may be, for example, a displaying block of an
information processing apparatus.

Advantages of the Invention

�[0026] As described above, according to the present invention, an image can be displayed.
�[0027] According to the present invention, the so-�called "hold- �type display apparatus" can display an image that makes
it difficult for motion blur and jerkiness to be perceived at a lower frame rate.

Brief Description of the Drawings

�[0028]
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FIG. 1 is a block diagram showing the configuration of one embodiment of a display apparatus according to the
present invention.
FIG. 2 is a flow chart illustrating processing for brightness control.
FIG. 3 is a graph showing an example of a waveform signal.
FIG. 4 is a graph showing an example of the waveform signal.
FIG. 5 is a graph showing an example of the waveform signal.
FIG. 6 is a diagram showing an example of the configuration of a waveform- �signal generating circuit.
FIG. 7 is a diagram showing an example of an input signal Vi �(t).
FIG. 8 is a diagram showing an example of an output signal Vo �(t).
FIG. 9 is a diagram showing a more detailed example of the output signal Vo�(t).
FIG. 10 is a diagram showing an example of a rectification signal Vs �(t).
FIG. 11 is a block diagram showing another configuration of one embodiment of the display apparatus according
to the present invention.
FIG. 12 is a flow chart illustrating another processing for brightness control.
FIG. 13 is a block diagram showing still another configuration of one embodiment of the display apparatus according
to the present invention.
FIG. 14 is a block diagram showing still another configuration of one embodiment of the display apparatus according
to the present invention.
FIG. 15 is a graph showing an example of spectral-�luminous-�efficiency data.
FIG. 16 is a block diagram showing still another configuration of one embodiment of the display apparatus according
to the present invention.
FIG. 17 is a block diagram showing yet another configuration of one embodiment of the display apparatus according
to the present invention.

Reference Numerals

�[0029] 11 display controller, 12 LCD, 13 LED backlight, 21 vertical-�synchronization- �signal generator, 22 waveform-
data generator, 24 DAC, 25 current controller, 31 magnetic disk, 32 optical disk, 33 magneto-�optical disk, 34 semicon-
ductor memory, 51 display controller, 71 vertical-�synchronization-�signal generator, 72 motion-�amount detector, 74 wave-
form-�data generator, 75 waveform- �characteristic determining unit, 81 reference light- �emission-�intensity storage unit,
101 display controller, 111 PWM drive-�current generator, 131 display controller, 132 red LED backlight, 133 green LED
backlight, 134 blue LED backlight, 141 waveform-�data generator, 142-1 to 142-3 DACs, 143-1 to 143-3 current controllers,
151 spectral- �luminous- �efficiency data table, 152 characteristic- �value correcting unit, 171 display controller, 172 LCD,
173 shutter, 174 lamp, 181 waveform-�data generator, 182 DAC, 201 display controller, 202 LED display,� 222-1 to 222-3
LED display controllers

Best Mode for Carrying Out the Invention

�[0030] FIG. 1 is a block diagram showing the configuration of one embodiment of a display apparatus according to
the present invention. A display controller 11 controls the display of an LCD (liquid crystal display) 12, which is one
example of a display device, and the light emission of an LED (light emitting diode) backlight 13, which is one example
of a light source for supply light to the display device. The display controller 11 is accomplished by a dedicated circuit
including an ASIC (application specific integrated circuit) and so on, a programmable LSI such as a FPGA (field pro-
grammable gate array), or a general-�purpose microprocessor for executing a control program.
�[0031] Under the control of the display controller 11, the LCD 12 displays an image. The LED backlight 13 includes
one or multiple LEDs and emits light under the control of the display controller 11.
�[0032] For example, the LED backlight 13 includes one or multiple red LEDs for emitting red light, one or multiple
green LEDs for emitting green light, and one or multiple blue LEDs for emitting blue light. For example, the LED backlight
13 may also include one or multiple LEDs for emitting light containing red, green, and blue.
�[0033] Light emitted from the LED backlight 13 is uniformly diffused by a diffusion film, not shown, and is incident, via
the LCD 12, on the eyes of a person who is viewing the LCD 12.
�[0034] In other words, out of light incident from the LED backlight 13, pixels of the LCD 12 permit the passage of
predetermined-�wavelength light (color light) having a predetermined intensity (a predetermined ratio). The predetermined-
intensity color light that has passed through the pixels of the LCD 12 is incident on the eyes of a person who is viewing
the LCD 12, so that the person who is viewing the LCD 12 perceives an image displayed on the LCD 12.
�[0035] The display controller 11 includes a vertical-�synchronization-�signal generator 21, a waveform- �data generator
22, a control switch 23, a DAC (Digital to Analog Converter) 24, a current controller 25, an image- �signal generator 26,
and an LCD controller 27.
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�[0036] The vertical-�synchronization- �signal generator 21 generates a vertical synchronization signal for synchronization
with each frame of a moving image to be displayed and supplies the generated vertical synchronization signal to the
waveform- �data generator 22 and the image-�signal generator 26. The control switch 23 supplies a waveform selection
signal for giving an instruction for selecting a waveform, and based on the waveform selection signal, the waveform-
data generator 22 generates waveform data specifying the brightness of the LED backlight 13, in synchronization with
the vertical synchronization signal. For example, the waveform-�data generator 22 generates waveform data for time-
sequentially changing the brightness of the LED backlight 13. For example, the waveform-�data generator 22 generates
waveform data for maintaining the brightness of the LED backlight 13. The waveform- �data generator 22 supplies the
generated waveform data to the DAC 24.
�[0037] For example, the waveform- �data generator 22 stores pre-�obtained waveform-�data values corresponding to the
elapse of time and sequentially outputs the prestored waveform- �data values in accordance with time elapsed from the
start time of a frame.
�[0038] The waveform-�data generator 22 may store an arithmetic expression describing waveform-�data values corre-
sponding to the elapse of time. Further, based on the stored arithmetic expression, the waveform- �data generator 22
may generate waveform data by determining waveform-�data values, in accordance with time elapsed from the start time
of a frame.
�[0039] The control switch 23 is operated by a user and supplies a waveform selection signal corresponding to a user
operation to the waveform-�data generator 22. For example, in accordance with the a user operation, the control switch
23 supplies, to the waveform- �data generator 22, a waveform selection signal for giving an instruction for selecting a
waveform for maintaining the brightness of the LED backlight 13 or supplies, to the waveform- �data generator 22, a
waveform selection signal for giving an instruction for selecting a waveform for time- �sequentially changing the brightness
of the LED backlight 13.
�[0040] The DAC 24 performs digital-�to- �analog conversion on the waveform data, which is digital data, supplied from
the waveform- �data generator 22. That is, the DAC 24 performs digital- �to- �analog conversion on the waveform data, which
is digital data, and supplies the resulting waveform signal, which is a voltage analog signal, to the current controller 25.
The voltage value of the waveform signal output from the DAC 24 corresponds to the value of the waveform data input
to the DAC 24.
�[0041] The current controller 25 converts the waveform signal, which was supplied from the DAC 24 and is a voltage
analog signal, into drive current and supplies the converted drive current to the LED backlight 13. The current value of
the drive current supplied from the current controller 25 to the LED backlight 13 corresponds to the voltage value of the
waveform signal input to the current controller 25.
�[0042] When the current value of the drive current increases, the LED backlight 13 emits brighter light (the brightness
increases), and when the current value of the drive current decreases, the LED backlight 13 emits darker light (the
brightness decreases).
�[0043] That is, in accordance with the waveform data output from the waveform-�data generator 22, the brightness of
the LED backlight 13 varies. For example, when the waveform-�data generator 22 outputs waveform data having a
maintained value, the LED backlight 13 emits light at maintained brightness.
�[0044] On the other hand, when the waveform-�data generator 22 outputs waveform data that decreases time-�sequen-
tially or that increases time-�sequentially, the LED backlight 13 emits light so that the brightness decreases time-�sequen-
tially or the brightness increases time- �sequentially.
�[0045] In particular, when the waveform-�data generator 22 outputs, based on the vertical synchronization signal,
waveform data that decreases time-�sequentially or increases time- �sequentially in each period in which one frame is
displayed on the LCD 12, the LED backlight 13 emits light so that the brightness decreases time-�sequentially or the
brightness increases time-�sequentially in each period in which one frame is displayed.
�[0046] The image- �signal generator 26 generates image signals for displaying a predetermined image. For example,
the image-�signal generator 26 is a computer- �graphics video-�signal generating device for generating image signals for
displaying the so-�called "computer graphics".
�[0047] More specifically, the image-�signal generator 26 generates image signals for displaying a predetermined image,
in synchronization with the vertical synchronization signal, supplied from the vertical-�synchronization-�signal generator
21, for synchronization with each frame of a moving image to be displayed. The image- �signal generator 26 supplies the
generated image signals to the LCD controller 27.
�[0048]  Based on the image signals supplied from the image-�signal generator 26, the LCD controller 27 generates a
display control signal for causing the LCD 12 to display an image and supplies the generated display control signal to
the LCD 12. Thus, the LCD 12 displays an image corresponding to the image signals generated by the image-�signal
generator 26.
�[0049] That is, when the image-�signal generator 26 generates image signals for displaying a predetermined image
for each frame in synchronization with the vertical synchronization signal supplied from the vertical-�synchronization-
signal generator 21, the LCD 12 display an image for each frame, the image being synchronized with the vertical
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synchronization signal. On the other hand, as described above, when the waveform-�data generator 22 outputs, based
on the vertical synchronization signal, waveform data that time-�sequentially decreases or time-�sequentially increases
in each period in which one frame is displayed, the LED backlight 13 emits light so that the brightness time-�sequentially
decreases or the brightness time-�sequentially increases in synchronization with each frame to be displayed on the LCD
12 in each period in which one frame is displayed.
�[0050] With this arrangement, even when each pixel of the LCD 12 causes color with a constant ratio and in constant
color to pass therethrough based on one pixel value supplied as the display control signal in a period in which one frame
is displayed, the light incident on the LCD 12 decreases time-�sequentially or increases time- �sequentially in the period
of one frame. Thus, The intensity of light incident on the eyes of a person viewing the LCD 12 decreases time-�sequentially
or increases time-�sequentially in the period of one frame.
�[0051] As a result, even when a moving image object is displayed at a lower frame rate, this arrangement makes it
difficult for a person viewing the LCD 12 to perceive motion blur and jerkiness.
�[0052] A drive 14 is connected to the display controller 11, as needed. The drive 14 reads a program or data recorded
in a magnetic disk 31, an optical disk 32, a magneto-�optical disk 33, or a semiconductor memory 34, which is loaded
into the drive 14, and supplies the read program or data to the display controller 11. The display controller 11 can execute
the program supplied from the drive 14.
�[0053] The display controller 11 may obtain a program through a network, which is not shown.
�[0054] Next, brightness control processing performed by the display controller 11, which executes a control program,
to time- �sequentially reduce or time- �sequentially increase the brightness will be described with reference to a flow chart
shown in FIG. 2. In practice, individual steps described below with reference to the flow chart are processed in parallel.
�[0055] In step S11, the vertical-�synchronization- �signal generator 21 generates a vertical synchronization signal for
synchronization with each frame of a moving image to be displayed. For example, in step S11, the vertical-�synchroni-
zation-�signal generator 21 generates a vertical synchronization signal for synchronization with each frame of a moving
image constituted by 24 to 500 frames per second.
�[0056] In step S12, the waveform-�data generator 22 obtains a waveform selection signal corresponding to a user
operation and supplied from the control switch 23, to thereby obtain an instruction for selecting a waveform for time-
sequentially reducing or time-�sequentially increasing the brightness in each period in which one frame is displayed.
�[0057] In step S13, based on the instruction for selecting a waveform obtained in step S12 and the vertical synchro-
nization signal generated in the processing in step S11, the waveform-�data generator 22 generates waveform data for
time-�sequentially reducing the brightness or time-�sequentially increasing the brightness in synchronization with a frame
in each period in which one frame is displayed.
�[0058] For example, for each frame, the waveform-�data generator 22 generates waveform data for time-�sequentially
reducing the brightness or time-�sequentially increasing the brightness in a period of 25% of the length of the period of
one frame. More specifically, for example, when a moving image constituted by 500 frames is displayed per second,
the period of one frame is 2 [ms]. Thus, for each frame, the waveform-�data generator 22 generates waveform data for
time-�sequentially reducing the brightness or time-�sequentially increasing the brightness in 500 [Ps], which is 25% of the
length of the period of one frame.
�[0059] In step S14, the DAC 24 performs digital- �to-�analog conversion on the waveform data, and based on the gen-
erated waveform data, the DAC 24 generates a waveform signal corresponding to the waveform data. That is, when
waveform data for time-�sequentially reducing or time- �sequentially increasing the brightness is displayed is generated
in synchronization with a frame in each period in which one frame, in step S14, the DAC 24 generates a waveform signal
for time-�sequentially reducing or time-�sequentially increasing the brightness in synchronization with the frame in each
period in which one frame is displayed.
�[0060] In step S15, based on the generated waveform signal, the current controller 25 supplies drive current to the
LED backlight 13. The process then returns to step S11 and the processing described above is repeated. More specifically,
when a waveform signal for time- �sequentially reducing or time-�sequentially increasing the brightness is generated in
synchronization with a frame in each period in which one frame is displayed, in step S15, the current controller 25
supplies, to the LED backlight 13, drive current for time-�sequentially reducing or time-�sequentially increasing the bright-
ness of the LED backlight 13 in synchronization with the frame in each period in which one frame is displayed,.
�[0061] When the current value of the drive current increases, the brightness of the LED backlight 13 increases, and
when the current value of the drive current decreases, the brightness of the LED backlight 13 decreases. When the
brightness of the LED backlight 13 is time-�sequentially reduced in synchronization with a frame in each period in which
one frame is displayed, the current controller 25 supplies, to the LED backlight 13, drive current for time-�sequentially
reducing the current value in synchronization with a frame in each period in which one frame is displayed. Similarly,
when the brightness of the LED backlight 13 is time- �sequentially increased in synchronization with a frame in each period
in which one frame is displayed, the current controller 25 supplies, to the LED backlight 13, drive current for time-
sequentially increasing the current value in synchronization with the frame in the period in which one frame is displayed.
�[0062] That is, for example, a waveform signal for time- �sequentially reducing the brightness is supplied to the current
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controller 25 in synchronization with a frame in each period in which one frame is displayed and drive current for time-
sequentially reducing the current value is supplied to the LED backlight 13 in synchronization with a frame in each period
in which one frame is displayed. For example, a waveform signal for time-�sequentially increasing the brightness is
supplied to the current controller 25 in synchronization with a frame in each period in which one frame is displayed and
drive current for time- �sequentially increasing the current value is supplied to the LED backlight 13 in synchronization
with a frame in each period in which one frame is displayed.
�[0063] The waveform-�data generator 22 generates waveform data for generating a waveform signal for time- �sequen-
tially increasing the brightness in synchronization with a frame in each period in which one frame is displayed.
�[0064] With this arrangement, even when a moving image object is displayed at a lower frame rate, an image that
makes it difficult for motion blur and jerkiness to be perceived can be displayed.
�[0065] The brightness can be maintained. In this case, in step S12, the waveform data generator 22 obtains a waveform
selection signal for giving an instruction for selecting a waveform for maintaining the brightness of the LED backlight 13
and, in step S13, the waveform data generator 22 generates waveform data for maintaining the brightness. Since the
DAC 24 generates a waveform signal for maintaining the brightness in step S14, the current controller 25 supplies drive
current for maintaining the brightness of the LED backlight 13, i.e., drive current whose current value is maintained, to
the LED backlight 13 in step S15.
�[0066] For example, the user operates the control switch 23 to cause the control switch 23 to output, in the case of
displaying a moving image, a waveform selection signal for giving an instruction for selecting a waveform signal for time-
sequentially reducing or time-�sequentially increasing the brightness in each period in which one frame is displayed and
to output, in the case of displaying a still image, a waveform selection signal for giving an instruction for selecting a
waveform for maintaining the brightness.
�[0067] With this arrangement, when a moving image is displayed, an image that makes it difficult for motion blur and
jerkiness to be perceived is displayed, and when a still image is displayed, an image that makes it difficult for flicker to
be perceived is displayed.
�[0068] FIGS. 3 to 5 are graphs each showing, in a case in which a moving image is constituted by 60 frames per
second, an example of the waveform signal for time-�sequentially reducing or time- �sequentially increasing the brightness
in each period in which one frame is displayed.
�[0069] In FIGS. 3 to 5, the horizontal direction indicates time that elapses from the left side toward the right side. Time
0 in FIGS. 3 to 5 indicates the start time of one frame.
�[0070] In FIGS. 3 to 5, the horizontal direction indicates a voltage value VD [V] of a waveform signal and the upper
side in each figure indicates a larger voltage value.
�[0071] FIG. 3 is a graph showing an example of a waveform signal for time-�sequentially reducing the brightness from
the start time of a frame. The waveform signal that is shown in FIG. 3 and that has a voltage value Vst [V] at the start
time of the frame decreases exponentially according to the elapse of time and reaches substantially 0 [V] at a point when
1/60th of a second elapses from the start time of the frame, i.e., at the end time of the frame.
�[0072] When the waveform signal shown in FIG. 3 is generated, the LED backlight 13 emits light with the highest
intensity at the start time of the frame and light emitted from the LED backlight 13 decays exponentially according to the
elapse of time. At the end time of the frame, the LED backlight 13 emits almost no light.
�[0073] A property displaying that the amount sensation is proportional to the logarithm of stimulation is knows as
Fechner’s law (Shikaku Jouho Shori Handbook, edited by Nihon Shikaku Gakkai, Asakura Shoten, pp 140). Thus, it can
be said that, when the LED backlight 13 is designed to emit light so that it decays exponentially according to the elapse
of time, the amount of sensation, i.e., the sense of brightness of a person who is viewing the display apparatus, changes
linearly.
�[0074]  FIG. 4 is a graph showing another example of the waveform signal for time-�sequentially reducing the brightness
from the start time of a frame. The waveform signal that is shown in FIG. 4 and that has a voltage value Vst [V] at the
start time of the frame is constant, for example, until time t1, which is time when 1/180th of a second elapses from the
start time of the frame. From time t1, the voltage value decreases exponentially according to the elapse of time and
reaches substantially 0 [V] at the end time of the frame. In a period from time t1 to the end time of the frame, the waveform
signal shown in FIG. 4 decays more rapidly, compared to the case shown in FIG. 3.
�[0075] When the waveform signal shown in FIG. 4 is generated, the LED backlight 13 emits the strongest and constant
light, in a period from the start time of the frame to time t1. After time t1, light emitted from the LED backlight 13 decays
exponentially according to the elapse of time. At the end time of the flame, the LED backlight 13 emits almost no light.
�[0076] FIG. 5 is a graph showing still another example of the waveform signal for time-�sequentially increasing the
brightness from the start time of a frame and then time-�sequentially reducing the brightness. The waveform signal that
is shown in FIG. 5 and that has a voltage value 0 [V] at the start time of the frame gradually increases exponentially, for
example, to time t2 when 1/180th of a second elapses from the start time of the frame. The waveform signal is at Vp [V]
at time t2.
�[0077] In FIG. 5, time t3 is time when 1/90th of a second has elapsed from the start time of a frame. The waveform
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signal shown in FIG. 5 is constant from time t2 to time t3. Further, the waveform signal decreases exponentially from
time t3 according to the elapse of time and reaches substantially 0 [V] at the end time of the frame.
�[0078] When the waveform signal shown in FIG. 5 is generated, the LED backlight 13 emits almost no light at the start
time of the frame, and light emitted from the LED backlight 13 gradually increases exponentially according to the elapse
of time from the start time of the frame to time t2. The LED backlight 13 emits constant light with the highest intensity in
a period from time t2 to time t3. Further, after time t3, light emitted from the LED backlight 13 decays exponentially
according to the elapse of time. At the end time of the flame, the LED backlight 13 emits almost no light.
�[0079] Naturally, the LED backlight 13 may emit strong light in the vicinity of the start time of a frame.
�[0080] Although the description has been given of a case in which the brightness of the LED backlight 13 is exponentially
reduced according to the elapse of time or exponentially and gradually increased, the present invention is not limited
thereto. The brightness can be time-�sequentially increased or time-�sequentially reduced, for example, can be linearly
reduced or increased according to the elapse of time.
�[0081] Next, a display device having a simpler configuration will be described.
�[0082] The waveform-�data generator 22 and the DAC 24 shown in FIG. 1 can be replaced with a waveform-�signal
generating circuit having a simpler configuration. For example, the waveform-�signal generating circuit can be constituted
by a differentiating circuit and a rectifying circuit.
�[0083] FIG. 6 is a diagram showing an example of the configuration of the waveform-�signal generating circuit, which
substitutes the waveform-�data generator 22 and the DAC 24 shown in FIG. 1.
�[0084] A capacitor 51 and a resistor 52 in the waveform-�signal generating circuit shown in FIG. 6 form the so-�called
"differentiating circuit". An input signal Vi �(t) that is inverted in synchronization with the vertical synchronization signal is
input to the waveform-�signal generating circuit.
�[0085] One end of the capacitor 51 is connected to an input terminal to which the input signal Vi �(t) is supplied, and
the other end of the capacitor 51 is connected to one end of the resistor 52. The other end of the resistor 52 is connected
to ground. A voltage across the resistor 52 is supplied, as an output signal Vo �(t) of the differentiating circuit, to the
rectifying circuit at the next stage of the waveform- �signal generating circuit.
�[0086] FIG. 7 is a diagram showing an example of the input signal Vj �(t). For example, when frames change so that
the value of the input signal Vj �(t) becomes 0 [V] in the period of one frame, becomes 5 [V] in the period of a next frame,
and becomes 0�[V] in the period of a frame after the next, the value changes from 0 [V] to 5 [V] or 5�[V] to 0 [V].
�[0087] For example, inputting the vertical synchronization signal to a T flip-�flop, which is not shown, allows the input
signal V1�(t) to be generated.
�[0088] For example, the input signal Vi �(t) shown in FIG. 7 is input to the waveform-�signal generating circuit.
�[0089] The input signal Vi �(t) input to the waveform-�signal generating circuit is differentiated by the differentiating circuit,
which is constituted by the capacitor 51 and the resistor 52. A resulting output signal Vo �(t) is supplied by the differentiating
circuit to the rectifying circuit at the next stage of the waveform- �signal generating circuit.
�[0090] FIG. 8 is a diagram showing an example of the output signal Vo�(t). For example, the value of the output signal
Vo �(t) becomes -5 [V] at the start time of the period of one frame, and in the frame period, the value increases exponentially
to substantially 0 [V] according to the elapse of time. The value of the output signal substantially 0 [V] according to the
elapse of time. The value of the output signal Vo�(t) becomes -5 [V] at the start time of the period of a frame after the
next, and in the frame period, the value increases exponentially to substantially 0 [V] according to the elapse of time.
�[0091] In this manner, in each period of one frame, the value of the output signal Vo �(t) changes exponentially from -5
[V] to substantially 0 [V] or from 5 [V] to substantially 0 [V] according to the elapse of time. The output signal V0�(t) is
expressed by expression (1).
�[0092]

In expression (1), C0 indicates the capacitance value of the capacitor 51 and R0 indicates the resistance value of the
resistor 52. In expression (1), E indicates the amount of change of the input signal Vi �(t). For example, when the input
signal Vi �(t) changes from 0 [V] to 5 [V], E is 5 [V], and when the input signal Vi �(t) changes from 5 [V] to 0 [V], E is -5 [V].
�[0093] FIG. 9 is a graph illustrating a more detailed example of the output signal Vo �(t) that reduces exponentially,
according to the elapse of time, from 5 [V] at the start time of a frame, when the capacitance value C0 of the capacitor
51 is 1 [PF] and the resistance value R0 of the resistor 52 is 5 [kΩ].
�[0094] The output signal Vo�(t) shown in FIG. 9 becomes substantially 3.3 [V] at a point when 2 [ms] elapses from the
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start time of the frame and becomes substantially 2.2 [V] at a point when 4 [ms] elapses from the start time of the frame.
The output signal Vo �(t) shown in FIG. 9 becomes substantially 1.5 [V] at a point when 6 [ms] elapses from the start time
of the frame and becomes substantially 1.0 [V] at a point when 8 [ms] elapses from the start time of the frame. The
output signal Vo �(t) shown in FIG. 9 becomes substantially 0.7 [V] at a point when 10 [ms] elapses from the start time of
the frame.
�[0095] The rectifying circuit in the waveform-�signal generating circuit rectifies the output signal Vo �(t). That is, as shown
in FIG. 10, the rectifying circuit in the waveform- �signal generating circuit inverts, of the output signal Vo �(t), a signal having
0 [V] or less and outputs a rectification signal Vs �(t), which is a signal having 0 [V] or more.
�[0096] The rectifying circuit in the waveform-�signal generating circuit shown in FIG. 6 is the so-�called "full-�wave rectifier"
and is constituted by a resistor 53, an operational amplifier 54, a diode 55, a diode 56, a resistor 57, a resistor 58, a
resistor 59, an operational amplifier 60, and a resistor 61.
�[0097] The output signal Vo�(t) is input to one end of the resistor 53 and one end of the resistor 59. The other end of
the resistor 53 is connected to an inverse input terminal of the operational amplifier 54, the cathode (negative electrode)
of the diode 55, and one end of the resistor 57. A non- �inverting input terminal of the operational amplifier 54 is connected
to ground.
�[0098] An output terminal of the operational amplifier 54 is connected to the anode (positive electrode) of the diode
55 and the cathode of the diode 56. The other end of the resistor 57 is connected to the anode of the diode 56 and one
end of the resistor 58.
�[0099] The other end of the resistor 58 is connected to a non-�inverting input terminal of the operational amplifier 60,
the other end of the resistor 59, and one end of the resistor 61. A non- �inverting input terminal of the operational amplifier
60 is connected to ground.
�[0100] An output terminal of the operational amplifier 60 is connected to the other end of the resistor 61.
�[0101] A voltage at the output terminal of the operational amplifier 60 is output as the rectification signal Vs�(t).
�[0102] Now, the operation of the rectifying circuit in the waveform- �signal generating circuit will be briefly described.
For example, when the output signal Vo �(t) has a positive voltage, the operational amplifier 54 operates as an inverting
amplifier having a gain of 1.
�[0103] That is, when the output signal Vo�(t) has a positive voltage, the operational amplifier 54 outputs a negative
voltage whose absolute value is equal to a value obtained by adding a forward voltage of the diode 55 to the output
signal Vo �(t). In this case, due to a forward voltage of the diode 56, a negative voltage whose absolute value is equal to
the output signal Vo�(t) is applied to one end of the resistor 58.
�[0104] When the output voltage Vo �(t) has a negative voltage, a forward voltage is applied to the diode 55 and the
output of the operational amplifier 54 becomes the forward voltage of the diode 55. In this case, due to the forward
voltage of the diode 56, a voltage of 0 [V] is applied to one end of the resistor 58.
�[0105] For example, the operational amplifier 60 operates as the so- �called "adder" that inversely amplifies the voltage,
applied to one end of the resistor 58, with a gain of 2 and that inversely amplifies the output signal Vo �(t) with a gain of 1.
�[0106]  When a negative voltage whose absolute value is equal to the output signal V0�(t) is applied to one end of the
resistor 58, the operational amplifier 60 inversely amplifies the voltage with a gain of 2 and inversely amplifies the output
signal Vo �(t) with a gain of 1. Thus, the operational amplifier 60 outputs a rectification signal Vs�(t) equal to the output
signal Vo �(t). On the other hand, when a voltage of 0 [V] is applied to one end of the resistor 58, the operational amplifier
60 inversely amplifies the output signal Vo�(t) with a gain of merely 1. Thus, the operational amplifier 60 outputs a
rectification signal Vs �(t) that is inversed from the output signal Vo �(t).
�[0107] Consequently, the forward voltage of the diode 55 and the forward voltage of the diode 56 cancel each other
out, so that the rectifying circuit in the waveform- �signal generating circuit outputs a rectification signal Vs �(t) equal to the
absolute value of the output signal Vo�(t).
�[0108] As shown in FIG. 10, for example, the value of the rectification signal Vs�(t) becomes 5 [V] at the start time of
the period of one frame, and in the frame period, the value decreases exponentially to substantially 0 [V] according to
the elapse of time. The value of the output signal Vo �(t) becomes 5 [V] at the start time of the period of a next frame, and
in the frame period, the value decreases exponentially to substantially 0 [V] according to the elapse of time. The value
of the output signal Vo�(t) becomes 5 [V] at the start time of the period of a frame after the next, and in the frame period,
the value decreases exponentially to substantially 0 [V] according to the elapse of time.
�[0109] In this manner, in each period of one frame, the value of the rectification signal Vs �(t) changes exponentially
from 5 [V] to substantially 0 [V] according to the elapse of time.
�[0110] As described above, the display controller 11 can have a simpler configuration.
�[0111]  As described by Block’s Low (Block’s Low) (Shikaku Jyoho Shori Handbook, edited by Nihon Shikaku Gakkai,
Asakura-�shoten, pp 217), human eyes sense brightness in proportion to the product of a light-�emission intensity and
time. Using the property, typical display apparatuses are configured to emit light in a light-�emission period of time having
a predetermined length, in order to secure brightness to be perceived viewers.
�[0112] The present inventor observed a displayed moving image, while changing the length of the light-�emission
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period. As a result, it was confirmed that a certain small ratio of the light-�emission period to the period of a frame makes
it difficult for moving-�image blur to be perceived.
�[0113] On the other hand, reducing the ratio of the light-�emission period to the period of a frame permits jerkiness to
be perceived in fixed vision.
�[0114] It was confirmed in this case that, when light is emitted in a pulsed manner (i.e., in a rectangular- �wave form),
jerkiness is more strongly perceived, and when the brightness is gradually changed, for example, is exponentially
attenuated according to time, jerkiness is less likely to be perceived.
�[0115] A change in brightness according to time is not limited to a change in an exponential manner and it is confirmed
that any time-�sequential change, for example, a change in a linear manner with a predetermined inclination, can also
provide the same advantages.
�[0116] As described above, the apparatus is configured to perform display so that the brightness of the screen is time-
sequentially increased or reduced in each period of a frame. Thus, an image that makes it difficult for motion blur and
jerkiness to be perceived can be displayed at a lower frame rate.
�[0117] The configuration of a display apparatus that displays an image based on image signals externally supplied
will be described next.
�[0118] FIG. 11 is a block diagram showing another configuration of the embodiment of the display apparatus according
to the present invention. Units similar to those in FIG. 1 are denoted with the same reference numerals and the descriptions
thereof are omitted.
�[0119] A display controller 51 controls the display of an LCD 12, which is one example of a display device, to display
an image on the LCD 12 based on input image signals. The display controller 51 also controls the light emission of an
LED backlight 13, which is one example of a light source for supplying light to the display device. The display controller
51 is realized with a dedicated circuit implemented with an ASIC, a programmable LSI such as an FPGA, or a general-
purpose microprocessor for executing a control program.
�[0120] The display controller 51 includes a DAC 24, a current controller 25, an LCD controller 27, a vertical-�synchro-
nization-�signal generator 71, a motion- �amount detector 72, a frame buffer 73, a waveform- �data generator 74, a waveform-
characteristic determining unit 75, and a mode selector switch 76.
�[0121] Image signals input to the display controller 51 are supplied to the vertical-�synchronization- �signal generator
71, the motion-�amount detector 72, and the frame buffer 73.
�[0122] The vertical- �synchronization-�signal generator 71 generates a vertical signal synchronized with each frame of
the supplied image signals and supplies the generated vertical synchronization signal to the waveform-�data generator
74. The vertical- �synchronization- �signal generator 71 extracts a vertical synchronization signal from the image signals
to generate a vertical signal or detects the period of each frame of the image signals to generate a vertical signal.
�[0123] Based on the supplied image signals, the motion-�amount detector 72 detects the amount of motion of an image
object contained in a moving image to be displayed by the image signal. The motion-�amount detector 72 supplies motion-
amount data indicating the detected amount of motion of the image object to the waveform-�characteristic determining
unit 75. For example, using a block matching method, gradient method, phase correlation method, or pel- �recursive
method, the motion-�amount detector 72 detects the amount of motion of an image object contained in a moving image
to be displayed by the image signals.
�[0124] The mode selector switch 76 is operated by the user and supplies, to the waveform-�characteristic determining
unit 75, a mode selection signal for giving an instruction for selecting a mode according to the user operation. For
example, the mode selector switch 76 supplies, to the waveform-�characteristic determining unit 75, a mode selection
signal for giving an instruction for selecting a mode for maintaining the brightness of the LED backlight 13. Alternatively,
the mode selector switch 76 supplies, to the waveform-�characteristic determining unit 75, a mode selection signal for
giving an instruction for selecting a mode for time-�sequentially changing the brightness of the LED backlight 13 in
accordance with the amount of motion of an image object contained in a moving image displayed by the image signals.
�[0125] Based on the motion-�amount data supplied from the motion-�amount detector 72 and the mode selection signal
supplied from the mode selector switch 76, the waveform- �characteristic determining unit 75 generates waveform char-
acteristic data describing characteristics of waveform data generated by the waveform data generator 74.
�[0126] For example, when the mode selection signal for giving an instruction for selecting a mode for maintaining the
brightness of the LED backlight 13 is supplied, the waveform- �characteristic determining unit 75 generates waveform
characteristic data describing characteristics of maintained waveform data. More specifically, the waveform-�characteristic
determining unit 75 determines a function (e.g., f �(t) = a) that does not include time and generates waveform characteristic
data that includes a value (a = 5) that determines the function.
�[0127] For example, when the mode selection signal for giving an instruction for selecting a mode for time-�sequentially
changing the brightness of the LED backlight 13 in accordance with the amount of motion of an image object contained
in a moving image displayed by the image signals, the waveform- �characteristic determining unit 75 generates waveform
characteristic data describing characteristics of waveform data for time-�sequentially changing the brightness of the LED
backlight 13 in the period of a frame, based on the amount of motion indicated by the motion-�amount data supplied from
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the motion-�amount detector 72.
�[0128] More specifically, the waveform- �characteristic determining unit 75 generates waveform characteristic data
(identifying waveform data) describing characteristics of waveform data so that the product value of the brightness of
the LED backlight in the period of the frame is equal to a reference light- �emission intensity stored in the reference light-
emission- �intensity storage unit 81.
�[0129] As indicated by Block’s Law described above, human eyes sense brightness in proportion to the product of a
light-�emission intensity and time. The reference light-�emission intensity is data indicating brightness sensed by human
eyes and is expressed in units of the product of a light-�emission intensity and time.
�[0130]  Herein, the characteristics of the waveform data refers to waveform data characteristics, such as the maximum
value of brightness, the rate of a brightness change to time, and how the brightness changes relative to time (e.g., a
change in an exponential manner or a change in a linear manner).
�[0131] For example, when the amount of motion indicated by the motion-�amount data supplied from the motion-�amount
detector 72 is large, the waveform- �characteristic determining unit 75 generates waveform characteristic data describing
characteristics of waveform data for causing the LED backlight 13 to emit light so that the maximum value of the brightness
is increased, the light- �emission period is reduced, and the value of the product of brightness and time in a frame period
becomes equal to the reference light-�emission intensity stored in the reference light-�emission- �intensity storage unit 81.
�[0132] When the amount of motion indicated by the motion-�amount data supplied from the motion-�amount detector
72 is small, the waveform-�characteristic determining unit 75 generates waveform characteristic data describing charac-
teristics of waveform data for causing the LED backlight 13 to emit light so that the maximum value of the brightness is
reduced, the light-�emission period is extended, and the value of the product of brightness and time in a frame period
becomes equal to the reference light-�emission intensity stored in the reference light-�emission- �intensity storage unit 81.
�[0133] More specifically, for example, the waveform- �characteristic determining unit 75 generates waveform charac-
teristic data that specifies a function including time indicated by expression (1) and that includes values for identifying
the function. Examples of the values include E, R0, and C0 in expression (1). When the amount of motion indicated by
the motion-�amount data supplied from the motion-�amount detector 72 is large, E is set to be a larger value and a time
constant defined by R0 and C0 is set to a smaller value. When the amount of motion indicated by the motion-�amount
data supplied from the motion-�amount detector 72 is smaller, E is set to be a smaller value and a time constant defined
by R0 and C0 is set to a larger value.
�[0134] The waveform-�characteristic determining unit 75 supplies the waveform characteristic data, generated as de-
scribed above and describing the characteristics of the waveform data, to the waveform- �data generator 74.
�[0135] In synchronization with the vertical synchronization signal supplied from the vertical-�synchronization-�signal
generator 71, the waveform-�data generator 74 generates waveform data described by the waveform-�characteristic data
supplied from the waveform-�characteristic determining unit 75.
�[0136] For example, when the waveform characteristic data is supplied from the waveform-�characteristic determining
unit 75, the waveform- �data generator 74 pre- �computes a waveform data value corresponding to the elapse of time and
stores the determined waveform data value. When the vertical synchronization signal is supplied from the vertical-
synchronization-�signal generator 71, the waveform-�data generator 74 reads the stored waveform- �data value and se-
quentially outputs the read waveform-�data value to thereby generate waveform data in accordance with time elapsed
from the start time of a frame.
�[0137] With this arrangement, even when the computing power is small, waveform data can be generated.
�[0138] For example, based on the waveform-�characteristic data supplied from the waveform-�characteristic determining
unit 75 and the vertical synchronization signal supplied from the vertical-�synchronization-�signal generator 71, the wave-
form-�data generator 74 computes, in real time, the value of stored waveform data according to time elapsed from the
start time of a frame and outputs the computed waveform-�data value to thereby generate waveform data.
�[0139] With this arrangement, when the waveform characteristic data supplied from the waveform- �characteristic de-
termining unit 75 changes, waveform data described by the changed waveform characteristic data can be output imme-
diately.
�[0140] As described above, based on the vertical synchronization signal, the waveform-�data generator 74 generates
waveform data for time-�sequentially changing the brightness of the LED backlight 13, in synchronization with each frame.
�[0141] The waveform-�data generator 74 supplies the generated waveform data to the DAC 24.
�[0142] The frame buffer 73 temporarily stores image signals and supplies the stored image signals to the LCD controller
27. The frame buffer 73 delays the image signals by the amount of time required for the processing performed by the
vertical-�synchronization-�signal generator 71 to the waveform-�data generator 74 and supplies the delayed image signals
to the LCD controller 27.
�[0143] With this arrangement, the brightness of the LED backlight 13 can be time-�sequentially changed in reliable
synchronization with a frame of an image displayed by the LCD 12.
�[0144] Next, another processing for brightness control performed by the display controller 11 shown in FIG. 11 and
for executing a control program will be described with reference to the flow chart shown in FIG. 12.
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�[0145] In step S31, the vertical-�synchronization- �signal generator 71 generates a vertical synchronization signal for
synchronization with each frame of a moving image to be displayed by input image signals. For example, image signals
for displaying a moving image of 24 to 500 frames per second can be input.
�[0146] In step S32, based on the supplied image signals, the motion-�amount detector 72 uses block matching or a
gradient method to detect the amount of motion of an image object contained in a moving image to be displayed by the
image signal.
�[0147] In step S33, the waveform-�characteristic determining unit 75 obtains a mode selection signal, supplied from
the mode selector switch 76, for giving an instruction for selecting a mode according to a user operation.�
In step S34, the waveform- �characteristic determining unit 75 reads a reference light- �emission intensity stored in a
reference light-�emission- �intensity storage unit 81. The reference light- �emission intensity is data that is stored in the
reference light-�emission- �intensity storage unit 81 and that indicates the brightness sensed by human eyes, and is
expressed in units of the product of a light-�emission intensity and time.
�[0148] For example, the reference light-�emission intensity may have a predetermined value or may be set in accordance
with a user operation.
�[0149] In step S35, the waveform-�characteristic determining unit 75 determines waveform characteristics, based on
the amount of motion and the reference light- �emission intensity. For example, in step S35, based on the amount of
motion and the reference light-�emission intensity, the waveform-�characteristic determining unit 75 determines waveform
characteristics, including the maximum value of brightness, the ratio of a brightness change to time, or a how the
brightness changes relative to time, such as a change in linear form or a curve form expressed by an exponential function.
�[0150] For example, in step S35, when the amount of motion is larger, the waveform-�characteristic determining unit
75 generates waveform characteristic data describing characteristics of waveform data for causing the LED backlight
13 to emit light so that the maximum value of the brightness is increased, the light-�emission period is reduced, and the
value of the product of brightness and time in a frame period becomes equal to the reference light-�emission intensity
stored in the reference light-�emission-�intensity storage unit 81.
�[0151] More specifically, for example, in step S35, when the amount of motion is larger, the waveform-�characteristic
determining unit 75 generates waveform characteristic data describing characteristics of waveform data so that the
maximum value of the waveform data is increased to cause the waveform data to change more rapidly according to
time and the value of the product of waveform data based on time becomes equal to the reference light-�emission intensity
stored in the reference light-�emission-�intensity storage unit 81.
�[0152] When the waveform characteristic data describing characteristics of waveform data is generated so that the
value of the product of waveform data based on time becomes equal to the reference light-�emission intensity, the
reference light- �emission intensity is expressed in units of the product of time and a voltage value corresponding to the
light-�emission intensity.
�[0153] When the amount of motion is larger, reducing the light- �emission period can make it more difficult for motion
blur to be sensed.
�[0154] Conversely, when the amount of motion is smaller, the waveform- �characteristic determining unit 75 generates
waveform characteristic data describing characteristics of waveform data for causing the LED backlight 13 to emit light
so that the maximum value of the brightness is reduced, the light-�emission period is extended, and the value of the
product of brightness and time in a frame period becomes equal to the reference light- �emission intensity stored in the
reference light-�emission-�intensity storage unit 81.
�[0155] More specifically, for example, in step S35, when the amount of motion is smaller, the waveform-�characteristic
determining unit 75 generates waveform characteristic data describing characteristics of waveform data so that the
maximum value of the waveform data is reduced to cause the waveform data to change more gently according to time
and the value of the product of waveform data based on time becomes equal to the reference light-�emission intensity
stored in the reference light-�emission-�intensity storage unit 81.
�[0156] When the amount of motion is smaller, extending the light-�emission period can make it more difficult for jerkiness
to be sensed.
�[0157] In step S36, based on the vertical synchronization signal and the waveform characteristics, the waveform data
generator 36 generates waveform data synchronized with a frame. In step S37, the DAC 24 performs digital- �to-�analog
conversion on the waveform data, and based on the generated waveform data, the DAC 24 generates a waveform signal
corresponding to the waveform data.
�[0158] In step S38, based on the generated waveform signal, the current controller 25 supplies drive current to the
LED backlight 13. The process then returns to step S31 and the processing described above is repeated. With this
configuration, the LED backlight 13 can emit light so as to time-�sequentially reduce the brightness or time- �sequentially
increase the brightness in synchronization with a frame in each period in which one frame is displayed.
�[0159] The brightness of the LED backlight 13 is time-�sequentially reduced or time- �sequentially increased in each
period of a frame such that, when a larger amount of motion is detected as a result of image motion detection, the light-
emission period is reduced, and when a smaller amount of motion is detected, the light-�emission period is extended.
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Thus, even when the amount of motion of an image object increases or decreases, an image that makes it difficult for
motion blur and jerkiness to be perceived can be displayed.
�[0160] When frequency components of an image are extracted from input signals by FFT (Fast Fourier Transform) or
the like and the image contains a larger amount of high frequency components, the light-�emission period may be further
reduced.
�[0161] The LED backlight 13 may be driven by a PWM (pulse width modulation) system.
�[0162] FIG. 13 is a block diagram showing yet another configuration of the embodiment of the display apparatus
according to the present invention, the light source being driven by a PWM system in the configuration. Units similar to
those in FIG. 1 are denoted with the same reference numerals and the descriptions thereof are omitted.
�[0163] A display controller 101 controls the display of an LCD 12, which is one example of a display device, and
controls the light emission of a LED backlight 13, which is one example of a light source, by a PWM system. The display
controller 101 is realized with a dedicated circuit implemented with an ASIC, a programmable LSI such as an FPGA, or
a general-�purpose microprocessor for executing a control program.
�[0164] The display controller 101 includes a vertical-�synchronization- �signal generator 21, a waveform data generator
22, a control switch 23, an image-�signal generator 26, an LCD controller 27, and a PWM drive- �current generator 111.
�[0165] Based on waveform data supplied from the waveform- �data generator 22, the PWM drive- �current generator 111
supplies, to the LED backlight 13, PWM- �system- �based PWM drive current for controlling the brightness of the LED
backlight by using a pulse width, to thereby drive the LED backlight 13.
�[0166] The use of a PWM system can reduce the loss of power in the display controller 101.
�[0167] Instead of the PWM system, another digital drive system, such as a PAM (pulse amplitude modulation) system
may be used to drive the LED backlight 13.
�[0168] When rectangular- �wave- �containing drive current based on a PWM system, PAM system, or the like is used to
change the brightness of the LED backlight 13, it is preferable that the LED backlight 13 be driven with a higher-�frequency
rectangular wave that makes it impossible for people to perceive a change according to the rectangular wave.
�[0169] In addition, controlling the brightness of a light source for each of the three primary colors makes it possible to
prevent the color of an image to be displayed from varying, even when the brightness is reduced or increased.
�[0170] FIG. 14 is a block diagram showing yet another configuration of the embodiment of the display apparatus
according to the present invention, the brightness of a backlight being controlled for each of the three primary colors of
light in the configuration. Units similar to those in FIG. 1 are denoted with the same reference numerals and the descriptions
thereof are omitted.
�[0171] The display controller 131 controls the display of an LCD 12 and also controls the light emission of a red LED
backlight 132, which is one example of a light source for supplying light to a display device, a green LED backlight 133,
and a blue LED backlight 134. The display controller 131 is realized with a dedicated circuit implemented with an ASIC,
a programmable LSI such as an FPGA, or a general-�purpose microprocessor for executing a control program.
�[0172] The red LED backlight 132 includes one or multiple red LEDs. Under the control of the display controller 131,
the red LED backlight 132 emits red light (emits light in red), which is one of the three primary colors of light. The green
LED backlight 133 includes one or multiple green LEDs. Under the control of the display controller 131, the green LED
backlight 133 emits green light (emits light in green), which is another one of the three primary colors of light. The blue
LED backlight 134 includes one or multiple blue LEDs. Under the control of the display controller 131, the blue LED
backlight 134 emits blue light (emits light in blue), which is the other one of the three primary colors of light.
�[0173] The display controller 131 includes a vertical-�synchronization- �signal generator 21, a control switch 23, an image
signal generator 26, an LCD controller 27, a waveform data generator 141, DACs 142-1 to 142-3, and current controllers
143-1 to 143-3.
�[0174] Based on a waveform selection signal that is supplied from the control switch 23 and that gives an instruction
for selecting a waveform, the waveform data generator 141 generates waveform data for specifying the brightness of
the red LED backlight 132, waveform data for specifying the brightness of the green LED backlight 133, and waveform
data for specifying the brightness of the blue LED backlight 134, in synchronization with a vertical synchronization signal.
For example, the waveform- �data generator 141 generates waveform data for time- �sequentially changing the brightness
of each of the red LED backlights 132 to the blue LED backlight 134.
�[0175] The waveform data generator 141 includes a spectral- �luminous-�efficiency data table 151 and a characteristic-
value correcting unit 152. The spectral- �luminous-�efficiency data table 151 stores spectral-�luminous-�efficiency data indi-
cating the sensitivity of human eyes and corresponding to the intensity of light (including the three primary colors) having
each wavelength.
�[0176] The sensitivity of human eyes changes according to a light wavelength depending on brightness. In other
words, when the brightness varies, the sensitivity of human eyes changes for each light wavelength.
�[0177] Thus, when the brightness of a light source is uniformly reduced or increased relative to a light wavelength,
the white balance varies. That is, even for the same image, color (color sensed by a person viewing the image) varies.
�[0178] The spectral-�luminous-�efficiency data is data indicating human eye sensitivity for each light wavelength and
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brightness (K. Sagawa and K. Takeichi: Mesopic spectral luminous efficiency functions: Final experimental report, Journal
of Light and Visual Environment, 11, 22-29, 1987).
�[0179] FIG. 15 is a graph showing an example of the spectral-�luminous-�efficiency data. The spectral-�luminous-�effi-
ciency data shown in FIG. 15 indicates luminous efficiencies of wavelengths for nine levels from a photopic vision (100
[td]) to a scotopic vision (0.01 [td]) with reference to a wavelength of 570 [nm]. In FIG. 15, black dots indicate luminous
efficiency in a photopic vision and white dots indicate luminous efficiency in a scotopic vision.
�[0180] As the retinal illumination level decreases, the luminous efficiency for a short-�wavelength region tends to
increase relatively and, conversely, the luminous efficiency for a long-�wavelength region tends to decrease gradually.
�[0181] Based on the spectral- �luminous-�efficiency data stored in the spectral-�luminous-�efficiency data table 151, the
characteristic-�value correcting unit 152 corrects a characteristic value defining (a characteristic of) waveform data spec-
ifying the brightness of red of the three primary colors, a characteristic value defining (a characteristic of) waveform data
specifying the brightness of green, and a characteristic value defining (a characteristic of) waveform data specifying the
brightness of blue so that the white balance becomes constant according to a change in the brightness.
�[0182] In this case, the characteristic values defining the characteristics of waveform data specifying the respective
brightnesses of the three primary colors are internal data of the waveform- �data generator 141 and can be provided by
the same system as one for the above- �described waveform-�characteristic data.
�[0183] As described above, human eyes have a tendency that, as the brightness decreases, the luminous efficiency
for blue and its vicinity increases relatively and the luminous efficiency for red and its vicinity decreases relatively. Thus,
for example, when the brightness is reduced, the characteristic-�value correcting unit 152 corrects the characteristic value
defining waveform data specifying the brightness of red so as to relatively increase the brightness of red and corrects
the characteristic value defining waveform data specifying the brightness of blue so as to relatively reduce the brightness
of blue. Conversely, when the brightness is increased, the characteristic-�value correcting unit 152 corrects the charac-
teristic value defining waveform data specifying the brightness of red so as to relatively reduce the brightness of red and
corrects the characteristic value defining waveform data specifying the brightness of blue so as to relatively increase
the brightness of blue.
�[0184] That is, based on the spectral luminous efficiency of human eyes, the characteristic-�value correcting unit 152
corrects the characteristic values defining the characteristics of waveform data specifying the respective brightnesses
of the three primary colors of light. In other words, based on the spectral luminous efficiency of human eyes, the char-
acteristic- �value correcting unit 152 corrects a characteristic value for each of the three primary colors of light, the char-
acteristic value defining a characteristic for time- �sequentially increasing or time-�sequentially reducing the brightness of
the screen, so as to cancel out a change in human eye sensitivity (relative sensitivity) according to a brightness change
and relative to each of the three primary colors of light.
�[0185] This arrangement can prevent the white balance from varying, even when the brightness is changed. That is,
even when the brightness is changed, the same image can be seen in the same color. In other words, even when the
brightness is changed, the color sensed by people viewing the same image can be the same.
�[0186] In accordance with the characteristic values corrected based on the spectral- �luminous-�efficiency data as de-
scribed above, the waveform data generator 141 generates waveform data for specifying the brightness of the red LED
backlight 132, waveform data for specifying the brightness of the green LED backlight 133, and waveform data for
specifying the brightness of the blue LED backlight 134.
�[0187] The waveform-�data generator 141 supplies the waveform data for specifying the brightness of the red LED
backlight 132 to the DAC 142-1. The waveform-�data generator 141 supplies the waveform data for specifying the
brightness of the green LED backlight 133 to the DAC 142-2. The waveform-�data generator 141 supplies the waveform
data for specifying the brightness of the blue LED backlight 134 to the DAC 142-3.
�[0188] The DAC 142-1 performs digital- �to-�analog conversion on the waveform data, which is digital data, for specifying
the brightness of the red LED backlight 132, the waveform data being supplied from the waveform-�data generator 141.
That is, the DAC 142-1 performs digital-�to-�analog conversion on the waveform data, which is digital data, and supplies
the resulting waveform signal, which is a voltage analog signal, to the current controller 143-1. The voltage value of the
waveform signal output from the DAC 142-1 corresponds to the value of the waveform data input to the DAC 142-1.
�[0189] The DAC 142-2 performs digital- �to-�analog conversion on the waveform data, which is digital data, for specifying
the brightness of the green LED backlight 133, the waveform data being supplied from the waveform- �data generator 141.
That is, the DAC 142-2 performs digital-�to-�analog conversion on the waveform data, which is digital data, and supplies
the resulting waveform signal, which is a voltage analog signal, to the current controller 143-2. The voltage value of the
waveform signal output from the DAC 142-2 corresponds to the value of the waveform data input to the DAC 142-2.
�[0190] The DAC 142-3 performs digital- �to-�analog conversion on the waveform data, which is digital data, for specifying
the brightness of the blue LED backlight 134, the waveform data being supplied from the waveform-�data generator 141.
That is, the DAC 142-3 performs digital-�to-�analog conversion on the waveform data, which is digital data, and supplies
the resulting waveform signal, which is a voltage analog signal, to the current controller 143-2. The voltage value of the
waveform signal output from the DAC 142-3 corresponds to the value of the waveform data input to the DAC 142-3.
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�[0191] The current controller 143-1 converts the waveform signal, which was supplied from the DAC 142-1 and is a
voltage analog signal for specifying the brightness of the red LED backlight 132, into drive current and supplies the
converted drive current to the red LED backlight 132. The current controller 143-2 converts the waveform signal, which
was supplied from the DAC 142-2 and is a voltage analog signal for specifying the brightness of the green LED backlight
133, into drive current and supplies the converted drive current to the green LED backlight 133. The current controller
143-3 converts the waveform signal, which was supplied from the DAC 142-3 and is a voltage analog signal for specifying
the brightness of the blue LED backlight 134, into drive current and supplies the converted drive current to the blue LED
backlight 134.
�[0192] As described above, an image that makes it difficult for motion blur and jerkiness to be perceived can be
displayed at a lower frame rate. Further, even when the brightness is changed, an image can be displayed so that the
image is seen in the same color without a change in the white balance.
�[0193] Next, a description is given of a case using a light source that cannot change the brightness in a shorter period
of time than the period of a frame.
�[0194] FIG. 16 is a block diagram showing yet another configuration of the embodiment of the display apparatus
according to the present invention, a light source that cannot change the brightness in a shorter period of time than the
period of a frame being used in the configuration. Units similar to those in FIG. 1 are denoted with the same reference
numerals and the descriptions thereof are omitted.
�[0195] A display controller 171 controls the display of an LCD 172, which is one example of a display device. The
display controller 171 also controls a shutter 173, which adjusts the amount of light emitted from a lamp 174, which is
one example of a light source for supplying light to the display device, and incident on the LCD 172. The display controller
171 is realized with a dedicated circuit implemented with an ASIC, a programmable LSI such as an FPGA, or a general-
purpose microprocessor for executing a control program.
�[0196] The LCD 172 includes, for example, a reflective liquid crystal panel or transmissive liquid crystal panel and
displays an image on a screen, which is not shown, under the control of the display controller 11. The shutter 173 is
implemented with, for example, a liquid-�crystal shutter that can adjust the amount of light at a high speed relative to the
period of a frame. Under the control of the display controller 171, the shutter 173 adjusts the amount of light emitted
from the lamp 174 and incident on the LCD 172.
�[0197] The lamp 174 is a light source that cannot change the brightness in a shorter period of time than the period of
a frame and is, for example, a xenon lamp, a metal halide lamp, or a super- �high pressure mercury lamp.
�[0198] The display controller 171 includes a vertical-�synchronization-�signal generator 21, a control switch 23, an
image-�signal generator 26, an LCD controller 27, a waveform- �data generator 181, and a DAC 182.
�[0199] Based on a wave-�form selection signal that is supplied from the controller switch 23 and that gives an instruction
for selecting a waveform, the waveform-�data generator 181 generates waveform data specifying the amount of light
emitted from the lamp 174 and incident on the LCD 172, in synchronization with a vertical synchronization signal supplied
from the vertical-�synchronization- �signal generator 21. For example, the waveform- �data generator 181 generates wave-
form data for time-�sequentially increasing or reducing the amount of light incident on the LCD 172.
�[0200] The DAC 182 performs digital-�to-�analog conversion on the waveform data, which is digital data, supplied from
the waveform- �data generator 181. That is, the DAC 182 performs digital-�to-�analog conversion on the waveform data,
which is digital data, and supplies the resulting waveform signal, which is a voltage analog signal, to the shutter 173.
The voltage value of the waveform signal output from the DAC 182 corresponds to the value of the waveform data input
to the DAC 182.
�[0201] Based on the waveform signal supplied from the DAC 182, the shutter 173 adjusts the amount of light emitted
from the lamp 174 and incident on the LCD 172. For example, the shutter 173 adjusts the amount of light emitted from
the lamp 174 and incident on the LCD 172 so that the amount of light decreases or increases time-�sequentially.
�[0202] For example, the shutter 173 adjusts the amount of light emitted from the lamp 174 and incident on the LCD
172 so that, when a waveform signal having a larger value is supplied, a larger amount of light from the lamp 174 is
incident on the LCD 172, and when a waveform signal having a smaller value is supplied, a larger amount of light from
the lamp 174 is incident on the LCD 172.
�[0203] With this arrangement, even when a light source that cannot change the brightness at a high speed relative to
the period of a frame is used, the brightness of a screen can be time-�sequentially increased or time-�sequentially reduced
in the period of the frame. Thus, it is possible to display an image that has a smaller amount of motion blur and that
prevents jerkiness from being perceived.
�[0204] Although the shutter 173 has been described as being provided between the lamp 174 and the LCD 172 to
adjust the amount of light incident on the LCD 172, the lamp 174, the LCD 172, and the shutter 173 may be provided
in that order (be provided adjacent to the screen of the LCD 172) so as to adjust the amount of light emitted from the
LCD 172.
�[0205] Next, a description is given of a case in which the display device is implemented with an LED display.
�[0206] FIG. 17 is a block diagram showing still another configuration of the embodiment of the display apparatus
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according to the present invention, the display device being implemented with an LED display in the configuration. Units
similar to those in FIG. 14 are denoted with the same reference numerals and the descriptions thereof are omitted.
�[0207] A display controller 201 controls the display of an LED display 202, which is one example of the display device.
The display controller 201 is realized with a dedicated circuit implemented with an ASIC, a programmable LSI such as
an FPGA, or a general-�purpose microprocessor for executing a control program.
�[0208] The LED display 202 includes red LEDs for emitting red light (i.e., for emitting light in red), which is one of the
three primary colors of light, green LEDS for emitting green light (i.e., for emitting light in green), which is another one
of the three primary colors of light, and blue LEDs for emitting blue light (i.e., for emitting light in blue), which is the other
one of the three primary colors of light. In the LED display 202, the red LEDs, the green LEDs, and the blue LEDs are
arranged so that the red LEDs, the green LEDs, and the blue LEDs serve as sub- �pixels.
�[0209] Based on a red LED display control signal, a green LED display control signal, and a blue LED display control
signal supplied from the display controller 201, the LED display 202 causes the arranged red LEDs, the green LEDs,
and the blue LEDs to emit light, respectively.
�[0210] The display controller 201 includes a vertical-�synchronization-�signal generator 21, a control switch 23, a wave-
form data generator 141, DACs 142-1 to 142-3, an image-�signal generator 221, and LED display controllers 222-1 to
222-3.
�[0211] The image- �signal generator 221 generates image signals for displaying a predetermined image, in synchroni-
zation with a vertical synchronization signal,� supplied from the vertical- �synchronization- �signal generator 21, for synchro-
nization with each frame of a moving image to be displayed. The image signals generated by the image signal generator
221 is constituted by an R signal indicating the intensity of red light of the three primary colors (i.e., the intensity of light-
emission of the red sub-�pixels), a G signal indicating the intensity of green light of the three primary colors (i.e., the
intensity of light-�emission of the green sub- �pixels), a B signal indicating the intensity of blue light of the three primary
colors (i.e., the intensity of light-�emission of the blue sub-�pixels) for an image to be displayed.
�[0212] The image signal generator 221 supplies the R signal to the LED display controller 222-1, supplies the G signal
to the LED display controller 222-2, and supplies the B signal to the LED display controller 222-3.
�[0213] Based on the R signal that is supplied from the image signal generator 221 and the waveform signal that is
supplied from the DAC 142-1 and that specifies the brightness of red light of the three primary colors so as to time-
sequentially increase or reduce the brightness in synchronization with a frame in the period of the frame, the LED display
controller 222-1 generates a red LED display control signal for causing the red LEDs, arranged in the LED display 202,
to emit light so that the brightness increases or decreases time-�sequentially in the period of the frame. The LED display
controller 222-1 supplies the generated red LED display control signal to the LED display 202.
�[0214] Based on the G signal that is supplied from the image signal generator 221 and the waveform signal that is
supplied from the DAC 142-2 and that specifies the brightness of green light of the three primary colors so as to time-
sequentially increase or reduce the brightness in synchronization with a frame in the period of the frame, the LED display
controller 222-2 generates a green LED display control signal for causing the green LEDs, arranged in the LED display
202, to emit light so that the brightness increases or decreases time- �sequentially in the period of the frame. The LED
display controller 222-2 supplies the generated green LED display control signal to the LED display 202.
�[0215] Based on the B signal that is supplied from the image signal generator 221 and the waveform signal that is
supplied from the DAC 142-3 and that specifies the brightness of blue light of the three primary colors so as to time-
sequentially increase or reduce the brightness in synchronization with a frame in the period of the frame, the LED display
controller 222-3 generates a blue LED display control signal for causing the blue LEDs, arranged in the LED display
202, to emit light so that the brightness increases or decreases time- �sequentially in the period of the frame. The LED
display controller 222-3 supplies the generated blue LED display control signal to the LED display 202.
�[0216] Based on the red LED display control signal, the green LED display control signal and the blue LED display
control signal supplied from the corresponding LED display controller 222-1 to the LED display controller 222-3, the LED
display 202 causes the red LEDs, the green LEDs, and the blue LEDs to emit light, respectively, so that the brightness
increases or decreases time- �sequentially in the period of the frame.
�[0217] As described above, it is also possible for a self-�light-�emitting display apparatus to display an image that makes
it difficult for motion blur and jerkiness to be perceived at a lower frame rate.
�[0218] The present invention is also applicable to, for example, a reflective-�projection-�type display apparatus or trans-
missive-�projection- �type display apparatus, such as a front projector or rear projector using reflective liquid crystal or
transmissive liquid crystal, a transmissive direct- �viewing- �type display apparatus typified by a direct-�viewing liquid crystal
display, or a self-�light-�emitting display apparatus in which light emitting devices such as LEDs or EL (electro luminescent)
devices are arranged in a array. Such an arrangement can also provided the same advantages as described above.
�[0219] The present invention is not limited to a display apparatus that displays a moving image based on the so-�called
"progressive system" and is similarly applicable to a display apparatus that displays a moving image based on the so-
called "interlace system".
�[0220] The display apparatus includes an apparatus that has a display function and another function. Examples include
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the so-�called "notebook personal computer, a PDA (personal digital assistant), a mobile phone, and a digital camera.
�[0221] When the light source is designed to emit light at a predetermined brightness in the period of a frame, an image
can be displayed. With the arrangement for time- �sequentially increasing or reducing the brightness of the screen in each
period of a frame, the so-�called "hold- �type display apparatus" in which display is held during the period of each frame
can display an image that makes it difficult motion blur and jerkiness to be perceived at a lower frame rate.
�[0222] The above described series of processing can be executed by hardware and can also be executed by software.
When the series of processing is executed by software, a program for implementing the software is installed from a
storage medium onto a computer incorporated into dedicated hardware or onto, for example, a general- �purpose personal
computer that can execute various functions through installation of various programs.
�[0223] The storage medium may be a package medium that stores a program and that is distributed separately from
a computer to provide users with the program. As shown in FIGS. 1, 11, 13, 14, 16, or 17, an example of the package
medium is the magnetic disk 31 (including a flexible disk), the optical disk 32 (including a CD-�ROM (compact disk - read
only memory) or a DVD (digital versatile disk)), the magneto- �optical disk 33 (including an MD (mini- �disk) (trademark)),
or the semiconductor memory 34. The storage medium may also be a ROM in which the program is stored or a hard
disk, the ROM and the hard disk being supplied to users in a state in which they are preinstalled in a computer.
�[0224] The program for causing the execution of the above- �described processing may be installed on a computer
thorough a wired or wireless communication medium, such as a local area network, the Internet, digital satellite broadcast
via an interface, such as a rooter or a modem, as needed.
�[0225] Herein, the steps for describing the program stored in the storage medium not only include processing that is
time-�sequentially performed according to the described sequence but also include processing that is concurrently or
individually executed without being necessarily time- �sequentially performed.

Claims

1. A display apparatus, comprising: �

displaying means for holding display of individual pixels of a screen in each period of a frame; and
display controlling means for controlling the display of the displaying means so as to time- �sequentially increase
brightness of the screen or time-�sequentially reduce the brightness of the screen in each period of the frame.

2. The display apparatus according to claim 1, wherein the display controlling means comprises:�

synchronization- �signal generating means for generating a synchronization signal for synchronization with the
frame;
sequence-�signal generating means for generating, based on the synchronization signal, a sequence signal that
time- �sequentially increases or time- �sequentially decreases in each period of the frame; and
brightness controlling means for controlling the brightness of the screen, based on the sequence signal.

3. The display apparatus according to claim 1, wherein, by controlling brightness of a light source, the display controlling
means controls the display of the displaying means so as to time- �sequentially increase the brightness of the screen
or time-�sequentially reduce the brightness of the screen.

4. The display apparatus according to claim 3, wherein the light source comprises an LED (light emitting diode).

5. The display apparatus according to claim 3, wherein, by controlling the brightness of the light source by a PWM
(pulse width modulation) system, the display controlling means controls the display of the displaying means so as
to time-�sequentially increase the brightness of the screen or time-�sequentially reduce the brightness of the screen.

6. The display apparatus according to claim 1, further comprising:�

motion-�amount detecting means for detecting an amount of motion of an image displayed;
storing means for storing a light-�emission intensity that serves as a reference; and
determining means for determining, based on the stored light-�emission intensity and the detected amount of
motion, a characteristic value defining a characteristic for time-�sequentially increasing the brightness of the
screen or time-�sequentially reducing the brightness of the screen, with a constant light-�emission intensity for
the frame;
wherein the display controlling means controls the display of the displaying means so as to time- �sequentially
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increase the brightness of the screen or time-�sequentially reduce the brightness of the screen in each period
of the frame, based on the characteristic value.

7. The display apparatus according to claim 1, wherein, based on the spectral luminous efficiency of human eyes, by
time-�sequentially increasing or time-�sequentially reducing brightness of each of the three primary colors in each
period of the frame, the display controlling means controls the display so as to time-�sequentially increase the
brightness of the screen or time-�sequentially reduce the brightness of the screen.

8. The display apparatus according to claim 1, wherein the display controlling means comprises correcting means for
correcting, based on the spectral luminous efficiency of human eyes, a characteristic value for each of the three
primary colors of light so as to cancel out a change in human eye sensitivity according to a brightness change and
relative to each of the three primary colors of light, the characteristic value defining a characteristic for time-�sequen-
tially increasing the brightness of the screen or time- �sequentially reducing the brightness of the screen; and
based on the corrected characteristic value, the display controlling means controls the display so as to time- �sequen-
tially increase the brightness of the screen or time- �sequentially reduce the brightness of the screen, by time-�se-
quentially increasing or time- �sequentially reducing the brightness of each of light sources having the three primary
colors.

9. A display method for a display apparatus in which display of individual pixels of a screen is held in each period of
a frame, the method comprising: �

a display controlling step of controlling the display so as to time-�sequentially increase brightness of the screen
or time-�sequentially reduce the brightness of the screen in each period of the frame.

10. A storage medium that stores a computer-�readable program for display processing for a display apparatus in which
display of individual pixels of a screen is held in each period of a frame, the program comprising:�

a display controlling step of controlling the display so as to time-�sequentially increase brightness of the screen
or time-�sequentially reduce the brightness of the screen in each period of the frame.

11. A program for causing a computer to perform display processing, the computer controlling a display apparatus in
which display of individual pixels of a screen is held in each period of a frame, the program comprising:�

a display controlling step of controlling the display so as to time-�sequentially increase brightness of the screen
or time-�sequentially reduce the brightness of the screen in each period of the frame.
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