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7) ABSTRACT

Aliquid crystal display apparatus using a backlight (104) for
display includes: a video signal time compression circuit
(101) for compressing a video signal in the time axis
direction and outputting the time-compressed video signal;
an LCD controller (106) for driving a liquid crystal panel
(105) based on the time-compressed video signal; a source
driver (107) and a gate driver (108); a motion detection
circuit (2) for detecting the amount of motion of a display
image based on the video signal; a PWM modulation pulse
generation circuit (4) for generating modulation pulses dif-
ferent in frequency according to the detection result from the

(86) PCT No.: PCT/JP02/02636 motion detection circuit (2); and an inverter (103) for
lighting up the backlight (104) based on the modulation
(30) Foreign Application Priority Data pulses, to thereby enable reduction of image contour blur-
ring in a moving image and reduction of flicker in a still
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IMAGE DISPLAY AND DISPLAY METHOD

TECHNICAL FIELD

[0001] The present invention relates to an image display
apparatus and method. More particularly, the present inven-
tion relates to an image display apparatus and method for
displaying an image by driving a passive light modulation
device, which modulates light from a light source in a
pixel-by-pixel manner based on an electric signal, based on
a video signal compressed in the time axis direction.

BACKGROUND ART

[0002] In CRTs used for image display apparatuses, an
electron beam strikes a phosphor surface to cause light
emission. When measured for a miniscule period of time,
each point of the screen is displayed only for an extremely
short time by persistence of the phosphor. In CRTs, this point
emission is sequentially scanned, to display an image of one
frame using the persistence of vision by the eyes. This type
of display device is called an impulse type display device.

[0003] Inliquid crystal displays, a light modulation device
generally called a hold type display device is used. In liquid
crystal displays, display data is written in pixels arrayed in
a matrix once for each frame using data lines (source lines)
and address lines (gate lines). Each pixel holds the display
data for the duration of one frame. That is, in liquid crystal
displays, the screen is still being constantly displayed even
when measured for a period of time smaller than one frame
period.

[0004] In such a hold type image display apparatus, there
occurs a visual phenomenon where the contour of a moving
image is blurred. Taiichiro Kurita, “Picture Quality of Hold
Type Display for Moving Images”, Technical Report of
IEICE, EID99-10 (1999-06) reports why this phenomenon
occurs and proposes methods for improving on this problem.
From this report, it is found that the display quality of
moving images can be greatly improved by shortening the
display period in the frame time direction to a half or less of
one frame.

[0005] An image display apparatus described in Japanese
National Phase PCT Laid-Open Publication No. 08-500915
(hereinafter, simply called the conventional apparatus) is
known as an image display apparatus capable of solving the
above problem, in which the display period in the frame time
direction is shortened to a half or less of one frame as
proposed above to thereby provide a liquid crystal display
with a feature close to the impulse type display. Hereinafter,
this conventional apparatus will be described.

[0006] FIG. 14 illustrates a configuration of the conven-
tional apparatus. The conventional apparatus includes a
video signal time compression circuit 101, a PWM modu-
lation pulse generation circuit 102, an inverter 103, a back-
light 104, a liquid crystal (LCD) panel 105, an LCD con-
troller 106, a source driver 106 and a gate driver 108. The
LCD panel 105, the source driver 107, the gate driver 108,
the LCD controller 106 and the backlight 104 are those used
for general TFT liquid crystal displays, and therefore
detailed descriptions of these components are omitted here.

[0007] FIG. 15 is a timing chart of the operation of the
conventional apparatus. Hereinafter, referring to FIG. 15 as
necessary, the operation of the conventional apparatus will
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be described. A video signal is inputted at the time at which
the screen is sequentially scanned from the top to the
bottom. In a signal timing scheme called VGA, the number
of effective scanning lines is 480, the total number of
scanning lines is 525, and the vertical synchronizing signal
frequency is 60 Hz, in general. Under VGA, the time
required from the input of the uppermost line of a screen
until the input of the lowermost line of the screen is
480/525/60 [s]=15.2 [ms]. This time length is compressed
with the video signal time compression circuit 101.

[0008] FIG. 16 illustrates a configuration of the video
signal time compression circuit 101. The video signal time
compression circuit 101 includes a dual port RAM 109, a
write address control circuit 110, a read address control
circuit 111 and a synchronizing signal control circuit 112.
The dual port RAM 109 is a random access memory in
which a write address/data port and a read address/data port
are provided separately to enable independent write and read
operations. An input video signal is inputted to the write port
of the dual port RAM 109, and written in the dual port RAM
109 according to a write address outputted from the write
address control circuit 110. The video signal data written in
the dual port RAM 109 is read from the dual port RAM 109
according to a read address outputted from the read address
control circuit 111, and outputted therefrom. The synchro-
nizing signal control circuit 112, which receives an input
vertical synchronizing signal, an input horizontal synchro-
nizing signal and an input clock, controls the write address
control circuit 110 and the read address control circuit 111,
and outputs an output horizontal synchronizing signal and an
output clock having frequencies increased from those of the
inputs.

[0009] The operation of the video signal time compression
circuit 101 of FIG. 16 will be described with reference to
FIG. 17. The write address outputted from the write address
control circuit 110 is counted with the input clock, and is
reset with every input vertical synchronizing signal, i.c.,
every vertical blanking period. The data written to the dual
port RAM 109 is the input video signal, each frame of which
is stored in the dual port RAM 109. The output clock is
gencrated by changing the input clock to a high-frequency
clock by using a PLL synthesizer or the like. The read
address is counted with the output clock, and is reset upon
completion of read of data of each frame. The count of the
read address is then stopped until it is restarted in synchro-
nization with the reset timing of the count of the write
address. By the operation described above, each frame of the
input video signal is outputted in a time shorter than that
required for the input.

[0010] The actual setting of the time required from the
input of the uppermost line of a screen until the write of the
lowermost line of the screen must be made in consideration
of the write capabilities to liquid crystal pixels, such as the
ON resistance of TFTs, the wiring resistance of gate lines
and source lines, the pixel capacitance and the floating
capacitance. The liquid crystal panel that permits the short-
est TFT write time among those currently released as
products is that of the UXGA resolution (1600 pixels
horizontalx1200 pixels vertical). Since 1200/480=2.5 con-
sidering the number of effective lines, the write time can be
compressed by 1/2.5 for a panel of the VGA resolution. In
other words, in this panel, the time required from the write
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of the uppermost line of a screen until the write of the
lowermost line of the screen can be compressed from 15.2
ms to 6 ms.

[0011] In the liquid crystal panel 105, the liquid crystal is
driven with data written in the respective TFT pixels. It is
generally known that the response speed of liquid crystal is
finite and low. In recent years, however, high-speed response
liquid crystal such as optically self-compensated birefrin-
gence mode (OCB) liquid crystal has attracted attention. The
OCB liquid crystal has exhibited a response time of about 4
ms (falling or rising time) in gray scale images, for example.

[0012] As shown in FIG. 15, for the display data written
sequentially from the uppermost line of a screen, the liquid
crystal starts responding sequentially from the uppermost
line of the screen. Assume that the write time of one frame
is 6 ms and the response time of liquid crystal (falling or
rising time) is 4 ms, the time required from the write of the
uppermost line of the screen until completion of the
response of the lowermost line of the screen is 6+4=10 ms.

[0013] The PWM modulation pulse generation circuit 102
generates a modulation pulse having a width of 6.7 ms
synchronizing with the vertical synchronizing signal. FIG.
18 shows the waveform of a lamp current for lighting up a
cold-cathode tube as the light source of the backlight 104.
The oscillating frequency of the inverter 103 is normally set
at about 50 kHz in many cases. It is general practice to
intermittently oscillate an inverter according to the wave-
form shown in FIG. 18, and this is called PWM modulation.
In PWM modulation, the brightness of a lamp is controlled
by changing the width of a modulation pulse for intermittent
ON/OFF control of oscillation. The PWM modulation pulse
generation circuit 102 generates the modulation pulse shown
in FIG. 15 based on the vertical synchronizing signal. The
inverter 103 controlled with this modulation pulse drives the
backlight 104, to allow the backlight 104 to emit light for a
duration of 6.7 ms. Thus, an image is displayed for only the
duration of 6.7 ms in one frame period.

[0014] With the operation described above, the conven-
tional apparatus overcomes the disadvantage of the liquid
crystal device as a hold type display device, i.e., the phe-
nomenon where the contour of a moving image is blurred.

[0015] However, in the conventional apparatus, flicker is
generated because the backlight blinks at a frequency of 60
Hz in synchronization with the vertical synchronizing sig-
nal. This disadvantageously impairs the inherent advantage
of liquid crystal displays that little flicker is generated and
thus the viewer feels less fatigued when gazing at display
details such as text characters.

[0016] The conventional apparatus has another problem in
that the effect of improving on the blurring of a moving
image decreases and the contour of a moving image is
colored in the upper portion of the screen. Hereinafter, the
causes of this decrease in the blurring improving effect and
the coloring will be described.

[0017] In general, as for the phosphors for the cold-
cathode tube fluorescent lamp used as the backlight 104,
YOX is used as a read phosphor, LAP as a green phosphor,
and BAM (or SCA) as a blue phosphor. FIG. 19 shows
examples of persistent response characteristics of the respec-
tive phosphors. As seen from the figure, the persistence time
of the green phosphor (LAP) is the longest, which is about
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6.5 ms. The modulation pulse width shown in FIG. 15 can
only be as great as 6.7 ms, considering the limitations of the
currently achievable write capabilities to liquid crystal and
the response time of liquid crystal as described above,
whereas the persistence time of a currently typical fluores-
cent lamp is about 6.5 ms. This indicates that, during the
time of about 6.5 ms shown by A in FIG. 15, the persistence
of the backlight remains while an image signal for the next
frame is written in the upper portion of the screen. There-
fore, in a scene having motion, two frames may appear
overlapping with each other, or the blurring of contours may
not be improved in the upper portion of the screen. More-
over, the persistence times of the blue phosphor (BAM) and
the red phosphor (YOX), which are about 0.1 ms and about
1.5 ms, respectively, are short compared with that of the
green phosphor. Therefore, the overlap of two frames and
the blurring of the contour in the upper portion of the screen
described above occur only for green, and this results in
coloring of the contour in green or magenta. The persistence
time of the blue phosphor SCA is substantially the same as
that of the blue phosphor BAM.

[0018] In view of the above, an object of the present
invention is to provide an image display apparatus capable
of improving on the problem of flicker while improving on
motion blurring in a moving image. Another object of the
present invention is to provide an image display apparatus
capable of minimizing motion blurring and contour coloring
that may occur on part of a screen while improving on
motion blurring in a moving image.

DISCLOSURE OF THE INVENTION

[0019] To attain the objects described above, the present
invention has features as described below.

[0020] A first aspect is directed to an image display
apparatus for displaying an image by driving a passive light
modulation device based on a video signal compressed in
the time axis direction, the passive modulation device modu-
lating light from a light source in a pixel-by-pixel manner
based on an electric signal, the apparatus including:

[0021] motion detection means for detecting the
amount of motion of a display image based on the
video signal;

[0022] modulation pulse generation means for gen-
erating modulation pulses different in period, phase
or pulse width according to the detection result from
the motion detection means; and

[0023] light source driving means for enabling the
light source to emit light at optimum timing corre-
sponding to the motion amount by intermittently
driving the light source according to the modulation
pulses generated by the modulation pulse generation
means.

[0024] As described above, in the first aspect, the timing
of emission of the light source is changed according to the
motion of the display image, and this enables reduction of
the image contour blurring in a moving image, as well as
attainment of higher-quality image display.

[0025] According to a second aspect, the image display
apparatus of the first aspect further includes comparison
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means for comparing the motion amount detected by the
motion detection means with a predetermined amount,

[0026] wherein the modulation pulse generation
means outputs a first modulation pulse synchroniz-
ing with a vertical synchronizing signal and having
the same frequency as the vertical synchronizing
signal when the motion amount is greater than the
predetermined amount, and outputs a second modu-
lation pulse having a frequency higher than the first
modulation pulse when the motion amount is smaller
than the predetermined amount.

[0027] As described above, in the second aspect, the
problem of image blurring generated when the motion
amount of the display image is great is improved. In
addition, the emission period of the light source is made
greater when the motion amount of the display image is
small than when it is great, to enable reduction of flicker
generated when the motion amount is small.

[0028] According to a third aspect based on the second
aspect, the first modulation pulse and the second modulation
pulse have the same pulse duty.

[0029] As described above, in the third aspect, the lumi-
nance is prevented from changing with change of the
frequency of the modulation pulse.

[0030] According to a fourth aspect based on the second
aspect, the frequency of the second modulation pulse is high
enough to prevent generation of flicker.

[0031] As described above, in the fourth aspect, flicker is
prevented from being generated when the motion amount is
small.

[0032] According to a fifth aspect based on the second
aspect, the modulation pulse generation means includes:

[0033] first pulse generation means for outputting a
pulse synchronizing with the vertical synchronizing
signal and having the same frequency as the vertical
synchronizing signal;

[0034] second pulse generation means f or outputting
a pulse having a frequency higher than the pulse
output from the first pulse generation means; and

[0035] selector means for selecting the pulse output-
ted from the first pulse generation means or the pulse
outputted from the second pulse generation means
and outputting the selected pulse.

[0036] As described above, in the fifth aspect, the outputs
from the two pulse generation means are selectable accord-
ing to the comparison result, and thus two modulation pulses
different in frequency according to the motion amount can
be easily generated.

[0037] According to a sixth aspect based on the first
aspect, the motion detection means detects the motion
amount for each of a plurality of predetermined regions in
the entire display area of the light modulation device,

[0038] the image display apparatus further includes
comparison means for comparing the motion
amounts for the plurality of predetermined regions
detected by the motion detection means with each
other, and
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[0039] the modulation pulse generation means gen-
erates the modulation pulses different in synchroniz-
ing phase according to the comparison result from
the comparison means.

[0040] As described above, in the sixth aspect, the timing
of emission of the light source is controlled based on the
motion amount for each region of the screen, and thus the
quality of the display screen can be optimally improved as
a whole.

[0041] According to a seventh aspect based on the sixth
aspect, the plurality of predetermined regions include at least
a first predetermined region in which data based on the video
signal is written at a time comparatively early in one frame
and a second predetermined region in which data based on
the video signal is written at a time comparatively late in one
frame, and

[0042] the modulation pulse generation means gen-
erates a first modulation pulse having a synchroniz-
ing phase permitting emission of the light source at
a comparatively early time when the motion amount
in the first predetermined region detected by the
motion detection means is greater than the motion
amount in the second predetermined region, and
generates a second modulation pulse having a syn-
chronizing phase permitting emission of the light
source at a comparatively late time when the motion
amount in the first predetermined region detected by
the motion detection means is smaller than the
motion amount in the second predetermined region.

[0043] As described above, in the seventh aspect, it is
determined whether the region in which data is written at an
early time or the region in which data is written at a late time
has a large or small motion amount. For the region having
a comparatively large motion amount, the synchronizing
phase of the modulation pulse is changed so that the influ-
ence of contour blurring or coloring in a moving image is
comparatively lessened. In this way, the quality of the
display screen can be optimally improved as a whole.

[0044] According to an eighth aspect based on the seventh
aspect, the modulation pulse generation means includes:

[0045] count means for delaying a vertical synchro-
nizing signal by a predetermined time according to
the comparison result from the comparison means;
and

[0046] pulse output means for outputting a pulse
based on the vertical synchronizing signal delayed
by the count means.

[0047] As described above, in the eighth aspect, by con-
trolling the delay time of the vertical synchronizing signal,
the synchronizing phase of the modulation pulse can be
easily controlled.

[0048] According to a ninth aspect based on the seventh
aspect, when changing the output pulse with change of the
comparison result from the comparison means, the modu-
lation pulse generation means sequentially shifts the syn-
chronizing phase of the output pulse stepwise by outputting
a modulation pulse in a synchronizing phase somewhere
between the synchronizing phase of the first modulation
pulse and the synchronizing phase of the second modulation
pulse.
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[0049] As described above, in the ninth aspect, the syn-
chronizing phase of the modulation pulse is changed by
shifting stepwise, and this prevents occurrence of momen-
tary change of luminance that may otherwise occur with
abrupt change of the synchronizing phase of the modulation
pulse.

[0050] According to a tenth aspect based on the ninth
aspect, the modulation pulse generation means includes:

[0051] frame recursive low-pass filter means for out-
putting motion position data capable of taking on
three or more values based on the comparison result
from the comparison means;

[0052] count means for delaying a vertical synchro-
nizing signal based on the motion position data
outputted from the frame recursive low-pass filter
means; and

[0053] pulse output means for outputting a pulse
based on the vertical synchronizing signal delayed
by the count means.

[0054] As described above, in the tenth aspect, by use of
the frame recursive low-pass filter, the modulation pulse can
be easily shifted stepwise in three or more levels of grada-
tion based on the comparison result.

[0055] According to an eleventh aspect based on the first
aspect, the apparatus further includes pulse width determi-
nation means for determining the pulse width of the modu-
lation pulse based on the motion amount detected by the
motion detection means,

[0056] wherein the modulation pulse generation
means generates the modulation pulse having the
pulse width determined by the pulse width determi-
nation means.

[0057] As described above, in the eleventh aspect, the
length of the lighting-up time of the light source is changed
according to the motion amount, and thus the balance
between the improvement of contour blurring in a moving
image and the amount of light from the light source can be
optimally controlled according to the motion amount.

[0058] According to a twelfth aspect based on the eleventh
aspect, the pulse width determined by the pulse width
determination means becomes smaller as the motion amount
detected by the motion detection means is greater, and
becomes greater as the motion amount is smaller.

[0059] As described above, in the twelfth aspect, the pulse
width of the modulation pulse is reduced when the motion
amount is great, to improve on the problem of contour
blurring and coloring in a moving image, and the modulation
pulse width is increased when the motion amount is small,
to ensure a sufficient amount of light from the light source.

[0060] According to a thirteenth aspect based on the
eleventh aspect, the apparatus further includes:

[0061] gain determination means for determining the
gain of the video signal based on the motion amount
detected by the motion detection means; and

[0062] gain control means for controlling the gain of
the video signal according to the gain determined by
the gain determination means.
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[0063] As described above, in the thirteenth aspect, the
change in luminance with the change of the pulse width of
the modulation pulse can be compensated for by correction
of the video signal.

[0064] According to a fourteenth aspect based on the
thirteenth aspect, the gain determined by the gain determi-
nation means becomes greater as the pulse width determined
by the pulse width determination means is smaller, and
becomes smaller as the pulse width is greater.

[0065] As described above, in the fourteenth aspect, the
gain of the video signal is increased as the pulse width of the
modulation pulse is reduced, and is reduced as the modu-
lation pulse width is increased, and thus the change of the
luminance can be suppressed.

[0066] According to a fifteenth aspect based on the thir-
teenth aspect, the pulse width determination means and the
gain determination means are a ROM table.

[0067] As described above, in the fifteenth aspect, the
optimum pulse width and gain according to the motion
amount can be easily determined with the ROM table.

[0068] According to a sixteenth aspect based on the first
aspect, the motion detection means detects the motion
amount based on a data difference between two continuous
frames.

[0069] As described above, in the sixteenth aspect, the
motion amount of the display image can be easily detected
from the video signal based on a data difference between two
continuous frames.

[0070] According to a seventeenth aspect based on the
sixteenth aspect, the motion detection means includes:

[0071] frame memory means for delaying the video
signal by one frame;

[0072] subtraction means for subtracting one of the
video signal and a video signal delayed by the frame
memory means from the other;

[0073] absolute means for calculating the absolute of
the subtraction result from the subtraction means;
and

[0074] accumulation means for accumulating, for

one frame, the output of the absolute means.

[0075] As described above, in the seventeenth aspect, the
difference between a video signal delayed by one frame by
the frame memory and the input video signal for each pixel
is calculated and the calculated results are accumulated, and
this enables easy detection of the motion amount of the
display image from the image signal.

[0076] According to an eighteenth aspect based on the first
aspect, the light source is a fluorescent lamp.

[0077] As described above, in the eighteenth aspect, an
inexpensive apparatus can be obtained by use of a fluores-
cent lamp as the light source. Also, by improving on the
problem of degradation of the image quality during display
of a moving image due to the persistent response charac-
teristic of the fluorescent lamp, higher-quality image display
can be realized.
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[0078] According to a nineteenth aspect based on the first
aspect, the passive light modulation device is a liquid crystal
display.

[0079] As described above, in the nineteenth aspect, by
use of a liquid crystal display as the passive light modulation
device, an inexpensive apparatus can be obtained. Also, by
reducing image contour blurring in a moving image, higher-
quality image display can be realized.

[0080] According to a twentieth aspect based on the first
aspect, the passive light modulation device is a digital
micromirror device (DMD) display.

[0081] As described above, in the twentieth aspect, by use
of a DMD display as the passive light modulation device, a
high-quality image display apparatus can be realized. Also,
by reducing image contour blurring in a moving image, an
even higher-quality image display can be realized.

[0082] A twenty-first aspect is directed to an image display
method for displaying an image by driving a passive light
modulation device based on a video signal compressed in
the time axis direction, the passive modulation device modu-
lating light from a light source in a pixel-by-pixel manner
based on an electric signal, the method including:

[0083] a motion detection step of detecting the
amount of motion of a display image based on the
video signal;

[0084] a modulation pulse generation step of gener-
ating modulation pulses different in period, phase or
pulse width according to the detection result in the
motion detection step; and

[0085] a light source driving step of emitting light
from the light source at optimum timing correspond-
ing to the motion amount by intermittently driving
the light source according to the modulation pulses
generated in the modulation pulse generation step.

[0086] As described above, in the twenty-first aspect, the
timing of emission of the light source is changed according
to the motion of the display image, and this enables reduc-
tion of the image contour blurring in a moving image, as
well as attainment of higher-quality image display.

[0087] According to a twenty-second aspect based on the
twenty-first aspect, in the modulation pulse generation step,
a first modulation pulse synchronizing with a vertical syn-
chronizing signal and having the same frequency as the
vertical synchronizing signal is outputted when the motion
amount detected in the motion detection step is greater than
a predetermined amount, and a second modulation pulse
having a frequency higher than the first modulation pulse is
outputted when the motion amount is smaller than the
predetermined amount.

[0088] As described above, in the twenty-second aspect,
the problem of image blurring generated when the motion
amount of the display image is great is improved. In
addition, the emission period of the light source is made
greater when the motion amount of the display image is
small than when it is great, to enable reduction of flicker
generated when the motion amount is small.

[0089] According to a twenty-third aspect based on the
twenty-second aspect, the first modulation pulse and the
second modulation pulse have the same pulse duty.
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[0090] As described above, in the twenty-third aspect, the
luminance is prevented from changing with change of the
frequency of the modulation pulse.

[0091] According to a twenty-fourth aspect based on the
twenty-second aspect, the frequency of the second modula-
tion pulse is high enough to prevent generation of flicker.

[0092] As described above, in the twenty-fourth aspect,
flicker is prevented from being generated when the motion
amount is small.

[0093] According to a twenty-fifth aspect based on the
twenty-first aspect, in the motion detection step, the motion
amount is detected for each of a plurality of predetermined
regions in the entire display area of the light modulation
device, and

[0094] in the modulation pulse generation step, the
modulation pulses different in synchronizing phase
are generated based on the motion amount detected
in the motion detection step.

[0095] As described above, in the twenty-fifth aspect, the
timing of emission of the light source is controlled based on
the motion amount for each region of the screen, and thus the
quality of the display screen can be optimally improved as
a whole.

[0096] According to a twenty-sixth aspect based on the
twenty-fifth aspect, the plurality of predetermined regions
include at least a first predetermined region in which data
based on the video signal is written at a time comparatively
early in one frame and a second predetermined region in
which data based on the video signal is written at a time
comparatively late in one frame, and

[0097] in the modulation pulse generation step, a first
modulation pulse having a synchronizing phase per-
mitting emission of the light source at a compara-
tively early time is generated when the motion
amount in the first predetermined region detected by
the motion detection means is greater than the
motion amount in the second predetermined region,
and a second modulation pulse having a synchroniz-
ing phase permitting emission of the light source at
a comparatively late time is generated when the
motion amount in the first predetermined region
detected by the motion detection means is smaller
than the motion amount in the second predetermined
region.

[0098] As described above, in the twenty-sixth aspect, it is
determined whether the region in which data is written at an
early time or the region in which data is written at late timing
has a large or small motion amount. For the region having
a comparatively large motion amount, the synchronizing
phase of the modulation pulse is changed so that the influ-
ence of contour blurring or coloring in a moving image is
comparatively lessened. In this way, the quality of the
display screen can be optimally improved as a whole.

[0099] According to a twenty-seventh aspect based on the
twenty-sixth aspect, the modulation pulse generation step
includes:

[0100] a count step of delaying a vertical synchro-
nizing signal by a predetermined time according to
the comparison result in the comparison step; and
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[0101] a pulse output step of outputting a pulse based
on the vertical synchronizing signal delayed in the
count step.

[0102] As described above, in the twenty-seventh aspect,
by controlling the delay time of the vertical synchronizing
signal, the synchronizing phase of the modulation pulse can
be easily controlled.

[0103] According to a twenty-eighth aspect based on the
twenty-sixth aspect, in the modulation pulse generation step,
when an output pulse is changed with change of the motion
amount for each of the plurality of predetermined regions
detected in the motion detection step, the synchronizing
phase of the output pulse is sequentially shifted stepwise by
outputting a modulation pulse in a synchronizing phase
somewhere between the synchronizing phase of the first
modulation pulse and the synchronizing phase of the second
modulation pulse.

[0104] As described above, in the twenty-cighth aspect,
the synchronizing phase of the modulation pulse is changed
by shifting stepwise, and this prevents occurrence of
momentary change of luminance that may otherwise occur
with abrupt change of the synchronizing phase of the
modulation pulse.

[0105] According to a twenty-ninth aspect based on the
twenty-first aspect, the method further includes a pulse
width determination step of determining the pulse width of
the modulation pulse based on the motion amount detected
in the motion detection step,

[0106] wherein in the modulation pulse generation
step, the modulation pulse having the pulse width
determined in the pulse width determination step is
generated.

[0107] As described above, in the twenty-ninth aspect, the
length of the lighting-up time of the light source is changed
according to the motion amount, and thus the balance
between the improvement of contour blurring in a moving
image and the amount of light from the light source can be
optimally controlled according to the motion amount.

[0108] According to a thirticth aspect based on the twenty-
ninth aspect, the pulse width determined in the pulse width
determination step becomes smaller as the motion amount
detected in the motion detection step is greater, and is greater
as the motion amount is smaller.

[0109] As described above, in the thirtieth aspect, the
pulse width of the modulation pulse is reduced when the
motion amount is great, to improve on the problem of
contour blurring and coloring in a moving image, and the
modulation pulse width is increased when the motion
amount is small, to ensure a sufficient amount of light from
the light source.

[0110] According to a thirty-first aspect based on the
twenty-ninth aspect, the method further includes:

[0111] a gain determination step of determining the
gain of the video signal based on the motion amount
detected in the motion detection step; and

[0112] a gain control step of controlling the gain of
the video signal according to the gain determined in
the gain determination step.
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[0113] As described above, in the thirty-first aspect, the
change in luminance with change of the pulse width of the
modulation pulse can be compensated for by correction of
the video signal.

[0114] According to a thirty-second aspect based on the
thirty-first aspect, the gain determined in the gain determi-
nation step is greater as the pulse width determined in the
pulse width determination step is smaller, and becomes
smaller as the pulse width is greater.

[0115] As described above, in the thirty-second aspect, the
gain of the video signal is increased as the pulse width of the
modulation pulse is reduced, and is reduced as the modu-
lation pulse width is increased, and thus the change of the
luminance can be suppressed.

[0116] According to a thirty-third aspect based on the
twenty-first aspect, in the motion detection step, the motion
amount is detected based on a data difference between two
continuous frames.

[0117] As described above, in the thirty-third aspect, the
motion amount of the display image can be easily detected
from the video signal based on a data difference between two
continuous frames.

[0118] According to a thirty-fourth aspect based on the
twenty-first aspect, the light source is a fluorescent lamp.

[0119] As described above, in the thirty-fourth aspect, an
inexpensive apparatus can be obtained by use of a fluores-
cent lamp as the light source. Also, by improving on the
problem of degradation of the image quality during display
of a moving image due to the persistent response charac-
teristic of the fluorescent lamp, higher-quality image display
can be realized.

[0120] According to a thirty-fifth aspect based on the
twenty-first aspect, the passive light modulation device is a
liquid crystal display.

[0121] As described above, in the thirty-fifth aspect, by
use of a liquid crystal display as the passive light modulation
device, an inexpensive apparatus can be obtained. Also, by
reducing image contour blurring in a moving image, higher-
quality image display can be realized.

[0122] According to a thirty-sixth aspect based on the
twenty-first aspect, the passive light modulation device is a
digital micromirror device (DMD) display.

[0123] As described above, in the thirty-sixth aspect, by
use of a DMD display as the passive light modulation
device, a high-quality image display apparatus can be real-
ized. Also, by reducing image contour blurring for a moving
image, an even higher-quality image display can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0124] FIG. 1 is a block diagram of an image display
apparatus of the first embodiment of the present invention.

[0125] FIG. 2 is a block diagram of a motion detection
circuit 2.
[0126] FIG. 3 is a block diagram of a PWM modulation

pulse generation circuit 4.

[0127] FIG. 4 is a view showing the operation timing in
the first embodiment.
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[0128] FIG. 5 is a block diagram of an image display
apparatus of the second embodiment of the present inven-
tion.

[0129] FIG. 6 is a block diagram of a motion detection
circuit 22.

[0130] FIG. 7 is a view showing the operation timing of
a counter decoder 30.

[0131] FIG. 8 is a block diagram of a PWM modulation
pulse generation circuit 24.

[0132] FIG. 9 is a view showing the operation timing in
the second embodiment.

[0133] FIG. 10 is a block diagram of an image display
apparatus of the third embodiment of the present invention.

[0134] FIG. 11 is a block diagram of a motion detection
circuit 38.

[0135] FIG. 12 is a view showing the input/output char-
acteristics of a ROM table 42.

[0136] FIG. 13 is a view showing the operation timing in
the third embodiment.

[0137] FIG. 14 is a block diagram of a conventional image
display apparatus.

[0138] FIG. 15 is a view showing the operation timing of
the conventional image display apparatus.

[0139] FIG. 16 is a block diagram of a video signal time
compression circuit 101.

[0140] FIG. 17 is a view showing the operation timing of
the video signal time compression circuit 101.

[0141] FIG. 18 is a view showing the oscillation wave-
form of an inverter 103.

[0142] FIG. 19 is a view showing the persistent response
characteristics of phosphors.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0143] Hereinafter, embodiments of the present invention
will be described with reference to the accompanying draw-
ings.

[0144] (First Embodiment)

[0145] FIG. 1 illustrates a configuration of an image
display apparatus of the first embodiment of the present
invention. The image display apparatus includes a video
signal time compression circuit 101, a motion detection
circuit 2, a PWM modulation pulse generation circuit 4, an
inverter 103, a backlight 104, a liquid crystal panel 105, an
LCD controller 106, a source driver 107 and a gate driver
108. The same components as those of the conventional
apparatus shown in FIG. 14 are denoted by the same
reference numerals, and the detailed descriptions thereof are
omitted here.

[0146] FIG. 2 illustrates a configuration of the motion
detection circuit 2. A video signal and a synchronizing signal
are supplied to the motion detection circuit 2. The motion
detection circuit 2 includes: a frame memory 6 for delaying
the video signal by one frame; a subtracter 8 for computing
the one-frame difference from the video signal and the
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output of the frame memory 6; an absolute circuit (ABS) 10
for computing the absolute of the output of the subtracter 8;
an accumulator 12 for accumulating the output of the
absolute circuit 10 for one frame based on the vertical
synchronizing signal; and a comparator 14 for comparing
the amount of motion of a display image as the output of the
accumulator 12 with a predetermined threshold and output-
ting the comparison result as a motion detection signal.

[0147] The motion detection circuit 2 calculates the
motion amount based on the difference between two con-
tinuous frames for each pixel. More specifically, the sub-
tracter 8 outputs the difference between data in one pixel in
one frame and data in the same pixel in the immediately
previous frame for each pixel, and the absolute circuit 10
outputs the absolute of the difference for each pixel. By this
operation, the degree of correlation between the frames is
obtained for each pixel. The accumulator 12 accumulates the
correlation of each pixel for one frame, to obtain the degree
of inter-frame correlation as the average of the entire screen.
Whether the display image is an image with large motion
(hereinafter, simply called a moving image) or an image
with small motion (hereinafter, simply called a still image)
is determined depending on whether the output of the
accumulator 12 is greater or smaller than a predetermined
value. The result is outputted as the motion detection signal.
For example, “0” is outputted in the case of a moving image,
and “1” is outputted in the case of a still image.

[0148] FIG. 3 illustrates a configuration of the PWM
modulation pulse generation circuit 4. The motion detection
signal from the motion detection circuit 2 and the vertical
synchronizing signal are supplied to the PWM modulation
pulse generation circuit 4. The PWM modulation pulse
generation circuit 4 includes: a 240 Hz PWM pulse genera-
tor 16 for generating a 240 Hz PWM modulation pulse
synchronizing with the vertical synchronizing signal; a 60
Hz PWM pulse generator 18 for generating a 60 Hz PWM
modulation pulse synchronizing with the vertical synchro-
nizing signal; and a selector 20 for switching between the
output of the 240 Hz PWM pulse generator 16 and the output
of the 60 Hz PWM pulse generator 18 based on the result of
the motion detection by the motion detection circuit 2 and
outputting the selected pulse as the modulation pulse.

[0149] The PWM modulation pulse generation circuit 4
generates the modulation pulse having a predetermined
period based on the motion detection result from the motion
detection circuit 2. When the motion detection circuit 2
determines that the display image is a moving image, the
selector 20 selects and outputs the modulation pulse from
the 60 Hz PWM pulse generator 18. When the motion
detection circuit 2 determines that the display image is a still
image, the selector 20 selects and outputs the modulation
pulse from the 240 Hz PWM pulse generator 16. These
outputted modulation pulses have the waveforms shown in
FIG. 4. Note that the width and phase of the pulse generated
by the 60 Hz PWM pulse generator 18 are the same as those
of the modulation pulse used in the conventional apparatus
shown in FIG. 15.

[0150] The 240 Hz PWM modulation is not perceived as
flicker by the human eyes. Therefore, no flicker is generated
during display of a still image.

[0151] The PWM pulse duty is 39% for both the 240 Hz
PWM pulse generator 16 and the 60 Hz PWM pulse gen-
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erator 18. The 240 Hz PWM pulse generator 16 and the 60
Hz PWM pulse generator 18 do not necessarily have the
same PWM pulse duty, but preferably do have such because,
by having the same PWM pulse duty, the screen luminance
is prevented from changing during the switching between a
moving image and a still image. Note however that the
PWM pulse duty with which the same luminance is obtained
may differ a little between the two generators due to the
characteristics of the inverter and the cold-cathode tube.

[0152] In this embodiment, the frequency of the modula-
tion pulse during the display of a still image was set at 240
Hz. It is needless to mention that any frequency high enough
to make flicker unobtrusive may also be used.

[0153] As described above, in the first embodiment,
motion blurring can be improved during display of a moving
image, and also flicker can be reduced during display of a
still image.

[0154] (Second Embodiment)

[0155] FIG. 5 illustrates a configuration of an image
display apparatus of the second embodiment of the present
invention. The image display apparatus includes a video
signal time compression circuit 101, a motion detection
circuit 22, a PWM modulation pulse generation circuit 24,
an inverter 103, a backlight 104, a liquid crystal panel 105,
an LCD controller 106, a source driver 107 and a gate driver
108. In FIG. 5, the same components as those of the
conventional apparatus shown in FIG. 14 are denoted by the
same reference numerals, and the descriptions thereof are
omitted here.

[0156] FIG. 6 illustrates a configuration of the motion
detection circuit 22. The motion detection circuit 22 receives
a video signal and a synchronizing signal. The motion
detection circuit 22 includes: a frame memory 6; a subtracter
8; an absolute circuit 10; a counter decoder 30 for outputting
enable pulses ENABLE_a and ENABLE b based on the
synchronizing signal; an accumulator 26 for accumulating
the output of the absolute circuit 10 for each frame only for
the time period during which the enable pulse ENABLE_a
is true; an accumulator 28 for accumulating the output of the
absolute circuit 10 for each frame only for the time period
during which the enable pulse ENABLE b is true; and a
comparator 14 for comparing the outputs of the accumula-
tors 26 and 28 and outputting the comparison result as a
motion detection signal. In FIG. 6, the same components as
those shown in FIG. 2 are denoted by the same reference
numerals, and the descriptions thereof are omitted here.

[0157] Referring to FIG. 7, the operation of the counter
decoder 30 will be described. The counter decoder 30
generates the enable pulses ENABLE_a and ENABLE b,
which respectively correspond to the upper portion and the
lower portion of a screen, based on the vertical synchroniz-
ing signal and the horizontal synchronizing signal. The
accumulator 26 detects the motion amount based on the
video signal for the upper portion of the screen, while the
accumulator 28 detects the motion amount based on the
video signal for the lower portion of the screen. The com-
parator 14 compares the motion amount in the upper portion
of the screen with the motion amount in the lower portion of
the screen based on the outputs of the accumulators 26 and
28, and outputs the result as the motion detection signal.

[0158] FIG. 8 illustrates a configuration of the PWM
modulation pulse generation circuit 24. The motion detec-
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tion signal from the motion detection circuit 22 and the
vertical synchronizing signal are supplied to the PWM
modulation pulse generation circuit 24. The PWM modula-
tion pulse generation circuit 24 includes: a frame recursive
low-pass filter 32 for outputting motion position data based
on the motion detection signal; a counter 34 for outputting
a pulse obtained by delaying the vertical synchronizing
signal by a predetermined time based on the motion position
data; and a 60 Hz PWM pulse generator 18 for outputting a
modulation pulse synchronizing with the vertical synchro-
nizing signal by being triggered with the output of the
counter 34. In FIG. 8, the same components as those in FIG.
3 are denoted by the same reference numerals, and the
detailed descriptions thereof are omitted here.

[0159] The PWM modulation pulse generation circuit 24
controls the timing of lighting up of the backlight 104 based
on the motion detection signal. More specifically, as shown
in FIG. 9, the backlight 104 is lit up with timing similar to
that of the conventional apparatus shown in FIG. 15 when
the motion is small in the upper portion of the screen. On the
contrary, when the motion is small in the lower portion of the
screen, the backlight 104 is lit up at a time earlier than that
adopted when the motion is small in the upper portion. This
control of the lighting-up timing of the backlight 104 is
realized by delaying the vertical synchronizing signal in the
counter 34 based on the motion detection signal.

[0160] As shown in FIG. 9, the delay in the counter 35 is
about 7 ms when the motion is small in the upper portion of
the screen, and thus the persistent response of the backlight
overlaps with the write into the liquid crystal panel and the
response of the liquid crystal in the upper portion of the
screen. However, with small motion in the upper portion of
the screen, the problem of contour blurring and coloring is
reduced. The delay in the counter 35 is about 0 ms when the
motion is small in the lower portion of the screen, and thus
the persistent response of the backlight overlaps with the
response of the liquid crystal in the lower portion of the
screen. However, with small motion in the lower portion of
the screen, the problem of contour blurring and coloring is
reduced.

[0161] In this embodiment, although not requisite, the
delay amount in the counter 34 is controlled stepwise in
256-level gray scale in correspondence with the 8-bit motion
position data, which is outputted from the frame recursive
low-pass filter 32 based on the 1-bit motion detection signal.
For example, when the frequency of the horizontal synchro-
nizing signal is 31.5 kHz, the delay amount of the vertical
synchronizing signal is controlled stepwise in stages of
every 32 us in the range of 0 ms to 8 ms. The motion position
data increases or decreases by one per frame according to the
value of the motion detection signal. If the phase of the
modulation pulse changes abruptly, the modulation pulse
may momentarily become dense or sparse, which may
disadvantageously be perceived as a momentary change of
luminance. To ensure prevention of this disadvantage, the
phase of the modulation pulse is preferably changed gradu-
ally as in this embodiment.

[0162] In this embodiment, the scanning was made from
the top to the bottom of the screen. It is needless to mention
that the present invention is also easily applicable to other
ways of scanning, such as scanning from the bottom to the
top of the screen.
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[0163] As described above, in this embodiment, the light-
ing-up timing of the backlight is appropriately changed so
that the response of the backlight corresponds to the small-
motion portion of the display screen. By this operation,
occurrence of the problem of blurring and coloring of a
moving contour can be suppressed.

[0164] In this embodiment, the motion detection was
performed only for two regions, the upper and lower por-
tions of the screen. The number of divided regions of the
screen may be increased to enhance the precision of the
detection. Moreover, the center portion of the screen may
also be detected, and the control range of the delay time in
the counter 34 may be widened, to deal with the case that the
motion is small in the center portion of the screen.

[0165] (Third Embodiment)

[0166] FIG. 10 illustrates a configuration of an image
display apparatus of the third embodiment of the present
invention. The image display apparatus includes: a gain
control circuit 36 for controlling the gain of a video signal
based on video signal gain control data; a video signal time
compression circuit 101, a motion detection circuit 38 for
outputting the video signal gain control data and modulation
pulse width control data based on the video signal; a PWM
modulation pulse generation circuit 40 for outputting a
symptom pulse based on the modulation pulse width control
data; an inverter 103: a backlight 104; a liquid crystal panel
105; an LCD controller 106, a source driver 107; and a gate
driver 108. In FIG. 10, the same components as those of the
conventional apparatus shown in FIG. 14 are denoted by the
same reference numerals, and the descriptions thereof are
omitted here.

[0167] FIG. 11 illustrates a configuration of the motion
detection circuit 38. The video signal and a synchronizing
signal are supplied to the motion detection circuit 38. The
motion detection circuit 38 includes: a frame memory 6; a
subtracter 8; an absolute circuit 10; an accumulator 12; and
a ROM table 42 for outputting the video signal gain control
data and the modulation pulse width control data based on
the output of the accumulator 12. In FIG. 11, the same
components as those shown in FIG. 2 are denoted by the
same reference numerals, and the descriptions thereof are
omitted here.

[0168] The input/output characteristics of the ROM table
42 will be described with reference to FIG. 12. The output
of the accumulator 12 is inputted to the ROM table 42 as
input data. The output of the accumulator 12 indicates how
large the motion of an image is as described above. The
ROM table 42 determines the video signal gain control data
and the modulation pulse width control data according to the
input data and outputs the data as the output data. The
relationship between the input data and the output data is as
shown in FIG. 12, in which as the value of the input data is
greater, that is, as the motion is larger, the modulation pulse
width control data is smaller and the video signal gain
control data is greater.

[0169] The PWM modulation pulse generation circuit 40
controls the lighting-up of the backlight 104 based on the
modulation pulse width control data. More specifically, as
shown in FIG. 13, the lighting-up of the backlight 104 is
controlled so that as the motion of the display image is
larger, the lighting-up time of the backlight including its
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persistence time overlaps less with the response time of the
screen. With this control, it is possible to improve on the
problem of contour blurring and coloring generated during
display of a large-motion image.

[0170] The luminance will decrease if the modulation
pulse width is made small to shorten the lighting-up time of
the backlight 104, failing to obtain sufficient brightness. In
this embodiment, to compensate for the decrease of the
luminance, correction is made so that the video signal gain
control data is greater as the modulation pulse width is
smaller to thereby increase the luminance level of the video
signal. In this correction, the image quality may be degraded
due to signal saturation in a white peak portion of the video
signal. Moreover, since an actually used liquid crystal panel
has the gamma characteristic that is normally about y=2, it
is impossible to perform the correction of the video signal
gain for the decrease of the luminance of the backlight
precisely for all the levels of gray scale. However, these
disadvantages will not cause a serious problem because they
are visually less obtrusive on a large-motion screen.

[0171] As shown in FIG. 13, when the motion of the
display image is small, the persistent response of the back-
light largely overlaps with the write into the liquid crystal
panel/response of the liquid crystal in the upper and lower
portions of the screen. In this case, however, with small
motion of the display image, no contour blurring and col-
oring is generated. Note that the video signal gain control
data is a normal value when the modulation pulse width is
large because no reduction in luminance occurs, and thus
there will be no degradation of the image quality due to
signal saturation in a white peak portion of the video signal.

[0172] As described above, in the third embodiment, the
lighting-up of the backlight is controlled so that as the
motion of the display image is larger, the lighting-up time of
the backlight including its persistence time overlaps less
with the response time of the screen. With this control, it is
possible to suppress occurrence of the problem of blurring
and coloring of a moving contour.

[0173] In the above description, use of a liquid crystal
display as the display device was exemplified. The present
invention is not limited to this, but is effectively applicable
to passive light modulation devices (light bulb type devices),
that is, devices of displaying an image by controlling light
from a light source, in general. An example of the passive
light modulation devices other than the liquid crystal display
is a digital micromirror device (DMD) display. Using the
DMD display, a higher-quality image display apparatus can
be realized.

[0174] In the above description, general phosphors were
used as the phosphors for a fluorescent lamp. If a phosphor
short in persistence is used, the problem of blurring and
coloring of a moving contour can be improved compared
with the case of using general phosphors. However, even
using the short-persistence phosphor, the problem of gener-
ating flicker occurs. In addition, the problem of blurring and
coloring of a moving contour occurs in the upper or lower
portion of the screen when the total of the write time into the
pixels, the response time of liquid crystal and the lighting-up
time of the backlight exceeds the wvertical period time.
Therefore, the first to third embodiments described above
are effective even for the case of using a short-persistence
phosphor.
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INDUSTRIAL APPLICABILITY

[0175] As described above, the image display apparatus of
the present invention can reduce image contour blurring in
a moving image, as well as reducing flicker in a still image,
during display of a moving image using a light modulation
device such as a liquid crystal display. This enables higher-
quality image display.

1. An image display apparatus for displaying an image by
driving a passive light modulation device based on a video
signal compressed in the time axis direction, the passive
modulation device modulating light from a light source in a
pixel-by-pixel manner based on an electric signal, the appa-
ratus comprising:

motion detection means for detecting the amount of
motion of a display image based on the video signal;

modulation pulse generation means for generating modu-
lation pulses different in period, phase or pulse width
according to the detection result from the motion
detection means; and

light source driving means for enabling the light source to
emit light at optimum timing corresponding to the
motion amount by intermittently driving the light
source according to the modulation pulses generated by
the modulation pulse generation means.

2. The image display apparatus of claim 1, further com-
prising comparison means for comparing the motion amount
detected by the motion detection means with a predeter-
mined amount,

wherein the modulation pulse generation means outputs a
first modulation pulse synchronizing with a vertical
synchronizing signal and having the same frequency as
the vertical synchronizing signal when the motion
amount is greater than the predetermined amount, and
outputs a second modulation pulse having a frequency
higher than the first modulation pulse when the motion
amount is smaller than the predetermined amount.

3. The image display apparatus of claim 2, wherein the
first modulation pulse and the second modulation pulse have
the same pulse duty.

4. The image display apparatus of claim 2, wherein the
frequency of the second modulation pulse is high enough to
prevent generation of flicker.

5. The image display apparatus of claim 2, wherein the
modulation pulse generation means comprises:

first pulse generation means for outputting a pulse syn-
chronizing with the vertical synchronizing signal and
having the same frequency as the vertical synchroniz-
ing signal;

second pulse generation means for outputting a pulse
having a frequency higher than the pulse output from
the first pulse generation means; and

selector means for selecting the pulse outputted from the
first pulse generation means or the pulse outputted from
the second pulse generation means and outputting the
selected pulse.

6. The image display apparatus of claim 1, wherein the
motion detection means detects the motion amount for each
of a plurality of predetermined regions in the entire display
area of the light modulation device,
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the image display apparatus further comprises compari-
son means for comparing the motion amounts for the
plurality of predetermined regions detected by the
motion detection means with each other, and

the modulation pulse generation means generates the
modulation pulses different in synchronizing phase
according to the comparison result from the compari-
son means.

7. The image display apparatus of claim 6, wherein the
plurality of predetermined regions include at least a first
predetermined region in which data based on the video
signal is written at a time comparatively early in one frame
and a second predetermined region in which data based on
the video signal is written at a time comparatively late in one
frame, and

the modulation pulse generation means generates a first
modulation pulse having a synchronizing phase per-
mitting emission of the light source at a comparatively
early time when the motion amount in the first prede-
termined region detected by the motion detection
means is greater than the motion amount in the second
predetermined region, and generates a second modula-
tion pulse having a synchronizing phase permitting
emission of the light source at a comparatively late time
when the motion amount in the first predetermined
region detected by the motion detection means is
smaller than the motion amount in the second prede-
termined region.

8. The image display apparatus of claim 7, wherein the

modulation pulse generation means comprises:

count means for delaying a vertical synchronizing signal
by a predetermined time according to the comparison
result from the comparison means; and

pulse output means for outputting a pulse based on the
vertical synchronizing signal delayed by the count
means.

9. The image display apparatus of claim 7, wherein when
changing the output pulse with change of the comparison
result from the comparison means, the modulation pulse
generation means sequentially shifts the synchronizing
phase of the output pulse stepwise by outputting a modula-
tion pulse in a synchronizing phase somewhere between the
synchronizing phase of the first modulation pulse and the
synchronizing phase of the second modulation pulse.

10. The image display apparatus of claim 9, wherein the
modulation pulse generation means comprises:

frame recursive low-pass filter means for outputting
motion position data capable of taking on three or more
values based on the comparison result from the com-
parison means;

count means for delaying a vertical synchronizing signal
based on the motion position data outputted from the
frame recursive low-pass filter means; and

pulse output means for outputting a pulse based on the
vertical synchronizing signal delayed by the count
means.

11. The image display apparatus of claim 1, further
comprising pulse width determination means for determin-
ing the pulse width of the modulation pulse based on the
motion amount detected by the motion detection means,
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wherein the modulation pulse generation means generates
the modulation pulse having the pulse width deter-
mined by the pulse width determination means.

12. The image display apparatus of claim 11, wherein the
pulse width determined by the pulse width determination
means becomes smaller as the motion amount detected by
the motion detection means is greater, and becomes greater
as the motion amount is smaller.

13. The image display apparatus of claim 11, further
comprising:

gain determination means for determining the gain of the

video signal based on the motion amount detected by
the motion detection means; and

gain control means for controlling the gain of the video
signal according to the gain determined by the gain
determination means.

14. The image display apparatus of claim 13, wherein the
gain determined by the gain determination means becomes
greater as the pulse width determined by the pulse width
determination means is smaller, and becomes smaller as the
pulse width is greater.

15. The image display apparatus of claim 13, wherein the
pulse width determination means and the gain determination
means are a ROM table.

16. The image display apparatus of claim 1, wherein the
motion detection means detects the motion amount based on
a data difference between continuous two frames.

17. The image display apparatus of claim 16, wherein the
motion detection means comprises:

frame memory means for delaying the video signal by one
frame;

subtraction means for subtracting one of the video signal
and a video signal delayed by the frame memory means
from the other;

absolute means for calculating the absolute of the sub-
traction result from the subtraction means; and

accumulation means for accumulating, for one frame, the

output of the absolute means.

18. The image display apparatus of claim 1, wherein the
light source is a fluorescent lamp.

19. The image display apparatus of claim 1, wherein the
passive light modulation device is a liquid crystal display.

20. The image display apparatus of claim 1, wherein the
passive light modulation device is a digital micromirror
device (DMD) display.

21. An image display method for displaying an image by
driving a passive light modulation device based on a video
signal compressed in the time axis direction, the passive
modulation device modulating light from a light source in a
pixel-by-pixel manner based on an electric signal, the
method comprising:

a motion detection step of detecting the amount of motion
of a display image based on the video signal;

a modulation pulse generation step of generating modu-
lation pulses different in period, phase or pulse width
according to the detection result in the motion detection
step; and

a light source driving step of emitting light from the light
source at optimum timing corresponding to the motion
amount by intermittently driving the light source
according to the modulation pulses generated in the
modulation pulse generation step.
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22. The image display method of claim 21, wherein in the
modulation pulse generation step, a first modulation pulse
synchronizing with a vertical synchronizing signal and hav-
ing the same frequency as the vertical synchronizing signal
is outputted when the motion amount detected in the motion
detection step is greater than a predetermined amount, and
a second modulation pulse having a frequency higher than
the first modulation pulse is outputted when the motion
amount is smaller than the predetermined amount.

23. The image display method of claim 22, wherein the
first modulation pulse and the second modulation pulse have
the same pulse duty.

24. The image display method of claim 22, wherein the
frequency of the second modulation pulse is high enough to
prevent generation of flicker.

235. The image display method of claim 21, wherein in the
motion detection step, the motion amount is detected for
each of a plurality of predetermined regions in the entire
display area of the light modulation device, and

in the modulation pulse generation step, the modulation
pulses different in synchronizing phase are generated
based on the motion amount detected in the motion
detection step.

26. The image display method of claim 25, wherein the
plurality of predetermined regions include at least a first
predetermined region in which data based on the video
signal is written at a time comparatively early in one frame
and a second predetermined region in which data based on
the video signal is written at a time comparatively late in one
frame, and

in the modulation pulse generation step, a first modulation
pulse having a synchronizing phase permitting emis-
sion of the light source at a comparatively early time is
generated when the motion amount in the first prede-
termined region detected by the motion detection
means is greater than the motion amount in the second
predetermined region, and a second modulation pulse
having a synchronizing phase permitting emission of
the light source at a comparatively late time is gener-
ated when the motion amount in the first predetermined
region detected by the motion detection means is
smaller than the motion amount in the second prede-
termined region.

27. The image display method of claim 26, wherein the
modulation pulse generation step comprises:

a count step of delaying a vertical synchronizing signal by
a predetermined time according to the comparison
result in the comparison step; and

a pulse output step of outputting a pulse based on the
vertical synchronizing signal delayed in the count step.

28. The image display method of claim 26, wherein in the
modulation pulse generation step, when an output pulse is
changed with change of the motion amount for each of the
plurality of predetermined regions detected in the motion
detection step, the synchronizing phase of the output pulse
is sequentially shifted stepwise by outputting a modulation
pulse in a synchronizing phase somewhere between the
synchronizing phase of the first modulation pulse and the
synchronizing phase of the second modulation pulse.
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29. The image display method of claim 21, further com-
prising a pulse width determination step of determining the
pulse width of the modulation pulse based on the motion
amount detected in the motion detection step,

wherein in the modulation pulse generation step, the
modulation pulse having the pulse width determined in
the pulse width determination step is generated.

30. The image display method of claim 29, wherein the
pulse width determined in the pulse width determination
step becomes smaller as the motion amount detected in the
motion detection step is greater, and becomes greater as the
motion amount is smaller.

31. The image display method of claim 29, further com-
prising:

a gain determination step of determining the gain of the
video signal based on the motion amount detected in
the motion detection step; and
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a gain control step of controlling the gain of the video
signal according to the gain determined in the gain
determination step.

32. The image display method of claim 31, wherein the
gain determined in the gain determination step becomes
greater as the pulse width determined in the pulse width
determination step is smaller, and becomes smaller as the
pulse width is greater.

33. The image display method of claim 21, wherein in the
motion detection step, the motion amount is detected based
on a data difference between two continuous frames.

34. The image display method of claim 21, wherein the
light source is a fluorescent lamp.

35. The image display method of claim 21, wherein the
passive light modulation device is a liquid crystal display.

36. The image display method of claim 21, wherein the
passive light modulation device is a digital micromirror
device (DMD) display.

* * * #® *®
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