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(54) DISPLAY APPARATUS AND METHOD

(57)  The presentinvention relates to a display appa-
ratus and method for presenting a moving image of less
degradation to an observer who is a person viewing a
displayed moving image, on the basis of human visual
characteristics without unnecessarily increasing the
frame rate. A control signal generation section 125 and
data line driving circuits 133-1 to 133-4 control display

so as to display a moving image made of 105 or more
frames/seconan LCD 131. The LCD 131 displays a mov-
ing image made of 105 or more frames/sec on the basis
of the control of the control signal generation section 125
and the data line driving circuits 133-1 to 133-4. In the
LCD 131, the display of each pixel on the screen is main-
tained during each frame period. The present invention
can be applied to image display systems.
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Description
[Technical Field]

[0001] The present invention relates to a display ap-
paratus and method, and more particularly to a display
apparatus and method suitable for display of moving im-
ages.

[Background Art]

[0002] There is a demand for improving the quality of
displayed images, as by improving signal processing
techniques and driving techniques for image display de-
vices.

[0003] In general, the image quality of an image can
be improved by increasing the resolution of the image
and smoothing the texture thereof. The amount of infor-
mation of an image is expressed in the unit of pixels in-
dicative of dots (dots) which constitute the image. The
number of pixels of an image is expressed by the number
of horizontal and vertical dots of the image, such as 800
X 600 or 1024 X 768. More specifically, the greater the
number of pixels (dots), the more smooth the texture of
the image and the more the amount of information con-
stituting the image.

[0004] Todisplay animage with high resolution, there
is a technique (refer to Patent Document 1, for example)
which makes it possible to display an image with twice
as high resolution in a multi mode compared to a system
using only one display, by using, for example, two dis-
plays 1 and 2 so as to cause the display 1 to display an
image in a normal single mode and so as to cause the
respective displays 1 and 2 to display the left and right
halves of the image in the multi mode.

[0005] [Patent Document 1] Japanese Patent Applica-
tion Publication No. Hei-10-124024

[0006] If animage is displayed with increased resolu-
tion, the amount of information constituting the image
increases, so that the amount of data to be transferred
to the display 1 or 2 increases and the data transfer rate
needs to be increased. For this reason, this system is
constructed to perform transfer of image data without in-
creasing the data transfer rate, by reducing the amount
of data for each dot of the displays 1 and 2 and performing
conversion of the reduced data through signal process-
ing.

[0007] Inaddition, the image quality of a moving image
in particular can be improved by increasing a frame rate
which is the number of times per second of updating of
a screen.

[0008] For example, when a moving image is to be
projected and displayed on a screen by using a projector,
the projector displays a frame image line by line by per-
forming horizontal scan on a line by line basis, and after
having scanned all lines of one frame of image, starts
scanning image data of the succeeding frame, thereby
displaying the moving image.
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[Disclosure of the Invention]
[Problems that the Invention is to Solve]

[0009] As mentioned above, the image quality of a
moving image in particular can be improved by increasing
the frame rate. However, in order to perform display
processing according to high frame rates, it is necessary
to increase the processing speed of a driving circuit for
driving a display device, and furthermore, it is necessary
to increase the reaction speed of a light-amount modu-
lation element which determines the intensity of an im-
age. This method is technically difficult, and results in an
increase in cost.

[0010] Although itis known that the image quality of a
moving image can be improved by increasing the frame
rate, it is impossible to actually examine the relationship
between the frame rate and the image quality of the mov-
ing image at increased frame rates. Accordingly, it has
not yet been clear whether it is possible to improve the
image quality of a moving image to an unlimited extent
by increasing the frame rate to an unlimited extent.
[0011] As a matter of course, it has been impossible
to quantitatively understand the relationship between the
frame rate and the moving image atincreased frame rate.
[0012] For this reason, the present inventor noticed
the frame rate of the next generation digital cinema for-
mat, and examined its necessary limitations in terms of
visual characteristics.

[0013] It has heretofore been considered that the
speed of a pursuit eye movement which is called smooth
pursuit coincides with the moving speed of a visual target.
Westheimer has stated that the eyes move at the same
speed as the speed of a visual target which is not higher
than 30 deg/sec (Westheimer, G., A. M. A. Arch. Ophthal.
52, pp. 932-941, 1954).

[0014] However, later researches have demonstrated
that the speeds of pursuit eye movements are in almost
all cases smaller than the speeds of visual targets. Meyer,
et al. have stated that the pursuit speed of the eyes is
approximately 0.87 with respect to the speed of a visual
target. (Meyer, C. H. et al., Vision Res. Vol. 25, No. 4,
pp. 561-563, 1985).

[0015] Although Meyer has reported that a maximum
pursuit speed limit of 100 deg/sec was obtained, Meyer
has stated that such a pursuit speed was a result obtained
from skilled test subjects and general test subjects were
unable to perform such tracking. The condition of this
experiment is a visual distance of 80 cm which greatly
differs from the visual environments of movie theaters.
The visual target is a light spot which moves by a galva-
nometer, and Meyer does notdiscuss the spatial frequen-
cy of the visual target.

[0016] In Japan, there is a report example of NHK
which discusses frame rates (Yasushi Tadokoro, et al.,
NHK Technical Report, September (1968), pp. 422-426,
1968), but the condition of the report is a 14-inch monitor
with a maximum luminance of 30 fl (102.78 cd/m?) at a
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visual distance of 7H (H: screen height) and still does not
allow for cinematic conditions. In addition, the report con-
cludes that a field frequency of 60 Hz or higher is unnec-
essary for the reason why large motion does not appear
in general contents. The conditions of Miyahara’s exper-
iment on dynamic visual acuity with respect to vibrating
visual targets are a 14-inch monitor, a visual distance of
4H and a maximum luminance of 400 cd/m2. Experi-
ments concerning visual characteristics have been main-
ly conducted under visual environment conditions such
as comparatively short distances and high luminances.
[0017] Therefore, the present inventor has conducted
experimental examinations on the dynamic spatial fre-
quency characteristics of the eyes in the visual environ-
ments of movie theaters, i.e., a maximum luminance of
40 cd/m2 and a visual distance of 5 to 15 m. Research
on moving image quality depending on such dynamic
spatial frequency characteristics is important because
such research leads to a great consideration of conven-
tional formats for frame rates.

[0018] In the process of this research, the present in-
ventor has actually examined the relationship between
frame rates and moving image quality in higher frame
rates and demonstrated human visual characteristics.
[0019] The present invention has been made in view
of the above-mentioned situations, and intends to make
it possible to present a moving image of less degradation
to an observer who is a person viewing a displayed mov-
ing image, on the basis of human visual characteristics
without unnecessarily increasing the frame rate.

[Means for Solving the Problems]

[0020] Afirstdisplay apparatus ofthe presentinvention
is characterized by including display control means for
controlling display to cause display means to display a
moving image made of not less than 105 frames/sec, and
the display means for displaying the moving image made
of not less than 105 frames/sec on the basis of control
of the display control means, in which a display of each
pixel on a screen is maintained during each frame period.
[0021] The display control means controls display to
causethe display meansto display amoving image made
of not less than 230 frames/sec, and the display means
is capable of displaying the moving image made of not
less than 230 frames/sec on the basis of control of the
display control means.

[0022] The display control means controls display to
causethe display meansto display amoving image made
of not larger than 480 frames/sec, and the display means
is capable of displaying the moving image made of not
larger than 480 frames/sec on the basis of control of the
display control means.

[0023] The display control means controls display to
causethe display meansto display amoving image made
of 120 frames/sec, and the display means is capable of
displaying the moving image made of 120 frames/sec on
the basis of control of the display control means.
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[0024] The display control means controls display to
causethe display meansto display amoving image made
of 240 frames/sec, and the display means is capable of
displaying the moving image made of 240 frames/sec on
the basis of control of the display control means.
[0025] The display control means controls display to
cause the display meansto display a moving image made
of 250 frames/sec, and the display means is capable of
displaying the moving image made of 250 frames/sec on
the basis of control of the display control means.

[0026] The display control means controls display to
causethe display meansto display amoving image made
of 360 frames/sec, and the display means is capable of
displaying the moving image made of 360 frames/sec on
the basis of control of the display control means.

[0027] A first display method of the present invention
is a display method for a display apparatus equipped with
display meansinwhich adisplay of each pixel on ascreen
is maintained during each frame period, and is charac-
terized by including a display control step of controlling
display to cause the display means to display a moving
image made of not less than 105 frames/sec.

[0028] Inthe display control step, display is controlled
to cause the display means to display a moving image
made of not less than 230 frames/sec.

[0029] In the display control step, display is controlled
to cause the display means to display a moving image
made of not larger than 480 frames/sec.

[0030] Inthe display control step, display is controlled
to cause the display means to display a moving image
made of 120 frames/sec.

[0031] Inthe display control step, display is controlled
to cause the display means to display a moving image
made of 240 frames/sec.

[0032] Inthe display control step, display is controlled
to cause the display means to display a moving image
made of 250 frames/sec.

[0033] Inthe display control step, display is controlled
to cause the display means to display a moving image
made of 360 frames/sec.

[0034] A second display apparatus of the present in-
vention is characterized by including display control
means for controlling display to cause display means to
display a moving image made of not less than 105
frames/sec, and the display means for displaying the
moving image made of not less than 105 frames/sec on
the basis of control of the display control means, the dis-
play means being matrix-driven.

[0035] The display control means controls display to
cause the display meansto display amoving image made
of not less than 230 frames/sec, and the display means
is capable of displaying the moving image made of not
less than 230 frames/sec on the basis of control of the
display control means.

[0036] The display control means controls display to
cause the display meansto display amoving image made
of not larger than 480 frames/sec, and the display means
is capable of displaying the moving image made of not
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larger than 480 frames/sec on the basis of control of the
display control means.

[0037] The display control means controls display to
causethe display meansto display amoving image made
of 120 frames/sec, and the display means is capable of
displaying the moving image made of 120 frames/sec on
the basis of control of the display control means.

[0038] The display control means controls display to
causethe display meansto display amoving image made
of 240 frames/sec, and the display means is capable of
displaying the moving image made of 240 frames/sec on
the basis of control of the display control means.

[0039] The display control means controls display to
causethe display meansto display amoving image made
of 250 frames/sec, and the display means is capable of
displaying the moving image made of 250 frames/sec on
the basis of control of the display control means.

[0040] The display control means controls display to
causethe display meansto display amoving image made
of 360 frames/sec, and the display means is capable of
displaying the moving image made of 360 frames/sec on
the basis of control of the display control means.

[0041] A second display method of the present inven-
tion is a display method for a display apparatus equipped
with matrix-driven display means, and is characterized
by including a display control step of controlling display
to cause the display means to display a moving image
made of not less than 105 frames/sec.

[0042] Inthe display control step, display is controlled
to cause the display means to display a moving image
made of not less than 230 frames/sec.

[0043] Inthe display control step, display is controlled
to cause the display means to display a moving image
made of not larger than 480 frames/sec.

[0044] Inthe display control step, display is controlled
to cause the display means to display a moving image
made of 120 frames/sec.

[0045] In the display control step, display is controlled
to cause the display means to display a moving image
made of 240 frames/sec.

[0046] In the display control step, display is controlled
to cause the display means to display a moving image
made of 250 frames/sec.

[0047] Inthe display control step, display is controlled
to cause the display means to display a moving image
made of 360 frames/sec.

[0048] Inthefirstdisplay apparatus and the first display
method according to the presentinvention, display is con-
trolled to cause the display means in which the display
of each pixel on the screen is maintained during each
frame period to display a moving image made of not less
than 105 frames/sec.

[0049] Inthe seconddisplay apparatus and the second
display method according to the present invention, dis-
play is controlled to cause the matrix-driven display
means to display a moving image made of not less than
105 frames/sec.
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[Advantage of the Invention]

[0050] As mentioned above, according to the present
invention, it is possible to present a moving image of less
degradation to an observer who is a person viewing a
displayed moving image, on the basis of human visual
characteristics without unnecessarily increasing the
frame rate.

[Brief Description of the Drawings]
[0051]

[Fig. 1] A block diagram for explaining a first con-
struction example of an image display system to
which the present invention is applied.

[Fig. 2] Adiagram for explaining the timing of an input
video signal and output video signals.

[Fig. 3] A view for explaining a construction example
of the image display device shown in Fig. 1.

[Fig. 4] A diagram for explaining the rate of updating
of an edge section of a moving image displayed on
the image display device shown in Fig. 3.

[Fig. 5] A flowchart for explaining a display control
process 1 to be executed by the image display sys-
tem shown in Fig. 1.

[Fig. 6] A block diagram for explaining a second con-
struction example of the image display system to
which the present invention is applied.

[Fig. 7] A flowchart for explaining a display control
process 2 to be executed by the image display sys-
tem shown in Fig. 6.

[Fig. 8] Adiagram for explaining the timing of an input
video signal and output video signals.

[Fig. 9] A view showing an example of an actual
scene in which a moving object and a stationary ob-
ject exist together.

[Fig. 10] A view for explaining a fixation condition.
[Fig. 11] A view for explaining a tracking condition.
[Fig. 12] A view for explaining recognition by an ob-
server during tracking and fixation.

[Fig. 13] A view for explaining recognition by the ob-
server under image capture conditions, under dis-
play condition and under observation conditions.
[Fig. 14] A view for explaining strobe artifacts.

[Fig. 15] A view for explaining recognition by the ob-
server at a high frame rate under image capture con-
ditions, under display condition and under observa-
tion conditions.

[Fig. 16] A view for explaining the result of evaluation
of moving image quality in terms of jerkiness.

[Fig. 17] A view for explaining the result of evaluation
of moving image quality in terms of motion blur.
[Fig. 18] Aview for explaining a construction example
of projectors and a screen, where n is a number ex-
cept 2.

[Fig. 19] A view for explaining the timing of an input
video signal and output video signals, where m =
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240 and n = 4.

[Fig. 20] A view for explaining the timing of an input
video signal and output video signals, where m =
250 and n = 5.

[Fig. 21] A view for explaining the construction of an
image display system 101 using an LCD.

[Description of Reference Numerals]

[0052] 1...image display system, 11...image signal
conversion device, 12...image display device, 21..A/D
conversion section, 22...synchronizing signal detection
section, 23...frame memory, 24...controller, 25...D/A con-
version section, 27...display control section, 41...scan
control section, 43...display section, 71...image display
system, 81...image signal conversion section, 91...data
separation section, 92...data holding section, 94...con-
troller, 93...frame memory, 101...image display system,
111...signal processing section, 112...clock/sampling
pulse generation section, 113...image display device,
121...Y/C  separation/chroma  decoding section,
122...A/D conversion section, 124...synchronizing signal
detection section, 125...control signal generation sec-
tion, 131...LCD, 133-1to 133-4...data line driving circuits,
134...gate line driving section, 141...liquid crystal cell,
142... TFT, 143...capacitor.

[Best Mode for Carrying Out the Invention]

[0053] Embodiments of the present invention will be
described below with reference to the accompanying
drawings.

[0054] Fig. 1is a block diagram showing the construc-
tion of an image display system 1 to which the present
invention is applied. The image display system 1includes
an image signal conversion device 11 and an image dis-
play device 12. The image display system 1 is construct-
ed to be supplied with an analog image signal corre-
sponding to a moving image, process the image signal
in the image signal conversion device 11, and supply the
processed image signal to the image display device 12
so that the moving image is displayed.

[0055] The analog image signal supplied to the image
signal conversion device 11 is supplied to an A/D con-
version section 21 and a synchronizing signal detection
section 22.

[0056] The A/D conversion section 21 converts the an-
alog image signal having a frame rate m into a digital
image signal, and supplies the digital image signal to a
frame memory 23. The synchronizing signal detection
section 22 detects the frame rate and the dot clock of the
image signal from the image signal, and generates a ver-
tical synchronizing signal and a dot clock signal and sup-
plies the vertical synchronizing signal and the dot clock
signal to a controller 24. The dot clock is the reciprocal
of the time required to display one dot on a display.
[0057] The controller 24 is supplied with the vertical
synchronizing signal and the dot clock signal from the
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synchronizing signal detection section 22, and controls
outputting of a video signal from the frame memory 23
and supplies information associated with the outputting
of the video signal from the frame memory 23 to a display
control section 27. The frame memory 23 outputs the
supplied digital image signal to a D/A converter section
25-1 or a D/A conversion section 25-2 on the basis of the
control of the controller 24.

[0058] The inputting and outputting of video signals to
and from the frame memory 23 under the control of the
controller 24 will be described below with reference to
Fig. 2.

[0059] Itis assumed that m denotes the frame rate of
an input video signal S1 inputted to the frame memory
23. It is also assumed that frames sequentially inputted
to the frame memory 23 are an a frame, an a+1 frame,
an a+2 frame, .... When the a frame and the a+1 frame
are sequentially inputted to the frame memory 23, the
controller 24 controls the frame memory 23 so that the
o frame is outputted as an output video signal S2 to the
D/A converter section 25 at a frame rate equal to 1/2 of
the frame rate of the input video signal S1 and so that
the a+1 frame is outputted as an output video signal S3
to the D/A conversion section 25-2 at a supply start time
b which is delayed by 1/m from a supply start time a of
the a frame.

[0060] The period of time taken to supply the a frame
to the D/A converter section 25-1 is 2/m, and a supply
end time c is 1/m behind the supply start time b of the
o+1 frame to the D/A conversion section 25-2. Subse-
quently to the a+1 frame, the a+2 frame and the a+3
frame are sequentially inputted to the frame memory 23,
and the controller 24 controls the frame memory 23 so
that the a+2 frame is supplied as the output video signal
S2 to the D/A converter section 25 at a frame rate equal
to 1/2 of the frame rate of the input video signal S1 con-
tinuously with the supply of the a frame (i.e., at a supply
time c). Similarly, the controller 24 supplies the a+3 frame
as the output video signal S3 to the D/A conversion sec-
tion 25-2 at a supply start time d which is delayed by 1/m
from the supply start time c of the a+2 frame and is equal
to a supply end time of the a+1 frame.

[0061] The deviation in supply timing between the out-
put video signal S2 and the output video signal S3 is
determined by a vertical synchronizing signal of the input
video signal S1. More specifically, as shown in Fig. 2,
the period between the supply start time a of the output
video signal S2 and a supply start time f of an output
video signal S3 is equal to one frame period of the input
video signal S1. Onthe basis of the vertical synchronizing
signal supplied from the synchronizing signal detection
section 22, the controller 24 controls the supply timing of
the output video signal S2 to the D/A converter section
25 and the supply timing of the output video signal S3 to
the D/A conversion section 25-2.

[0062] Accordingly, the controller 24 controls the frame
memory 23 so that the output video signal S2 and the
output video signal S3 are respectively supplied to the
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D/A converter section 25 and the D/A conversion section
25-2 alternately on a frame by frame basis at a frame
rate m/2 equal to 1/2 of the frame rate m of the input
video signal S1 in such a manner that the supply start
time of each frame of one of the output video signals S2
and S3is shifted from the supply start time of each frame
of the other by half (1/m) of a one-frame supply time (2/m)
which is outputted.

[0063] Returning to the explanation of the image dis-
play system 1 shown in Fig. 1.

[0064] The D/A converter section 25-1 converts the
supplied digital image signal into an analog image signal
and supplies the analog image signal to a scan control
section 41-1 of the image display device 12. The D/A
conversion section 25-2 converts the supplied digital im-
age signal into an analog image signal and supplies the
analog image signal to a scan control section 41-2 of the
image display device 12.

[0065] On the basis of information supplied from the
controller 24, the display control section 27 controls the
displaying of a moving image by the image display device
12 so that frame images corresponding to the output vid-
eo signals S2 and S3 are displayed at a timing similar to
that mentioned above with reference to Fig. 2.

[0066] As mentioned above with reference to Fig. 2,
the frame rate of each of the output video signal S2 and
the output video signal S3 is equal to 1/2 of the frame
rate of the input video signal S1. More specifically, the
dot clock of each of the output video signal S2 and the
output video signal S3 is equal to 1/2 of the dot clock of
the input video signal S1. On the basis of information
associated with the output of the video signals from the
frame memory 23 and supplied from the controller 24,
the display control section 27 performs control so that
the dot clock of each of the output video signal S2 and
the output video signal S3 displayed on the image display
device 12 becomes equal to 1/2 of the dot clock of the
input video signal S1.

[0067] A drive 28 may be connected to the controller
24 if needed. A magnetic disk 31, an optical disk 32, a
magneto-optical disk 33, or a semiconductor memory 34
is mounted in the drive 28 for transmission and reception
of information.

[0068] The image display device 12 is supplied with
two lines of analog video signals converted by the image
signal conversion device 11, and displays on the basis
of the control of the display control section 27 a moving
image on a display section 43 by using the scan control
section 41-1 and the scan control section 41-2.

[0069] The scan control section 41-1 is supplied with
the analog video signal corresponding to the output video
sighal S2, which analog video signal is read from the
frame memory 23 at the timing mentioned above with
reference to Fig. 2 and is converted into the analog signal
by the D/A converter section 25-1. Similarly, the scan
control section 41-2 is supplied with the analog video
signal corresponding to the output video signal S3, which
analog video signal is read from the frame memory 23
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at the timing mentioned above with reference to Fig. 2
and is converted into the analog signal by the D/A con-
version section 25-2.

[0070] The scan control section 41-1 and the scan con-
trol section 41-2 display the respective supplied analog
video signals on the display section 43 by a dot-sequen-
tial or line-sequential scan method. At this time, the scan
control section 41-1 and the scan control section 41-2
can perform image display on the display section 43 at
a frame rate twice as high as the frame rate at which the
scan control section 41-1 or the scan control section 41-2
individually performs image drawing, by alternately scan-
ning successive frames while shifting the scan start tim-
ing of each of the successive frames from that of the
succeeding one by a 1/2 frame.

[0071] Theimage display device 12 may be construct-
ed notonly asasingle device but also as animage display
system made of a plurality of devices. If the image display
device 12 is constructed as an image display system, the
image display system may be made of a projector 51-1,
a projector 51-2 and a screen 52 as shown in Fig. 3 by
way of example.

[0072] A specific operation of the image display device
12 will be described below with reference to an example
which uses the projector 51-1, the projector 51-2 and the
screen 52 shown in Fig. 3. The projector 51-1 corre-
sponds to the scan control section 41-1 in Fig. 1, the
projector 51-2 corresponds to the scan control section
41-2in Fig. 1, and the screen 52 corresponds to the dis-
play section 43 in Fig. 1.

[0073] Forexample, the projector 51-1is supplied with
the analog video signal corresponding to the output video
signal S2, which is read from the frame memory 23 at
the timing mentioned above with reference to Fig. 2 and
is converted into the analog signal by the D/A converter
section 25-1. Similarly, the projector 51-2 is supplied with
the analog video signal corresponding to the output video
signal S3, which is read from the frame memory 23 at
the timing mentioned above with reference to Fig. 2 and
is converted into the analog signal by the D/A conversion
section 25-2.

[0074] Each of the projector 51-1 and the projector
51-2 displays a frame image corresponding to the sup-
plied video signal by scanning the screen 52 in the hor-
izontal direction from a pixel (X, Y) = (0, 0) to a pixel (X,
Y)=(p, q) which forms an image to be displayed, at the
timing based on the control of the display control section
27. The frame rate of the frame image displayed by each
of the projector 51-1 and the projector 51-2 is m/2. The
scan start timing of each frame displayed by one of the
projectors 51-1 and 51-2 is shifted by 1/2 from one frame
of display provided by the other, as in the case of the
output video signal SS and the output video signal S3
mentioned above with reference to Fig. 2, and the phase
difference between their scans is 1/m.

[0075] For example, while the projector 51-2 is scan-
ning a line corresponding to the a+1 frame on a line de-
noted by SCAN B on the screen 52, the projector 51-1
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is scanning a line corresponding to the a+2 frame on a
line denoted by SCAN A on the screen 52. The line de-
noted by SCAN B is a line shifted from the line denoted
by SCAN A by 1/2 of the number of lines of one frame.
More specifically, a moving image displayed on the
screen 52 is alternately rewritten by the scan A and the
scan B at a time interval of 1/m.

[0076] Forexample,ifthe frame rate of a display image
outputted from each of the projector 51-1 and the projec-
tor 51-2 is 150 Hz, the frame rate of a moving image
displayed on the screen becomes substantially 300 Hz.
[0077] In addition, in order to prevent a deviation from
occurring between scan lines each of which is to be
formed at the same position by a respective one of the
scan A and the scan B, it is possible to correct scan po-
sitions of pixels by using a technique similar to optical
position correction of images which is used in a conven-
tional so-called twin stack technique. The twin stack tech-
nigue is a technigue capable of displaying a bright image
by using two projectors to display the same image at the
same position at the same time. When an image is dis-
played by using the twin stack technique, the luminance
of the image displayed becomes twice as high, so that
clear projection can be achieved evenin the case of bright
environments or long projection distances.

[0078] The use of the twin stack technique entails the
problem that an image blur occurs due to a deviation
between the pixel positions of two projected images, but
a so-called picture shift function to enable fine adjustment
of the pixel positions of optically projected imagesis wide-
ly used to solve such problem. According to the picture
shift function, the positions of images projected from two
projectors can be made precisely coincident with each
other.

[0079] A technigue of correcting a deviation between
the pixel positions of two projected images is disclosed
in Japanese Patent Application No. HEI 10-058291, for
example.

[0080] The image display device 12 becomes able to
display a moving image without causing an image blur
due to an overlap of images shifting from each other by
one frame, by being adjusted so that the deviation be-
tween scan lines formed by the scan A and the scan B
becomes not greater than one pixel (one dot or one pixel).
[0081] As mentioned above, in the case where the
projector 51-1 and the projector 51-2 alternately draw
frame images on a frame by frame basis while shifting
each of the frame images from the succeeding one by a
1/2 frame, scanning for drawing an image of one frame
is started by one of the projectors earlier than the previous
one frame is completely scanned and drawn by the other.
At this time, when an object C displayed on the screen
52 in Fig. 3 is displayed to move, for example, from left
to right on the display screen, the smoothness of move-
ment of an edge section Bis perceived as the smoothness
of a displayed image by a user who observes the moving
image.

[0082] The displaying of the edge section 3 of the ob-
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ject C on the screen 52 will be described below with ref-
erence to Fig. 4.

[0083] The object C of the a frame is displayed by the
projector 51-1, and after a period of 1/m sec, the object
C of the a+1 frame is displayed by the projector 51-2.
The position of the edge section {3 of the object C at this
time is rewritten after a period of 1/m from the display of
the a frame. Then, after a period of 1/m, the object C of
the a+2 frame is displayed by the projector 51-1. The
edge section B of the object C is rewritten after a period
of 1/m from the display of the a+1 frame.

[0084] For example, when the frame rate of a display
image outputted from each of the projector 51-1 and the
projector 51-2 is 150 Hz, the frame of a moving image
displayed by each individual one of the projector 51-1
and the projector 51-2 is rewritten at an interval of 1/150
(sec). However, the edge section 3 of the object C which
is displayed on the screen 52 by displaying frame images
alternately on a frame by frame basis by means of the
projector 51-1 and the projector 51-2 is refreshed at an
interval of 1/300 (sec). Accordingly, the movement of the
edge section [ of the object C which is observed by the
user becomes extremely smooth.

[0085] The image display device 12 has been de-
scribed as being constructed to controlling display of im-
ages under the control of the display control device 27.
However, the image display device 12 may internally
have the display control section 27 so as to be supplied
with control signals necessary for image display from the
controller 24, or may internally have a control section
different from the display control section 27 so as to be
supplied with vertical synchronizing signals and dot clock
signals from the display control section 27 in order to
control the operations of the projector 51-1 and the pro-
jector 51-2 mentioned above with reference to Fig. 3 by
way of example.

[0086] The operation of the image display device 12
has been mentioned above with illustrative reference to
a projection display system made of the projector 51-1,
the projector 51-2 and the screen 52. However, the image
display device 12 may use any other display system ca-
pable of drawing an image by a dot-sequential or line-
sequential method, as long as the display system can
cause two display devices to alternately scan successive
frames with a shift of a 1/2 frame and perform display of
moving images at a frame rate twice as high as the frame
rate of each individual one of the two display devices.
[0087] The image display device 12 may use a device
which performs drawing of images by a dot-sequential
or line-sequential method, for example, a direct-view-
type display or a projector using a CRT (Cathode Ray
Tube), an LCD (Liquid Crystal Display), a GLV (Grating
Light Valve), an LED (Light Emitting Diode) or an FED
(Field Emission Display).

[0088] Forexample,the GLV is animage display tech-
nigue using a micro ribbon array which is a projection
device for controlling the direction, the color and the like
of light by using a light diffraction effect. The micro ribbon
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array includes miniature light diffraction devices ar-
ranged in a line, and the GLV performs projection of im-
ages by irradiating laser light onto the micro ribbon array.
The ribbons can be independently driven by electrical
signals, and the amount of driving of each of the ribbons
can be adjusted to vary the amount of light diffraction and
produce light and shade in an image by means of the
difference between each of the ribbons. Accordingly, the
GLV can realize smooth gradational representation and
high contrast.

[0089] The LED is a device formed by a junction of two
kinds of semiconductors and capable of emitting light
when current is applied.

[0090] The FED is a device capable of obtaining an
image by an emission principle similar to a CRT which
emits light by taking electrons out of the cathode and
colliding the electrons against a fluorescent material
coated on the anode. However, the cathode of the CRT
has a structure using a point electron source, whereas
the cathode of the FED has a structure using a surface
electron source.

[0091] A display control process 1 to be executed by
the image display system 1 shown in Fig. 1 will be de-
scribed below with reference to the flowchart shown in
Fig. 5.

[0092] In step S1, the synchronizing signal detection
section 22 detects a synchronizing signal and a dot clock
from a supplied analog video signal, and supplies the
vertical synchronizing signal and the dot clock signal to
the controller 24.

[0093] In step S2, the A/D conversion section 21 per-
forms A/D conversion of the supplied analog video signal,
and supplies a digital video signal to the frame memory
23.

[0094] In step S3, the frame memory 23 sequentially
stores the supplied digital video signal.

[0095] In step S4, as mentioned above with reference
to Fig. 2, in accordance with the control of the controller
24, the frame memory 23 alternately outputs the video
signal on a frame by frame basis to the two D/A converter
sections 25-1 and 25-2 at a frame rate corresponding to
an output dot clock whose rate is half the rate of the input
video signal S1, while shifting each frame from the suc-
ceeding one by half the period of scan required for display
of one frame. The video signal outputted to the D/A con-
verter section 25-1 is the output video signal S2, while
the video signal outputted to the D/A conversion section
25-2 is the output video signal S3.

[0096] In other words, the controller 24 controls the
frame memory 23 to separate the frames stored in the
frame memory 23 into odd frames and even frames and
shift each of the odd and even frames from the succeed-
ing one by a period which is half the period of scan re-
quired for display of one frame, so as to alternately output
the frames to the D/A conversion section 25-1 and the
D/A conversion section 25-2.

[0097] Instep S5, the D/A conversion section 25-1 and
the D/A conversion section 25-2 perform D/A conversion
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of the supplied video signals, and supply analog video
signals to the image display device 12.

[0098] In step S6, the display control section 27 con-
trols the scan control section 41-1 and the scan control
section41-2 (inFig. 3, the projector 51-1 and the projector
51-2) of the image display device 12 at a timing similar
to that used in the case of the output video signal S2 and
the output video signal S3 mentioned above with refer-
ence to Fig. 2, and shifts the scan start time of each of
the frames from that of the succeeding one by a period
which is half the period of scan required for display of
one frame, thereby alternately scanning individual
frames of video signals on a frame by frame basis so as
to display a video image on the display section 43 (in Fig.
3, the screen 52) at a display frame rate which is sub-
stantially twice as high as the frame rate of each of the
scan control section 41-1 and the scan control section
41-2. The display control section 27 controls the image
display device 12 inthis manner, and completes the proc-
ess.

[0099] Through the above-mentioned process, the
moving image to be displayed is separated into odd and
even frames, and the odd and even frames are respec-
tively supplied to the two display devices. Then, the re-
spective display devices scan the odd and even frames
with a shift of a 1/2 frame at a frame rate which is half
the frame rate of the moving image to be displayed, so
that the moving image can be displayed at a frame rate
twice as high as the capability of the display devices.
[0100] In addition, by adjusting the scan position ac-
curacy of two scan lines to a position deviation of not
greater than one dot (one pixel), it is possible to clearly
display a moving image without an image blur due to an
overlap of images which shift from each other by one
frame.

[0101] Inaddition, if each of the projector 51-1 and the
projector 51-2 is a so-called liquid crystal projector, a
shutter may be provided in front of the projection lens of
the projector 51-1, which shutter passes light for display-
ing animage projected by the projector 51-1, forexample,
between the supply start time a and the supply start time
b, between the supply start time ¢ and the supply start
time d, and between the supply starttime e and the supply
start time f in Fig. 2, and blocks light for displaying an
image projected by the projector 51-1, between the sup-
ply start time b and the supply start time ¢ and between
the supply start time d and the supply start time e in Fig.
2. In addition, a shutter may be provided in front of the
projection lens of the projector 51-2, which shutter pass-
es light for displaying an image projected by the projector
51-2, for example, between the supply start time b and
the supply start time ¢ and between the supply start time
d and the supply start time e in Fig. 2, and blocks light
for displaying an image projected by the projector 51-2,
between the supply start time a and the supply start time
b, between the supply start time ¢ and the supply start
time d, and between the supply starttime e and the supply
start time f in Fig. 2.
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[0102] More specifically, the shutter provided in front
of the projection lens of the projector 51-1 transmits or
blocks light for displaying an image projected by the pro-
jector 51-1, so as to display the a frame, the a+2 frame,
the a+4 frame, ..., all of which are synchronized with the
input video signal S1 shown in Fig. 2, i.e., only (o + 2 X
n) frames (n is an integer) synchronized with the input
video signal S1. The shutter provided in front of the pro-
jection lens of the projector 51-2 transmits or blocks light
for displaying an image projected by the projector 51-2,
so as to display the a+1 frame, the a+3 frame, ..., all of
which are synchronized with the input video signal S1
shown in Fig. 2, i.e., only (a + 2 X n + 1) frames (n is an
integer) synchronized with the input video signal S1.
[0103] Inaddition, each of the shutters may be a liquid
crystal shutter or a mechanical shutter, and needs only
to be able to transmit or block light at an interval of a
predetermined period.

[0104] In addition, each of the shutters may be provid-
edinthe projector 51-1 or the projector 51-2, for example,
between a light source and a liquid crystal device, or be-
hind the liquid crystal device.

[0105] FIG. 6isablock diagram showing the construc-
tion of an image display system 71 to which the present
invention is applied and which has a construction differ-
ent from that of the image display system 1 shown in Fig.
1.

[0106] Identical reference numerals are used to de-
note sections corresponding to those shown in Fig. 1,
and the description of the same sections is omitted.
[0107] The image display system 71 shown in Fig. 6
causes the image display device 12 similar to that used
in the image display system 1 shown in FIG. 1 to display
moving images, but converts image signals by using an
image signal conversion device 81 different from the im-
age signal conversion device 11 shown in FIG. 1.
[0108] An analog image signal supplied to the image
signal conversion device 81 is supplied to the A/D con-
version section 21 and the synchronizing signal detection
section 22.

[0109] The A/D conversion section 21 converts the an-
alog image signal having a frame rate m into a digital
image signal, and supplies the digital image signal to a
data separation section 91. The synchronizing signal de-
tection section 22 detects the frame rate and the dot clock
of the image signal from the image signal and generates
a vertical synchronizing signal and a dot clock signal and
supplies the vertical synchronizing signal and the dot
clock signal to the data separation section 91, a data
holding section 92-1, a data holding section 92-2, and a
controller 94.

[0110] Onthe basis of the vertical synchronizing signal
supplied from the synchronizing signal detection section
22, the data separation section 91 separates the supplied
digital image signal into individual frames and alternately
supplies the frames to the data holding section 92-1 or
the data holding section 92-2 on a frame by frame basis.
The data separation section 91 supplies, for example,
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odd frames to the data holding section 92-1 and even
frames to the data holding section 92-2.

[0111] The data holding section 92-1 serves as an in-
terface between the data separation section 91 and a
frame memory 93-1, and the data holding section 92-2
serves as an interface between the data separation sec-
tion 91 and a frame memory 93-2. Each of the data hold-
ing sections 92-1 and 92-1 supplies the supplied image
signal to the frame memory 93-1 or the frame memory
93-2 on aframe by frame basis on the basis of the vertical
synchronizing signal supplied from the synchronizing sig-
nal detection section 22.

[0112] The controller 94 is supplied with the vertical
synchronizing signal and the dot clock signal from the
synchronizing signal detection section 22, and controls
the output timing of the video signal of the frame memory
93-1 and the frame memory 93-2.

[0113] The frame memory 93-1 supplies the video sig-
nal to the D/A conversion section 25-1 on the basis of
the control of the controller 94. The frame memory 93-2
supplies the video signal to the D/A conversion section
25-2 on the basis of the control of the controller 94.
[0114] Ifitis assumed here that the signal supplied to
the data separation section 91 is the input video signal
S1, that the signal outputted from the frame memory 93-1
is the output video signal S2, and that the signal outputted
from the frame memory 93-2 is the output video signal
S3, the input-output relationship between these signals
is similar to that mentioned above with reference to Fig. 2.
[0115] Fig. 2 does not give consideration to delay of
signals caused by a data separation process in the data
separation section 91 or the like, but the controller 94
may be adapted to adjust the delay of signals and a de-
viation in timing between the two lines of video signals
by means of, for example, the signal output timings of
the data holding section 92-1 and the data holding section
92-2.

[0116] The D/A conversion section 25-1 converts the
supplied digital image signal into an analog image signal
and supplies the analog image signal to the image display
device 12. The D/A conversion section 25-2 converts the
supplied digital image signal into an analog image signal
and supplies the analog image signal to the image display
device 12.

[0117] The display control section 27 controls display
of a moving image on the image display device 12 on the
basis of information supplied from the controller 94, and
displays frame images corresponding to the output video
sighal S2 and the output video sighal S3 at atiming similar
to that mentioned above with reference to Fig. 2.
[0118] The drive 28 may be connected to the controller
24 if needed. The magnetic disk 31, the optical disk 32,
the magneto-optical disk 33, or the semiconductor mem-
ory 34 is mounted in the drive 28 for transmission and
reception of information.

[0119] A display control process 1 to be executed by
the image display system 61 shown in Fig. 6 will be de-
scribed below with reference to the flowchart shown in
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Fig. 7.

[0120] Instep S21, the synchronizing signal detection
section 22 detects a synchronizing signal and a dot clock
from a supplied analog image signal and supplies a ver-
tical synchronizing signal and a dot clock signal to the
data separation section 91, the data holding section 92-1,
the data holding section 92-2, and the controller 94.
[0121] Instep S22, the A/D conversion section 21 per-
forms A/D conversion of the supplied analog video signal,
and supplies a digital video signal to the data separation
section 91.

[0122] Instep S23, on the basis of the vertical synchro-
nizing signal supplied from the synchronizing signal de-
tection section 22, the data separation section 91 sepa-
rates the supplied analog video signal into individual
frames and alternately supplies the frames to the data
holding section 92-1 or the data holding section 92-2 on
a frame by frame basis. The data separation section 91
supplies, for example, odd frames to the data holding
section 92-1 and even frames to the data holding section
92-2.

[0123] In step S24, each of the data holding section
92-1 and the data holding section 92-2 supplies the sup-
plied video signal to the frame memory 93-1 or the frame
memory 93-2 and causes the frame memory 93-1 or the
frame memory 93-2 to store the supplied video signal.
[0124] Instep S25, the controller 94 controls the frame
memory 93-1 and the frame memory 93-2 so that one
frame of video signal is alternately outputted on a frame
by frame basis from the frame memory 93-1 to the D/A
conversion section 25-1 and from the frame memory 93-2
to the D/A conversion section 25-2 at a frame rate cor-
responding to an output dot clock equal to half the dot
clock of the input video signal S1, while shifting each
frame from the succeeding frame by a period which is
half the period of scan required for display of one frame.
More specifically, if it is assumed here that the signal
supplied to the data separation section 91 is the input
video signal S1, that the signal outputted from the frame
memory 93-1 is the output video signal S2, and that the
signal outputted from the frame memory 93-2 is the out-
putvideo signal S3, the input-output relationship between
these signals is similar to that mentioned above with ref-
erence to Fig. 2.

[0125] Instep S26, each of the D/A conversion section
25-1 and the D/A conversion section 25-2 performs D/A
conversion of the supplied video signal, and supply an
analog video signal to the image display device 12.
[0126] Instep S27, the display control section 27 con-
trols the scan control section 41-1 and the scan control
section41-2 (inFig. 3, the projector 51-1 and the projector
51-2) of the image display device 12 at a timing similar
to that used in the case of the output video signal S2 and
the output video signal S3 mentioned above with refer-
ence to Fig. 2, and shifts the scan start time of each of
the frames from that of the succeeding one by a period
which is half the period of scan required for display of
one frame, thereby alternately scanning individual
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frames of video signals on a frame by frame basis so as
to display a video image on the display section 43 (in Fig.
3, the screen 52) at a display frame rate which is sub-
stantially twice as high as the frame rate of each of the
scan control section 41-1 and the scan control section
41-2. The display control section 27 controls the image
display device 12 in this manner, and completes the proc-
ess.

[0127] Even in the image display system 71 shown in
FIG. 6, as in the case of the image display system shown
inFig. 1, through the above-mentioned process, the mov-
ing image to be displayed is separated into odd and even
frames, and the odd and even frames are respectively
suppliedto two display devices, i.e., the scan control sec-
tion 41-1 and the scan control section 41-2. Then, the
respective display devices scan frame images with a shift
of a 1/2 frame at a frame rate which is half the frame rate
of the moving image to be displayed, so that the moving
image can be displayed at a frame rate substantially twice
as high as the capability of the display devices.

[0128] In the above description of the embodiment of
the presentinvention, reference has been made to a case
where a supplied image signal is separated into two lines
of image signals and an image is drawn by two scan
control sections, but the separation number of image sig-
nals may be any number not less than two.

[0129] If the separation number of image signals is,
for example, three, image signals outputted from the
frame memories are sequentially supplied to three D/A
conversion sections or frames separated into three by
the data separation section are sequentially supplied to
and stored in three frame memories, respectively. Thus,
as shownin FIG. 8, the input video signal S1is separated
into the three output video signals S2, S3, and S4, and
the three output video signals S2, S3, and S4 are respec-
tively supplied to three scan control sections.

[0130] The first scan control section controls the dis-
play of the a frame, the a+3 frame, the a+6 frame, ..., all
of which correspond to the output video signal S2. The
second scan control section controls the display of the
o+1 frame, the a+4 frame, the a+7 frame, ..., all of which
correspond to the output video signal S3. The third scan
control section controls the display of the a+2 frame, the
a+5 frame, the a+8 frame, ..., all of which correspond to
the output video signal S4. The frame rate of frames of
the output video signals respectively displayed by the
first scan control section, the second scan control section
and the third scan control section is 1/3 of the frame rate
of the input video signal, and the scan start times of
frames respectively scanned by the first scan control sec-
tion, the second scan control section and the third scan
control section are shifted from one another by 1/3 of the
period of scan required for display of one frame of each
of the output video signals S2 to S4.

[0131] If the input video signal S1 is, for example, 180
Hz, the input video signal S1 is separated into three out-
put video signals S2, S3, and S4, and the three output
video signals S2, S3, and S4 are respectively supplied
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to the three scan control sections and are scanned and
displayed as output video signals at a frame rate of 60
Hz by the respective scan control sections. If the frame
rate of the input video signal S1 is, for example, 150 Hz,
the input video signal S1 is separated into three output
video signals S2, S3, and S4, and the three output video
signals S2, S3, and S4 are respectively supplied to the
three scan control sections and are scanned and dis-
played as output video signals at a frame rate of 50 Hz
by the respective scan control sections. In this manner,
scan control sections of the presently most widely used
type capable of displaying images at 50 Hz (PAL: Phase
Alternating Line) or 60 Hz (NTSC: National Television
System Committee or HD (High Definition) video signals)
can be employed to display moving images at far higher
frame rates.

[0132] Althoughthe NTSC frame rate is more properly
59.94 frames/sec, the NTSC frame rate herein referred
to is defined as 60 frames/sec, according to conventions
of those skilled in the art. The multiples of 59.94 are sim-
ilarly referred to as those of 60. More specifically, 59.94,
119.88, 179.82, 239.76, 299.70, 359.64, 418.58 and
479.52 are herein referred to as 60, 120, 180, 240, 300,
360, 420 and 480, respectively.

[0133] Accordingly, if the separation number of the in-
put video signal is, for example, n, n nhumber of scan
control sections are provided, and the frame rate of
frames of output video signals respectively displayed by
the first to n-th scan control sections is 1/n of the frame
rate of the input video signal. The drawing start times of
frames respectively scanned by the first to n-th scan con-
trol sections are shifted from one another by 1/n of the
display period of one frame of the respective output video
signals, so that a moving image can be displayed at a
frame rate substantially n times as high, compared to the
case where each of the scan control sections individually
display a moving image.

[0134] Inaddition, the number of scan control sections
may be set to s and the separation number of a video
sighal may be set to n smaller than s so that a moving
image is displayed by using n nhumber of scan control
sections from among the s number of scan control sec-
tions.

[0135] In the above description made in connection
with Fig. 1 and Fig. 6, reference has been made to image
display systems, each made of an image signal conver-
sion device and an image display device, but, as a matter
of course, each of the constituent elements may be re-
alized as a single device.

[0136] The image signal conversion device 11 shown
in Fig. 1 has been described on the assumption that the
controller 24 controls the frame memory 23 and the dis-
play control section 27 controls the image display device
12, while the image signal conversion device 81 shown
in Fig. 6 has been described on the assumption that the
controller 94 controls the frame memory 93-1 and the
frame memory 93-2 and the display control section 27
controls the image display device 12. However, a frame

10

15

20

25

30

35

40

45

50

55

11

memory for storing a video signal and an image display
device for displaying an image may be controlled by the
same controller. The display control section 27 may be
provided not in the image signal conversion device 11 or
81 but in the image display device 12.

[0137] Moving images entail peculiar image quality
degradation which does not occur in still images. In the
presently most widely used types of displays of 50 Hz
(PAL) and 60 Hz (NTSC and HD video signals), repro-
duction in a temporal direction is imperfect, and under
particular conditions, this imperfectness in the temporal
direction is translated into the imperfectness in a spatial
direction. Accordingly, image quality degradation of mov-
ing images occurs due to, for example, shutter periods
used for acquisition of moving image data, emission pe-
riods of display devices during display of moving images,
and the line-of-sight conditions of individual persons.
[0138] Fig. 9 shows an example of an actual scene in
which a stationary object and a moving object exist to-
gether. This scene assumes that a car move toward the
right and a tree is fixed to the ground. Recognition by an
observer who is observing the scene shown in Fig. 9 is
shown in Figs. 10 and 11.

[0139] Fig. 10 is a view showing the recognition of a
video image by the observer who is gazing at the tree.
In this case, the car moving toward the right is indistinctly
visible from the observer. Fig. 11 is a view showing the
recoghnition of a video image by the observer who is gaz-
ing atthe car. Inthis case, the stationary tree is indistinctly
visible from the observer.

[0140] Inthe following description, the case where the
observer fixes his/her line of sight on a fixed object on
observation plane coordinates is referred to as the fixa-
tion condition, while the case which the observer causes
the line of sight to track a moving object on observation
plane coordinates is referred to as the tracking condition.
More specifically, the case mentioned in connection with
Fig. 10 corresponds to the fixation condition, and the case
mentioned in connection with Fig. 11 corresponds to the
tracking condition. Under both the fixation condition and
the tracking condition, an object which is gazed at by the
observer is clearly visible, while an object which varies
in relative position with respect to an object which is
gazed at is indistinctly visible.

[0141] The reason for this is that the visual character-
istics of a person have the function of integrating light
incident on the retina within a particular period. An object
moving on the retina coordinates of the eyes shows a
position change which is integrated in the temporal di-
rection, so that the moving object is perceived as a
blurred image. This blur increases in proportion to a mov-
ing speed on the retina coordinates. The moving speed
on the retina coordinates corresponds to not an actual
speed of the object but an angular speed (deg/sec) there-
of.

[0142] Asmentioned above, an object which is station-
ary on the retina coordinates is clearly visible, and an
object moving on the retina coordinates is indistinctly vis-
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ible. A video image which coincides with such actual rec-
ognition is important to reproduce in order to display a
moving image having reality, i.e., a moving image of high
quality which appears to be smoothly moving.

[0143] The difference between the recognition by the
observer which has been mentioned above with refer-
ence to Fig. 10 and the recognition by the observation
which has been mentioned above with reference to Fig.
11 will be described below with reference to Fig. 12. The
top section of Fig. 12 shows an actual movement in the
outside world. The vertical axis represents a time axis
and the horizontal axis represents a horizontal direction,
and the top section of Fig. 12 shows the positions of dots
at each time in a scene in which a fixed dot (correspond-
ing to the tree in Figs. 9 to 11 and denoted by x in Fig.
12) and a dot moving at a constant speed (corresponding
to the car in Figs. 9 to 11 and denoted by y in Fig. 12)
exist in the outside world. The bottom section of Fig. 12
shows the recognition of the movement in the outside
world by the observer during fixation and tracking. Arrows
shown by dashed lines indicate the motion of the visual
point of the observer, i.e., the direction of integration of
avideo image on the retina. Arrows extending in the ver-
tical direction indicate the direction of integration during
fixation, and arrows extending in the oblique direction
indicate the direction of integration during tracking. More
specifically, while the observer is tracking, the fixed dot
(tree) is indistinctly visible, but the moving dot (car) is
clearly visible. On the other hand, while the observer is
fixating, the fixed dot (tree) is clearly visible, but the mov-
ing dot (car) is indistinctly visible.

[0144] The recognition of the movement in the outside
world shown in Fig. 9 by the observer when the move-
ment captured by a fixed image capture method is repro-
duced as a moving image will be described below with
reference to Fig. 13 in terms of image capture conditions,
display conditions, and observation conditions. The top
section of Fig. 13 shows a temporal variation in the dis-
play of the moving image. The bottom section of Fig. 13
shows, as recognition by the observer, results obtained
by integrating light displayed as a moving image in the
directions of motions of the line of sight during fixation
and tracking, i.e., in the direction of the integration axis.
[0145] Fig. 13A shows recognition by the observer in
the case ofanimage which is captured by an open shutter
technique and displayed by a pulse-type display. Fig. 13B
shows recognition by the observerinthe case ofanimage
which is captured by an open shutter technique and dis-
played by a hold-type display. Fig. 13C shows recognition
by the observer in the case of an image which is captured
by a high-speed shutter technique and displayed by a
pulse-type display. Fig. 13D shows recognition by the
observer in the case of an image which is captured by a
high-speed shutter technique and displayed by a hold-
type display.

[0146] The holdtype used herein means a display type
which maintains the display of each pixel on the screen
during each frame period, and a display of the hold type
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is, for example, an LCD. Display devices using LEDs or
display devices using EL (electroluminescence) can be
operated as displays of the hold type.

[0147] The pulse-type display is, for example, a CRT
or an FED.

[0148] In addition, displays are classified into not only
the hold type (hold type) and the pulse type but also pixel-
type displays in which elements are respectively ar-
ranged in individual pixels (for example, displays using
LCDs or LEDs and displays using EL) and so-called ma-
trix-driven displays which are driven by voltages, currents
or the like being individually applied to vertical positions
which are arranged on the screen in units of a predeter-
mined length as well as to horizontal positions which are
arranged on the screen in units of a predetermined
length.

[0149] As can be seen from Figs. 13A to 13D, moving
image quality degradations differ under different condi-
tions. For example, the moving objects observed by
tracking in Figs. 13B and 13D are indistinctly visible com-
pared to the recognition of the moving objects observed
by tracking in Figs. 13A or 13C. This phenomenon is
called "motion blur" which s peculiar to displays operative
under hold-type emission conditions. The "motion blur"
is a blur occurring in an object which is being gazed at
by the observer, and is a degradation easily perceptible
to the observer.

[0150] In addition, there occur degradations such as
strobe artifacts (jerkiness) due to fixation in Fig. 3D and
strobe artifacts due to tracking in Figs. 13Aand 13C. The
strobe artifacts mean that moving image degradation
which causes an observer to see multiple copies of a
moving object (such as a car) at once or see the moving
object as if it were performing a nonsmooth discrete mo-
tion, as shown in Fig. 14, when the observer fixates on
a fixed object (for example, a tree) on the display. Ac-
cordingly, the strobe artifacts which occur in a moving
object which is being fixated and a fixed object which is
being tracked are in many cases degradations which oc-
cur in a section other than an object which is being gazed
at, and are not very noticeable compared to the "motion
blur". However, when the line of sight is not completely
tracking, the relationship between an object to be gazed
atandthe line of sight becomes the same as that between
a moving object during fixation and the line of sight or
that between a fixed object during tracking and the line
of sight. In this case, strobe artifacts occur in an object
which is being gazed at, so that a very noticeable deg-
radation occurs. This phenomenon is noticeable in video
sources which are moving so fast that the next motion is
not easily predictable, for example, sports relay broad-
casting and action movies. During the capture of a mov-
ing image for a movie or the like, various techniques are
employed to prevent such moving image quality degra-
dation: for example, a moving object is captured by a
camera while being tracked by the camera, and the cap-
tured moving object is displayed in the state of a fixed
object on a display screen, or a blur called motion blur is
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introduced to suppress strobe artifacts. However, restric-
tions imposed by these techniques result in limitations
on representation means. In addition, these means can-
not be used for sports or the like, because the motion of
an object of interest is unpredictable.

[0151] The above-mentioned moving image quality
degradation increases according to the angular velocity
of a moving object. Accordingly, if a moving image of the
same video scene is displayed on a display having a
larger viewing angle, the quality of the moving image de-
grades more remarkably. In addition, an attempt to in-
crease resolution hardly improves the moving image
quality degradation mentioned hereinabove. On the con-
trary, higher resolution results in a greater improvement
in still image quality, so that moving image quality deg-
radation becomes more noticeable. As displays of larger
screen size and higher resolution are developed, the
above-mentioned moving image quality is expected to
become a greater problem in the future.

[0152] The cause of the moving image quality degra-
dation is a lack of time reproducibility. Accordingly, a fun-
damental solution is to improve time reproducibility. More
specifically, an useful solution is to increase frame rates
for both image capture and display.

[0153] The relationship between the moving image
quality degradation and the type of display will be de-
scribed between in more detail.

[0154] Forexample, it can be seen from a comparison
between Figs. 13A and 13B that the length of the moving
object image visually recognized by tracking in Fig. 13B
is longer than the length of the moving object image vis-
ually recognized by tracking in Fig. 13A, so that a motion
blur perceived by the observer whois tracking the moving
object displayed on the hold type of display becomes
large compared to the case of the pulse type of display.
On the other hand, from the fact that the fixed object is
visually recognized as separate images by tracking in
Fig. 13A and the fixed object is visually recognized as
images continuing in the spatial direction, by tracking in
Fig. 13B, it can be seen that the fixed object displayed
onthe hold type of display is naturally visible during track-
ing compared to the case of the pulse type of display.
[0155] Similarly, it can be seen from a comparison be-
tween Figs. 13C and 13D that the length of the moving
object image visually recognized by tracking in Fig. 13D
is longer than the length of the moving object image vis-
ually recognized by tracking in Fig. 13C, so that a motion
blur perceived by the observer who is tracking the moving
object displayed on the hold type of display becomes
large compared to the case of the pulse type of display.
On the other hand, from the fact that the fixed object is
visually recognized as separate images by tracking in
Fig. 13C and the fixed object is visually recognized as
images continuing in the spatial direction, by tracking in
Fig. 13D, it can be seen that the fixed object displayed
onthe hold type of display is naturally visible during track-
ing compared to the case of the pulse type of display.
[0156] During tracking, the recognition of the moving
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object and the fixed object shown in Fig. 13A is the same
as the recognition of the moving object and the fixed ob-
ject shown in Fig. 13B, and the recognition of the moving
object and the fixed object shown in Fig. 13C is the same
as the recognition of the moving object and the fixed ob-
ject shown in Fig. 13D, but the recognition of the moving
object and the fixed object shown in Figs. 13A and 13B
differs from the recognition of the moving object and the
fixed object shown in Figs. 13C and 13D. It can be seen
from this fact that the recognition of the moving object
and the fixed object during fixation (the manner of occur-
rence of motion blur and strobe artifacts (jerkiness)) is
the same irrespective of whether the type of display is
the pulse type or the hold type. In addition, it can be seen
that even if a moving object whose image is captured by
an open shutter technique is observed by fixation, strobe
artifacts (jerkiness) are not perceived, but if a moving
object whose image is captured by a high-speed shutter
technique is observed by fixation, strobe artifacts (jerki-
ness) are perceived.

[0157]  Fig. 15 shows the degree of amelioration of
moving image degradation that is achieved when the
moving image data mentioned above with reference to
Fig. 13 is captured at a twice as high frame rate and is
displayed at a twice as high frame rate.

[0158] Fig. 15A shows the recognition of a moving im-
age by the observer, which is captured by an open shutter
technique and is displayed by a pulse-type display at a
frame twice as high as that in the case mentioned above
with reference to Fig. 13. Fig. 15B shows the recognition
of a moving image by the observer, which is captured by
an open shutter technique and is displayed by a hold-
type display at a frame twice as high as that in the case
mentioned above with reference to Fig. 13. Fig. 15C
shows the recognition of a moving image by the observer,
which is captured by a high-speed shutter technique and
is displayed by a pulse-type display at a frame twice as
high as that in the case mentioned above with reference
to Fig. 13. Fig. 15D shows the recognition of a moving
image by the observer, whichis captured by a high-speed
shutter technique and is displayed by a hold-type display
at a frame twice as high as that in the case mentioned
above with reference to Fig. 13.

[0159] As shown in each of Figs. 15A to 15D, the
amount of blur due to blur artifacts in the recognition of
the display image is reduced to half in each of the capture
and display methods. In addition, image degradation due
to strobe artifacts is ameliorated because a stroboscopic
discrete number becomes twice as large. More specifi-
cally, the blur artifacts and the strobe artifacts are linearly
improved with respect to an increase in the frame rate.
In addition, as the frame rate is increased, the difference
between the qualities of moving image quality degrada-
tion depending on shutter periods and emission periods
is decreased. More specifically, it can be said that in-
creased frame rates are very useful means for improving
moving image quality.

[0160] From a comparison of Figs. 13A and 15A and
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a comparison of Figs. 13B and 15B, it is clear that the
ratio of the length of the moving object visually perceived
by tracking in Fig. 15B to the length of the moving object
visually perceived by tracking in Fig. 13B is smaller than
the ratio of the length of the moving object visually per-
ceived by tracking in Fig. 15A to the length of the moving
object visually perceived by tracking in Fig. 13A. Similar-
ly, from a comparison of Figs. 13C and 15C and a com-
parison of Figs. 13D and 15D, it is clear that the ratio of
the length of the moving object visually perceived by
tracking in Fig. 15D to the length of the moving object
visually perceived by tracking in Fig. 13D is smaller than
the ratio of the length of the moving object visually per-
ceived by tracking in Fig. 15C to the length of the moving
object visually perceived by tracking in Fig. 13C.

[0161] More specifically, it can be said that if the frame
rates of both the pulse and hold types of displays are
similarly increased, the effect of decrease of motion blur
in the hold type of display is higher than in the pulse type
of display. More specifically, the effect of an increase in
frame rate on a decrease in motion blur occurring during
tracking is remarkable in the hold type of display.
[0162] On the other hand, as to the strobe artifacts
(jerkiness), since the interval between separately dis-
played images of a fixed object generally becomes short-
er, the strobe artifacts (jerkiness) generally become less
perceptible.

[0163] Asto the display of moving images captured by
an open shutter, evaluation was performed on their mov-
ing image quality under tracking conditions in terms of
jerkiness and motion blur through visual psychophysical
experiment.

[0164] The result of evaluation in terms of jerkiness is
shown in Fig. 16, and the result of evaluation in terms of
motion blur is shown in Fig. 17. For this evaluation, var-
ious kinds of moving images such as natural moving im-
ages, CG motion and video images captured by an open
shutter were prepared. Evaluation points were given on
the following degradation scale: evaluated value 5 =
"degradation isimperceptible", evaluated value 4 = "deg-
radation is perceptible but not annoying"”, evaluated value
3 ="degradation is perceptible but not obstructive", eval-
uated value 2 = "degradation is obstructive", and evalu-
ated value 1 = "degradation is very obstructive". In addi-
tion, evaluation points were given on the following eval-
uation scale: evaluated value 5 = "very good", evaluated
value 4 = "good", evaluated value 3 = "fair", evaluated
value 2 = "poor", and evaluated value 1 = "very poor". In
this experiment, evaluation was executed on a sufficient
number of test subjects to realize examination as to eval-
uation of general moving image quality. In Figs. 16 and
17, the average and the standard deviation of evaluated
values given by all test subjects as to all scenes are plot-
ted.

[0165] As compared with the jerkiness shown in Fig.
16, the variation in the evaluated value of motion blur
shown in Fig. 17 is large, and the tendency that the eval-
uated value of the moving image quality becomes higher
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asthe frame rate becomes higheris observed in common
to both the jerkiness and the motion blur. The evaluated
value of the motion blur in particular showed a broken-
line-shaped tendency to reach the neighborhood of eval-
uated value 4.5 which is a perception limit, in the neigh-
borhood of 250 fps, and show flat values not lower than
an evaluated value of 4.5 at far higher frame rates. The
evaluated value of the jerkiness also showed a broken-
line-shaped tendency to reach the neighborhood of eval-
uated value 4.5 which is a perception limit, in the neigh-
borhood of 250 fps, and show approximately flat values
not lower than an evaluated value of 4.5 at far higher
frame rates.

[0166] Accordingly, the motion blur during tracking
which causes a particularly remarkable degradation in
moving image quality can be satisfactorily improved by
frame rates near 250 fps. More specifically, this fact sug-
gests that the neighborhood of 250 fps is an ideal fre-
quency which allows for the effectiveness of presently
widely used video resources. Specifically, alarge number
of presently widely used video resources have a frame
rate of 50 Hz or 60 Hz as mentioned previously, and this
fact suggests that 240 Hz or 250 Hz which is an integral
multiple of the frequency is an ideal frequency which al-
lows for the effectiveness of the video resources.
[0167] This evaluation will be described below in more
detail. In the EBU (European Broadcast Union) method,
an evaluated value of 4.5 is a perception limit above
which no difference is basically imperceptible in any area
corresponding to evaluated values higher than 4.5, while
an evaluated value of 3.5 is an allowable limit below which
an improvement is basically imperceptible in any area
corresponding to evaluated values lower than 3.5.
[0168] In the result of evaluation focused on motion
blur, a frame rate corresponding to the allowable limit of
evaluated value 3.5is 105. Ata frame rate of 105, general
users begin to perceive amelioration of motion blur. More
specifically, at frame rates of 105 or higher, general users
can perceive amelioration of motion blur.

[0169] In the result of evaluation focused on motion
blur, a frame rate corresponding to the perception limit
of evaluated value 4.5 is 230. At frame rates of 230 or
higher, general users perceive satisfactory amelioration
of motion blur. In other words, at frame rates of 230 or
higher, general users perceive amelioration of motion
blur reaching the peak. More specifically, at frame rates
of 230 or higher, general users can satisfactorily perceive
amelioration of motion blur.

[0170] Inthe result of evaluation focused on jerkiness,
the evaluated value for a frame rate of 480 is 5.0 which
is a value whose standard deviation is extremely small.
Accordingly, at a frame rate of 480, general users cannot
recognize jerkiness. More specifically, at a frame rate of
480, image degradation due to jerkiness can be sup-
pressed to such an extent that general users cannot rec-
ognize.

[0171] Accordingly, moving image quality degradation
can be ameliorated at a frame rate of 150, 200, 250, 300,
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350, 400, 450 or 500 which is a frame rate not lower than
105 and equal to an integral multiple of a frame rate of
50in PAL. At the frame rate not lower than 150 and equal
to anintegral multiple of aframerate of 50in PAL, general
users can perceive amelioration of motion blur. Ataframe
rate not lower than 250 and equal to an integral multiple
of a frame rate of 50 in PAL, general users can satisfac-
torily perceive amelioration of motion blur.

[0172] Similarly, moving image quality degradation
can be ameliorated at a frame rate of 120, 180, 240, 300,
360, 420, or 480 which is a frame rate not lower than 105
and equal to an integral multiple of a frame rate of 60 in
NTSC. At the frame rate not lower than 120 and equal
to an integral multiple of a frame rate of 60 in NTSC,
general users can perceive amelioration of motion blur.
Ataframe rate notlower than 240 and equal to an integral
multiple of a frame rate of 60 in NTSC, general users can
satisfactorily perceive amelioration of motion blur.
[0173] At a frame rate equal to an integral multiple of
the frequency of a general broadcasting format, for ex-
ample, NTSC or PAL, image processing can be easily
executed. In addition, it is already general to use a three-
panel type prism during the capture of a video image.
Accordingly, image processing can be easily performed
with a video signal having a frame rate of 180 which is a
frame rate notlower than an evaluated value of 3.5 above
which general users can perceive amelioration of motor
blur in the EBU method, and such video signal can be
easily acquired by capturing video images each having
a frame rate of 60 while shifting the video images from
one another by 1/180 sec, by means of a three-panel
type prism.

[0174] In addition, from a series of experiments, it has
been discovered that a frame rate of 360 or 350 is par-
ticularly preferable when a computer graphics image is
to be displayed. This is because computer graphics im-
ages generally contain high frequency components, for
example, in their edges. Accordingly, image quality deg-
radation due to jerkiness can be easily perceived, and
when a frame rate of 250 or 240 is changed to a frame
rate of 360 or 350, even general users can perceive an
improvement in image quality.

[0175] The image display system according to the
present invention, mentioned above with reference to
Fig. 1 or FIG. 6, can be employed to display a moving
image at 240 Hz or 250 HZ which is a frequency equal
to an integral multiple of 50 Hz or 60 Hz. For example,
as shown in Fig. 18, two or more projectors 51-1 to 51-
n and the image display system according to the present
invention can be employed to realize display of a moving
image at 240 Hz or 250 Hz which is a frequency equal
to an integral multiple of 50 Hz or 60 Hz.

[0176] Each of the projectors 51-1 to 51-n displays a
frame image corresponding to a supplied video signal by
scanning a pixel (X, Y) = (0, 0) to a pixel (X, Y) = (p, q),
which form a display image to be displayed, on the screen
52 in the horizontal direction at a timing based on the
control of the display control section 27. When the frame
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rate of a moving image supplied to the image display
system is m Hz, the frame rage of a frame image dis-
played on the screen 52 by each of the projectors 51-1
to 51-n is m/n Hz, but the frame rate of a moving image
displayed by the projectors 51-1 to 51-n is m Hz. The
scan start timing of each frame displayed by each of the
projectors 51-1 to 51-n is shifted by a 1/n phase, i.e., 1/m
sec, from one frame of display provided by each of the
projectors 51-1 to 51-n.

[0177] For example, while a projector 91-2 is scanning
a line corresponding to the a+1 frame on a line denoted
by SCAN B on a screen 92, a projector 91-3 is scanning
a line corresponding to the a+2 frame on a line denoted
by SCAN A on the screen 92. The line denoted by SCAN
B is a line shifted from the line denoted by SCAN A by
1/n of the number of lines of one frame. More specifically,
amoving image displayed on the screen 92 is alternately
rewritten by a plurality of scans including the scan A and
the scan B at a time interval of 1/m.

[0178] If the frame rate of an input image signal is 240
Hz and the separation number of image signals is, for
example, four, image signals outputted from the frame
memories are sequentially supplied to four D/A conver-
sion sections or frames separated into four by the data
separation section are sequentially supplied to and
stored in four frame memories, respectively. Thus, as
shown in Fig. 19, the input video signal S1 is separated
into four output video signals S2, S3, S4 and S5, and the
four output video signals S2, S3, S4 and S5 are respec-
tively supplied to four scan control sections.

[0179] The first scan control section controls the dis-
play of the a frame, the a+4 frame, ..., all of which cor-
respond to the output video signal S2. The second scan
control section controls the display of the a+1 frame, the
a+5 frame, ..., all of which correspond to the output video
signal S3. The third scan control section controls the dis-
play of the a+2 frame, the a+6 frame, ..., all of which
correspond to the output video signal S4. The fourth scan
control section controls the display of the a+3 frame, the
a+7 frame, ..., all of which correspond to the output video
signal S5. The frame rate of frames of the output video
signals respectively displayed by the first to fourth scan
control sections is 1/4 of the frame rate of the input video
signal, and the scan start times of frames respectively
scanned by the first to fourth scan control sections are
shifted from one another by 1/4 of the period of scan
required for display of one frame of each of the output
video signals S2 to S5.

[0180] If the frame rate of an input image signal is 240
Hz and the separation number of image signals is, for
example, five, image signals outputted from the frame
memories are sequentially supplied to five D/A conver-
sion sections or frames separated into five by the data
separation section are sequentially supplied to and
stored in five frame memories, respectively. Thus, as
shown in Fig. 20, the input video signal S1 is separated
into five output video signals S2, S3, S4, S5 and S6, and
the five output video signals S2, S3, S4, S5 and S6 are
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respectively supplied to five scan control sections.
[0181] The first scan control section controls the dis-
play of the a frame, the a+5 frame, ..., all of which cor-
respond to the output video signal S2. The second scan
control section controls the display of the a+1 frame, the
a+6 frame, ..., all of which correspond to the output video
signal S3. The third scan control section controls the dis-
play of the a+2 frame, the a+7 frame, ..., all of which
correspond to the output video signal S4. The fourth scan
control section controls the display of the a+3 frame, the
a+8 frame, ..., all of which correspond to the output video
signal S5. The fifth scan control section controls the dis-
play of the a+4 frame, the a+9 frame, ..., all of which
correspond to the output video signal S6. The frame rate
of frames of the output video signals respectively dis-
played by the first to fifth scan control sections is 1/5 of
the frame rate of the input video signal, and the scan start
times of frames respectively scanned by the first to fourth
scan control sections are shifted from one another by 1/5
of the period of scan required for display of one frame of
each of the output video signals S2 to S6.

[0182] Inthedisplay of moving images at the presently
most widely used frame rate of 50 Hz or 60 Hz, moving
image quality degradation such as blur or jerkiness is
remarkable. On the other hand, when, for example, 4 or
5 is used as the separation number n of a video signal
according to the present invention, a moving image hav-
ing a high frame rate can be displayed by using a widely
used conventional type of display device (such as a pro-
jector) which operates at a frame rate of 50 Hz or 60 Hz.
For example, when the separation number of an input
video signal is n = 4 and the frame rate of a display image
outputted from each of the projectors 51-1 to 51-4 is 60
Hz, the frame rate of a moving image displayed on the
screen 52 becomes substantially 240 Hz. Furthermore,
for example, when the separation number of an input
video signalis n =5 and the frame rate of a display image
outputted from each of the projectors 51-1 to 51-4 is 50
Hz, the frame rate of a moving image displayed on the
screen 52 becomes substantially 250 Hz.

[0183] A large number of presently widely used video
resources have a frame rate of 50 Hz or 60 Hz as men-
tioned previously, so that 240 Hz or 250 Hz which is an
integral multiple of the frequency becomes an ideal fre-
quency which allows for the effectiveness of the video
resources.

[0184] Inthis case as well, it goes without saying that
the number of scan control sections may be set to s and
the separation number of the input video signal may be
set to n smaller than s so that a moving image can be
displayed by using n number of scan control sections
from among the s number of scan control sections.
[0185] An image display system 101 having another
construction according to the embodiment of the present
invention will be described below. Fig. 21 is a block dia-
gram showing the construction of the image display sys-
tem 101 using an LCD.

[0186] Theimage display system 101 shown in Fig. 21
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includes an signal processing section 111, a clock/sam-
pling pulse generation section 112, and an image display
device 113. The signal processing section 111 acquires
an image signal which is an input signal, and applies
signal processing to the acquired image signal and sup-
plies a digital RGB (Red, Green, Blue) signal to the image
display device 113. The clock/sampling pulse generation
section 112 acquires the image signal which is an input
signal, and detects a horizontal synchronizing signal and
a vertical synchronizing signal from the acquired image
signal and generates control signals on the basis of the
detected horizontal and vertical synchronizing signals.
The clock/sampling pulse generation section 112 sup-
plies the generated control signals to the signal process-
ing section 111 and the image display device 113.
[0187] The image display device 113 is provided with
anLCD, and displays an image on the basis of the signals
supplied from the signal processing section 111 and the
clock/sampling pulse generation section 112.

[0188] The signal processing section 111 is made of
a Y/C separation/chroma decoding section 121, an A/D
conversion section 122 and a frame memory 123. The
Y/C separation/chroma decoding section 121 separates
the acquired image signal into a luminance signal (Y) and
a color signal (C), and decodes the color signal and gen-
erates an analog RGB signal. The Y/C separation/chro-
ma decoding section 121 supplies the generated analog
RGB signal to the A/D conversion section 122.

[0189] The A/D conversion section 122 performs an-
alog/digital conversion of the analog RGB signal supplied
from the Y/C separation/chroma decoding section 121,
on the basis of the control signal supplied from the clock/
sampling pulse generation section 112, and supplies the
generated digital RGB signal to the frame memory 123.
The frame memory 123 temporarily stores the digital
RGB signal sequentially supplied from the A/D conver-
sion section 122, and supplies the stored digital RGB
signal to the image display device 113.

[0190] The clock/sampling pulse generation section
112 includes a synchronizing signal detection section
124 and a control signal generation section 125. The syn-
chronizing signal detection section 124 detects a hori-
zontal synchronizing signal and a vertical synchronizing
signal from the acquired image signal, and supplies the
detected horizontal and vertical synchronizing signals to
the control signal generation section 125. The control
signal generation section 125 generates a control signal
for controlling analog/digital conversion in the A/D con-
version section 122 and a control signal for controlling
display on the image display device 113, on the basis of
the horizontal and vertical synchronizing signals supplied
from the synchronizing signal detection section 124, and
supplies the generated control signals to the A/D conver-
sion section 122 and the image display device 113.
[0191] Theimage display device 113 includes an LCD
131, a backlight 132, data line driving circuits 133-1 to
133-4, a gate line driving section 134, and a backlight
driving circuit 135. The LCD 131 is a hold type of display
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having matrix-driven pixels, and displays an image by
varying the amount of transmitted light by controlling the
orientation of liquid crystal inside pixels which are respec-
tively formed by liquid crystal cells arranged in the screen.
[0192] The backlight 132 is a light source which emits
light to enter the LCD 131 from the back thereof. On the
basis of the control signal supplied from the control signal
generation section 125, the data line driving circuits
133-1 to 133-4 and the gate line driving section 134 per-
forms matrix driving of each pixel of the LCD 131 accord-
ing to the digital RGB signal supplied from the signal
processing section 111. The backlight driving circuit 135
drives the backlight 132 to emit light.

[0193] More specifically, in the LCD 131, a set of a
liquid crystal cell 141-1-1, a TFT (Thin Film Transistor)
142-1-1 and a capacitor 143-1-1to a set of aliquid crystal
cell 141-n-m (not shown), a TFT 142-n-m (not shown)
and a capacitor 143-n-m (not shown) are respectively
arranged in the first column of the first row through the
n-th column of the n-th row.

[0194] The liquid crystal cell 141-1-1 to the liquid crys-
tal cell 141-n-m will be hereinafter referred to simply as
the liquid crystal cell 141 unless the liquid crystal cells
141-1-1 to 141-n-m need be individually identified. The
TFT 142-1-1 to the TFT 142-n-m will be hereinafter re-
ferred to simply as the TFT 142 unless the TFTs 142-1-1
to 142-n-m need be individually identified. The capacitors
143-1-1 to the TFT 143-n-m will be hereinafter referred
to simply as the capacitor 143 unless the capacitors
143-1-1 to 143-n-m needed to be individually identified.
[0195] One liquid crystal cell 141, one TFT 142 and
one capacitor 143 are arranged as one set so as to con-
structa subpixel. The liquid crystal cell 141 contains liquid
crystal, and varies the amount of transmitted light of light
irradiated from the backlight 132, in accordance with volt-
age applied by the TFT 142. The TFT 142 drives the
liquid crystal cell 141 by applying the voltage to the liquid
crystal cell 141. The capacitor 143 is provided in parallel
with the liquid crystal cell 141, and holds the voltage ap-
plied to the liquid crystal cell 141, during the period of
each frame.

[0196] Inthe LCD 131, the liquid crystal cell 141-1-1,
the TFT 142-1-1 and the capacitor 143-1-1 all of which
constitute one subpixel are arranged in the first left col-
umn of the first top row. In the LCD 131, the liquid crystal
cell 141-1-2, the TFT 142-1-2 and the capacitor 143-1-2
all of which constitute one subpixel are arranged on the
right side of the liquid crystal cell 141-1-1, the TFT
142-1-1 and the capacitor 143-1-1. Furthermore, in the
LCD 131, the liquid crystal cell 141-1-3, the TFT 142-1-3
and the capacitor 143-1-3 all of which constitute one sub-
pixel as well as the liquid crystal cell 141-1-4, the TFT
142-1-4 and the capacitor 143-1-4 all of which constitute
one subpixel are arranged on the right side in nhamed
order.

[0197] In the LCD 131, four subpixels which are ar-
ranged side by side in a horizontal line constitute one
pixel (pixel). More specifically, the liquid crystal cell
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141-1-1 to the capacitor 143-1-4 constitute one pixel.
[0198] Similarly, in the LCD 131, the liquid crystal cell
141-2-1, the TFT 142-2-1 and the capacitor 143-2-1 all
of which constitute one subpixel are arranged in the first
left column of the second top row. In the LCD 131, the
liquid crystal cell 141-2-2, the TFT 142-2-2 and the ca-
pacitor 143-2-2 all of which constitute one subpixel are
arranged on the right side of the liquid crystal cell 141-2-1,
the TFT 142-2-1 and the capacitor 143-2-1. Furthermore,
in the LCD 131, the liquid crystal cell 141-2-3, the TFT
142-2-3 and the capacitor 143-2-3 all of which constitute
one subpixel as well as the liquid crystal cell 141-2-4, the
TFT 142-2-4 and the capacitor 143-2-4 all of which con-
stitute one subpixel are arranged on the right side in
named order.

[0199] The liquid crystal cell 141-2-1 to the capacitor
143-2-4 constitute one pixel.

[0200] For example, if an image signal of 240
frames/sec is supplied, the control signal generation sec-
tion 125 supplies a control signal to the data line driving
circuit 133-1 so that a frame 1 which is the first frame is
displayed on a subpixel located on the most left side of
one pixel.

[0201] The datalinedriving circuit 133-1 reads a digital
RGB signal of the frame 1 from the frame memory 123,
and supplies a drive signal to the LCD 131 on the basis
of the read digital RGB signal of the frame 1 so that the
frame 1 is displayed on a subpixel located on the most
left side among four subpixels arranged side by side in
a horizontal line of one pixel (pixel), for example, the sub-
pixel formed by the liquid crystal cell 141-1-1, the TFT
142-1-1 and the capacitor 143-1-1, or the subpixel
formed by the liquid crystal cell 141-2-1, the TFT 142-2-1
and the capacitor 143-2-1.

[0202] Then, the control signal generation section 125
supplies a control signal to the data line driving circuit
133-2 so that a frame 2 which is the second frame of the
moving image of 240 frames/sec is displayed on a sub-
pixel located on the second left side of the one pixel.
[0203] The dataline driving circuit 133-2 reads a digital
RGB signal of the frame 2 from the frame memory 123,
and supplies a drive signal to the LCD 131 on the basis
of the read digital RGB signal of the frame 2 so that the
frame 2 is displayed on a subpixel located on the second
left side among the four subpixels arranged side by side
in a horizontal line of the one pixel (pixel), for example,
the subpixel formed by the liquid crystal cell 141-1-2, the
TFT 142-1-2 and the capacitor 143-1-2, or the subpixel
formed by the liquid crystal cell 141-2-2, the TFT 142-2-2
and the capacitor 143-2-2.

[0204] Furthermore, the control signal generation sec-
tion 125 supplies a control signal to the data line driving
circuit 133-3 so that a frame 3 which is the third frame of
the moving image of 240 frames/sec is displayed on a
subpixel located on the third left side of the one pixel.
[0205] The data line driving circuit 133-3 reads a digital
RGB signal of the frame 3 from the frame memory 123,
and supplies a drive signal to the LCD 131 on the basis
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of the read digital RGB signal of the frame 3 so that the
frame 3 is displayed on a subpixel located on the third
left side among the four subpixels arranged side by side
in a horizontal line of the one pixel (pixel), for example,
the subpixel formed by the liquid crystal cell 141-1-3, the
TFT 142-1-3 and the capacitor 143-1-3, or the subpixel
formed by the liquid crystal cell 141-2-3, the TFT 142-2-3
and the capacitor 143-2-3.

[0206] Still furthermore, the control signal generation
section 125 supplies a control signal to the data line driv-
ing circuit 133-4 so that a frame 4 which is the fourth
frame of the moving image of 240 frames/sec s displayed
on a subpixel located on the most right side of the one
pixel.

[0207] The dataline driving circuit 133-4 reads a digital
RGB signal of the frame 4 from the frame memory 123,
and supplies a drive signal to the LCD 131 on the basis
of the read digital RGB signal of the frame 4 so that the
frame 4 is displayed on a subpixel located on the most
right side among the four subpixels arranged side by side
in a horizontal line of the one pixel (pixel), for example,
the subpixel formed by the liquid crystal cell 141-1-4, the
TFT 142-1-4 and the capacitor 143-1-4, or the subpixel
formed by the liquid crystal cell 141-2-4, the TFT 142-2-4
and the capacitor 143-2-4.

[0208] Then, the control signal generation section 125
supplies a control signal to the data line driving circuit
133-1 so that a frame 5 which is the fifth frame of the
moving image of 240 frames/sec is displayed on a sub-
pixel located on the most left side of one pixel.

[0209] The dataline driving circuit 133-1 reads a digital
RGB signal of the frame 5 from the frame memory 123,
and supplies a drive signal to the LCD 131 on the basis
of the read digital RGB signal of the frame 5 so that the
frame 5 is displayed on a subpixel located on the most
left side among four subpixels arranged side by side in
a horizontal line of the one pixel (pixel), for example, the
subpixel formed by the liquid crystal cell 141-1-1, the TFT
142-1-1 and the capacitor 143-1-1, or the subpixel
formed by the liquid crystal cell 141-2-1, the TFT 142-2-1
and the capacitor 143-2-1.

[0210] Inthis manner, four subpixels arranged side by
side in a horizontal line of one pixel (pixel) sequentially
displays an image of one frame.

[0211] Inthis case, it is preferable that each frame be
displayed during a period of 1/240 sec, but it is also pref-
erable that each frame be displayed during a longer pe-
riod of, for example, 1/60 sec.

[0212] According to this construction, even if the re-
sponsetime of liquid crystal islong, itis possible to display
amoving image made of a larger number frames per sec.
For, example, it is possible to display a moving image of
240 frames/sec.

[0213] Although an LCD is used in the above-men-
tioned construction, any type of matrix-driven display
may be used instead of an LCD. For example, displays
using LEDs or organic EL displays may be used.
[0214] Asdescribed hereinabove, in a hold type of dis-
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play which maintains the display of each pixel on the
screen during each frame period, display is controlled to
display a moving image made of 105 or more frames/sec,
and when a moving image made of 105 or more
frames/sec is displayed on the basis of such control, a
moving image of less degradation can be presented to
an observer who is a person viewing the displayed mov-
ing image, on the basis of human visual characteristics
without unnecessarily increasing the frame rate.

[0215] In addition, in a matrix-driven type of display,
display is controlled to display a moving image made of
105 or more frames/sec, and when a moving image made
of 105 or more frames/sec is displayed on the basis of
such control, a moving image of less degradation can be
presented to an observer who is a person viewing the
displayed moving image, on the basis of human visual
characteristics without unnecessarily increasing the
frame rate.

[0216] All the processes mentioned above may also
be executed by means of software. The software may be
installed from a recording medium onto a computer hav-
ing dedicated hardware in which a program constituting
the software is incorporated, or a general-purpose com-
puter capable of executing various functions by various
programs being installed thereonto.

[0217] The recording medium is formed by a package
medium or the like in which a program is recorded so as
to be distributed to users separately from computers, and
includes, as shown in Fig. 1 or 6, a magnetic disk 31
(such as a flexible disk), an optical disk 32 (such as a
CD-ROM (Compact Disk-Read Only Memory) and aDVD
(Digital Versatile Disk)), a magneto-optical disk 33 (such
as an MD (Mini-Disk (trademark)), a semiconductor
memory 34, and the like.

[0218] In the present specification, as a matter of
course, the steps which describe the program recorded
on the recording medium may include not only processes
to be performed in a time-serial manner in the order de-
scribed, but also processes which are not necessarily
executed but are executed in parallel or individually.
[0219] In the present specification, the term "system"
represents an entire apparatus made of a plurality of de-
vices.

Claims
1. Adisplay apparatus characterized by comprising:

display control means for controlling display to
cause display means to display a moving image
made of not less than 105 frames/sec; and

the display means for displaying the moving im-
age made of not less than 105 frames/sec on
the basis of control of the display control means,
in which a display of each pixel on a screen is
maintained during each frame period.
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2. The display apparatus according to claim 1, char-

acterized in that:

the display control means controls display to
cause the display means to display a moving
image made of not less than 230 frames/sec;
and

the display means displays the moving image
made of not less than 230 frames/sec on the
basis of control of the display control means.

3. The display apparatus according to claim 1, char-

acterized in that:

the display control means controls display to
cause the display means to display a moving
image made of not larger than 480 frames/sec;
and

the display means displays the moving image
made of not larger than 480 frames/sec on the
basis of control of the display control means.

4. The display apparatus according to claim 1, char-

acterized in that:

the display control means controls display to
cause the display means to display a moving
image made of 120 frames/sec; and

the display means displays the moving image
made of 120 frames/sec on the basis of control
of the display control means.

5. The display apparatus according to claim 1, char-

acterized in that:

the display control means controls display to
cause the display means to display a moving
image made of 180 frames/sec; and

the display means displays the moving image
made of 180 frames/sec on the basis of control
of the display control means.

6. The display apparatus according to claim 1, char-

acterized in that:

the display control means controls display to
cause the display means to display a moving
image made of 240 frames/sec; and the display
means displays the moving image made of 240
frames/sec on the basis of control of the display
control means.

The display apparatus according to claim 1, char-
acterized in that:

the display control means controls display to
cause the display means to display a moving
image made of 250 frames/sec, and
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the display means displays the moving image
made of 250 frames/sec on the basis of control
of the display control means.

The display apparatus according to claim 1, char-
acterized in that:

the display control means controls display to
cause the display means to display a moving
image made of 360 frames/sec, and

the display means displays the moving image
made of 360 frames/sec on the basis of control
of the display control means.

A display method for a display apparatus having dis-
play means in which a display of each pixel on a
screen is maintained during each frame period,
characterized by comprising:

a display control step of controlling display to
cause the display means to display a moving
image made of not less than 105 frames/sec.

The display method according to claim 9, charac-
terized in that

in the display control step, display is controlled to
cause the display means to display a moving image
made of not less than 230 frames/sec.

The display method according to claim 9, charac-
terized in that

in the display control step, display is controlled to
cause the display means to display a moving image
made of not larger than 480 frames/sec.

The display method according to claim 9, charac-
terized in that

in the display control step, display is controlled to
cause the display means to display a moving image
made of 120 frames/sec.

The display method according to claim 9, charac-
terized in that

in the display control step, display is controlled to
cause the display means to display a moving image
made of 180 frames/sec.

The display method according to claim 9, charac-
terized in that

in the display control step, display is controlled to
cause the display means to display a moving image
made of 240 frames/sec.

The display method according to claim 9, charac-
terized in that

In the display control step, display is controlled to
cause the display means to display a moving image
made of 250 frames/sec.



37

16. The display method according to claim 9, charac-

terized in that

In the display control step, display is controlled to
cause the display means to display a moving image
made of 360 frames/sec.

17. Adisplay apparatus, characterized by comprising:

display control means for controlling display to
cause display means to display a moving image
made of not less than 105 frames/sec; and
the display means for displaying the moving im-
age made of not less than 105 frames/sec on
the basis of control of the display control means,
the display means being matrix-driven.

18. The display apparatus according to claim 17, char-

acterized in that:

the display control means controls display to
cause the display means to display a moving
image made of not less than 230 frames/sec;
and

the display means displays the moving image
made of not less than 230 frames/sec on the
basis of control of the display control means.

19. The display apparatus according to claim 17, char-

acterized in that:

the display control means controls display to
cause the display means to display a moving
image made of not larger than 480 frames/sec;
and

the display means displays the moving image
made of not larger than 480 frames/sec on the
basis of control of the display control means.

20. The display apparatus according to claim 17, char-

acterized in that:

the display control means controls display to
cause the display means to display a moving
image made of 120 frames/sec, and

the display means displays the moving image
made of 120 frames/sec on the basis of control
of the display control means.

21. The display apparatus according to claim 17, char-

acterized in that:

the display control means controls display to
cause the display means to display a moving
image made of 180 frames/sec, and

the display means displays the moving image
made of 180 frames/sec on the basis of control
of the display control means.
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The display apparatus according to claim 17, char-
acterized in that:

the display control means controls display to
cause the display means to display a moving
image made of 240 frames/sec, and

the display means displays the moving image
made of 240 frames/sec on the basis of control
of the display control means.

The display apparatus according to claim 17,
characterized in that:

The display control means controls display to
cause the display means to display a moving
image made of 250 frames/sec, and

the display means displays the moving image
made of 250 frames/sec on the basis of control
of the display control means.

The display apparatus according to claim 17, char-
acterized in that:

the display control means controls display to
cause the display means to display a moving
image made of 360 frames/sec, and

the display means displays the moving image
made of 360 frames/sec on the basis of control
of the display control means.

A display method for a display apparatus having ma-
trix-driven display means, characterized by com-
prising:

a display control step of controlling display to
cause the display means to display a moving
image made of not less than 105 frames/sec.

The display method according to claim 25, charac-
terized in that

in the display control step, display is controlled to
cause the display means to display a moving image
made of not less than 230 frames/sec.

The display method according to claim 25, charac-
terized in that

in the display control step, display is controlled to
cause the display means to display a moving image
made of not larger than 480 frames/sec.

The display method according to claim 25, charac-
terized in that

in the display control step, display is controlled to
cause the display means to display a moving image
made of 120 frames/sec.

The display method according to claim 25, charac-
terized in that
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in the display control step, display is controlled to
cause the display means to display a moving image
made of 180 frames/sec.

The display method according to claim 25, charac-
terized in that

in the display control step, display is controlled to
cause the display means to display a moving image
made of 240 frames/sec.

The display method according to claim 25, charac-
terized in that

in the display control step, display is controlled to
cause the display means to display a moving image
made of 250 frames/sec.

The display method according to claim 25, charac-
terized in that

in the display control step, display is controlled to
cause the display means to display a moving image
made of 360 frames/sec.
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