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Description

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal
display device, a signal processing unit for use in the
liquid crystal display device, program and storage medi-
um thereof, and a liquid crystal display control method,
all of which can realize both improvement in response
speed of the liquid crystal display device and improve-
ment in quality of video image displayed on the liquid
crystal display device.

BACKGROUND ART

[0002] Recently, with accelerated upsizing and high
definition of liquid crystal display devices (LCDs), liquid
crystal display devices have been increasingly becoming
common in applications that mainly display static images,
like liquid crystal display devices for use in personal com-
puters, word processors, and the like and applications
that display moving images, like liquid crystal display de-
vices for use in TV and the like. Liquid crystal display
devices are increasingly becoming common in general
households. This is because a liquid crystal display de-
vice is thinner and takes up less space than TV including
a cathode ray tube (hereinafter referred to as CRT).
[0003] However, a liquid crystal display device has an
optical response speed slower than CRT (Cathode-Ray
Tube) and others, and may not complete a response with-
in a rewrite time (16.7 msec) corresponding to a usual
frame frequency (60Hz), depending upon grayscale tran-
sition. For example, Patent document 1 (Japanese Un-
examined Patent Publication No. 365094/1992 (Tokukai-
hei 4-365094); published on December 17, 1992) adopts
a technique of driving with a drive signal modulated so
as to emphasize grayscale transition occurring from a
previous frame to a current frame.
[0004] For example, in a situation where grayscale
transition from a previous frame FR (k-1) to a current
frame FR (k) is rise driving, a voltage higher than a voltage
represented by video data D (i,j,k) of the current frame
FR (k) is applied to pixels so that grayscale transition
from the previous frame to the current frame is empha-
sized. More specifically, a voltage higher than a voltage
represented by video data D (i,j,k) of the current frame
FR (k) is applied to pixels.
[0005] As a result of this, when the grayscale transition
occurs, the luminance level of the pixels more sharply
increases and reaches close to a luminance level corre-
sponding to the image data D(i, j, k) of the above-men-
tioned current frame FR(k) in a shorter time, as compared
with a luminance level realized by a voltage level repre-
sented by video data D(i, j, k) of the current frame FR (k)
being directly applied. Because of this, even in a case
where a response speed of liquid crystal is slow, it is
possible to improve a response speed of the liquid crystal
display device.

[0006] Note that the following liquid crystal driving
method is herein referred to as overshoot (OS) driving.
That is, the liquid crystal driving method, as described in
Patent document 1, is such that according to a combina-
tion of incoming image data of a current frame and in-
coming image data of a previous frame, a (overshot) drive
voltage which is higher than a predetermined gray-scale
voltage of the incoming image data of the current frame
or a (undershot) drive voltage which is lower than the
predetermined gray-scale voltage is supplied to a liquid
crystal display panel.
[0007] Further, it is known that liquid crystal has vari-
ations in response speed depending upon environmental
temperature. A response speed of liquid crystal is slow
at low temperatures, in particular. For example, Patent
document 2 (Japanese Unexamined Patent Publication
No. 318516/1992 (Tokukaihei 4-318516); published on
November 10, 1992) suggests a liquid crystal panel driv-
ing device which emphasizes grayscale transition in ac-
cordance with a temperature.
[0008] Furthermore, for example, Patent document 3
(Japanese Unexamined Patent Publication No.
165087/1994 (Tokukaihei 6-165087); published on June
10, 1994) discloses an arrangement in which a gain of a
response speed compensation circuit which generates
a correction voltage larger than the amount of change in
video signal is adjusted in accordance with content of an
image and user’s preference, in order to provide a visible,
high-definition liquid crystal display device which realizes
noise removal from still images in MUSE (Multiple sub-
Nyquist Sampling Encoding) signals, removal of line flick-
er, the rise of vertical resolution, smooth displays of mov-
ing images, and faithful high-speed displays for pan, tilt,
scene change, and baseband signals.
[0009] JP 2003 143556 A relates to a display device.
Two frame memories and three line memories are used
for an interlaced video signal input to read out data of
three consecutive fields at the same timing, and move-
ment detection is performed by intra-field data, and the
detection result is used to perform interlace/non-interlace
conversion processing and overdrive processing.
[0010] Particularly, a driving method adopted in many
liquid crystal display devices is a driving method such
that in driving pixels in accordance with interlaced video
signals, the interlaced video signals are converted into
progressive video signals so that all of the pixels are driv-
en by line-sequential scanning driving.
[0011] Referring to Figs. 31 through 34, the following
will describe details of a liquid crystal display device
which performs overshoot driving to compensate for op-
tical response properties of a liquid crystal display panel
in accordance with its use environmental temperature.
Here, Fig. 31 is a block diagram illustrating essential com-
ponents of the conventional liquid crystal display device.
Fig. 32 is a functional block diagram illustrating a sche-
matic configuration of a control CPU. Fig. 33 is an ex-
planatory diagram illustrating the relation between a de-
vice internal temperature and reference table memory.
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Fig. 34 is an explanatory diagram illustrating the relation-
ship between a voltage applied to liquid crystal and a
response of the liquid crystal.
[0012] In Fig. 31, reference numerals 501a through
501d represent OS table memories (ROMs) each of
which stores OS parameter (emphasis conversion pa-
rameter) corresponding to every device internal temper-
ature range. The OS parameter corresponds to grayscale
transition between one frame and the previous or next
frame of incoming image data. Reference numeral 515
represents frame memory (FM) which stores one frame
of incoming image data. Reference numeral 514H rep-
resents an emphasis conversion section which com-
pares incoming image data of Mth frame yet to be dis-
played (Current Data) with incoming image data of M-1th
frame stored in the frame memory 515 (Previous Data),
reads OS parameter corresponding to a result of the com-
parison (grayscale transition) from any of the OS table
memories (ROMs) 501a through 501d, and determines
emphasis conversion data (writing grayscale data) re-
quired for display of the image corresponding to the Mth
frame in accordance with the thus read OS parameter.
[0013] Reference numeral 516 represents a liquid
crystal controller which outputs a liquid crystal drive sig-
nal to a gate driver 518 and a source driver 519 of a liquid
crystal display panel 517. Reference numeral 520 rep-
resents a temperature sensor for detecting a temperature
inside the liquid crystal display device. Reference numer-
al 512H represents a control CPU which selects and ref-
erences to any of the OS table memories (ROM) 501a
through 501d in accordance with a device internal tem-
perature detected by the temperature sensor 520, and
outputs to the emphasis conversion section 514H a
switch control signal for changing OS parameter for use
in emphasis conversion of image data.
[0014] Here, OS parameters LEVELL through
LEVEL4, which are stored in OS table memories (ROMs)
501a through 501d, respectively, are obtained in ad-
vance from actually measured values for optical re-
sponse properties of the liquid crystal display panel 517
in an environment of reference temperatures T1, T2, T3,
and T4 (T1 < T2 < T3 < T4), respectively. In terms of the
degree of emphasis conversion, there is the relationship
of LEVEL1 > LEVEL2 > LEVEL3 > LEVEL4.
[0015] The control CPU 512H, as illustrated in Fig. 32,
has a threshold determination section 512a and a control
signal output section 512b. The threshold determination
section 512a compares temperature detection data ob-
tained by the temperature sensor 520 with given thresh-
old temperature data values Th1, Th2, and Th3 which
are determined in advance. The control signal output sec-
tion 512b selects any of the OS table memories (ROM)
501a through 501d according to a result of the compar-
ison performed by the threshold determination section
512a, and generates a switch control signal for switching
between OS parameters LEVEL1 through LEVEL4 and
then outputs the generated switch control signal.
[0016] Here, for example, as illustrated in Fig. 33, when

a device internal temperature detected by the tempera-
ture sensor 520 is equal to or lower than a switch thresh-
old temperature Th1 (=15 °C), the control CPU 512H in-
structs the emphasis conversion section 514H to select
and reference to the OS table memory (ROM) 501a. In
response to the instruction, the emphasis conversion
section 514H performs emphasis conversion processing
on the incoming image data, by using the OS parameter
LEVELL stored in the OS table memory (ROM) 501a.
[0017] Further, when the device internal temperature
detected by the temperature sensor 520 is higher than
the switch threshold temperature Th1 (=15 °C) but not
higher than a switch threshold temperature Th2 (=25 °C),
the control CPU 512H instructs the emphasis conversion
section 514H to select and reference to the OS table
memory (ROM) 501b. In response to the instruction, the
emphasis conversion section 514H performs emphasis
conversion processing on the incoming image data, by
using the OS parameter LEVEL2 stored in the OS table
memory (ROM) 501b.
[0018] Still further, when the device internal tempera-
ture detected by the temperature sensor 520 is higher
than the switch threshold temperature Th2 (=25 °C) but
not higher than a switch threshold temperature Th2 (=35
°C), the control CPU 512H instructs the emphasis con-
version section 514H to select and reference to the OS
table memory (ROM) 501c. In response to the instruction,
the emphasis conversion section 514H performs empha-
sis conversion processing on the incoming image data,
by using the OS parameter LEVEL3 stored in the OS
table memory (ROM) 501c.
[0019] Yet further, when the device internal tempera-
ture detected by the temperature sensor 520 is higher
than the switch threshold temperature Th3 (=35 °C), the
control CPU 512H instructs the emphasis conversion
section 514H to select and refer to the OS table memory
(ROM) 501d. In response to the instruction, the emphasis
conversion section 514H performs emphasis conversion
process on the incoming image data, by using the OS
parameter LEVEL4 stored in the OS table memory
(ROM) 501d.
[0020] Generally, a liquid crystal display panel requires
a long time for change from one intermediate tone to
another. This causes a extremely poor response to an
incoming signal at low temperatures, thus increasing a
response time. For this reason, the liquid crystal display
panel has the problem that an intermediate tone cannot
be displayed within one frame period (e.g. within 16.7
msc in progressive scanning of 60 Hz). This results in
the occurrence of afterimage and a poorly produced half-
tone image. However, it is possible to display a target
intermediate tone in a short time (within one frame period)
as illustrated in Fig. 34, by using the aforesaid overshoot
drive circuit to perform emphasis conversion of grayscale
level of incoming image data in a grayscale transition
direction so that the liquid crystal display panel 517 at-
tains a target intermediate tone luminance defined by the
incoming image data after an elapse of a predetermined
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one frame display period.
[0021] However, in a case where the display device
can select an interlace-to-progressive conversion meth-
od from among a plurality of conversion methods, the
arrangements of the Patent documents 1 through 3 have
the problem of difficulty in preventing degradation of qual-
ity of video image.
[0022] More specifically, there is a wide variety of in-
terlace-to-progressive conversion methods. The conver-
sion method most suitable for all of the possible situations
does not exist because it is determined depending upon
a S/N ratio of incoming interlaced video signal, content
of video image, user’s preference, and others.
[0023] For example, there is a conversion method of
performing interpolation between fields by motion detec-
tion and motion prediction compensation between adja-
cent fields. This method realizes improvement in quality
of video image under conditions where a S/N ratio of an
interlaced video signal is sufficiently high, as compared
with a method like line doubling, i.e. a method of convert-
ing into a progressive video signal by copying a video
signal of a horizontal line, which is a component of a
certain fidd, supplied to pixels. The above conversion
method, however, causes noise greater than the copying
method under conditions where the S/N ratio is lower
than an expected range of S/N ratio, thus resulting in
degradation of quality of video image.
[0024] The use of the method like line doubling, i.e.
the method of converting into a progressive video signal
only by using data in a field decrease spatial resolution
and thus reduces noise. However, this method has the
problem that unwanted luminance change (flicker) is like-
ly to occur in every frame, particularly, in edge portions
of static image.
[0025] However, the arrangements of Patent docu-
ments 1 through 3 cannot emphasize grayscale transition
appropriately in accordance with characteristics of inter-
lace-to-piogressive conversion. Thus, it might be possi-
ble that enhancement of the foregoing unwanted lumi-
nance change increase flickers on edge portions of a
static image. This might seriously degrade quality of an
image displayed.
[0026] More specifically, the I/P conversion process-
ing, as illustrated in Fig. 35, both odd-numbered field and
even-numbered field of an interlaced signal are subjected
to data interpolation, and then, each of the odd-numbered
field and even-numbered field is converted into image
data which is one frame long, as illustrated in Fig. 36.
[0027] With this arrangement, an interlaced video sig-
nal (in case of NTSC broadcasting scheme) of 30 frames
per second (60 fields per second) is converted into a
quasi-progressive video signal of 60 frames per second.
Thus, it is possible to make the interlaced video signal
to be displayed as a progressive video signal.
[0028] However, suppose, for example, such an I/P
conversion processing is the interpolation with only the
respective data of even-numbered field and odd-num-
bered field in the interlaced scanning. As represented by

dotted lines in Fig. 36, the I/P conversion processing
causes variations in edge positions in a static image,
which are supposed to be stationary, from field to field.
Because of this, flicker noise (false signal) occurs, and
jaggies of slanted lines (difference in brightness) ap-
pears.
[0029] Thus, suppose that interlaced signal with a suf-
ficiently high S/N ratio is subjected to motion adaptive I/P
conversion, or image data is subjected to emphasis con-
version by the foregoing overshoot driving with a degree
of emphasis that is the same as in the case where a
progressive signal is supplied. Such an I/P conversion
processing produces images emphasized with unwanted
flicker noise (false signal) and jaggies of slanted lines
(difference in brightness) caused by the I/P conversion
processing, resulting in quality degradation of images
displayed.

DISCLOSURE OF INVENTION

[0030] The present invention has been attained in view
of the above problems, and an object of the present in-
vention is to implement a liquid crystal display device, a
signal processing unit for use in the liquid crystal display
device, program and storage medium thereof, and a liq-
uid crystal display control method, all of which can realize
both improvement in response speed of the liquid crystal
display device and improvement in quality of video image
displayed on the liquid crystal display device.
[0031] In order to solve the above problems, a liquid
crystal display device according to the present invention
is a liquid crystal display device which carries out em-
phasis conversion on video data supplied to a liquid crys-
tal display panel in accordance with at least video data
of previous vertical period and video data of current ver-
tical period, thereby compensating for optical response
properties of the liquid crystal display panel, the liquid
crystal display device comprising: I/P conversion means
which, when incoming video data is an interlaced signal,
converts the interlaced signal into a progressive signal
in accordance with any one of two or more conversion
methods; and emphasis conversion means which carries
out emphasis conversion on video data of current vertical
period so as to emphasize grayscale transition at least
from previous vertical period to current vertical period in
the progressive signal, wherein a degree of the emphasis
conversion on the video data is controlled so as to be
changed in accordance with which kind of conversion
method among the two or more conversion methods is
used for the conversion.
[0032] Note that mutually different conversion meth-
ods are conversion methods by which mutually different
progressive video signals are outputted in response to
identical interlaced video signals. For example, the mu-
tually different conversion methods are the ones which
adopt mutually different algorithms or the ones which
adopt identical algorithms but has different parameters
and filter properties.
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[0033] Examples of the mutually different conversion
methods include (1) motion adaptive interlace/progres-
sive conversion and (2) interlace/progressive conversion
by intra-field interpolation only (intra-field interpolation for
all pixels making up one screen).
[0034] A vertical period is equivalent to one frame pe-
riod. For example, assuming that a whole video image
of one frame video signal data is subjected to write scan-
ning for one frame period of the data, one vertical period
corresponds to one vertical display period. On the other
hand, in a case of pseudo-impulse driving by black inter-
polation, assuming that video display period and the fol-
lowing black display period is included in one frame pe-
riod, the one vertical period is longer than one vertical
display period. The emphasis conversion of video signal
is carried out pixel by pixel.
[0035] Moreover, at least video signal of previous ver-
tical period and video signal of current vertical period are
at least pixel data indicative of grayscale luminance of
previous vertical period and pixel data indicative of gray-
scale luminance of current vertical period, respectively,
when signals indicative of luminance are repeatedly sup-
plied to a certain pixel and a state of the pixel changes
in accordance with both of the signals. In a case where
pixels in liquid crystal display device are rewritten in one
vertical period cycle, the pixels respond to data provided
every one vertical period (16.7msec in 60Hz-progressive
scanning).
[0036] With the above arrangement, the I/P conversion
means can convert an interlaced video signal to a pro-
gressive video signal by two or more conversion meth-
ods. This makes it possible to perform conversion into a
progressive video signal (progressive scanning conver-
sion) by a conversion method suitable for, for example,
type and S/N ratio of a video signal supplied from a video
signal source, user’s preference, or a demanded image
quality, and to display a video signal obtained by the con-
version on the liquid crystal display device.
[0037] Moreover, in the above arrangement, the em-
phasis conversion means performs emphasis conver-
sion of video data of current vertical period so as to em-
phasize grayscale transition at least from previous verti-
cal period to current vertical period in the progressive
signal by emphasis conversion or the like of the converted
video data, so that the liquid crystal display panel pro-
vides transmittance defined by the video data within a
predetermined period. This compensates for optical re-
sponse properties of the liquid crystal display panel.
[0038] Further, in the above arrangement, the degree
of emphasis conversion on the video data is controlled
to be changed in accordance with a conversion method
used by the I/P conversion means. Thus, the emphasis
conversion means can emphasize a video signal with a
suitable degree all the time whichever I/P conversion
method is used by the I/P conversion means for gener-
ation of a progressive video signal.
[0039] As a result of this, it is possible to realize both
improvement in response speed of the liquid crystal dis-

play device and improvement in quality of video image
displayed on the liquid crystal display device.
[0040] In addition to the above arrangement, the liquid
crystal display device may further include: table memory
which stores an emphasis conversion parameter deter-
mined by video data of current vertical period and video
data of previous vertical period, the emphasis conversion
means having: an operation section which performs em-
phasis operation on the video data by using the emphasis
conversion parameter; and a multiplying section which
multiplies output data obtained by the emphasis opera-
tion by a coefficient varying depending upon which kind
of conversion method among the two or more conversion
methods is used for the conversion.
[0041] In the above arrangement, the operation sec-
tion performs emphasis operation on the video data by
using the emphasis conversion parameter stored in the
table memory, and output data obtained by the emphasis
operation is multiplied by a coefficient corresponding to
a conversion method. This makes it possible to change
the degree of emphasis conversion by using a compar-
atively small-scale circuit and with a comparatively high
precision.
[0042] Still further, in addition to the above arrange-
ment, the liquid crystal display device may further in-
clude: table memory which is referenced to when incom-
ing video data is converted by a first conversion method,
and stores an emphasis conversion parameter deter-
mined by video data of current vertical period and video
data of previous vertical period; and table memory which
is referenced to when incoming video data is converted
by a second conversion method, and stores an emphasis
conversion parameter determined by video data of cur-
rent vertical period and video data of previous vertical
period, the emphasis conversion means having: an op-
eration section which performs emphasis operation on
the video data obtained by the conversion by using the
emphasis conversion parameter which is read from the
table memory determined by which kind of conversion
method among the two or more conversion methods is
used for the conversion.
[0043] In this arrangement, it is possible to change ta-
ble memory referenced to by the emphasis conversion
means, in accordance with each conversion method.
Thus, even when there is not much correlation between
emphasis conversion parameters suitable for the respec-
tive conversion methods, it is possible to perform em-
phasis conversion on the video data with a degree of
emphasis conversion suitable for each of the conversion
methods.
[0044] Yet further, in addition to the above arrange-
ment, the liquid crystal display device may further in-
clude: temperature detection means which detects a de-
vice internal temperature, the emphasis conversion
means changing the degree of emphasis conversion per-
formed on the video data in accordance with a detection
result of the device internal temperature.
[0045] In this arrangement, the degree of emphasis
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conversion can be changed in accordance with not only
a conversion method but also a device internal temper-
ature. Even in a case where a suitable degree of empha-
sis conversion changes by a temperature of usage envi-
ronment, it is possible to perform emphasis conversion
with a suitable degree. As a result of this, this arrange-
ment can realize a higher quality of video image displayed
on the liquid crystal display device than the arrangement
where the degree of emphasis conversion is maintained
constantly irrespective of device internal temperature.
[0046] Further, in addition to the above arrangement,
the liquid crystal display device may further include: table
memory which stores an emphasis conversion parame-
ter determined by video data of current vertical period
and video data of previous vertical period, the emphasis
conversion means having: an operation section which
performs emphasis operation on the video data obtained
by the conversion, by using the emphasis conversion pa-
rameter; and a multiplying section which multiplies output
data supplied from the operation section by a coefficient
varying depending upon (i) which kind of conversion
method among the two or more conversion methods is
used for the conversion and (ii) a detection result of the
device internal temperature.
[0047] In the above arrangement, the emphasis con-
version means multiplies output data of the operation
section determined by using the table memory by a co-
efficient corresponding to a conversion method and a
detection result of the device internal temperature, in or-
der to change the degree of emphasis conversion. Thus,
it is possible to share a table memory between in situa-
tions where combinations of conversion method and de-
tection result of device internal temperature are mutually
different, and to realize a liquid crystal display device with
a smaller circuit scale.
[0048] Yet further, in addition to the above arrange-
ment, the liquid crystal display device may further in-
clude: table memory which is referenced to when incom-
ing video data is converted by a first conversion method,
and stores an emphasis conversion parameter deter-
mined by video data of current vertical period and video
data of previous vertical period; and table memory which
is referenced to when incoming video data is converted
by a second conversion method, and stores an emphasis
conversion parameter determined by video data of cur-
rent vertical period and video data of previous vertical
period, the emphasis conversion means having: an op-
eration section which performs emphasis operation on
the video data obtained by the conversion by using the
emphasis conversion parameter which is read from the
table memory determined by which kind of conversion
method among the two or more conversion methods is
used for the conversion; and a multiplying section which
multiplies output data obtained by the emphasis opera-
tion by a coefficient varying depending upon a detection
result of the device internal temperature.
[0049] In the above arrangement, the emphasis con-
version means multiplies output data of the emphasis

operation determined by using the emphasize conver-
sion parameter read from the table memory correspond-
ing to a conversion method by a coefficient correspond-
ing to a detection result of the device internal tempera-
ture, in order to change the degree of emphasis conver-
sion. Thus, it is possible to share table memory between
varying temperatures. Moreover, table memories can be
switched in accordance with a conversion method. Thus,
even when there is not much correlation between em-
phasis conversion parameters suitable for the respective
conversion methods, it is possible for the emphasis con-
version means to perform emphasis conversion with a
degree suitable for each of the conversion methods.
[0050] Therefore, it is possible to reduce a circuit scale
more than in the arrangement where table memory is
provided for each combination of temperature and con-
version method, and it is possible to perform emphasis
conversion with a more suitable degree than in the ar-
rangement where table memory is shared between var-
ying combinations of temperature and conversion meth-
od. As a result of this, it is possible to realize a liquid
crystal display device which balances reduction in circuit
scale and improvement in quality of video image dis-
played on the liquid crystal display device.
[0051] Further, in addition to the above arrangement,
the liquid crystal display device may further include: table
memories which are referenced to when incoming video
data is converted by a first conversion method, and store
emphasis conversion parameters respectively associat-
ed with a plurality of device internal temperatures, the
emphasis conversion parameters each being deter-
mined by video data of current vertical period and video
data of previous vertical period; and table memories
which are referenced to when incoming video data is con-
verted by a second conversion method, and store em-
phasis conversion parameters respectively associated
with a plurality of device internal temperatures, the em-
phasis conversion parameters each being determined
by video data of current vertical period and video data of
previous vertical period, the emphasis conversion means
having: an operation section which performs emphasis
operation on the video data obtained by the conversion
by using the emphasis conversion parameter which is
read from the table memory determined by (i) which kind
of conversion method among the two or more conversion
methods is used for the conversion and (ii) a detection
result of the device internal temperature.
[0052] In the above arrangement, a table memory from
which the emphasis conversion parameter for use in the
emphasis operation performed by the operation section
is read is changed in accordance with a conversion meth-
od and a device internal temperature. Thus, even when
there is not much correlation between emphasis conver-
sion parameters suitable for respective combinations of
conversion method and temperature, the emphasis con-
version means can perform emphasis conversion with a
degree suitable for each of the combinations. This can
improve quality of video image displayed on the liquid
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crystal display device.
[0053] Still further, in addition to the above arrange-
ment, the liquid crystal display device according may fur-
ther include: table memories which store emphasis con-
version parameters respectively associated with a plu-
rality of device internal temperatures, the emphasis con-
version parameters each being determined by video data
of current vertical period and video data of previous ver-
tical period; and the emphasis conversion means having:
an operation section which performs emphasis operation
on the video data obtained by the conversion by using
the emphasis conversion parameter which is read from
the table memory determined by a result of comparison
between (i) a switching temperature determined by which
kind of conversion method among the two or more con-
version methods is used for the conversion and (ii) a de-
tection result of the device internal temperature.
[0054] Yet further, in addition to the above arrange-
ment, the liquid crystal display device may further in-
clude: an operation section which performs a predeter-
mined operation on temperature data that is the detection
result of the device internal temperature, the operation
being determined for each of the two or more conversion
methods; a comparison section which compares be-
tween the temperature data having been subjected to
the operation and given threshold temperature data de-
termined in advance; and a control signal output section
which generates a switching control signal for controlling
switching of the emphasis conversion parameters, in ac-
cordance with a result of the comparison.
[0055] Further, in addition to the above arrangement,
the liquid crystal display device may further include: a
comparison section which compares between tempera-
ture data that is the detection result of the device internal
temperature and a given threshold temperature data de-
termined for each of the two or more conversion methods;
and a control signal output section which generates a
switching control signal for controlling switching of the
emphasis conversion parameters, in accordance with a
result of the comparison.
[0056] In these arrangements, switching temperatures
used for switching of the table memories are changed in
accordance with a conversion method. This makes it pos-
sible to change the degree of emphasis conversion, with-
out provision of the multiplying section, even although at
least part of the table memories is shared by mutually
different conversion methods. As a result of this, it is pos-
sible to reduce a circuit scale more than in the arrange-
ment where the multiplying section is provided.
[0057] In order to solve the above problems, a signal
processing unit for use in a liquid crystal display device
according to the present invention is a signal processing
unit for use in a liquid crystal display device, the signal
processing unit comprising: conversion means which
converts an interlaced video signal into a progressive
video signal; and correction means which corrects a vid-
eo signal of current vertical period so as to emphasize
grayscale transition at least from previous vertical period

to current vertical period in the progressive video signal,
wherein the conversion means is capable of conversions
by two or more conversion methods, and a degree of the
grayscale transition emphasis performed by the correc-
tion means is changed in accordance with a conversion
method used by the conversion means.
[0058] Note that mutually different conversion meth-
ods are conversion methods by which mutually different
progressive video signals are outputted in response to
identical interlaced video signals. For example, the mu-
tually different conversion methods are the ones which
adopt mutually different algorithms or the ones which
adopt identical algorithms but has different parameters
and filter properties.
[0059] Examples of the mutually different conversion
methods include (1) motion adaptive interlace/progres-
sive conversion and (2) interlace/progressive conversion
by intra-field interpolation only (intra-field interpolation for
all pixels making up one screen).
[0060] A vertical period is equivalent to one frame pe-
riod. For example, assuming that a whole video image
of one frame video signal data is subjected to write scan-
ning for one frame period of the data, one vertical period
corresponds to one vertical display period. On the other
hand, in a case of pseudo-impulse driving by black inter-
polation, assuming that video display period and the fol-
lowing black display period is included in one frame pe-
riod, the one vertical period is longer than one vertical
display period. The emphasis conversion of video signal
is carried out pixel by pixel.
[0061] Moreover, at least video signal of previous ver-
tical period and video signal of current vertical period are
at least pixel data indicative of grayscale luminance of
previous vertical period and pixel data indicative of gray-
scale luminance of current vertical period, respectively,
when signals indicative of luminance are repeatedly sup-
plied to a certain pixel and a state of the pixel changes
in accordance with both of the signals. In a case where
pixels in liquid crystal display device are rewritten in one
vertical period cycle, the pixels respond to data provided
every one vertical period (16.7msec in 60Hz-progressive
scanning).
[0062] With the above arrangement, the conversion
means can convert an interlaced video signal to a pro-
gressive video signal by two or more conversion meth-
ods. This makes it possible to perform conversion into a
progressive video signal (progressive scanning conver-
sion) by a conversion method suitable for, for example,
type and S/N ratio of a video signal supplied from a video
signal source, user’s preference, or a demanded image
quality, and to display a video signal obtained by the con-
version on the liquid crystal display device.
[0063] In the above arrangement, the correction
means corrects video signal of current vertical period so
as to emphasize grayscale transition at least from previ-
ous vertical period to current vertical period in the pro-
gressive signal. This makes it possible to improve re-
sponse speed of display pixels, thus compensating for
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optical response properties of the liquid crystal display
device.
[0064] Further, in the above arrangement, the degree
of grayscale transition emphasis performed by the cor-
rection means is changed in accordance with a conver-
sion method used by the conversion means. Thus, the
correction means can correct a video signal with a suit-
able degree all the time whichever conversion method is
used by the conversion means for generation of a pro-
gressive video signal.
[0065] As a result of this, it is possible to realize both
improvement in response speed of the liquid crystal dis-
play device and improvement in quality of video image
displayed on the liquid crystal display device.
[0066] Further, in addition to the above arrangement,
the signal processing unit for use in a liquid crystal display
device may be such that the two or more conversion
methods include a first conversion method of performing
motion detection between fields and a second conversion
method of performing conversion in a given procedure
regardless of presence or absence of motion between
fields, and in a case where the conversion means per-
forms conversion by the second conversion method, a
degree of grayscale transition emphasis performed by
the correction means is changed to be lower than in a
case where the conversion means performs conversion
by the first conversion method.
[0067] Still further, in addition to the above arrange-
ment, the signal processing unit for use in a liquid crystal
display device may be such that: the two or more con-
version methods include a first conversion method of per-
forming conversion by motion prediction between fields
and a second conversion method of performing conver-
sion in a given procedure regardless of presence or ab-
sence of motion between fields, and in a case where the
conversion means performs conversion by the second
conversion method, a degree of grayscale transition em-
phasis performed by the correction means is changed to
be lower than in a case where the conversion means
performs conversion by the first conversion method.
[0068] Yet further, in addition to the above arrange-
ment, the signal processing unit for use in a liquid crystal
display device may be such that: the two or more con-
version methods include a first conversion method of ref-
erencing to a video signal of other field for conversion
and a second conversion method of not referencing to a
video signal of other field for conversion, and in a case
where the conversion means performs conversion by the
second conversion method, a degree of grayscale tran-
sition emphasis performed by the correction means is
changed to be lower than in a case where the conversion
means performs conversion by the first conversion meth-
od.
[0069] Further, in addition to the above arrangement,
the signal processing unit for use in a liquid crystal display
device may be such that: the second conversion method
is a method of copying a video signal in a certain field,
or averaging sets of video signals in a certain field or

averaging sets of video signals in a certain field while
being weighted, so as to convert the video signal in the
field into a progressive video signal.
[0070] Here, in the first conversion method, progres-
sive conversion is performed with reference to a video
signal of other field. It is therefore possible to generate
a comparatively high-quality progressive video signal if
a S/N ratio of video signal is sufficiently high, as com-
pared with the second conversion method. Thus, unwant-
ed luminance change in pixels, resulting from progres-
sive conversion, is less likely to occur. However, in a case
where a S/N ratio is lower than expected, a progressive
video signal with obtrusive noise is likely to occur.
[0071] On the other hand, in the second conversion
method, a spatial resolution decreases. If an S/N ratio is
comparatively low, a progressive video signal with less
obtrusive noise may be generated than in a case where
the first conversion method is selected. However, un-
wanted luminance changes (flickers) are likely to occur
especially in edge portions of a still image.
[0072] In either conversion method, a progressive vid-
eo signal generated by the conversion means is subject-
ed to grayscale transition emphasis by the correction
means. With excessive emphasis of unwanted lumi-
nance change (flickers) caused by the second conver-
sion method, flickers in edge portions of a still image, for
example, becomes obtrusive. This might cause signifi-
cant degradation in quality of video image.
[0073] On the contrary, in the above arrangement, in
a case where progressive conversion is performed by
the second conversion method, the degree of grayscale
transition emphasis performed by the correction means
is changed to be lower. Even when unwanted luminance
change (flickers) occurs in edge portions of an image due
to the second conversion method, the luminance change
is not much emphasized, and degradation in quality of
video image can be suppressed.
[0074] Further, in addition to the above arrangement,
the signal processing unit for use in a liquid crystal display
device may be such that: the correction means includes
a plurality of table memories each of which stores em-
phasis conversion parameter determined by at least the
video signal of previous vertical period and the video sig-
nal of current vertical period, and the table memories
referenced to by the correction means are switched in
accordance with a conversion method used by the con-
version means, so that the degree of the grayscale tran-
sition emphasis is changed. Note that the emphasis con-
version parameter is data by which a video signal ob-
tained after the correction is obtained. Examples of the
emphasis conversion parameter include (i) video signal
(grayscale level value) itself obtained after the correction
and (ii) an amount of addition/subtraction to/from a yet-
to-be-corrected video signal. This is obtained by actual
measurement of optical response properties of the liquid
crystal display device.
[0075] In this arrangement, table memory referenced
to by the correction means can be changed in accordance
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with each of the conversion methods. Even when there
is not much correlation between emphasis conversion
parameters suitable for the conversion methods, the cor-
rection means can emphasize grayscale transition with
a degree suitable for each of the conversion methods.
This allows for improvement in quality of video image
displayed on the liquid crystal display device.
[0076] Further, in addition to the above arrangement,
the signal processing unit for use in a liquid crystal display
device may be such that: the correction means includes:
a table memory which stores an emphasis conversion
parameter determined by at least the video signal of pre-
vious vertical period and the video signal of current ver-
tical period; and adjustment means which adjusts a cor-
rection amount for the video signal of current vertical pe-
riod in accordance with the degree of grayscale transition
emphasis, the correction amount being determined with
reference to the table memory.
[0077] In this arrangement, for example, in accordance
with (i) the degree of grayscale transition emphasis de-
termined by a conversion method or (ii) the degree of
grayscale transition emphasis determined by a combi-
nation of conversion method and temperature, the ad-
justment means adjusts a correction amount determined
with reference to table memory.
[0078] Thus, a common table memory can be shared
between the situations where degrees of grayscale tran-
sition emphasis are mutually different, for example, such
as mutually different conversion methods, or mutually
different combinations of conversion method and tem-
perature. This makes it possible to realize a liquid crystal
display device with smaller circuit scale.
[0079] Note that, generally, she emphasis conversion
parameters between the above situations are often cor-
related with each other to some extent. This makes it
possible to set the degree of grayscale transition empha-
sis to be a suitable degree with a comparatively high pre-
cision, by using the adjustment means of which circuit
scale is not so large. Thus, it is possible to suppress
degradation in quality of video image displayed on the
liquid crystal display device, without increase of circuit
scale.
[0080] Still further, in addition to the above arrange-
ment, the degree of grayscale transition emphasis per-
formed by the correction means may be changed in ac-
cordance with not only the conversion method used by
the conversion means but also a device internal temper-
ature. In this arrangement, the degree of grayscale tran-
sition emphasis can be changed in accordance with not
only a conversion method but also a device internal tem-
perature. Even in a case where a suitable degree of gray-
scale transition emphasis changes by a temperature of
usage environment, it is possible to perform grayscale
transition emphasis with a suitable degree. As a result
of this, this arrangement can realize a higher quality of
video image displayed on the liquid crystal display device
than the arrangement where the degree of grayscale
transition emphasis is maintained constantly irrespective

of device internal temperature.
[0081] Yet further, in addition to the above arrange-
ment, the signal processing unit for use in a liquid crystal
display device may be such that: the correction means
includes a plurality of table memories each of which
stores emphasis conversion parameter determined by at
least the video signal of previous vertical period and the
video signal of current vertical period, and the table mem-
ories referenced to by the correction means are switched
in accordance with (a) a conversion method used by the
conversion means and (b) a device internal temperature,
so that the degree of the grayscale transition emphasis
is changed.
[0082] In the above arrangement, a table memory ref-
erenced to by the correction means can be changed in
accordance with a conversion method and a device in-
ternal temperature. Thus, even when there is not much
correlation between emphasis conversion parameters
suitable for respective combinations of conversion meth-
od and temperature, the correction means can perform
grayscale transition with a degree suitable for each of
the combinations. This can improve quality of video im-
age displayed on the liquid crystal display device.
[0083] Further, in addition to the above arrangement,
the signal processing unit for use in a liquid crystal display
device may be such that: the correction means includes
a plurality of table memories each of which stores an
emphasis conversion parameter determined by at least
the video signal of previous vertical period and the video
signal of current vertical period, the correction means
further includes adjustment means which adjusts a cor-
rection amount for the video signal of current vertical pe-
riod, the correction amount being determined with refer-
ence to any one of the table memories, and a degree of
the adjustment performed by the adjustment means is
changed in accordance with a device internal tempera-
ture, and the table memories referenced to by the cor-
rection means are switched in accordance with a con-
version method used by the conversion means, so that
the degree of the grayscale transition emphasis is
changed.
[0084] In the above arrangement, the correction
amount determined with reference to the table memory
is adjusted by the adjustment means in accordance with
a device internal temperature, it is possible to share table
memories referenced to in determining a correction
amount for video signal of current vertical period, be-
tween varying temperatures. Moreover, table memories
can be switched in accordance with a conversion meth-
od. Thus, even when there is not much correlation be-
tween emphasis conversion parameters suitable for the
respective conversion methods, it is possible for the cor-
rection means to emphasize grayscale transition with a
degree suitable for each of the conversion methods.
[0085] Therefore, it is possible to reduce a circuit scale
more than in the arrangement where table memory is
provided for each combination of temperature and con-
version method, and it is possible to emphasize gray-
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scale transition with a more suitable degree than in the
arrangement where table memory is shared between var-
ying combinations of temperature and conversion meth-
od, and the correction amount is adjusted according to
the combination. As a result of this, it is possible to realize
a liquid crystal display device which balances reduction
in circuit scale and improvement in quality of video image
displayed on the liquid crystal display device.
[0086] Still further, in addition to the above arrange-
ment, the signal processing unit for use in a liquid crystal
display device may be such that: the correction means
includes a plurality of table memories each of which
stores an emphasis conversion parameter determined
by at least the video signal of previous vertical period and
the video signal of current vertical period, at least part of
the table memories are shared between the two or more
conversion methods used by the conversion means, and
the table memories referenced to by the correction
means are switched in accordance with a device internal
temperature, and switching temperatures for switching
between the table memories are changed in accordance
with a conversion method used by the conversion means,
so that the degree of the grayscale transition emphasis
is changed.
[0087] In the above arrangement, switching tempera-
tures used for switching of the table memories are
changed in accordance with a conversion method. This
makes it possible to change the degree of grayscale tran-
sition emphasis, without provision of the adjustment
means, even although at least part of the table memories
is shared by mutually different conversion methods. As
a result of this, it is possible to reduce a circuit scale more
than in the arrangement where the adjustment means is
provided.
[0088] As an example, assume that there is a situation
where a suitable degree of grayscale transition emphasis
becomes lower with rise in temperature. In this case,
switching to a table memory corresponding to a higher
temperature range is performed at a lower device internal
temperature for a conversion method for which the de-
gree of grayscale transition emphasis should be set to
be lower. If the degree of grayscale transition emphasis
is compared under the same condition of temperature,
the degree of grayscale transition emphasis for a con-
version method which requires a lower degree of gray-
scale transition emphasis can be set to be equal or lower
than the degree of grayscale transition emphasis for a
conversion method which requires a higher degree of
grayscale transition emphasis.
[0089] Incidentally, all of the plurality of table memories
may be shared between mutually different conversion
methods. If the demand for reduction of circuit scale is
comparatively weak, but the demand for improvement in
quality of video image displayed on the liquid crystal dis-
play device is comparatively strong, the table memories
are desirably switched so that part of the table memories
are referenced to only when the conversion means per-
forms conversion by a particular conversion method.

[0090] In this arrangement, part of the table memories
corresponding to the respective temperatures is shared
between mutually different conversion methods. Thus, a
circuit scale is reducible more than in an arrangement
where the table memories are not shared. Meanwhile,
when all of the table memories are shared, it is possible
to emphasize grayscale transition suitably even when
conversion is performed by a particular conversion meth-
od in which grayscale transition cannot be emphasized
suitably at a certain temperature. This is because the
table memories include a table memory referenced to
only when the conversion means performs conversion
by the particular conversion method. As a result of this,
it is possible to realize a liquid crystal display device which
balances reduction in circuit scale and improvement in
quality of video image displayed on the liquid crystal dis-
play device.
[0091] Further, in order to solve the above problems,
a signal processing unit for use in a liquid crystal display
device according to the present invention is a signal
processing unit for use in a liquid crystal display device,
the signal processing unit including conversion means
which converts an interlaced video signal into a progres-
sive video signal and modulating the progressive video
signal so as to emphasize grayscale transition in each
pixel of the liquid crystal display device, wherein the con-
version means is capable of conversions by two or more
conversion methods, and a degree of the grayscale tran-
sition emphasis is changed in accordance with a conver-
sion method used by the conversion means.
[0092] With the above arrangement, the degree of
grayscale transition emphasis performed on the video
signal having been subjected to progressive conversion
is changed in accordance with a conversion method of
interlace/progressive conversion. Thus, it is possible to
perform grayscale transition emphasis with a suitable de-
gree all the time whichever conversion method is used
for generation of a progressive video signal. It is therefore
possible to realize both improvement in response speed
of the liquid crystal display device and improvement in
quality of video image displayed on the liquid crystal dis-
play device.
[0093] In order to solve the above problems, a liquid
crystal display device according to the present invention
includes any one of the above-arranged signal process-
ing units for use in a liquid crystal display device. As is
the case with the above signal processing units for use
in liquid crystal display device, it is possible to realize
both improvement in response speed of the liquid crystal
display device and improvement in quality of video image
displayed on the liquid crystal display device.
[0094] Further, a liquid crystal display device accord-
ing to the present invention is a liquid crystal display de-
vice having an I/P conversion means which, when incom-
ing video data is an interlaced signal, converts the inter-
laced signal into a progressive signal in accordance with
any one of two or more conversion methods, said liquid
crystal display device, carrying out emphasis conversion
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on video data supplied to a liquid crystal display panel in
accordance with at least video data of previous vertical
period and video data of current vertical period, so as to
emphasize grayscale transition at least from previous
vertical period to current vertical period in the progressive
signal, thereby compensating for optical response prop-
erties of the liquid crystal display panel, and controlling
a degree of the emphasis conversion on the video data
so as to be changed in accordance with which kind of
conversion method among the two or more conversion
methods is used for the conversion.
[0095] With the above arrangement, the degree of
grayscale transition emphasis performed on the video
signal having been subjected to progressive conversion
is changed in accordance with a conversion method of
interlace/progressive conversion. Thus, it is possible to
perform emphasis conversion with a suitable degree all
the time whichever conversion method is used for gen-
eration of a progressive video signal. It is therefore pos-
sible to realize both improvement in response speed of
the liquid crystal display device and improvement in qual-
ity of video image displayed on the liquid crystal display
device.
[0096] Incidentally, the foregoing means may be real-
ized by hardware only. Alternatively, the foregoing means
may be realized by a computer executing software. That
is, a program according to the present invention is a pro-
gram causing a computer to execute a process of con-
trolling a degree of emphasis conversion on video data
so as to be changed in accordance with which kind of
conversion method among two or more conversion meth-
ods is used for the conversion, the computer controlling
a liquid crystal display device comprising: an I/P conver-
sion means which, when incoming video data is an inter-
laced signal, converts the interlaced signal into a pro-
gressive signal in accordance with any one of two or
more conversion methods; and emphasis conversion
means which carries out emphasis conversion on video
data of current vertical period so as to emphasize gray-
scale transition at least from previous vertical period to
current vertical period in the progressive signal, and the
liquid crystal display device carrying out emphasis con-
version on video data supplied to a liquid crystal display
panel in accordance with at least video data of previous
vertical period and video data of current vertical period,
thereby compensating for optical response properties of
the liquid crystal display panel. Another program accord-
ing to the present invention is a program causing a com-
puter comprising: conversion means which converts an
interlaced video signal into a progressive video signal;
and correction means which corrects a video signal of a
current vertical period so as to emphasize grayscale tran-
sition at least from current vertical period to previous ver-
tical period in the progressive video signal, wherein the
conversion means is capable of conversions by two or
more conversion methods, to operate so as to change a
degree of grayscale transition emphasis performed by
the correction means in accordance with a conversion

method used by the conversion means. Further, a stor-
age medium according to the present invention stores
any of the above programs.
[0097] When a program for changing the degree of em-
phasis conversion is executed by the computer, a liquid
crystal display device controlled by the computer oper-
ates as the foregoing liquid crystal display device. When
a program for changing the degree of grayscale transition
emphasis is executed by the computer, the computer op-
erates as the signal processing unit for use in a liquid
crystal display device. As a result of this, as is the case
with the foregoing liquid crystal display device and the
foregoing signal processing unit for use in liquid crystal
display device, it is possible to realize both improvement
in response speed of the liquid crystal display device and
improvement in quality of video image displayed on the
liquid crystal display device.
[0098] In order to solve the above problems, a liquid
crystal display control method according to the present
invention is a liquid crystal display control method of car-
rying out emphasis conversion on video data supplied to
a liquid crystal display panel in accordance with at least
video data of previous vertical period and video data of
current vertical period, thereby compensating for optical
response properties of the liquid crystal display panel,
the method comprising the steps of: when incoming video
data is an interlaced signal, converting the interlaced sig-
nal into a progressive signal in accordance with any one
of two or more conversion methods; and carrying out
emphasis conversion on video data of the current vertical
period so as to emphasize grayscale transition at least
from previous vertical period to current vertical period in
the progressive signal, wherein a degree of the emphasis
conversion on the video data is controlled so as to be
changed in accordance with which kind of conversion
method among the two or more conversion methods is
used for the conversion.
[0099] Further, in order to solve the above problems,
a liquid crystal display control method according to the
present invention is a liquid crystal display driving method
comprising: a conversion step of converting an interlaced
video signal into a progressive video signal; and a cor-
rection step of correcting a video signal of current vertical
period so as to emphasize grayscale transition at least
from current vertical period to previous vertical period in
the progressive video signal, wherein conversions by two
or more conversion methods are possible in the conver-
sion step, the method further comprising: a control step
of changing a degree of the grayscale transition empha-
sis performed in the correction step in accordance with
a conversion method used in the conversion step.
[0100] Still further, in order to solve the above prob-
lems, a liquid crystal display control method according
to the present invention is a liquid crystal display control
method of including a conversion step of converting an
interlaced video signal into a progressive video signal,
and modulating the progressive video signal so as to em-
phasize grayscale transition in each pixel of a liquid crys-
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tal display device, wherein conversions by two or more
conversion methods are possible in the conversion step,
and a degree of the grayscale transition emphasis is
changed in accordance with a conversion method used
in the conversion step.
[0101] Yet further, in order to solve the above prob-
lems, a liquid crystal display control method according
to the present invention is a liquid crystal display control
method including an I/P conversion step of, when incom-
ing video data is an interlaced signal, converting the in-
terlaced signal into a progressive signal in accordance
with any one of two or more conversion methods, said
method carrying out emphasis conversion on video data
supplied to a liquid crystal display panel in accordance
with at least video data of previous vertical period and
video data of current vertical period, so as to emphasize
grayscale transition at least from previous vertical period
to current vertical period in the progressive signal, there-
by compensating for optical response properties of the
liquid crystal display panel, wherein a degree of the em-
phasis conversion on the video data is controlled so as
to be changed in accordance with which kind of conver-
sion method among the two or more conversion methods
is used for the conversion.
[0102] In these liquid crystal display control methods,
the degree of emphasis conversion or the degree of gray-
scale transition emphasis is changed in accordance with
a conversion method. Thus, it is possible to perform em-
phasis conversion or grayscale transition emphasis with
a suitable degree all the time whichever conversion meth-
od is used for generation of a progressive signal (pro-
gressive video signal).
[0103] As a result of this, in these methods, it is pos-
sible to realize both improvement in response speed of
the liquid crystal display device and improvement in qual-
ity of video image displayed on the liquid crystal display
device.
[0104] Thus, according to the present invention, the
degree of grayscale transition emphasis or the degree
of emphasis conversion on a video signal having been
subjected to progressive conversion is changed in ac-
cordance with a conversion method of interlace/progres-
sive conversion. This brings about the effect that it is
possible to perform grayscale transition emphasis (em-
phasis conversion) with a suitable degree all the time
whichever conversion method is used for generation of
a progressive video signal. It is therefore possible to re-
alize both improvement in response speed of the liquid
crystal display device and improvement in quality of video
image displayed on the liquid crystal display device. The
present invention can be used preferably for the realiza-
tion of a liquid crystal television receiver, a liquid crystal
monitor, and various liquid crystal display devices.
[0105] Additional objects, features, and strengths of
the present invention will be made clear by the description
below. Further, the advantages of the present invention
will be evident from the following explanation in reference
to the drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0106]

Fig. 1 is a diagram for explaining First Embodiment
of a liquid crystal display device of the present in-
vention
Fig. 2 is a diagram for explaining an arrangement in
which emphasis conversion data supplied to a liquid
crystal display panel is obtained by using (i) an OS
parameter obtained with reference to an OS table
memory (ROM) of Fig. 1 and (ii) a multiplier coeffi-
cient given according to the type of incoming signal.
Fig. 3 is a diagram illustrating Second Embodiment
including two OS table memories (ROMs) provided
separately, wherein one OS table memory is refer-
enced to in a case where incoming image data is a
progressive signal, and the other OS table memory
is referenced to in a case where incoming image
data is an interlaced signal.
Fig. 4 is a diagram illustrating Third Embodiment in
which a temperature sensor is added to the config-
uration illustrated in Fig. 1, and emphasis conversion
processing is performed on image data by using OS
parameter obtained with reference to OS table mem-
ory (ROM) and a multiplier coefficient determined
depending upon the signal type of incoming image
data and a device internal temperature.
Fig. 5 is a diagram illustrating Fourth Embodiment
in which the OS table memory (ROM) illustrated in
Fig. 4 comprises two OS table memories (ROMs)
provided separately, wherein one OS table memory
stores an OS parameter which is referenced to when
incoming image data is a progressive signal, the oth-
er OS table memory stores an OS parameter which
is referred to when incoming image data is an inter-
laced signal, and the degree of emphasis conversion
on image data is changed by using a multiplier co-
efficient responsive to a device internal temperature.
Fig. 6 is a diagram for explaining an arrangement
where emphasis conversion data is obtained by us-
ing (i) OS parameter obtained with reference to the
OS table memory (ROM) of Fig. 5 and (ii) a multiplier
coefficient corresponding to temperature detection
data obtained by a temperature sensor.
Fig. 7 is a diagram illustrating Fifth Embodiment in
which (a) OS table memories (ROMs) and (b) OS
table memories (ROMs) are provided separately,
wherein the (a) OS table memories (ROMs) store
OS parameters respectively corresponding to a plu-
rality of temperature ranges and are referenced to
when incoming image data is a progressive signal,
and the (b) OS table memories (ROMs) store OS
parameters respectively corresponding to a plurality
of temperature ranges and are referenced to when
incoming image data is an interlaced signal.
Fig. 8 is a diagram for explaining details of a control
CPU illustrated in Fig. 7.
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Fig. 9 is an explanatory view of operations of per-
forming switching between the OS table memories
(ROMs) illustrated in Fig. 7 to select one of the OS
table memories in accordance with a signal type of
incoming image data and a device internal temper-
ature.
Fig. 10 is a diagram illustrating Sixth Embodiment in
which common OS parameters are shared between
in a case where incoming image data is a progressive
signal and in a case where incoming image data is
an interlaced signal.
Fig. 11 is a diagram illustrating details of a control
CPU illustrated in Fig. 10.
Fig. 12 is an explanatory view of operations of per-
forming switching between the OS table memories
(ROMs) illustrated in Fig. 10 to select one of the OS
table memories in accordance with a signal type of
incoming image data and a device internal temper-
ature.
Fig. 13 is a diagram illustrating Seventh Embodiment
in which another control CPU having a configuration
different from the control CPU in Fig. 10 is provided.
Fig. 14 is a diagram illustrating Eighth Embodiment
in which only a part of OS parameters are shared
between in a case where incoming image data is a
progressive signal and in a case where incoming im-
age data is an interlaced signal.
Fig. 15 illustrates still another embodiment of the
present invention and is a block diagram illustrating
essential components of a signal processing section.
Fig. 16 is a block diagram illustrating essential com-
ponents of an image display device including the sig-
nal processing section.
Fig. 17 is a circuit diagram illustrating a structural
example of a pixel provided in the image display de-
vice.
Fig. 18 is a view illustrating a driving method of the
image display device.
Fig. 19 is a view illustrating a cause of flickers oc-
curring when a progressive video signal is generated
by copying a field video signal.
Fig. 20 illustrates a structural example of a modula-
tion processing section provided in the signal
processing section and is a block diagram illustrating
essential components of the modulation processing
section.
Fig. 21 is a view illustrating data stored in a look, up
table which is provided in the modulation processing
section.
Fig. 22 illustrates another structural example of the
modulation processing section and is a block dia-
gram illustrating essential components of the mod-
ulation processing section.
Fig. 23 illustrates another embodiment of the present
invention and is a block diagram illustrating essential
components of the signal processing section.
Fig. 24 is a view illustrating a relationship between
look up tables provided in the signal processing sec-

tion.
Fig. 25 illustrates a structural example of a modula-
tion processing section provided in the signal
processing section and is a block diagram illustrating
essential components of the modulation processing
section.
Fig. 26 is a view illustrating a relationship between
look up tables provided in the signal processing sec-
tion.
Fig. 27 illustrates another structural example and is
a view illustrating a relationship between look up ta-
bles provided in the signal processing section.
Fig. 28 illustrates structural example of a control sec-
tion provided in the signal processing section and is
a block diagram illustrating essential components of
the control section.
Fig. 29 illustrates another structural example of the
control section and is a block diagram illustrating es-
sential components of the control section.
Fig. 30 illustrates another structural example and is
a view illustrating a relationship between look up ta-
bles provided in the signal processing section.
Fig. 31 is a diagram illustrating a structural example
of the conventional liquid crystal display device.
Fig. 32 is a diagram illustrating a structural example
of a control CPU of Fig. 31.
Fig. 33 is an explanatory diagram illustrating an op-
eration of performing switching between OS table
memories (ROMs) of Fig. 31 to select one of them
in accordance with a device internal temperature.
Fig. 34 is a diagram for explaining overshoot driving
of the liquid crystal display device of Fig. 31.
Fig. 35 is a view for explaining the conventional I/P
conversion processing.
Fig. 36 is a view for explaining variation of an edge
position in every frame of a displayed image due to
the I/P conversion processing of Fig. 35.

BEST MODE FOR CARRYING OUT THE INVENTION

[0107] The following will describe details of the present
invention with Examples and Comparative Examples.
However, the present invention is not limited to the de-
scription.

[First Embodiment]

[0108] Fig. 1 is a diagram for explaining First Embod-
iment of a liquid crystal display device of the present in-
vention, and Fig. 2 is a diagram for explaining an arrange-
ment in which emphasis conversion data supplied to a
liquid crystal display panel is obtained by using (i) an OS
parameter obtained with reference to an OS table mem-
ory (ROM) of Fig. 1 and (ii) a multiplier coefficient given
according to the type of incoming signal. In the following
descriptions, emphasis conversion is performed differ-
ently by the emphasis conversion section between the
following Embodiments. That is why reference numerals
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114A through 114F are given to the respective emphasis
conversion sections in the following Embodiments. Sim-
ilarly, controlling is performed differently by control CPUs
between the following Embodiments. That is why refer-
ence numerals 112A through 112G are given to the con-
trol CPUs in the following Embodiments.
[0109] A liquid crystal display device of First Embodi-
ment illustrated in Fig. 1 is arranged as follows: In a case
where incoming image data is a progressive signal, the
image data is not converted, but in a case where incoming
image data is an interlaced signal, the image data is I/P
converted into a progressive signal by any one of two or
more I/P conversion methods. Then, in order to improve
optical response speed of a liquid crystal display panel,
the liquid crystal display device subjects the image data
to emphasis conversion processing. In the emphasis
conversion processing, a degree of emphasis conversion
performed on the image data having been subjected to
I/P conversion is controlled so as to change according
to an I/P conversion method. The liquid crystal display
device includes a video signal type detection section 110,
an I/P conversion section 111, control CPU 112A, an
emphasis conversion section 114A, a frame memory
115, a liquid crystal controller 116, and a liquid crystal
display panel 117.
[0110] The video signal type detection section 110
serves as a signal type detection section. The video sig-
nal type detection section 110 detects a signal type in-
dicative of whether incoming image data is an interlaced
signal or a progressive signal. The signal type detection
can be implemented by a detection method such that a
horizontal frequency is counted for the determination of
a signal format.
[0111] The 1/P conversion section 111 servers as I/P
conversion means. The I/P conversion section 111 sub-
jects odd-numbered field and even-numbered field of an
interlaced signal to data interpolation, as explained pre-
viously with reference to Fig. 35. Then, the odd-num-
bered field and even-numbered field are converted into
image data which is one frame long, as illustrated in Fig.
36. In this manner, an interlaced video signal (in case of
NTSC broadcasting scheme) of 30 frames per second
(60 fields per second) is converted into a quasi-progres-
sive video signal of 60 frames per second.
[0112] The I/P conversion section 111 according to the
present embodiment can convert an interlaced signal into
a progressive signal by any one of two or more I/P con-
version methods. Examples of the I/P conversion meth-
ods adopted by the I/P conversion section 111 according
to the present embodiment include motion adaptive I/P
conversion method, conversion by intra-field interpola-
tion only.
[0113] The control CPU 112A serves as control
means. When the video signal type detection section 110
has detected an interlaced signal, the control CPU 112A
causes the I/P conversion section 111 to perform the I/P
conversion process by any of the plurality of I/P conver-
sion methods. Also, the control CPU 112A controls em-

phasis conversion processing performed by the empha-
sis conversion section 114A, in accordance with which
of the I/P conversion methods is used by the I/P conver-
sion section 111 to perform I/P conversion.
[0114] The liquid crystal display device therefore can
select more appropriate conversion method automatical-
ly or by user hand in accordance with type and S/N ratio
of a video signal supplied from a video signal source,
user’s preference, or demanded image quality, for exam-
ple. Selection of a more appropriate conversion method
by user hand includes user’s selection from one I/P con-
version method used by the I/P conversion section 111
to another as a result of user’s judgment by visual obser-
vation that noise becomes obtrusive in a displayed video
image due to video image processing performed on a
video signal having a poor S/N ratio.
[0115] The emphasis conversion section 114A serves
as emphasis conversion mean. Under the control of the
control CPU 112A (in the present embodiment, a value
of a coefficient switch control signal outputted from the
control CPU 112A), the emphasis conversion section
114A compares image data of a current frame to be dis-
played (image data in a current vertical period) with image
data of a previous frame stored in the frame memory 115
(image data in the immediately previous vertical period).
OS parameter (emphasis conversion parameter) corre-
sponding to a grayscale transition pattern, i.e. a result of
the comparison is read from an OS table memory (ROM)
113. In accordance with the thus read OS parameter,
emphasis conversion data (writing gradation data) re-
quired for image display of the current frame to be dis-
played is obtained and outputted to the liquid crystal con-
troller 116. Here, in a case where incoming image data
is a progressive signal, the image data is directly supplied
to the emphasis conversion section 114A without being
converted. In a case where incoming image data is an
interlaced signal, the image data having been subjected
to I/P conversion is supplied to the emphasis conversion
section 114A by any one of two or more I/P conversion
methods.
[0116] In this case, as illustrated in Fig. 2, the emphasis
conversion data to be supplied to the liquid crystal display
panel 117 can be obtained by using (i) the OS parameter
obtained with reference to the OS table memory (ROM)
113 and (ii) a multiplier coefficient varying depending up-
on which of the I/P conversion methods is used for con-
version by the I/P conversion section 111. That is, an
operation section 114d compares incoming image data
of Mth frame to be displayed (current data) with incoming
image data of M-1th frame stored in the frame memory
115 (previous data). Subsequently, the operation section
114d reads OS parameter corresponding to a result of
the comparison (grayscale transition) (i.e. OS parameter
determined by the comparison result) from the OS table
memory (ROM) 113, and then performs operation such
as linear complement to output emphasis operation data.
[0117] Then, a subtracter 114a subtracts the emphasis
operation data from the image data of the current frame
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to obtain difference data. A multiplier 114a multiplies the
difference data by a multiplier coefficient α1 or β1 which
is switched in accordance with the coefficient switch con-
trol signal supplied from the control CPU 112A. An adder
114c adds the difference data multiplied by the multiplier
coefficient α1 or β1 to the image data of the current frame.
Data obtained by the addition is given as emphasis con-
version data to the liquid crystal controller 116. This al-
lows a liquid crystal pixel to drive for display with a trans-
mittance defined by the incoming image data within a
predetermined period. Here, the predetermined period
means a display period of one frame image (pixel rewrite
cycle). In case of a normal hold-type display, the prede-
termined period is one frame period (e.g. 16.7 msec in
60-Hz progressive scanning). For example, in case of a
pseudo-impulse type display in which black is displayed
in 50% period of the one frame period, an image display
period is 1/2 frame period (e.g. 8.3 msec in 60-Hz pro-
gressive scanning).
[0118] In a case where incoming image data is I/P con-
verted by the motion adaptive I/P conversion method,
the multiplier coefficient α1 is α1 = 1. In a case where
incoming image data is I/P converted by conversion by
intra-field interpolation only, the multiplier coefficient β1
is β1 < 1. With this arrangement, in a case where incom-
ing image data is I/P converted by the motion adaptive
I/P conversion method, the multiplier coefficient α1 (=1)
is selected so that the image data is subjected to empha-
sis conversion in order that liquid crystal pixel provides
a transmittance defined by the incoming image data with-
in a predetermined period. This allows for high-definition
image display without afterimage and trailing. Mean-
while, in a case where incoming image data is I/P con-
verted by conversion by intra-field interpolation only, the
multiplier coefficient β1 (< 1) is selected so that a degree
of emphasis conversion can be lower. This prevents im-
age quality degradation resulting from excessive empha-
sis such as unwanted flicker noise and jaggies caused
in edge portions of displayed image by the I/P conversion
processing.
[0119] Note that the OS table memory (ROM) 113 may
have OS parameters (measured values) respectively
corresponding to all of 256 levels of gray when displayed
data is of 8 bits, i.e. 256 levels of gray. For example, as
illustrated in Fig. 21, the OS table memory (ROM) 113
stores 9-by-9 OS parameters (measured values) con-
cerning nine representative levels of gray in every thirty-
two levels of gray. Emphasis conversion data corre-
sponding to other levels than the nine representative lev-
els of gray are obtained by operation such as linear com-
plement from the measured value. Thus, it is possible to
reduce a storage space in the OS table memory (ROM)
113.
[0120] The frame memory 115 can store image data
of one frame. The frame memory 115 stores image data
of a previous frame with respective to yet-to-be displayed
image data of a current frame. The liquid crystal controller
116 drives a gate driver 118 and a source driver 119 in

accordance with the emphasis conversion data supplied
from the emphasis conversion section 114A, and then
causes the liquid crystal display panel 117 to provide
image display. The liquid crystal display panel 117 has
TFT (Thin Film Transistor) that is the foregoing nonlinear
element (switching element), and provides image display
as the gate driver 118 and the source driver 119 drive.
[0121] Next, the following will describe a liquid crystal
display control method by using the above-described em-
phasis conversion of incoming image data in First Em-
bodiment.
[0122] First of all, when incoming image data is an in-
terlaced signal, the I/P conversion section 111 I/P con-
verts the incoming image data by either of the motion
adaptive I/P conversion method or conversion method
by intra-field interpolation only under the control of the
control CPU 112A to generate a quasi-progressive sig-
nal. Then the I/P conversion section 111 supplies the
progressive signal to the emphasis conversion section
114A.
[0123] Here, when the I/P conversion section 111 is
under instruction from the control CPU 112A to perform
I/P conversion by the motion adaptive I/P conversion
method, the I/P conversion section 111 performs the mo-
tion adaptive I/P conversion to generate a quasi-progres-
sive signal, and then supplies the thus generated signal
to the emphasis conversion section 114A.
[0124] At this moment, the control CPU 112A instructs
the emphasis conversion section 114A to perform em-
phasis conversion processing on the image data having
been subjected to the motion adaptive I/P conversion. In
this case, as described previously, the operation section
114d compares incoming yet-to-be displayed image data
of Mth frame (Current Data) with incoming image data of
M-1th frame stored in the frame memory 115 (Previous
Data). The operation section 114d reads OS parameter
corresponding to a result.of the comparison (grayscale
transition) from the OS table memory (ROM) 113 so as
to obtain emphasis operation data. Note that the thus
obtained emphasis operation data is data with which it
is possible to attain transmittance defined by the incom-
ing image data of Mth frame to be displayed on the liquid
crystal display panel 117 within a predetermined period.
The subtracter 114a obtains difference data between the
emphasis operation data and the yet-to-be displayed in-
coming image data of Mth frame.
[0125] Here, the control CPU 112A selects the multi-
plier coefficient α1 (=1) for the motion adaptive I/P con-
version. The multiplier 114b therefore multiplies the dif-
ference data obtained by the subtracter 114a by the mul-
tiplier coefficient α1 (=1) (i. e. the multiplier 114b directly
outputs the difference data). The adder 114c adds data
thus obtained by the multiplication to the yet-to-be dis-
played incoming image data of Mth frame, and provides
data thus obtained by the addition, as emphasis conver-
sion data, to the liquid crystal controller 116 (In this case,
the emphasis conversion data supplied to the liquid crys-
tal display panel 117 is therefore equal to emphasis op-
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eration data obtained by the operation section 114d.).
With this arrangement, in a case where the incoming im-
age data is I/P converted by the motion adaptive I/P con-
version method, liquid crystal pixels are driven so as to
provide display in a predetermined period with transmit-
tance defined by the incoming image data. This compen-
sates for optical response properties of the liquid crystal
display panel 117 and allows for a high-definition image
display without afterimage and trailing.
[0126] On the other hand, when the I/P conversion sec-
tion 111 is under instruction from the control CPU 112A
to perform I/P conversion by the conversion method by
intra-field interpolation only, the I/P conversion section
111 performs conversion by intra-field interpolation only
to generate a quasi-progressive signal, and then supplies
the thus generated signal to the emphasis conversion
section 114A.
[0127] Further, at this moment, the control CPU 112A
instructs the emphasis conversion section 114A to per-
form emphasis conversion processing on the image data
having been subjected to conversion by intra-field inter-
polation only. In this case, as described previously, the
operation section 114d compares yet-to-be displayed in-
coming image data of Mth frame (Current Data) with in-
coming image data of M-1th frame stored in the frame
memory 115 (Previous Data). The operation section
114d reads OS parameter corresponding to a result of
the comparison (grayscale transition) from the OS table
memory (ROM) 113 so as to obtain emphasis operation
data. Note that the thus obtained emphasis operation
data is data with which it is possible to attain transmit-
tance defined by incoming image data of Mth frame to
be displayed in a predetermined period on the liquid crys-
tal display panel 117. The subtracter 114a obtains differ-
ence data between the emphasis operation data and the
yet-to-be displayed incoming image data of Mth frame.
[0128] Here, the control CPU 112A selects the multi-
plier coefficient β1 (<1) for the I/P conversion by intra-
field interpolation only. The multiplier 114b therefore mul-
tiplies the difference data obtained by the subtracter 114a
by the multiplier coefficient β1 (i.e. the multiplier 114b
outputs reduced difference data). The adder 114c adds
data thus obtained by the multiplication to the yet-to-be
displayed incoming image data of Mth frame, and sup-
plies data thus obtained by the addition, as emphasis
conversion data, to the liquid crystal controller 116 (In
this case, the emphasis conversion data supplied to the
liquid crystal display panel 117 is lower in the degree of
emphasis conversion than emphasis operation data ob-
tained by the operation section 114d.). With this arrange-
ment, in a case where the incoming image data is con-
verted by intra-field interpolation only, compensation for
optical response properties of the liquid crystal display
panel 117 is performed to suppress the occurrence of
afterimage and trailing and to suppress image quality
degradation resulting from the emphasis of an unwanted
false signal caused by the I/P conversion processing.
This allows for a high-definition image display.

[0129] As described above, in First Embodiment, in a
case where the incoming image data is I/P converted by
the motion adaptive I/P conversion in the I/P conversion
section 111, the emphasis conversion section 114A
reads from the OS table memory (ROM) 113 OS param-
eter corresponding to a result of the comparison (gray-
scale transition) between incoming image data of a cur-
rent frame and incoming image data of a previous frame.
Then, the emphasis conversion section 114A outputs
emphasis operation data obtained in accordance with
the thus read OS parameter, as emphasis conversion
data, to the liquid crystal controller 116. Thus, liquid crys-
tal pixels are driven so as to provide display in a prede-
termined period with transmittance defined by the incom-
ing image data. This allows for a high-definition image
display free from afterimage and trailing.
[0130] Meanwhile, in a case where the incoming image
data is I/P converted by intra-field interpolation only in
the I/P conversion section 111, the emphasis conversion
section 114A reads OS parameter corresponding to a
result of the comparison (grayscale transition) between
incoming image data of a current frame and incoming
image data of a previous frame from the OS table memory
(ROM) 113, and outputs emphasis operation data which
is lower in the degree of emphasis conversion than the
emphasis operation data obtained in accordance with
the thus read OS parameter, as emphasis conversion
data, to the liquid crystal controller 116. This improves
response speed of liquid crystal and suppresses image
quality degradation resulting from a false signal caused
in edge portions or others in an image when an interlaced
signal is I/P converted by the above-described I/P con-
version method, while suppressing the occurrence of af-
terimage and trailing. This allows for high definition image
display.

[Second Embodiment]

[0131] Fig. 3 is a diagram illustrating Second Embod-
iment including two OS table memories (ROMs) provided
separately, wherein one OS table memory stores an OS
parameter used in emphasis conversion of image data
in a case where the incoming image data is subjected to
the motion adaptive I/P conversion, and the other OS
table memory stores OS parameter used in emphasis
conversion of image data in a case where incoming im-
age data is converted by intra-field interpolation only.
Note that as to drawings referenced to in the following
descriptions, the same members as those illustrated in
Fig. 1 are given the same reference numerals and ex-
planations thereof are omitted here.
[0132] A liquid crystal display device illustrated in Fig.
3 includes OS table memory (ROM) 113a and OS table
memory (ROM) 113b. The OS table memory (ROM) 113a
is referenced to in a situation where incoming image data
is subjected to motion adaptive I/P conversion, and the
OS table memory (ROM) 113b is referenced to in a sit-
uation where incoming image data is converted by intra-
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field interpolation only. The OS memory (ROM) 113a and
the OS memory (ROM) 113b are switched for reference
in accordance with an I/P conversion method used for
the I/P conversion by the I/P conversion section 111, so
that emphasis conversion processing of image data is
performed.
[0133] The OS parameter stored in the OS table mem-
ory (ROM) 113b is lower in value than the OS parameter
stored in the OS table memory (ROM) 113a. As described
previously, this is because, in order to prevent false signal
caused in edge portions of an image from being obtru-
sively emphasized when an interlaced signal is subjected
to intra-field interpolation only, the degree of emphasis
conversion performed on the image data must be lower
in a case where incoming image data is subjected to intra-
field interpolation only than in a case where incoming
image data is subjected to motion adaptive I/P conver-
sion.
[0134] In the present embodiment, each of the OS ta-
ble memories (ROM) 113a and 113b, which are sepa-
rately provided, stores the respective OS parameters
therein. Alternatively, a single OS table memory (ROM)
may be adopted that includes different tables each of
which stores an OS parameter therein, and switching be-
tween the OS parameters to select one of them by adap-
tively switching from the table referenced to another in
accordance with a switch control signal supplied from the
control CPU 112B so as to obtain emphasis conversion
data.
[0135] In such an arrangement, when the I/P conver-
sion section 111 is under instruction from the control CPU
112B to perform I/P conversion by the motion adaptive
I/P conversion method, the I/P conversion section 111
performs the motion adaptive I/P conversion to generate
a quasi-progressive signal, and then supplies the thus
generated signal to the emphasis conversion section
114B.
[0136] At this moment, the control CPU 112B instructs
the emphasis conversion section 114B as emphasis con-
version means to perform emphasis conversion process-
ing on the image data having been subjected to the mo-
tion adaptive I/P conversion. In this case, the emphasis
conversion section 114B reads OS parameter corre-
sponding to a result of comparison (grayscale transition)
between yet-to-be displayed incoming image data of Mth
frame (Current Data) with incoming image data of M-1th
frame stored in the frame memory 115 (Previous Data)
(i.e. OS parameter determined by the comparison result)
from the OS table memory (ROM) 113a, which is refer-
enced to when the incoming image data is subjected to
the motion adaptive I/P conversion. Then, by using the
thus read Os parameter, the emphasis conversion sec-
tion 114B performs operation such as linear complement
to obtain emphasis conversion data to be outputted to
the liquid crystal controller 116. Note that the thus ob-
tained emphasis conversion data is data with which it is
possible to attain transmittance defined by the incoming
image data of Mth frame yet to be displayed on the liquid

crystal display panel 117 in a predetermined period.
[0137] Thus, in a case where the incoming image data
is subjected to the motion adaptive I/P conversion, liquid
crystal pixels are driven so as to provide display in a
predetermined period with transmittance defined by the
incoming image data. This compensates for optical re-
sponse properties of the liquid crystal display panel 117,
thus providing a high-definition image display free from
afterimage and trailing.
[0138] Meanwhile, when the I/P conversion section
111 is under instruction from the control CPU 112B to
perform conversion by intra-field interpolation only, the
I/P conversion section 111 performs conversion by intra-
field interpolation only to generate a quasi-progressive
signal, and then supplies the thus generated signal to
the emphasis conversion section 114B.
[0139] At this moment, the control CPU 112B instructs
the emphasis conversion section 114B to perform em-
phasis conversion processing on the I/P converted image
data. In this case, the emphasis conversion section 114B
reads OS parameter corresponding to a result of com-
parison (grayscale transition) between yet-to-be dis-
played incoming image data of Mth frame (Current Data)
and incoming image data of M-1th frame stored in the
frame memory 115 (Previous Data) (i.e. OS parameter
determined by the comparison result) from the OS table
memory (ROM) 113b, which is referenced to when the
incoming image data is an interlaced signal. Then, by
using the thus read OS parameter, the emphasis con-
version section 114B performs operation such as linear
complement to obtain emphasis operation data to be out-
putted to the liquid crystal controller 116. Note that the
thus obtained emphasis conversion data is lower in the
degree of emphasis conversion than emphasis conver-
sion data obtained with reference to the OS table memory
(ROM) 113a when the incoming image data is a progres-
sive signal.
[0140] Thus, in a case where the incoming image data
is converted by intra-field interpolation only, compensa-
tion for optical response properties of the liquid crystal
display panel 117 is performed to suppress image deg-
radation resulted from the emphasis of an unwanted false
signal caused by the I/P conversion processing, while
suppressing the occurrence of afterimage and trailing.
This allows for high-definition image display.
[0141] Thus, Second Embodiment includes: the OS ta-
ble memory (ROM) 113a which stores OS parameter
used when incoming image data is subjected to the mo-
tion adaptive I/P conversion; and the OS table memory
(ROM) 113b which stores OS parameter used when in-
coming image data is subjected to conversion by intra-
field interpolation only. OS parameter in the OS table
memory (ROM) 113b is lower in value than OS parameter
in the OS table memory (ROM) 113a, and obtains em-
phasis conversion data by using OS parameter read from
ether the OS table memory (ROM) 113a or the OS table
memory (ROM) 113b depending upon which the thus
detected signal is a progressive signal or interlaced sig-
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nal. Thus, it is possible to appropriately subject image
data to emphasis conversion processing in accordance
with an I/P conversion method performed on incoming
image data.

[Third Embodiment]

[0142] Fig. 4 is a diagram illustrating Third Embodi-
ment in which a temperature sensor is added to the con-
figuration illustrated in Fig. 1, and emphasis conversion
processing is performed on image data by using OS pa-
rameter obtained with reference to OS table memory
(ROM) 113 and a multiplier coefficient determined de-
pending upon an I/P conversion method and a device
internal temperature.
[0143] In a liquid crystal display device illustrated in
Fig. 4, as in the case of the above-mentioned embodi-
ment, OS table memory (ROM) 113 stores therein OS
parameter (emphasis conversion parameter) undergone
optimization when incoming image data is subjected to
the motion adaptive I/P conversion. In addition, emphasis
conversion on incoming image data is performed by us-
ing later-described multiplier coefficients α1 to α4 and
β1 to β4 determined depending upon (i) I/P conversion
methods performed by the I/P conversion section 111
and (ii) temperature detection data obtained by a tem-
perature sensor 120 as temperature detection means.
[0144] Here, as described previously, the OS table
memory (ROM) 113 may have OS parameters (meas-
ured values) respectively corresponding to all of 256 lev-
els of gray when displayed data is of 8 bits, i.e. 256 levels
of gray. For example, as illustrated in Fig. 21, the OS
table memory (ROM) 113 stores 9-by-9 OS parameters
(measured values) concerning nine representative levels
of gray in every thirty-two levels of gray. Emphasis con-
version data corresponding to other levels than the nine
representative levels of gray are obtained by operation
such as linear complement from the measured value.
Thus, it is possible to reduce a storage space in the OS
table memory (ROM) 113.
[0145] An emphasis conversion section 114C of the
present embodiment is realized by the same configura-
tion as in Fig. 2, and obtains emphasis conversion data
by using (i) an OS parameter having been read from the
OS table memory (ROM) 113 and (ii) multiplier coeffi-
cients α1 to α4 and β1 to β4 determined depending upon
a signal type and a temperature of the liquid crystal dis-
play panel 117, and outputs the obtained emphasis con-
version data to the liquid crystal controller 116. The em-
phasis conversion data is used to compensate for optical
response properties including temperature dependence
property of the liquid crystal display panel 117. Here, α1
to α4 are multiplier coefficients in a case where incoming
image data is subjected to the motion adaptive I/P con-
version, and β1 to β4 are multiplier coefficients in a case
where incoming image data is subjected to conversion
by intra-field interpolation only, where β1 < α1, β2 < α2,
β3 < α3, and β4 < α4.

[0146] More specifically, for example, assume that
temperature detection data obtained by the temperature
sensor 120 is rated on a scale of four temperature ranges:
(i) 15 °C or lower, (ii) higher than 15 °C but not higher
than 25 °C, (iii) higher than 25 °C but not higher than 35
°C, and (iv) 35 °C or higher. The explanation given below
will describe the following cases: Under a situation where
incoming image data is a progressive signal, when a de-
vice internal temperature is 15 °C or lower, for example,
the multiplier coefficient is α1 (> α2). When the device
internal temperature is higher than 15 °C but not higher
than 25 °C, the multiplier coefficient is α2 (> α3). When
the device internal temperature is higher than 25 °C but
not higher than 35 °C, the multiplier coefficient is α3 (>
α4). When the device internal temperature is 35 °C or
higher, the multiplier coefficient is α4 (=1). Under a situ-
ation where incoming image data is an interlaced signal,
when a device internal temperature is 15 °C or lower, for
example, the multiplier coefficient is β1 (>β2). When the
device internal temperature is higher than 15 °C but not
higher than 25 °C, the multiplier coefficient is β2 (>β3).
When the device internal temperature is higher than 25
°C but not higher than 35 °C, the multiplier coefficient is
β3 (>β4). When the device internal temperature is 35 °C
or higher, the multiplier coefficient is β4 (<1). It is needless
to say that the multiplier coefficients may correspond to
three or less temperature ranges or five or more temper-
ature ranges.
[0147] Note that these multiplier coefficients α1 to α4
and β1 to β4 are obtained in advance from measured
values of optical response properties of the liquid crystal
display panel 117. With this arrangement, in a case where
incoming image data is converted by intra-field interpo-
lation only, emphasis conversion can be performed on
image data with a lower degree of emphasis conversion
than a degree of emphasis conversion with which image
data is subjected to the motion adaptive I/P conversion.
This compensates for optical response properties (in-
cluding temperature dependence property) of the liquid
crystal display panel 117 while suppressing image deg-
radation resulted from the emphasis of an unwanted false
signal caused by the I/P conversion by intra-field inter-
polation only. This allows for high-definition image dis-
play free from afterimage and trailing.
[0148] It is preferable that the temperature sensor 120
is provided inside the liquid crystal display panel 117 in
consideration with its originally intended use, but which
is structurally difficult. It is safe that the temperature sen-
sor 120 is placed at the closest possible location to the
liquid crystal display panel 117. The number of the tem-
perature sensor 120 is not limited to one, and may be
two or more. The temperature sensors 120 may be dis-
posed respectively corresponding to areas of the liquid
crystal display panel 117. If a plurality of temperature
sensors 120 are provided, a mean value of respective
detection results obtained by the temperature sensors
120 may be used as temperature detection data, or a
greatly changed detection result obtained by any of the
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temperature sensors 120 may be used as temperature
detection data.
[0149] In such an arrangement, when the I/P conver-
sion section 111 is under instruction from the control CPU
112C to perform I/P conversion by the motion adaptive
I/P conversion method, for example, the I/P conversion
section 111 performs the motion adaptive I/P conversion
to generate a quasi-progressive signal, and then supplies
the thus generated signal to the emphasis conversion
section 114C.
[0150] At this moment, the control CPU 112C instructs
the emphasis conversion section 114C as emphasis con-
version means to perform emphasis conversion process-
ing on the incoming image data having been subjected
to the motion adaptive I/P conversion. In this case, as
described previously, the operation section 114d com-
pares incoming image data of Mth frame yet to be dis-
played (Current Data) with incoming image data of M-1th
frame stored in the frame memory 115 (Previous Data).
Then the operation section 114d reads OS parameter
corresponding to a result of the comparison (grayscale
transition) (i.e. OS parameter determined by the compar-
ison result) from the OS table memory (ROM) 113 to
obtain emphasis operation data. Subsequently, the sub-
tracter 114a obtains difference data between the ob-
tained emphasis operation data and the incoming image
data of Mth frame yet to be displayed.
[0151] At this point in time, the control CPU 112C has
received the temperature detection data from the tem-
perature sensor 120. The control CPU 112C performs
switching between the multiplier coefficient α1 to α4 to
select one of them corresponding to the temperature de-
tection data. Here, for example, if the temperature de-
tection data is 15 °C or lower, the multiplier coefficient
α1 (>α2) is selected. If the temperature detection data is
higher than 15 °C but not higher than 25 °C, the multiplier
coefficient α2 (>α3) is selected. If the temperature de-
tection data is higher than 25 °C but not higher than 35
°C, the multiplier coefficient α3 (>α4) is selected. If the
temperature detection data is 35 °C or higher, the multi-
plier coefficient α4 (=1) is selected.
[0152] When the control CPU 112C performs switch-
ing between the multiplier coefficients α1 to α4 to select
one of them corresponding to the temperature detection
data, the multiplier 114b multiplies the difference data by
the selected one of the multiplier coefficients α1 to α4.
The adder 114c adds data thus obtained by the multipli-
cation to the incoming image data of Mth frame yet to be
displayed, and supplies data thus obtained by the addi-
tion, as emphasis conversion data, to the liquid crystal
controller 116. Thus, in a case where the incoming image
data is a progressive signal, compensation for optical
response properties (including temperature dependence
property) of the liquid crystal display panel 117 is per-
formed even when there occurs change in temperature
of the liquid crystal display panel 117. This allows for
high-definition image display free from afterimage and
trailing.

[0153] On the other hand, when the I/P conversion sec-
tion 111 is under instruction from the control CPU 112C
to perform I/P conversion by intra-field interpolation only,
the I/P conversion section 111 performs conversion by
intra-field interpolation only to generate a quasi-progres-
sive signal, and then supplies the thus generated signal
to the emphasis conversion section 114C.
[0154] At this moment, the control CPU 112C instructs
the emphasis conversion section 114C to perform em-
phasis conversion processing on the image data having
been subjected to the I/P conversion processing. In this
case, as described previously, the operation section
114d compares incoming image data of Mth frame yet
to be displayed (Current Data) with incoming image data
of M-1th frame stored in the frame memory 115 (Previous
Data). Then, the operation section 114d reads OS pa-
rameter corresponding to a result of the comparison
(grayscale transition) (i.e. OS parameter determined by
the comparison result) from the OS table memory (ROM)
113 to obtain emphasis operation data. Subsequently,
the subtracter 114a obtains difference data between the
obtained emphasis operation data and the incoming im-
age data of Mth frame yet to be displayed.
[0155] At this point in time, the control CPU 112C has
received the temperature detection data from the tem-
perature sensor 120. The control CPU 112C performs
switching between the multiplier coefficient β1 to β4 to
select one of them corresponding to the temperature de-
tection data. Here, for example, if the temperature de-
tection data is 15 °C or lower, the multiplier coefficient
β1 (>β2) is selected. If the temperature detection data is
higher than 15 °C but not higher than 25 °C, the multiplier
coefficient β2 (>β3) is selected. If the temperature detec-
tion data is higher than 25 °C but not higher than 35 °C,
the multiplier coefficient β3 (>β4) is selected. If the tem-
perature detection data is 35 °C or higher, the multiplier
coefficient β4 (<1) is selected.
[0156] When the control CPU 112C performs switch-
ing between the multiplier coefficients β1 to β4 to select
one of them corresponding to the temperature detection
data, the multiplier 114b multiplies the difference data by
the selected one of the multiplier coefficients β1 to β4.
The adder 114c adds data thus obtained by the multipli-
cation to the incoming image data of Mth frame yet to be
displayed, and supplies data thus obtained by the addi-
tion, as emphasis conversion data, to the liquid crystal
controller 116.
[0157] Here, in a case where the incoming image data
is an interlaced signal, β1 < α1, β2 < α2, β3 < α3, and
β4 < α4. Thus, compensation for optical response prop-
erties (including temperature dependence property) of
the liquid crystal display panel 117 is performed even
when there occurs change in temperature of the liquid
crystal display panel 117, so as to suppress the occur-
rence of afterimage and trailing while suppressing image
degradation resulted from the emphasis of an unwanted
false signal caused by the I/P conversion processing.
This allows for high-definition image display.
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[0158] Thus, in Third Embodiment, the degree of em-
phasis conversion of the incoming image data is control-
led so as to change by using the multiplier coefficients
α1 through α4, which are used when the incoming image
data is subjected to the motion adaptive I/P conversion,
and the multiplier coefficients β1 through β4, which are
used when the incoming image data is subjected to con-
version by intra-field interpolation only, according to the
temperature detection data obtained by the temperature
sensor 120. This makes it possible to subject image data
an appropriate emphasis conversion processing in ac-
cordance with an I/P conversion method performed on
the incoming image data and a device internal tempera-
ture, thus allowing for high-definition image display.

[Fourth Embodiment]

[0159] Fig. 5 is a diagram illustrating an embodiment
(Fourth Embodiment) in which the OS table memory
(ROM) illustrated in Fig. 4 comprises (i) two OS table
memories (ROMs) provided separately, wherein one OS
table memory stores OS parameter which is referred to
when incoming image data is subjected to the motion
adaptive I/P conversion and is used in emphasis conver-
sion of image data, the other OS table memory stores
OS parameter which is referred to when incoming image
data is subjected to the conversion by intra-field interpo-
lation only and are used in emphasis conversion of image
data, and the degree of emphasis conversion on image
data is changed by using a multiplier coefficient respon-
sive to a device internal temperature. Fig. 6 is a diagram
for explaining an arrangement where emphasis conver-
sion data is obtained by using (i) OS parameter obtained
as a result of referring to an OS table memory (ROM) of
Fig. 5 and (ii) a multiplier coefficient corresponding to
temperature detection data obtained by a temperature
sensor.
[0160] A liquid crystal display device illustrated in Fig.
5 includes an OS table memory (ROM) 113a and an OS
table memory (ROM) 113b. The OS table memory (ROM)
113a is referenced to when incoming image data is sub-
jected to the motion adaptive I/P conversion. The OS
table memory (ROM) 113b is referenced to when incom-
ing image data is subjected to the conversion by intra-
field interpolation only. Switching between the OS table
memory (ROM) 113a and the OS table memory (ROM)
113b is performed in accordance with an I/P conversion
method used by the I/P conversion section 111, so that
either the OS table memory (ROM) 113a or the OS table
memory (ROM) 113b is referenced to, and thus emphasis
conversion on incoming image data is performed by us-
ing later-described multiplier coefficients α1 to α4 corre-
sponding to temperature detection data obtained by the
temperature sensor 120.
[0161] OS parameter in the OS table memory (ROM)
113b is lower in value than OS parameter in the OS table
memory (ROM) 113a. As described previously, this is
because, in order to prevent flicker noise (false signal)

or the like caused in edge portions of a displayed image
from being noticeably emphasized due to emphasis con-
version performed on image data obtained by I/P con-
version by intra-field interpolation only, the degree of em-
phasis conversion performed on the image data must be
lower in a case where incoming image data is subjected
to conversion by intra-field interpolation only than in a
case where incoming image data is subjected to motion
adaptive I/P conversion.
[0162] In the present embodiment, the OS table mem-
ories (ROM) 113a and 113b provided separately store
respective OS parameters. Alternatively, the present em-
bodiment may be arranged such that respective OS pa-
rameters are stored in different table regions of a single
OS table memory (ROM), and the OS parameters are
switched for selection to obtain emphasis conversion da-
ta, by adaptively switching from one reference table re-
gion to another in accordance with a switch control signal
supplied from the control CPU 112D.
[0163] As described previously, the OS table memo-
ries (ROMs) 113a and 113b each may have OS param-
eters (measured values) respectively corresponding to
all of 256 levels of gray when display data is of 8 bits, i.e.
256 levels of gray. For example, as illustrated in Fig. 21,
each of the OS table memories (ROMs) 113a and 113b
stores 9-by-9 OS parameters (measured values) con-
cerning nine representative levels of gray in every thirty-
two levels of gray. Emphasis conversion data corre-
sponding to other levels than the nine representative lev-
els of gray are obtained by operation such as linear com-
plement from the measured value. Thus, it is possible to
reduce a storage space in the OS table memory (ROM)
113.
[0164] An emphasis conversion section 114D of the
present embodiment is realized by the same configura-
tion as in Fig. 2, and obtains emphasis conversion data
by using (i) OS parameter having been read from either
the OS table memory (ROM) 113a or the OS table mem-
ory (ROM) 113b and (ii) multiplier coefficients α1 to α4
determined depending upon a temperature of the liquid
crystal display panel 117, and outputs the obtained em-
phasis conversion data to the liquid crystal controller 116.
[0165] More specifically, for example, assume that
temperature detection data obtained by the temperature
sensor 120 is rated on a scale offour temperature ranges:
(i) 15 °C or lower, (ii) higher than 15 °C but not higher
than 25 °C, (iii) higher than 25 °C but not higher than 35
°C, and (iv) 35 °C or higher. The explanation given below
will describe the following cases: When a device internal
temperature is 15 °C or lower, for example, the multiplier
coefficient is α1 (> α2). When the device internal tem-
perature is higher than 15 °C but not higher than 25 °C,
the multiplier coefficient is α2 (> α3). When the device
internal temperature is higher than 25 °C but not higher
than 35 °C, the multiplier coefficient is α3 (> α4). When
the device internal temperature is 35 °C or higher, the
multiplier coefficient is α4 (=1). It is needless to say that
the multiplier coefficients may correspond to three or less
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temperature ranges or five or more temperature ranges.
[0166] Note that these multiplier coefficients α1 to α4
are obtained in advance from measured values of optical
response properties of the liquid crystal display panel
117. With this arrangement, in a case where incoming
image data is subjected to conversion by intra-field inter-
polation only, emphasis conversion of image data can
be performed in the degree of emphasis conversion lower
than the degree of emphasis conversion in a case where
incoming image data is subjected to the motion adaptive
I/P conversion. This compensates for optical response
properties (including dependence property) of the liquid
crystal display panel 117 while suppressing image deg-
radation resulted from the emphasis of an unwanted false
signal caused by the I/P conversion by intra-field inter-
polation only. This allows for high-definition image dis-
play free from afterimage and trailing.
[0167] It is preferable that the temperature sensor 120
is provided inside the liquid crystal display panel 117 in
consideration with its originally intended use, but which
is structurally difficult. It is safe that the temperature sen-
sor 120 is placed at the closest possible location to the
liquid crystal display panel 117. The number of the tem-
perature sensor 120 is not limited to one, and may be
two or more. The temperature sensors 120 may be dis-
posed respectively corresponding to areas of the liquid
crystal display panel 117. If a plurality of temperature
sensors 120 are provided, a mean value of respective
detection results obtained by the temperature sensors
120 may be used as temperature detection data, or a
greatly changed detection result obtained by any of the
temperature sensors 120 may be used as temperature
detection data.
[0168] In such an arrangement, when the I/P conver-
sion section 111 is under instruction from the control CPU
112D to perform I/P conversion by the motion adaptive
I/P conversion method, the I/P conversion section 111
performs the motion adaptive I/P conversion to generate
a quasi-progressive signal, and then supplies the thus
generated signal to the emphasis conversion section
114D.
[0169] At this moment, the control CPU 112D instructs
the emphasis conversion section 114D as emphasis con-
version means to perform emphasis conversion process-
ing on the incoming image data having been subjected
to the motion adaptive I/P conversion. In this case, as
illustrated in Fig. 6, a parameter switch control signal from
the control CPU 112D instructs the emphasis conversion
section 114D to reference to the OS table memory (ROM)
113a. Then, the operation section 114d compares incom-
ing image data of Mth frame yet to be displayed (Current
Data) with incoming image data of M-1th frame stored in
the frame memory 115 (Previous Data). Then the oper-
ation section 114d reads OS parameter corresponding
to a result of the comparison (grayscale transition) (i.e.
OS parameter determined by the comparison result) from
the OS table memory (ROM) 113a to obtain emphasis
operation data. Subsequently, the subtracter 114a ob-

tains difference data between the obtained emphasis op-
eration data and the incoming image data of Mth frame
yet to be displayed.
[0170] At this point in time, the control CPU 112D has
received the temperature detection data from the tem-
perature sensor 120. The control CPU 112D provides
the emphasis conversion section 114D with a coefficient
switch control signal for performing switching between
multiplier coefficients α1 to α4 to select one of them cor-
responding to the temperature detection data. Here, for
example, if the temperature detection data is 15 °C or
lower, the multiplier coefficient α1 (>α2) is selected. If
the temperature detection data is higher than 15 °C but
not higher than 25 °C, the multiplier coefficient α2 (>α3)
is selected. If the temperature detection data is higher
than 25 °C but not higher than 35 °C, the multiplier co-
efficient α3 (>α4) is selected. If the temperature detection
data is 35 °C or higher, the multiplier coefficient α4 (=1)
is selected.
[0171] When any one of the multiplier coefficients α1
to α4 is selected by the coefficient switch control signal
supplied from the control CPU 112D in accordance with
the temperature detection data, the multiplier 114b mul-
tiplies the difference data by the selected one of the mul-
tiplier coefficients α1 to α4. The adder 114c adds data
thus obtained by the multiplication to the incoming image
data of Mth frame yet to be displayed, and supplies data
thus obtained by the addition, as emphasis conversion
data, to the liquid crystal controller 116. Thus, in a case
where the incoming image data is subjected to the motion
adaptive I/P conversion, compensation for optical re-
sponse properties (including temperature dependence
property) of the liquid crystal display panel 117 is per-
formed even when there occurs change in temperature
of the liquid crystal display panel 117. This allows for
high-definition image display free from afterimage and
trailing.
[0172] On the other hand, when the I/P conversion sec-
tion 111 is under instruction from the control CPU 112D
to perform conversion by intra-field interpolation only, the
I/P conversion section 111 performs conversion by intra-
field interpolation only to generate a quasi-progressive
signal, and then supplies the thus generated signal to
the emphasis conversion section 114D.
[0173] At this moment, the control CPU 112D instructs
the emphasis conversion section 114D to perform em-
phasis conversion processing on the incoming image da-
ta having been subjected to the I/P conversion by intra-
field interpolation only. In this case, a parameter switch
control signal supplied from the control CPU 112D in-
structs the emphasis conversion section 114D to refer-
ence to the OS table memory (ROM) 113b. Then, the
operation section 114d reads from the OS table memory
(ROM) 113 an OS parameter corresponding to a result
of comparison (grayscale transition) between incoming
image data of Mth frame yet to be displayed (Current
Data) and incoming image data of M-1th frame stored in
the frame memory 115 (Previous Data) (i.e. OS param-
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eter specified by the comparison result), so as to obtain
emphasis operation data. Subsequently, the subtracter
114a obtains difference data between the obtained em-
phasis operation data and the incoming image data of
Mth frame yet to be displayed.
[0174] At this point in time, the control CPU 112D has
received the temperature detection data from the tem-
perature sensor 120. The control CPU 112D provides
the emphasis conversion section 114D with a coefficient
switch control signal for performing switching between
multiplier coefficients α1 to α4 to select one of them cor-
responding to the temperature detection data. Here, for
example, if the temperature detection data is 15 °C or
lower, the multiplier coefficient α1 (>α2) is selected. If
the temperature detection data is higher than 15 °C but
not higher than 25 °C, the multiplier coefficient α2 (>α3)
is selected. If the temperature detection data is higher
than 25 °C but not higher than 35 °C, the multiplier co-
efficient α3 (>α4) is selected. If the temperature detection
data is 35 °C or higher, the multiplier coefficient α4 (=1)
is selected.
[0175] When any one of the multiplier coefficients α1
to α4 is selected by the coefficient switch control signal
supplied from the control CPU 112D in accordance with
the temperature detection data, the multiplier 114b mul-
tiplies the difference data by the selected one of the mul-
tiplier coefficients α1 to α4. The adder 114c adds data
thus obtained by the multiplication to the incoming image
data of Mth frame yet to be displayed, and supplies data
thus obtained by the addition, as emphasis conversion
data, to the liquid crystal controller 116.
[0176] Here, as described previously, in a case where
the incoming image data is subjected to the I/P conver-
sion by intra-field interpolation only; OS parameter in the
OS table memory (ROM) 113b is lower in value than OS
parameter in the OS table memory (ROM) 113a. Com-
pensation for optical response properties (including tem-
perature dependence property) of the liquid crystal dis-
play panel 117 is performed even when there occurs
change in temperature of the liquid crystal display panel
117, image degradation resulted from the emphasis of
an unwanted false signal caused by the I/P conversion
by intra-field interpolation only is suppressed while sup-
pressing the occurrence of afterimage and trailing. This
allows for high-definition image display.
[0177] Thus, Fourth Embodiment includes: the OS ta-
ble memory (ROM) 113a which is referenced to when
incoming image data is subjected to the motion adaptive
I/P conversion; and the OS table memory (ROM) 113b
which is referenced to when incoming image data is sub-
jected to the conversion by intra-field interpolation only,
wherein OS parameter read from either the OS table
memory (ROM) 113a or the OS table memory (ROM)
113b in accordance with an I/P conversion method used
by the I/P conversion section 111 is used, and the degree
of emphasis conversion performed on the incoming im-
age data is controlled so as to change by using any of
the multiplier coefficients α1 to α4 corresponding to the

temperature detection data obtained by the temperature
sensor 120. It is therefore possible to subject image data
to appropriate emphasis conversion processing in ac-
cordance with (i) an I/P conversion method used to proc-
ess the incoming image data and (ii) a device internal
temperature. This allows for high-definition image dis-
play.

[Fifth Embodiment]

[0178] Fig. 7 is a diagram illustrating Fifth Embodiment
in which (a) OS table memories (ROMs) and (b) the OS
table memories (ROMs) are provided separately, where-
in the (a) OS table memories (ROMs) store OS param-
eters respectively corresponding to a plurality of temper-
ature ranges and are referenced to when incoming image
data is subjected to the motion adaptive I/P conversion,
and the (b) OS table memories (ROMs) store OS param-
eters respectively corresponding to a plurality of temper-
ature ranges and are referenced to when incoming image
data is subjected to the conversion by intra-field interpo-
lation only. Fig. 8 is a diagram for explaining details of a
control CPU illustrated in Fig. 7. Fig. 9 is an explanatory
view of operations of performing switching between the
OS table memories (ROMs) illustrated in Fig. 7 to select
one of the OS table memories in accordance with an I/P
conversion method used to process the incoming image
data and a device internal temperature.
[0179] As illustrated in Fig. 7, in Fifth Embodiment, OS
table memories (ROMs) 1131 through 1134 and OS table
memories (ROMs) 1135 through 1138 are provided. The
OS table memories (ROMs) 1131 through 1134 are ref-
erenced to when incoming image data is subjected to the
motion adaptive I/P conversion. The OS table memories
(ROMs) 1135 through 1138 are referenced to when in-
coming image data is subjected to the conversion by in-
tra-field interpolation only. The OS table memories
(ROMs) 1131 through 1138 are switched to reference to
one of the OS table memories (ROMs) 1131 through
1138 in accordance with (i) an I/P conversion method
used to process incoming image data and (ii) a device
internal temperature obtained by temperature detection
data of the temperature sensor 120, so that emphasis
conversion processing is performed on image data.
[0180] Here, OS parameters in the OS table memories
(ROMs) 1135 through 1138, which are referenced to
when incoming image data is subjected to the conversion
by intra-field interpolation only, are lower in value OS
parameters in the OS table memories (ROMs) 1131
through 1134, which are referenced to when incoming
image data is subjected to motion adaptive I/P conver-
sion. As described previously, this is because, in order
to prevent flicker noise (false signal) or the like caused
in edge portions of a displayed image from being notice-
ably emphasized due to emphasis conversion performed
on image data obtained by the I/P conversion by intra-
field interpolation only, the degree of emphasis conver-
sion performed on the image data must be lower in a
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case where incoming image data is subjected to the con-
version by intra-field interpolation only than in a case
where incoming image data is subjected to motion adap-
tive I/P conversion.
[0181] In the present embodiment, the OS table mem-
ories (ROM) 1131 through 1138 provided separately
store the respective OS parameters. Alternatively, the
present embodiment may be arranged such that the re-
spective OS parameters are stored in different table re-
gions of a single OS table memory (ROM), and the OS
parameters are switched for selection to obtain emphasis
conversion data, by adaptively switching from one refer-
ence table region to another in accordance with a switch
control signal supplied from the control CPU 112E.
[0182] As described previously, the OS table memo-
ries (ROMs) 1131 through 1138 each may have OS pa-
rameters (measured values) respectively corresponding
to all of 256 levels of gray when display data is of 8 bits,
i.e. 256 levels of gray. For example, as illustrated in Fig.
21, each of the OS table memories (ROMs) 1131 through
1138 stores 9-by-9 OS parameters (measured values)
concerning nine representative levels of gray in every
thirty-two levels of gray. Emphasis conversion data cor-
responding to other levels than the nine representative
levels of gray are obtained by operation such as linear
complement from the measured value. Thus, it is possi-
ble to reduce a storage space in the OS table memories
(ROMs) 1131 through 1138.
[0183] It is preferable that the temperature sensor 120
is provided inside the liquid crystal display panel 117 in
consideration with its originally intended use, but which
is structurally difficult. It is safe that the temperature sen-
sor 120 is placed at the closest possible location to the
liquid crystal display panel 117. The number of the tem-
perature sensor 120 is not limited to one, and may be
two or more. The temperature sensors 120 may be dis-
posed respectively corresponding to areas of the liquid
crystal display panel 117. If a plurality of temperature
sensors 120 are provided, a mean value of respective
detection results obtained by the temperature sensors
120 may be used as temperature detection data, or a
greatly changed detection result obtained by any of the
temperature sensors 120 may be used as temperature
detection data.
[0184] In the present embodiment, the OS table mem-
ories (ROMs) 1131 through 1138, as illustrated in Fig. 9,
are switched to reference to one of the OS table memo-
ries (ROMs) 1131 through 1138 in accordance with the
temperature detection data supplied from the tempera-
ture sensor 120. In the present embodiment, the OS table
memories (ROMs) 1131 through 1138 are provided so
as to correspond to four temperature ranges, i.e. (i) 15
°C or lower, (ii) higher than 15 °C but not higher than 25
°C, (iii) higher than 25 °C but not higher than 35 °C, and
(iv) 35 °C or higher. It is needless to say that OS param-
eters corresponding to three or less temperature ranges
or five or more temperature ranges may be prepared.
[0185] With reference to Fig. 8, the following will de-

scribe the configuration of the control CPU 112E ar-
ranged so as to make instruction on switching between
the OS table memories (ROMs) 1131 through 1138 for
selection in accordance with the temperature detection
data supplied from the temperature sensor 120. That is,
the control CPU 112E as control means has a threshold
determination section 112a, a control signal output sec-
tion 112c, and an I/P conversion method determination
section 112k. Note that the members in the control CPU
(112E or later-described CPU 112F through 112G) may
be mutually different hardware blocks which are provided
in the control CPU or the like. However, in the following
embodiments, the members are functional blocks real-
ized by the control CPU or the like executing a program
stored in memory (not shown). Among these members,
a storage section may be either an internal memory pro-
vided in the control CPU or an external memory provided
outside the control CPU.
[0186] The I/P conversion method determination sec-
tion 112k determines an I/P conversion method to be
instructed to the I/P conversion section 111 by the fore-
going various methods, and then outputs a signal indic-
ative of the determined I/P conversion method.
[0187] In response to the temperature detection data
from the temperature sensor 120, the threshold determi-
nation section 112a compares the temperature detection
data with predetermined switching temperatures (thresh-
old temperatures) Th1, Th2, and Th3, for example. Here,
the switching temperatures (threshold temperatures)
Th1, Th2, and Th3 are, for example, 15 °C, 25 °C, and
35 °C. The threshold determination section 112a outputs
a result of the determination as to whether a device in-
ternal temperature is 15 °C or lower, higher than 15 °C
but not higher than 25 °C, higher than 25 °C but not higher
than 35 °C, or 35 °C or higher.
[0188] The control signal output section 112c outputs
a switch control signal in accordance with (i) the I/P con-
version method determined by the I/P conversion method
determination section 112k and (ii) the result of the de-
termination by the threshold determination section 112a.
That is, in response to the I/P conversion method deter-
mined by the I/P conversion method determination sec-
tion 112k and the result of the determination by the
threshold determination section 112a, the control signal
output section 112c outputs a switch control signal cor-
responding to the I/P conversion method and the tem-
perature detection data to make an instruction as to which
of the OS table memories (ROMs) 1131 through 1138 is
to be referenced to.
[0189] In this case, the control signal output section
112c uses, as the switch control signal, a combination of
(i) identification data which is "0" that is selected when
incoming image data is subjected to the motion adaptive
I/P conversion or "1" that is selected when incoming im-
age data is subjected to conversion by intra-field inter-
polation only, for example, and (ii) identification data
which is "00" that is selected when the temperature de-
tection data supplied from the temperature sensor 120
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is 15 °C or lower, "01" that is selected when the temper-
ature detection data is higher than 15 °C but not higher
than 25 °C, "10" that is selected when the temperature
detection data is higher than 25 °C but not higher than
35 °C, or "11" that is selected when the temperature de-
tection data is 35 °C or higher, for example. In this man-
ner, the control signal output section 112c can output a
3-bit switch control signal to make an instruction as to
which of the eight OS table memories (ROMs) 1131
through 1138 is to be referenced to in performing em-
phasis conversion on image data.
[0190] In such an arrangement, as described previous-
ly, when the I/P conversion method determination section
112k determines to perform the motion adaptive I/P con-
version, for example, the I/P conversion method deter-
mination section 112k outputs a signal indicative of the
motion adaptive I/P conversion to the I/P conversion sec-
tion 111. In this case, the I/P conversion section 111 per-
forms the motion adaptive I/P conversion to generate a
quasi-progressive signal, and then supplies the thus gen-
erated signal to the emphasis conversion section 114E.
[0191] At this moment, the control CPU 112E instructs
the emphasis conversion section 114E as emphasis con-
version means to perform emphasis conversion process-
ing on the incoming image data having been subjected
to the motion adaptive I/P conversion. In this case, in
accordance with a result of the determination as to wheth-
er the temperature detection data supplied from the
threshold determination section 112a is 15 °C or lower,
higher than 15 °C but not higher than 25 °C, higher than
25 °C but not higher than 35 °C, or 35 °C or higher, the
control signal output section 112c outputs the switch con-
trol signal to make instruction as to which of the OS table
memories (ROMs) 131 through 134 is to be selected for
reference in performing the motion adaptive I/P conver-
sion on the incoming image data.
[0192] Assuming the temperature detection data sup-
plied from the temperature sensor 120 is, for example,
15 °C or lower, the control signal output section 112c
instructs to reference to the OS table memory (ROM)
1131. Assuming the temperature detection data supplied
from the temperature sensor 120 is, for example, higher
than 15 °C but not higher than 25 °C, the control signal
output section 112c instructs to reference to the OS table
memory (ROM) 1132. Assuming the temperature detec-
tion data supplied from the temperature sensor 120 is,
for example, higher than 25 °C but not higher than 35 °C,
the control signal output section 112c instructs to refer-
ence to the OS table memory (ROM) 1133. Assuming
the temperature detection data supplied from the tem-
perature sensor 120 is, for example, 35 °C or higher, the
control signal output section 112c instructs to reference
to the OS table memory (ROM) 1134.
[0193] Then, the emphasis conversion section 114E
having received the instruction reads, from the OS table
memory (ROM) which is instructed to select from among
the OS table memories (ROMs) 1131 through 1134, OS
parameter corresponding to a result of comparison (gray-

scale transition) between incoming image data of Mth
frame yet to be displayed (Current Data) with incoming
image data of M-1th frame stored in the frame memory
115 (Previous Data) (i.e. OS parameter determined by
the comparison result). Subsequently, the emphasis con-
version section 114E obtains emphasis conversion data
in accordance with the thus read OS parameter and sup-
plies the obtained emphasis conversion data to the liquid
crystal controller 116. Thus, in a case where the incoming
image data is subjected to the motion adaptive I/P con-
version, compensation for optical response properties
(including temperature dependence property) of the liq-
uid crystal display panel 117 is performed even when
there occurs change in temperature of the liquid crystal
display panel 117. This allows for a high-definition image
free from afterimage and trailing.
[0194] On the other hand, when the I/P conversion
method determination section 112k determines to per-
form the conversion by intra-field interpolation only, the
I/P conversion method determination section 112k out-
puts a signal indicative of the conversion by intra-field
interpolation only to the I/P conversion section 111. In
this case, the I/P conversion section 111 performs the
conversion by intra-field interpolation only to generate a
quasi-progressive signal, and then supplies the thus gen-
erated signal to the emphasis conversion section 114E.
[0195] In this case, as described previously, in accord-
ance with a result of the determination as to whether the
temperature detection data supplied from the threshold
determination section 112a is 15 °C or lower, higher than
15 °C but not higher than 25 °C, higher than 25 °C but
not higher than 35 °C, or 35 °C or higher, the control
signal output section 112c outputs a switch control signal
to make instruction as to which of the OS table memories
(ROMs) 1135 through 1138 is to be selected for reference
in performing the conversion by intra-field interpolation
only on the incoming image data.
[0196] Assuming the temperature detection data sup-
plied from the temperature sensor 120 is, for example,
15 °C or lower, the control signal output section 112c
instructs to reference to the OS table memory (ROM)
1135. Assuming the temperature detection data supplied
from the temperature sensor 120 is, for example, higher
than 15 °C but not higher than 25 °C, the control signal
output section 112c instructs to reference to the OS table
memory (ROM) 1136. Assuming the temperature detec-
tion data supplied from the temperature sensor 120 is,
for example, higher than 25 °C but not higher than 35 °C,
the control signal output section 112c instructs to refer-
ence to the OS table memory (ROM) 1137. Assuming
the temperature detection data supplied from the tem-
perature sensor 120 is, for example, 35 °C or higher, the
control signal output section 112c instructs to reference
to the OS table memory (ROM) 1138.
[0197] Then, the emphasis conversion section 114E
having received the instruction reads, from the OS table
memory (ROM) which is instructed to select from among
the OS table memories (ROMs) 1135 through 1138, OS
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parameter corresponding to a result of comparison (gray-
scale transition) between incoming image data of Mth
frame yet to be displayed (Current Data) with incoming
image data of M-1th frame stored in the frame memory
115 (Previous Data) (i.e. OS parameter determined by
the comparison result). Subsequently, the emphasis con-
version section 114E obtains emphasis conversion data
in accordance with the thus read OS parameter and sup-
plies the obtained emphasis conversion data to the liquid
crystal controller 116.
[0198] Here, as described previously, in a case where
the incoming image data is subjected to the conversion
by intra-field interpolation only, OS parameters in the OS
table memories (ROMs) 1135 through 1138 are lower in
value than corresponding OS parameters in the OS table
memories (ROMs) 1131 through 1134. Compensation
for optical response properties (including temperature
dependence property) of the liquid crystal display panel
117 is performed even when there occurs change in tem-
perature of the liquid crystal display panel 117. This sup-
presses image degradation resulted from the emphasis
of an unwanted false signal caused by the I/P conversion
by intra-field interpolation only while preventing the oc-
currence of afterimage and trailing, thus allowing for high-
definition image display.
[0199] Thus, Fifth Embodiment includes: the OS table
memories (ROMs) 1131 through 1134 which correspond
to sets of temperature detection data supplied from the
temperature sensor 120 and referenced to when incom-
ing image data is subjected to the motion adaptive I/P
conversion; and the OS table memories (ROMs) 1135
through 1138 which correspond to sets of temperature
detection data supplied from the temperature sensor 120
and referenced to when incoming image data is an inter-
laced signal, wherein switching between the OS table
memories (ROMs) 1131 through 1138 is performed in
accordance with (i) an I/P conversion method used to
process the incoming image data and (ii) a device internal
temperature obtained by temperature detection data
supplied from the temperature sensor 120 so that one of
the OS table memories (ROMs) 1131 through 1138 can
be referenced to, and thus emphasis conversion
processing is performed on image data.

[Sixth Embodiment]

[0200] Fig. 10 is a diagram illustrating Sixth Embodi-
ment in which common OS table memories are shared
between in a case where incoming image data is sub-
jected to the motion adaptive I/P conversion and in a case
where incoming image data is subjected to the conver-
sion by intra-field interpolation only. Fig. 11 is a diagram
illustrating details of a control CPU illustrated in Fig. 10.
Fig. 12 is an explanatory view of operations of performing
switching between the OS table memories (ROMs) illus-
trated in Fig. 7 to select one of the OS table memories
in accordance with an I/P conversion method used to
process the incoming image data and a device internal

temperature.
[0201] As illustrated in Fig. 10, Sixth Embodiment is
such that among the OS table memories (ROMs) 1131
through 1138 illustrated in Fig. 7, for example, four OS
table memories (ROMs) 1131 through 1134, which are
referenced to when incoming image data is subjected to
the motion adaptive I/P conversion, are caused to be also
referenced to when incoming image data is subjected to
the conversion by intra-field interpolation only, wherein
switching between the OS table memories (ROMs) 1131
through 1134 are performed in accordance with (i) an I/P
conversion method used by the I/P conversion section
111 and (ii) a device internal temperature obtained by
the temperature sensor 120 so that one of the OS table
memories (ROMs) 1131 through 1134 can be referenced
to, and thus emphasis conversion processing is per-
formed on image data.
[0202] Thus, a control CPU 112F which performs con-
trol for switching between OS table memories (ROMs)
1131 through 1134 to be referenced to in accordance
with (i) the I/P conversion method used to process in-
coming image data and (ii) a device internal temperature
detection data, is arranged as illustrated in Fig. 11. That
is, the control CPU 112F has a threshold determination
section 112a, a control signal output section 112b, an
operational expression storage section 112e, an opera-
tion section 112f, and an I/P conversion method deter-
mination section 112k.
[0203] The threshold determination section 112a com-
pares temperature data having been subjected to oper-
ation of the operation section 112f with predetermined
switching temperatures (threshold temperatures) Th1,
Th2, and Th3, for example. Here, the switching temper-
atures (threshold temperatures) Th1, Th2, and Th3 are,
for example, 15 °C, 25 °C, and 35 °C. The control signal
output section 112b generates a switch control signal for
instructing the emphasis conversion section 114F as em-
phasis conversion means as to which of the OS table
memories (ROMs) 1131 through 1134 is to be selected
for reference, in accordance with a result of the compar-
ison performed by the threshold determination section
112a.
[0204] The I/P conversion method determination sec-
tion 112k determines an I/P conversion method to be
instructed to the I/P conversion section 111 by the fore-
going various methods, and then outputs a signal indic-
ative of the determined I/P conversion method.
[0205] The operational expression storage section
112e stores operational expressions of operations such
as addition/ subtraction of predetermined values respec-
tively corresponding to I/P conversion methods used to
process incoming image data to/from temperature de-
tection data obtained by the temperature sensor 120. The
operation section 112f performs correction operation on
the temperature detection data obtained by the temper-
ature sensor 120, by using an operational expression
read from the operational expression storage section
112e in accordance with an I/P conversion method de-
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termined by the I/P conversion method determination
section 112k.
[0206] In such an arrangement, as illustrated in Fig.
12, for example, under a situation where incoming image
data is subjected to the motion adaptive I/P conversion,
assuming that a device internal temperature detected by
the temperature sensor 120 is a switching temperature
Th1 (=15 °C) or lower, the control CPU 112F instructs
the emphasis conversion section 114F to select and ref-
erence to the OS table memory (ROM) 1131. Thus, the
emphasis conversion section 114F performs emphasis
conversion of the incoming image data by using an OS
parameter stored in the OS table memory (ROM) 1131.
[0207] Further, assuming that a device internal tem-
perature detected by the temperature sensor 120 is high-
er than the switching temperature Th1 (=15 °C) but not
higher than the switching temperature Th2 (=25 °C), the
control CPU 112F instructs the emphasis conversion
section 114F to select and reference to the OS table
memory (ROM) 1132. Thus, the emphasis conversion
section 114F performs emphasis conversion of the in-
coming image data by using an OS parameter stored in
the OS table memory (ROM) 1132.
[0208] Still further, assuming that a device internal
temperature detected by the temperature sensor 120 is
higher than the switching temperature Th2 (=25 °C) but
not higher than the switching temperature Th3 (=35 °C),
the control CPU 112F instructs the emphasis conversion
section 114F to select and reference to the OS table
memory (ROM) 1133. Thus, the emphasis conversion
section 114F performs emphasis conversion of the in-
coming image data by using an OS parameter stored in
the OS table memory (ROM) 1133.
[0209] Yet further, assuming that a device internal tem-
perature detected by the temperature sensor 120 is the
switching temperature Th3 (=35 °C) or higher, the control
CPU 112F instructs the emphasis conversion section
114F to select and reference to the OS table memory
(ROM) 1134. Thus, the emphasis conversion section
114F performs emphasis conversion of incoming image
data by using an OS parameter stored in the OS table
memory (ROM) 1134.
[0210] On the other hand, in a case where incoming
image data is subjected to the conversion by intra-field
interpolation only, as described previously, in order to
prevent excessive emphasis of false signals such as flick-
er noise and jaggies caused in edge portions of an image
when an interlaced signal is subjected to I/P conversion
by intra-field interpolation only, the degree of emphasis
conversion performed on the image data must be lower
in a case where incoming image data is subjected to the
conversion by intra-field interpolation only than in a case
where incoming image data is subjected to motion adap-
tive I/P conversion. On this account, in order to correct
the degree of emphasis conversion, the operation section
112f performs a predetermined operation (in this case,
for example, addition of 5 °C) on the temperature detec-
tion data obtained by the temperature sensor 120, by

using an operational expression read from the operation-
al expression storage section 112e. Then, the operation
section 112f outputs a result of the operation to the
threshold determination section 112a. Note that, in this
case 5 °C is not necessarily added. Alternatively, values
that are not higher than 4 °C or not lower than 6 °C may
be added and may be arbitrarily set according to optical
response properties of the liquid crystal display panel
117.
[0211] In such an arrangement, under a situation
where incoming image data is subjected to the conver-
sion by intra-field interpolation only, assuming that a de-
vice internal temperature detected by the temperature
sensor 120 is not higher than 10 °C, the control CPU
112F instructs the emphasis conversion section 114F to
select and reference to the OS table memory (ROM)
1131. Thus, the emphasis conversion section 114F per-
forms emphasis conversion of the incoming image data
by using an OS parameter stored in the OS table memory
(ROM) 1131.
[0212] Further, assuming that the device internal tem-
perature detected by the temperature sensor 120 is high-
er than 10 °C but not higher than 20 °C, the control CPU
112F instructs the emphasis conversion section 114F to
select and reference to the OS table memory (ROM)
1132. Thus, the emphasis conversion section 114F per-
forms emphasis conversion of the incoming image data
by using an OS parameter stored in the OS table memory
(ROM) 1132.
[0213] Still further, assuming that the device internal
temperature detected by the temperature sensor 120 is
higher than 20 °C but not higher than 30 °C, the control
CPU 112F instructs the emphasis conversion section
114F to select and reference to the OS table memory
(ROM) 1133. Thus, the emphasis conversion section
114F performs emphasis conversion of the incoming im-
age data by using an OS parameter stored in the OS
table memory (ROM) 1133.
[0214] Yet further, assuming that the device internal
temperature detected by the temperature sensor 120 is
higher than 30 °C, the control CPU 112F instructs the
emphasis conversion section 114F to select and refer-
ence to the OS table memory (ROM) 1134. Thus, the
emphasis conversion section 114F performs emphasis
conversion of the incoming image data by using an OS
parameter stored in the OS table memory (ROM) 1134.
[0215] Thus, in Sixth Embodiment, the temperature
detection data, obtained by the temperature sensor 120,
having been subjected to a predetermined operation, is
compared with the predetermined switching tempera-
tures Th1, Th2, and Th3, in order to generate a switch
control signal for performing switching between the OS
parameters. That is, switching temperatures (device in-
ternal temperatures) used to perform switching between
the OS table memories (ROMs) 1131 through 1134 to
select one of the OS table memories (ROMs) 1131
through 1134 for reference are appropriately changed
between the case where incoming image data is subject-
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ed to the motion adaptive I/P conversion and the case
where incoming image data is subjected to the conver-
sion by intra-field interpolation only. In either case, this
arrangement makes it possible to share the common OS
table memories (ROMs) 1131 through 1134 for emphasis
conversion processing, and makes it possible to reduce
a storage space of memory, compared with the arrange-
ment in which the OS table memories (ROMs) are sep-
arately provided for each of the I/P conversion methods
used to process incoming image data.
[0216] Under the same conditions of temperature, in
a case where incoming image data is subjected to the
conversion by intra-field interpolation only, it is possible
to perform emphasis conversion on image data by using
OS parameter lower in value than OS parameter used in
a case where incoming image data is subjected to the
motion adaptive I/P conversion. Thus it is possible to sup-
press image quality degradation resulting from empha-
sized false signals such as flicker noise and jaggies
caused in edge portions of an image in performing I/P
conversion by intra-field interpolation only.
[0217] A plurality of OS parameters corresponding to
the temperature ranges are stored in the OS table mem-
ories (ROMs) 1131 through 1134 provided separately.
Needless to say, the present embodiment may be ar-
ranged such that respective OS parameters are stored
in different table regions of a single OS table memory
(ROM), and the OS parameters are selectively switched
to obtain emphasis conversion data, by adaptively
switching from one reference table region to another in
accordance with a switch control signal supplied from the
control CPU 112F.
[0218] As described previously, the OS table memo-
ries (ROMs) 113 1 through 1134 each may have OS pa-
rameters (measured values) respectively corresponding
to all of 256 levels of gray when display data is of 8 bits,
i.e. 256 levels of gray. For example, as illustrated in Fig.
21, each of the OS table memories (ROMs) 1131 through
1134 stores 9-by-9 OS parameters (measured values)
concerning nine representative levels of gray in every
thirty-two levels of gray. Emphasis conversion data cor-
responding to other levels than the nine representative
levels of gray are obtained by operation such as linear
complement from the measured value. Thus, it is possi-
ble to reduce a storage space in the OS table memories
(ROMs) 1131 through 1134.

[Seventh Embodiment]

[0219] Fig. 13 is a diagram illustrating Seventh Em-
bodiment in which another control CPU having a config-
uration different from the control CPU in Fig. 10 is pro-
vided.
[0220] As illustrated in Fig. 13, a control CPU 112G in
Seventh Embodiment has: a threshold temperature data
storage section 112i which stores data of predetermined
switching temperatures (threshold temperatures) for
each of the I/P conversion methods used to process in-

coming image data; I/P conversion method determina-
tion section 112k which determines an I/P conversion
method to be instructed to the I/P conversion section 111
in the foregoing various methods and then outputs a sig-
nal indicative of the determined I/P conversion method;
threshold determination section 112j which compares
temperature detection data obtained by the temperature
sensor 120 with switching temperatures Th1, Th2, and
Th3 read from the threshold temperature data storage
section 112i in accordance with the I/P conversion meth-
od determined by the I/P conversion method determina-
tion section 112k; and a control signal output section
112b which generates a switch control signal for causing
the emphasis conversion section 114F to select one of
the OS table memories (ROMs) 1131 through 1134 for
reference in accordance with a result of the comparison
performed by the threshold determination section 112j.
[0221] In such an arrangement, under a situation
where incoming image data is subjected to the motion
adaptive I/P conversion, assuming that a device internal
temperature detected by the temperature sensor 120 is
a switching temperature Th1 (=15 °C) or lower, the con-
trol CPU 112G instructs the emphasis conversion section
114F to select and reference to the OS table memory
(ROM) 1131. Thus, the emphasis conversion section
114F performs emphasis conversion of the incoming im-
age data by using an OS parameter stored in the OS
table memory (ROM) 1131.
[0222] Further, assuming that a device internal tem-
perature detected by the temperature sensor 120 is high-
er than the switching temperature Th1 (=15 °C) but not
higher than the switching temperature Th2 (=25 °C), the
control CPU 112G instructs the emphasis conversion
section 114F to select and reference to the OS table
memory (ROM) 1132. Thus, the emphasis conversion
section 114F performs emphasis conversion of the in-
coming image data by using an OS parameter stored in
the OS table memory (ROM) 1132.
[0223] Still further, assuming that a device internal
temperature detected by the temperature sensor 120 is
higher than the switching temperature Th2 (=25 °C) but
not higher than the switching temperature Th3 (=35 °C),
the control CPU 112G instructs the emphasis conversion
section 114F to select and reference to the OS table
memory (ROM) 1133. Thus, the emphasis conversion
section 114F performs emphasis conversion of the in-
coming image data by using an OS parameter stored in
the OS table memory (ROM) 1133.
[0224] Yet further, assuming that a device internal tem-
perature detected by the temperature sensor 120 is the
switching temperature Th3 (=35 °C) or higher, the control
CPU 112G instructs the emphasis conversion section
114F to select and reference to the OS table memory
(ROM) 1134. Thus, the emphasis conversion section
114F performs emphasis conversion of incoming image
data by using an OS parameter stored in the OS table
memory (ROM) 1134.
[0225] On the other hand, in a case where incoming
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image data is subjected to the conversion by intra-field
interpolation only, as described previously, in order to
prevent excessive emphasis of false signals such as flick-
er noise and jaggies caused in edge portions and other
portions of an image when an interlaced signal is sub-
jected to I/P conversion by intra-field interpolation only,
the degree of emphasis conversion performed on the im-
age data under the same conditions must be lower than
in a case where incoming image data is subjected to mo-
tion adaptive I/P conversion. On this account, in order to
correct the degree of emphasis conversion, in a case
where incoming image data is subjected to the conver-
sion by intra-field interpolation only, the threshold deter-
mination section 112j performs comparison of tempera-
ture detection data obtained by the temperature sensor
120 by using switching temperatures Th’1 (<Th1), Th’2
(<Th2), and Th’3 (<Th3) read from the threshold temper-
ature data storage section 112j, and then outputs a result
of the comparison to the control signal output section
112b.
[0226] With such an arrangement, under a situation
where incoming image data is an interlaced signal, as-
suming that a device internal temperature detected by
the temperature sensor 120 is Th’1 (=10 °C) or lower,
the control CPU 112G instructs the emphasis conversion
section 114F to select and reference to the OS table
memory (ROM) 1131. Thus, the emphasis conversion
section 114F performs emphasis conversion of the in-
coming image data by using an OS parameter stored in
the OS table memory (ROM) 1131.
[0227] Further, assuming that a device internal tem-
perature detected by the temperature sensor 120 is high-
er than the switching temperature Th2’1 (=10 °C) but not
higher than the switching temperature Th’2 (=20 °C), the
control CPU 112G instructs the emphasis conversion
section 114F to select and reference to the OS table
memory (ROM) 1132. Thus, the emphasis conversion
section 114F performs emphasis conversion of the in-
coming image data by using an OS parameter stored in
the OS table memory (ROM) 1132.
[0228] Still further, assuming that a device internal
temperature detected by the temperature sensor 120 is
higher than the switching temperature Th’2 (=20 °C) but
not higher than the switching temperature Th’3 (=30 °C),
the control CPU 112G instructs the emphasis conversion
section 114F to select and reference to the OS table
memory (ROM) 1133. Thus, the emphasis conversion
section 114F performs emphasis conversion of the in-
coming image data by using an OS parameter stored in
the OS table memory (ROM) 1133.
[0229] Yet further, assuming that a device internal tem-
perature detected by the temperature sensor 120 is the
switching temperature Th’3 (=30 °C) or higher, the control
CPU 112G instructs the emphasis conversion section
114F to select and reference to the OS table memory
(ROM) 1134. Thus, the emphasis conversion section
114F performs emphasis conversion of incoming image
data by using an OS parameter stored in the OS table

memory (ROM) 1134.
[0230] Thus, in Seventh Embodiment, comparison of
temperature detection data obtained by the temperature
sensor 120 by using switching temperatures (threshold
temperatures) determined for each of the I/P conversion
methods used to process incoming image data is per-
formed, in order to generate a switch control signal for
selecting the OS table memory (ROM) 1134 to be refer-
enced to. That is, switching temperatures (device internal
temperatures) used to perform switching between the
OS stable memories (ROMs) 1131 through 1134 to select
one of the OS table memories (ROMs) 1131 through
1134 to be referenced to are appropriately changed be-
tween the case where incoming image data is subjected
to the motion adaptive I/P conversion and the case where
incoming image data is subjected to the conversion by
intra-field interpolation only. In either case, this arrange-
ment makes it possible to share the common OS table
memories (ROMs) 1131 through 1134 for emphasis con-
version processing, and makes it possible to reduce a
storage space of memory, compared with the arrange-
ment, in which the OS table memories (ROMs) are sep-
arately provided for each of the I/P conversion methods
used to process incoming image data.
[0231] Further, under the same conditions of temper-
ature, in a case where incoming image data is subjected
to the conversion by intra-field interpolation only, it is pos-
sible to perform emphasis conversion on image data by
using OS parameter lower in value than OS parameter
used in a case where incoming image data is subjected
to the motion adaptive I/P conversion. Thus it is possible
to suppress image quality degradation resulting from em-
phasized false signals such as flicker noise and jaggies
caused in edge portions of an image in subjecting an
interlaced signal to I/P conversion by intra-field interpo-
lation only.

[Eighth Embodiment]

[0232] Fig. 14 is a diagram illustrating Eighth Embod-
iment in which only a part of OS parameters are shared
between in a case where incoming image data is sub-
jected to the motion adaptive I/P conversion and in a case
where incoming image data is subjected to the conver-
sion by intra-field interpolation only.
[0233] As illustrated in Fig. 14, in Eighth Embodiment,
in addition to OS table memories (ROMs) 113c through
113e which are shared for reference between in a case
where incoming image data is subjected to the motion
adaptive I/P conversion and in a case where incoming
image data is subjected to the conversion by intra-field
interpolation only, provided are OS table memory (ROM)
113a which is referenced to in a case where incoming
image data is subjected to the motion adaptive I/P con-
version, and OS table memory (ROM) 113b which is ref-
erenced to in a case where incoming image data is sub-
jected to the conversion by intra-field interpolation only.
These OS table memories (ROMs) 113a through 113e
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are switched for reference in accordance with switching
temperatures determined for each of the I/P conversion
methods, so that emphasis conversion is performed on
image data.
[0234] Here, the dedicated OS table memories
(ROMs) 113a and 113b store OS parameters used in
performing emphasis conversion of image data when a
temperature is higher than a normal temperature. Switch-
ing between OS table memories (ROMs) 113a through
113e for reference in accordance with switching temper-
atures determined for each of the I/P conversion meth-
ods, can be performed by the switch control signal sup-
plied from the control CPU 112F (or 112G) illustrated in
Fig. 11 (or Fig. 13).
[0235] In such an arrangement, under a situation
where incoming image data is subjected to the motion
adaptive I/P conversion, assuming that a device internal
temperature detected by the temperature sensor 120 is
15 °C or lower, the control CPU 112F instructs the em-
phasis conversion section 114F to select and reference
to the OS table memory (ROM) 113c. Thus, the emphasis
conversion section 114F performs emphasis conversion
of the incoming image data by using an OS parameter
stored in the OS table memory (ROM) 113c.
[0236] Further, assuming that a device internal tem-
perature detected by the temperature sensor 120 is high-
er than 15 °C but not higher than 25 °C, the control CPU
112F instructs the emphasis conversion section 114F to
select and reference to the OS table memory (ROM)
113d. Thus, the emphasis conversion section 114F per-
forms emphasis conversion of the incoming image data
by using an OS parameter stored in the OS table memory
(ROM) 113d.
[0237] Still further, assuming that a device internal
temperature detected by the temperature sensor 120 is
higher than 25 °C but not higher than 35 °C, the control
CPU 112F instructs the emphasis conversion section
114F to select and reference to the OS table memory
(ROM) 113e. Thus, the emphasis conversion section
114F performs emphasis conversion of the incoming im-
age data by using an OS parameter stored in the OS
table memory (ROM) 113e.
[0238] Yet further, assuming that a device internal tem-
perature detected by the temperature sensor 120 is 35
°C or higher, the control CPU 112F instructs the empha-
sis conversion section 114F to select and reference to
the OS table memory (ROM) 113a. Thus, the emphasis
conversion section 114F performs emphasis conversion
of incoming image data by using an OS parameter stored
in the OS table memory (ROM) 113a.
[0239] On the other hand, under a situation where in-
coming image data is subjected to the conversion by in-
tra-field interpolation only, assuming that a device inter-
nal temperature detected by the temperature sensor 120
is not higher than 10 °C, the control CPU 112F instructs
the emphasis conversion section 114F to select and ref-
erence to the OS table memory (ROM) 113c. Thus, the
emphasis conversion section 114F performs emphasis

conversion of the incoming image data by using an OS
parameter stored in the OS table memory (ROM) 113c.
[0240] Further, assuming that the device internal tem-
perature detected by the temperature sensor 120 is high-
er than 10 °C but not higher than 20 °C, the control CPU
112F instructs the emphasis conversion section 114F to
select and reference to the OS table memory (ROM)
113d. Thus, the emphasis conversion section 114F per-
forms emphasis conversion of the incoming image data
by using an OS parameter stored in the OS table memory
(ROM) 113d.
[0241] Still further, assuming that the device internal
temperature detected by the temperature sensor 120 is
higher than 20 °C but not higher than 30 °C, the control
CPU 112F instructs the emphasis conversion section
114F to select and reference to the OS table memory
(ROM) 113e. Thus, the emphasis conversion section
114F performs emphasis conversion of the incoming im-
age data by using an OS parameter stored in the OS
table memory (ROM) 113e.
[0242] Yet further, assuming that the device internal
temperature detected by the temperature sensor 120 is
higher than 30 °C, the control CPU 112F instructs the
emphasis conversion section 114F to select and refer-
ence to the OS table memory (ROM) 113b. Thus, the
emphasis conversion section 114F performs emphasis
conversion of the incoming image data by using an OS
parameter stored in the OS table memory (ROM) 113b.
[0243] Thus, in Eighth Embodiment, in addition to OS
table memories (ROMs) 113c through 113e which are
shared for reference between in a case where incoming
image data is subjected to the motion adaptive I/P con-
version and in a case where incoming image data is sub-
jected to the conversion by intra-field interpolation only,
provided are a dedicated OS table memory (ROM) 113a
which is referenced to in a case where incoming image
data is subjected to the motion adaptive I/P conversion,
and a dedicated OS table memory (ROM) 113b which is
referenced to in a case where incoming image data is
subjected to the conversion by intra-field interpolation
only. These OS table memories (ROMs) 113a through
113e are switched for reference in accordance with
switching temperatures (device internal temperature s)
determined for each of the I/P conversion methods. This
makes it possible to share the OS table memories
(ROMs) 113c through 113e for appropriate emphasis
conversion processing.
[0244] A plurality of OS parameters corresponding to
the signal types and the temperature ranges are stored
in the OS table memories (ROMs) 113a through 113e
provided separately. The present embodiment may be
arranged such that respective OS parameters are stored
in different table regions of a single OS table memory
(ROM), and the OS parameters are selectively switched
to obtain emphasis conversion data, by adaptively
switching from one reference table region to another in
accordance with a switch control signal supplied from the
control CPU 112F (or 112G).
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[0245] As described previously, the OS table memo-
ries (ROMs) 113a through 113e each may have OS pa-
rameters (measured values) respectively corresponding
to all of 256 levels of gray when display data is of 8 bits,
i.e. 256 levels of gray. For example, as illustrated in Fig.
21, each of the OS table memories (ROMs) 113a through
113e stores 9-by-9 OS parameters (measured values)
concerning nine representative levels of gray in every
thirty-two levels of gray. Emphasis conversion data cor-
responding to other levels than the nine representative
levels of gray are obtained by operation such as linear
complement from the measured value. Thus, it is possi-
ble to reduce a storage space in the OS table memories
(ROMs) 113a through 113e.

[Ninth Embodiment]

[0246] The following describes another embodiment
of the present invention with reference to Figs. 15 through
22. More specifically, an image display device (display
device) according to the present embodiment is an image
display device which can emphasize grayscale transition
of video signals to pixels with a suitable degree all the
time whichever conversion method is selected from
among a plurality of iriterlace/progressive conversion
(progressive scanning conversion) methods with which
the image display device can deal, thus realizing both
improvement in response speed of pixels and improve-
ment in quality of video image.
[0247] As illustrated in Fig. 16, a panel 11 of the image
display device 1 includes: a pixel array 2 having pixels
PIX(1,1) through PIX(n,m) arranged in a matrix manner;
a data signal line drive circuit 3 which drives data signal
lines SL1 through SLn of the pixel array 2; and a scanning
signal line drive circuit 4 which drives scanning signal
lines GL1 through GLm of the pixel array 2. Further, the
image display device 1 includes: a control circuit 12 which
supplies control signals to the drive circuits 3 and 4; and
a signal processing section 21 which modifies video sig-
nals to be supplied to the control circuit 12 in such a
manner so as to emphasize gray-scale transition in the
pixels PIX(1,1) through PIX(n,m), and converts inter-
laced signals into progressive signals when the inter-
laced signals are displayed. Note that these circuits op-
erate on a power supply from a power supply circuit 13.
[0248] Before explanation of a detailed configuration
of the signal processing section 21, the following will de-
scribe a schematic configuration of the whole image dis-
play device 1 and operations thereof. For convenience
of explanation, numbers or roman alphabets indicative
of locations are given for reference only when the loca-
tions are required to specify as represented by, for ex-
ample, i-th data signal line SLi. When the locations are
not required to specify and collectively referred to, the
characters indicative of locations are omitted.
[0249] The pixel array 2 includes a plurality of data
signal lines SL1 through SLn (in this case, n-number of
data signal lines) and a plurality of scanning signal lines

GL1 through GLm (in this case, m-number of scanning
signal lines) which intersect with the data signal lines SL1
through SLn. Assuming that arbitrary integers starting
from 1 to n are i and arbitrary integers starting from 1 to
m are j, a pixel PIX(i,j) is provided for each combination
of the data signal line SLi and the scanning signal line
GLj. Note that in the present embodiment, the pixel PIX
(i,j) is disposed in an area surrounded by two adjacent
data signal lines SL(i-1) and SLi and two adjacent scan-
ning signal lines GL(j-1) and GLj.
[0250] As an example, the following will describe a
case where the image display device 1 is TFT (Thin Film
Transistor) liquid crystal display device. For example, as
illustrated in Fig. 17, the pixel PIX(i,j) includes: field-effect
transistor SW(i,j) as a switching element and a pixel ca-
pacity Cp(i,j). Gate and drain of the field-effect transistor
SW(i,j) are connected to a scanning signal line GLj and
a data signal line SLi, respectively. One electrode of the
pixel capacity Cp(i,j) is connected to a source of the field-
effect transistor SW(i,j). The other electrode of the pixel
capacity Cp(i,j) is connected to a common electrode line
in common use among all of the pixels PIX. The pixel
capacity Cp(i,j) is made up of a liquid crystal capacity CL
(i,j) and a subsidiary capacity Cs(i,j) which is added as
required.
[0251] In the pixel PIX(i,j), selection of the scanning
signal line GLj brings the field-effect transistor SW(i,j)
into conduction and thus causes a voltage applied to the
data signal lines SLi to be applied to the pixel capacity
Cp(i,j). Meanwhile, while the field-effect transistor SW(i,
j) is cut off because a select period of the scanning signal
line GLj is ended, the pixel capacity Cp(i,j) keeps holding
a voltage at the time of cutoff. Here, transmittance or
reflectivity of liquid crystal varies depending upon a volt-
age applied to the liquid crystal capacity CL(i,j). Thus, by
selecting the scanning signal line GLj and applying a volt-
age corresponding to video data for the pixel PIX(i,j) to
the data signal line SLi, it is possible to change a display
state of the pixel PIX(i,j) in accordance with video data.
[0252] The liquid crystal display device according to
the present embodiment adopts, as liquid crystal cells,
vertical alignment mode liquid crystal cells, i.e. liquid
crystal cells in which liquid crystal molecules align sub-
stantially vertically to a substrate upon application of no
voltage, and the liquid crystal molecules tilt from a verti-
cally aligned state in accordance with a voltage applied
to the liquid crystal capacity CL(i,j) of the pixel PIX(i,x).
The liquid crystal cells are used in normally black mode
(a black display is provided upon application of no volt-
age).
[0253] Further, regardless of whether the pixel PIX is
a liquid crystal display element, the scanning signal line
drive circuit 4 illustrated in Fig. 16 outputs signals indic-
ative of whether or not it is a select period, such as voltage
signals, for example, to the scanning signal lines GL1
through GLm. The scanning signal line drive circuit 4
changes the scanning signal line GLj for output of a signal
indicative of select period, for example, in accordance
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with timing signals supplied from the control circuit 12,
such as a clock signal GCK and a start pulse signal GSP.
This allows the scanning signal line drive circuit 4 to se-
quentially select the scanning signal lines GL1 through
GLm at predetermined timings.
[0254] Further, the data signal line drive circuit 3 ex-
tracts, as video signals, video data supplied by time di-
vision to the pixels PIX by sampling them at predeter-
mined timings. Moreover, the data signal line drive circuit
3 outputs, through the data signal lines SL1 through SLn,
output signals corresponding to respective video data to
the pixels PIX(1,j) through (n,j) corresponding to the
scanning signal lines GLj selected by the scanning signal
line drive circuit 4.
[0255] Note that, the data signal line drive circuit 3 de-
termines timings of the sampling and output timings of
the output signals in accordance with timing signals sup-
plied from the control circuit 12, such as a clock signal
SCK and a start pulse signal SSP.
[0256] While the scanning signal lines GLj correspond-
ing to the pixels PIX(1,j) through PIX(n,j) are selected,
the pixels PIX(1,j) through PIX(n,j) adjust their luminance
and transmittance to be provided during their light emis-
sions so as to determine their brightness, in accordance
with output signals supplied to the data signal lines SL1
through SLn corresponding to the PIX(1,j) through PIX
(n,j).
[0257] Here, the scanning signal line drive circuit 4 se-
quentially selects the scanning signal lines GL1 through
GLm. Therefore, It is therefore possible to adjust bright-
ness of all of the pixels PIX(1,1) through PIX(n,m) in the
pixel array 2 to brightness indicated by their correspond-
ing video data, and it is also possible to update an image
to be displayed on the pixel array 2.
[0258] The image display device 1 according to the
present embodiment is arranged, in a case where a video
signal source S0 outputs an interlaced video signal DATI,
so as to provide a display after converting the interlaced
video signal DATI into a progressive signal. In this case,
the video signal DATI supplied from the video signal
source S0 to the signal processing section 21 is trans-
mitted in such a manner that one frame is divided into a
plurality of fields (e.g. two fields) and the video signal
DATI is transmitted in field unit.
[0259] More specifically, in transmitting the video sig-
nal DATI to the signal processing section 21 of the image
display device 1 through a video signal line VL, the video
signal source S0 can transmit sets of video data for fields
by time division in such a manner so as to transmit whole
video data for a certain field F(k) and then transmit video
data for the subsequent field F (k+1).
[0260] The field is made up of a plurality of horizontal
lines. For a certain field F(k), for example, the video signal
source S0 can transmit, through the video signal line VL,
sets of video data for horizontal lines by time division in
such a manner so as to transmit all the sets of video data
DI (1,j,k) through DI (n,j,k) for a certain horizontal line L
(j) and then transmit sets of video data DI (1,j+2,k)

through DI (n,j+2,k) for the subsequent horizontal line
(e.g. L(j+2). Note that in the following descriptions, all the
sets of video data DI for a certain horizontal line L(j) of a
certain field F(k), for example, are represented by DI (*,
j,k) using the sign *.
[0261] In the present embodiment, one frame is made
up of two fields. For even-numbered fields, transmitted
is video data of an even-numbered horizontal line among
horizontal lines making up one frame. Further, for odd-
numbered fields, transmitted is video data of an odd-
numbered horizontal line in each frame.
[0262] Moreover, the video signal source S0 drives the
video signal line VL by time division in transmitting video
data DI (*,j,k) of one horizontal line. Thus, sets of video
data can be transmitted sequentially in a predetermined
order.
[0263] As illustrated in Fig. 15, the signal processing
section 21 according to the present embodiment in-
cludes: an interlace/progressive conversion processing
section (I/P conversion processing section) 31, a frame
memory 32, and a modulation processing section 33. The
interlace/progressive conversion processing section (I/P
conversion processing section) 31 converts an interlaced
video signal DATI, which is supplied from input terminal
I1, into a progressive video signal DAT. The frame mem-
ory 32 holds, for one frame period, video data D (*,*,k)
of one frame in a video signal DAT supplied from the I/P
conversion processing section 31. The modulation
processing section 33 modifies video data D(i,j,k) of cur-
rent frame FR(k), in accordance with (i) the video data D
(i,j,k) of current frame FR(k) and (ii) video data D (i,j,k-1)
of previous frame FR(k-1) that is video data to be supplied
to the same pixel PIX(i,j) to which the video data D(i,j,k)
is supplied and that is read from the frame memory 32
in the video signal DATP, in such a manner so as to
emphasize grayscale transition between the video data
D(i,j,k) of current frame FR(k) and the video data D(i,j,k-
1) of previous frame FR(k-1). Then, the modulation
processing section 33 outputs correction video data D2
(i,j,k) obtained after the modification. The correction vid-
eo data D2(i,j,k) for each of the pixels PIX(i,j) is supplied
as a correction video signal DAT2 to the control circuit
12 illustrated in Fig. 16. The control circuit 12 and the
data signal line drive circuit 3 drives the pixels PIX(i,j) in
accordance with the correction video signal DAT2.
[0264] In the above arrangement, the modulation
processing section 33 modifies the video data D (i,j,k) of
current frame FR(k) in such a manner so as to emphasize
grayscale transition from the previous frame FR(k-1) to
the current frame FR (k).
[0265] For example, in a case where grayscale transi-
tion from the previous frame FR(k-1) to the current frame
FR(k) is rise driving, the modulation processing section
33 modifies the video data D(i,j,k) of current frame FR(k)
so as to emphasize grayscale transition from the previous
frame FR(k-1) to the current frame FR (k), i.e. so as to
present a grayscale level higher than that of the video
data D(i,j,k) of the current frame FR (k). The control circuit
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12 and the data signal line drive circuit 3 drives the pixels
PIX(i,j) in accordance with the correction video data D2
(i,j,k) obtained after the modification. For example, in a
case where the pixels PIX(i,j) are driven with a voltage
signal, the data signal line drive circuit 3, as illustrated in
Fig. 18, applies to the pixels PIX(i,j) a voltage V2(i,j,k)
that is higher in level than a voltage level V(i,j,k) repre-
sented by the video data D(i,j,k) of the current frame FR
(k).
[0266] Thus, a luminance level T2 of the pixel PIX(i,j),
without emphasis of grayscale transition, increases more
sharply and reaches near a luminance level correspond-
ing to the video data D(i,j,k) of the current frame FR (k)
in a shorter period, as compared with a luminance level
T obtained by application of the voltage V(i,j,k) without
emphasis of grayscale transition.
[0267] On the contrary, in a case where the grayscale
transition is decay driving, the modulation processing
section 33 modifies the video data D(i,j,k) of current frame
FR(k) so as to present a grayscale level lower than that
of the video data D(i,j,k) of current frame FR(k). The con-
trol circuit 12 and the data signal line drive circuit 3 drives
the pixel PIX(i,j) in accordance with the correction video
data D2(i,j,k) obtained after the modification. With this, a
luminance level of the pixel PIX(i,j) decrease more sharp-
ly, and reaches near a luminance level corresponding to
the video data D(i,j,k) of current frame FR(k) in a shorter
period.
[0268] For example, in an example illustrated in Fig.
18, in a case where grayscale transition is not empha-
sized, a luminance level of the pixel PIX(i,j) cannot be
changed, within one frame period, from a luminance level
specified in the previous frame FR (k-1) (a luminance
level T0(i,j,k) corresponding to D(i,j,k-1)) to a luminance
level specified in the current frame FR (k) (a luminance
level T0(i,j,k) corresponding to D(i,j,k)). On the contrary,
emphasis of grayscale transition changes the luminance
level to a luminance level specified within one frame pe-
riod.
[0269] As a result, this increases a response speed of
the image display device 1, as compared with the ar-
rangement in which the pixels PIX(i,j) are driven for gray-
scale transition in accordance with the video data D (i,j,
k) of current frame FR (k). This makes it possible to com-
pensate for optical response properties of the image dis-
play device 1 and to display a high-quality video image
free from afterimage and trailing on the pixel array 2.
[0270] Further, the signal processing section 21 ac-
cording to the present embodiment is arranged such that
the I/P conversion processing section 31 can perform I/P
conversion by two ore more conversion methods, and
the signal processing section 21 includes a control sec-
tion 34 which changes the degree of grayscale transition
emphasis performed by the modulation processing sec-
tion 33 according to a conversion method currently se-
lected in the I/P conversion processing section 31.
[0271] Therefore, the image display device 1 can se-
lect a more appropriate conversion method automatically

or by user hand, for example, in accordance with type
and S/N ratio of a video signal supplied from the video
signal source S0, user’s preference, or a demanded im-
age quality. Selection of a more appropriate conversion
method by user hand includes user’s selection from one
of I/P conversion processing sections 41 and 42 de-
scribed later to the other as a result of user’s judgment
by visual observation that noise becomes obtrusive in a
displayed video image due to video image processing
performed on a video signal having a poor S/N ratio. The
I/P conversion processing section 41 is an embodiment
of the motion adaptive I/P conversion method. The I/P
conversion processing section 42 is an embodiment of
conversion by intra-field interpolation only.
[0272] Further, in the above arrangement, the control
section 34 changes the degree of grayscale transition
emphasis performed by the modulation processing sec-
tion 33 according to a conversion method performed by
the I/P conversion processing section 31. Thus, the mod-
ulation processing section 33 can emphasize grayscale
transition with a suitable degree all the time whichever
I/P conversion method is performed by the I/P conversion
processing section 31. Thus, it is possible to realize both
improvement in response speed of pixels and improve-
ment in quality of video image displayed on the pixel array
2.
[0273] More specifically, the control section 34 deter-
mines an I/P conversion method, for example, according
to user’s instructions or by a method determined in ad-
vance in accordance with a currently supplied interlaced
video signal. Then, the control section 34 instructs the
I/P conversion processing section 31 about the deter-
mined I/P conversion method, and instructs the modula-
tion processing section 33 about the degree of grayscale
transition emphasis according to the thus determined I/P
conversion method.
[0274] The user’s instructions accepted by the control
section 34 may include setting instructions of the I/P con-
version method itself, for example. Alternatively, the con-
trol section 34 may accept instructions of settings whose
associations with the I/P conversion methods are prede-
termined, including selection instructions of an input vid-
eo source and setting instructions of a video display
mode, for example, and then performs setting of the I/P
conversion method in accordance with the accepted set-
ting instructions.
[0275] Further, for example, the control section 34 can
store I/P conversion methods corresponding to results
of evaluation performed using a predetermined S/N ratio
valuation method of an incoming interlaced video signal,
or store I/P conversion methods corresponding to and
associated with S/N ratios of an incoming interlaced vid-
eo signal. Thus, any of the I/P conversion methods can
be selected according to the magnitude of the S/N ratio
of a currently supplied interlaced video signal. Examples
of the determination method of I/P conversion method
and the evaluation method include the method in which
detection of noise amount from a video signal is per-
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formed for detection of a S/N ratio in accordance with a
known noise detection method, and evaluation is per-
formed by comparison between the detected S/N ratio
and a preset threshold value, and I/P conversion method
is automatically determined in accordance with a result
of the comparison.
[0276] Further, any of the I/P conversion methods may
be selected according to the magnitude of moving
amount included in the currently supplied interlaced vid-
eo signal. The magnitude of moving amount is evaluated
by detecting each of the pixels in one screen as to wheth-
er an image is moving or nonmoving. As such a detection
method, there are various kinds of methods. Most basi-
cally, considering, as the magnitude of motion, a differ-
ence in luminance between sets of video data of corre-
sponding pixels in two fields that are chronologically ad-
jacent to each other, the video data are evaluated as
moving picture, i.e. the moving amount is evaluated as
being large if the difference is higher than a given thresh-
old value.
[0277] On the other hand, the I/P conversion process-
ing section 31, in the arrangement illustrated in Fig. 15,
for example, includes the first I/P conversion processing
section 41 and the second I/P conversion processing
section 42, which performs I/P conversion by mutually
different conversion methods, and a selector 43 which
selects one of the I/P conversion processing sections 41
and 42 in accordance with the instructions from the con-
trol section 34 and then provides output. The I/P conver-
sion processing section 31 can perform I/P conversion
by a conversion method instructed from the control sec-
tion 34.
[0278] For example, in a situation where a video signal
in the NTSC (National Television System Committee)
broadcasting scheme is supplied as an interlaced video
signal, the I/P conversion processing section 31 gener-
ates a progressive video signal DAT of 60 frames per
second from a video signal DATI of 60 fields per second
(30 frames per second).
[0279] The first I/P conversion processing section 41
according to the present embodiment performs I/P con-
version by a conversion method called as inter-field in-
terpolation (motion adaptive I/P conversion). The first I/P
conversion processing section 41 extracts sets of video
data in the fields from the interlaced video signal DATI
supplied from the input terminal T1 so as to evaluate the
association between the fields. Also, the first I/P conver-
sion processing section 41 can generate a progressive
video signal in such a manner so as to compensate for
motion between video images in the fields in a case
where the degree of the association falls within a prede-
termined range.
[0280] In such a conversion method, the progressive
video signal is generated in accordance with sets of video
data in a plurality of fields. Thus, realization of proper
association evaluation and motion compensation makes
it possible to increase a substantial resolution of video
signals. In this case, it is possible to display high-defini-

tion video images, particularly moving pictures by which
smooth motions are reproducible on the pixel array 2, as
compared with a case where proper association evalu-
ation and motion compensation are not conducted.
[0281] On the other hand, the second I/P conversion
processing section 42 performs I/P conversion, for ex-
ample, by a conversion method called as pseudo-I/P con-
version or line doubling. In the conversion method called
as pseudo- I/P conversion or line doubling, I/P conversion
is performed by (i) extracting sets of video data of the
fields from the interlaced video signal DATI supplied from
the input terminal T1 so as to output, for example, video
data DI(*,j,k) of a certain horizontal line L(j) included in
a current field as video data DI(*,j+1,k) of the subsequent
horizontal line L(j+1) in the frame, (ii) averaging sets of
video data (e.g. DI(i,j,k) and DI(i,j+2,k)) of two horizontal
lines L(j) and L(j+2) included in the current field so as to
generate video data (e.g. DI(i,j+1,k) = {DI(i,j,k) - DI(i,
j+2,k)}/2 + DI(i,j+2,k)) of the intermediate horizontal line
L(j+1) between the horizontal lines L(j) and L(j+2) in the
frame, or (iii) averaging sets of data in the field while
being weighted. The above I/P conversion is called as
conversion by intra-field interpolation only (intra-field in-
terpolation for all pixels making up one screen), and en-
ables improvement in vertical resolution of still images.
[0282] Here, as described previously, the first I/P con-
version processing section 41 performs scanning line in-
terpolation by using the association valuation and motion
compensation. Properly conducting the association val-
uation and the motion compensation allows for high-def-
inition image display. However, improperly conducting
the association valuation and the motion compensation
might increase a radio-frequency noise and others.
[0283] On the contrary, the second I/P conversion
processing section 42 generates a progressive video sig-
nal DAT by copying intra-field data, by averaging or by
averaging with weight, without performing evaluation of
the association between fields and motion compensa-
tion. As a result, spatial resolution decreases, and it is
therefore possible to display a video image with the fore-
going radio-frequency noise reduced. However, unwant-
ed grayscale (luminance) variation (transition) occurs in
every one frame in edge portions of a still image, in spite
of not occurring in original video signal DATI. This causes
flickers which cause degradation in display quality.
[0284] Thus, in a situation where the I/P conversion by
the first I/P conversion processing section 41 increases
radio-frequency noise, the I/P conversion performed by
the second I/P conversion processing section 42 allows
video image with less radio-frequency noise to be dis-
played on the pixel array 2, as compared with the I/P
conversion performed by the first I/P conversion process-
ing section 41.
[0285] Incidentally, the second I/P conversion
processing section 42 generates video data D(*,*,k) of
one frame in accordance with only video data DI(*,*,k) of
the current field. That is why such an arrangement makes
it difficult to properly generate a video signal for the pixel
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PIX which is not included in the field, and is more likely
to occur flickers in edge portions of an image, as com-
pared with the arrangement in which the first I/P conver-
sion processing section 41 generates a progressive vid-
eo signal. Further, for example, as in a case where a still
image is displayed, even in a case where there is almost
no difference between sets of video data of correspond-
ing pixels PIX in the previous frame and the current frame
in the interlaced video signal DATI, unwanted back-and-
forth grayscale transition in a grayscale level given to the
pixel PIX occurs. Such a grayscale transition is likely to
be visually identified as flickers by the user of the image
display device 1.
[0286] As an example, the following will describe just
a mechanism for copying. More specifically, in an exam-
ple illustrated in Fig. 19, in the background of a certain
grayscale level (e.g. 196) displayed is a box with other
grayscale level (e.g. 64). In this case, in a region near an
edge extending along horizontal lines, like region A near
an upper end of the box, as indicated by A0 in Fig. 19,
grayscale level (196) of horizontal lines above a certain
border horizontal line (e.g. j-th horizontal line) is 196th
grayscale level, which is different from a grayscale level
(64) of the border horizontal line and horizontal lines be-
low the border horizontal line, considering whole one
frame made up of odd-numbered fields and even-num-
bered fields.
[0287] However, the video signal DATI, an interlaced
signal, is transmitted with its video data of one frame
divided into even-numbered fields and odd-numbered
fields. Here, assume that the j-th horizontal line is an odd-
numbered horizontal line. For an odd-numbered field F
(k), j-2th, j-th, and j+2th horizontal lines are transmitted
of the horizontal lines in the A0. The second I/P conver-
sion processing section 42 performs interpolation be-
tween the horizontal lines to generate j-1th and j+1th hor-
izontal lines, as indicated by A1 in Fig. 19, in accordance
with the video data of these horizontal lines.
[0288] Note that, Fig. 19 illustrates a case where hor-
izontal lines (j-1th horizontal line and other horizontal
lines) with the same grayscale level as a reference hor-
izontal line (j-2th horizontal line or other horizontal line)
are generated by interpolation. Meanwhile, for an even-
numbered field F(k+1), j-1th and j+1th horizontal lines
are transmitted of the horizontal lines in the A0. The sec-
ond I/P conversion processing section 42 performs inter-
polation between the horizontal lines to generate jth and
j+2th horizontal lines, as indicated by A2 in Fig. 19.
[0289] As described previously, the j-th horizontal line
is a border line and is in a fixed grayscale level (64), when
viewed in unit of a frame of the interlaced video signal
DATI. However, change of a horizontal line serving as a
reference horizontal line for interpolation between fields
causes a back-and-forth response between original gray-
scale level (64) and other grayscale level (196), when
viewed in unit of a field. As a result, a grayscale level
indicated by video data D(i,j,*) of this horizontal line L(j)
for the pixel PIX(i,j) repeats increase (rise) and decrease

(decay) in each frame of the progressive video signal
DAT.
[0290] Note that, the above descriptions has taken as
an example the case where data in the field is copied to
generate an image of one frame and the box is displayed.
This is not the only possibility. In a case where interpo-
lation is performed by using only video data in a field as
in the second I/P conversion processing section 42, an
edge position, which is supposed to be stationary, varies
in every field. This results in the occurrence of flicker
noise (false signal) and jaggies of slanted lines (differ-
ence in brightness).
[0291] Assume that considering flicker at the edge po-
sition which should be stationary as grayscale transition
of a moving image, the grayscale transition is empha-
sized. This flicker becomes obtrusive to user’s eyes, and
therefore causes significant degradation in display qual-
ity of the image display device.
[0292] Thus, as a result of the I/P conversion per-
formed by the second I/P conversion processing section
42, repetition of increase (rise) and decrease (decay) of
grayscale level for each frame is more likely to occur in
a progressive video signal DAT, than in the I/P conversion
performed by the first I/P conversion processing section
41. In such a state, when the modulation processing sec-
tion 33 performs grayscale transition emphasis with the
same degree as a degree of grayscale transition for the
first I/P conversion processing section 41, this tends to
cause degradation in display quality resulting from ex-
cessive grayscale transition.
[0293] On the other hand, in a case where the second
I/P conversion processing section 42 generates a pro-
gressive video signal DAT, the control section 34 accord-
ing to the present embodiment controls the modulation
processing section 33 so that the degree of grayscale
transition emphasis becomes lower than in a case where
the first I/P conversion processing section 41 does. That
is, in a case where the second I/P conversion processing
section 42 generates a progressive video signal DAT,
the modulation processing section 33 according to the
present embodiment emphasizes grayscale transition
with a lower degree than in a case where the first I/P
conversion processing section 41 does. Thus, degrada-
tion in display quality resulting from excessive emphasis
of flickering generated in the edge portions of a still image
can be suppressed, and a higher-definition image can
be displayed on the pixel array 2.
[0294] Especially, in a case where the first I/P conver-
sion processing section 41 performs I/P conversion of a
video signal with a sufficiently high S/N ratio by the motion
adaptive I/P conversion, emphasis conversion of image
data is performed so that liquid crystal pixels can provide
transmittance which incoming image data defines within
a prescribed period. This allows for high-definition image
display free from afterimage and trailing. On the other
hand, in a case where the second I/P conversion process-
ing section 42 carries out I/P conversion by intra-field
interpolation only, emphasis conversion is performed
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with a further lower degree. This makes it possible to
compensate for optical response properties (including
temperature dependence property) of pixels while pre-
venting image quality degradation caused by excessive
emphasis, such as unwanted flicker noise and jaggies
generated in the edge portions of a displayed image by
the I/P conversion processing. Thus, high-definition im-
age display free from afterimage and trailing can be per-
formed.
[0295] The following will describe a structural example
of the modulation processing section 33 with reference
to Fig. 20. That is, the modulation processing section 33
illustrated in Fig. 20 includes: a correction amount oper-
ation section 51 and a correction video data operation
section 52. The correction amount operation section 51
determines a suitable correction amount Q(i, j, k) of gray-
scale transition in a case where the degree of grayscale
transition emphasis is a degree predetermined in accord-
ance with video data D(i, j, k) of current frame FR(k) out-
putted from the I/P conversion processing section 31 and
video data D(i, j, k-1) of the previous frame FR (k-1) out-
putted from the frame memory 32. The correction image
data operation section 52 adds correction amount Q2 (i,
j, k), which is adjusted responsive to the degree of the
grayscale transition emphasis given by the control sec-
tion 34, to the video data D(i, j, k) of the current frame
FR(k), and then outputs a result of the addition as cor-
rection video data D2(i, j, k).
[0296] The correction amount operation section 51 ac-
cording to the present embodiment includes a look up
table (LUT) 61 which stores correction video data D2(i,
j, k) which the modulation processing section 33 should
output, for example, in a case where the degree of the
grayscale transition emphasis set to be suitable when
the first I/P conversion processing section 41 outputs a
progressive video signal DAT is considered as the pre-
determined degree of grayscale transition emphasis,
where a combination of the video data D(i, j, k) of the
previous frame FR (k-1) and the video data D(i, j, k) of
the current frame FR(k) is supplied to the modulation
processing section 33, and where the first I/P conversion
processing section 41 outputs a progressive video signal
DAT.
[0297] Note that the above-mentioned correction video
data D2(i, j, k) is preferably set to a value which causes
the pixel array 2 to provide grayscale luminance (trans-
mittance) defined by the video data D(i, j, k) of the current
frame FR(k) within a predetermined period. The correc-
tion video data D2(i, j, k) is obtained, for example, by
actually measuring optical response properties of the im-
age display device 1 (pixel array 2). The predetermined
period is, for example, one frame image display period
(pixel rewrite cycle). More specifically, in a normal hold-
type display, the image display period is one frame period
(for example, 16.7 msec in a 60Hz progressive scan).
For example, in the case of a pseudo-impulse type dis-
play which displays black in 50% of the one-frame period,
the image display period is a 1/2-frame period (for exam-

ple, 8.3 msec in a 60Hz progressive scan).
[0298] Here, the above-mentioned LUT 61 may store
sets of correction video data D2(i, j, k) corresponding to
varying combinations of all the grayscale levels which
can be taken by both the video data D(i, j, k) and the
video data D(i, j, k-1). However, in the present embodi-
ment, in order to reduce a storage capacity required for
the LUT 61, the above-mentioned combinations, which
correspond to the sets of correction video data D2, stored
in the LUT 61 are restricted to predetermined combina-
tions, rather than varying combinations of all the gray-
scale levels. The correction amount operation section 51
is provided with an operation circuit 62 which interpolates
the correction video data D2(i, j, k) corresponding to each
of the combinations stored in the LUT 61, and calculates
and outputs the correction video data D2(i, j, k) corre-
sponding to the combination of video data D(i, j, k) and
the video data D (i, j, k-1).
[0299] For example, assume that a bit width of the vid-
eo data D is 8 bits and the video data D can be of 256
levels of gray. As illustrated in Fig. 21, the LUT 61 stores
9-by-9 correction video data D2(i,j,k) concerning nine
representative levels of gray in every thirty-two levels of
gray. Correction video data D2(i,j,k) corresponding to
other levels than the nine representative levels of gray
can be obtained by the operation circuit 62 performing
interpolation operation such as linear complement from
the video dataD 2 (i,j,k) stored in the LUT 61.
[0300] Further, the correction amount operation sec-
tion 51 includes a subtractor 63 which subtracts the video
data D(i, j, k) of the current frame FR(k) from the correc-
tion video data D2 (i, j, k) corresponding to the combina-
tion of both the video data D(i, j, k) and the video data D
(i, j, k-1) so as to obtain correction amount Q (i, j, k).
[0301] In the present embodiment, the control section
34 gives, as the degree of grayscale transition emphasis,
multiplier coefficient α which should be multiplied by the
correction amount Q (i, j, k). The correction video data
operation section 52 includes a multiplier 71 and an adder
72. The multiplier 71 multiplies the correction amount Q
(i, j, k) by the multiplier coefficient α to obtain the above-
mentioned correction amount Q2(i, j, k). The adder 72
adds a result of the multiplication to the video data D(i,
j, k) of the current frame FR(k) to obtain the correction
video data D2(i, j, k). Here, as the multiplier coefficient
α, used is a value obtained in advance from an actual
measured value of optical response properties of the pix-
el array 2.
[0302] As mentioned previously, the LUT 61 stores the
correction video data D2 (i, j, k) which is suitable when
the first I/P conversion processing section 41 outputs a
progressive video signal DAT. The control section 34
gives multiplier coefficient α = 1 when the first I/P con-
version processing section 41 is selected, but gives the
multiplier coefficient α which is smaller than 1 when the
second I/P conversion processing section 42 is selected.
[0303] In the above arrangement, the LUT 61 used for
calculation of the correction amount Q is shared between
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the case where the first I/P conversion processing section
41 is selected and the case where the second I/P con-
version processing section 42 is selected. The correction
video data operation section 52 adjusts the correction
amount Q according to instructions from the control sec-
tion 34, whereby the degree of grayscale transition em-
phasis is changed. This arrangement realizes the LUT
61 with a smaller circuit scale than the arrangement in
which the LUT 61 is provided separately for each of the
above cases.
[0304] Generally, in many cases, an expression capa-
ble of calculation with a small amount of operations can-
not obtain correction video data D2(i, j, k) approximate
with high precision from video data D(i, j, k-1) of the pre-
vious frame FR(k-1) and video data D(i, j, k) of the current
frame FR(k). In the present embodiment, the LUT 61 is
referenced to in order to obtain correction video data D2
(i, j, k). In this case, it is possible to obtain the correction
video data D2 by using a comparatively small-scale cir-
cuit. Further, in this case, a suitable correction video data
D2 obtained when the first I/P conversion processing sec-
tion 41 is selected and a suitable correction video image
data D2 obtained when the second I/P conversion
processing section 42 is selected are often correlated
with each other to some extent. Thus, adjustment of the
correction amount Q according to instructions from the
control section 34 makes it possible to obtain the correc-
tion video data D2 with high precision by using a com-
paratively small-scale circuit.
[0305] In the correction amount operation section 51
illustrated in Fig. 20, correction video data D2 (i, j, k) set
to be suitable in a case when the degree of grayscale
transition emphasis is a predetermined degree is stored
in the LUT 61. Further, the subtractor 63 subtracts the
video data D(i, j, k) of the current frame FR(k) from the
correction video data D2(i, j, k) corresponding to a com-
bination of both the video data D(i, j, k) and the video
data D(i, j, k-1), so as to obtain the correction amount Q
(i, j, k). However, this is not the only possibility. Alterna-
tively, for example, the subtractor 63 may be omitted,
and the correction amount Q (i, j, k) corresponding to a
combination of both the video data D(i, j, k) and the video
data D (i, j, k-1) may be stored in the LUT 61, instead. In
either case, the same effect can be obtained as long as
the correction amount Q (i, j, k) can be outputted.
[0306] In the arrangement illustrated in Fig. 20, the cor-
rection amount Q is adjusted by multiplication of a pre-
determined multiplier coefficient α. However, this is not
the only possibility. Alternatively, the correction amount
Q may be adjusted by other operations. However, ad-
justment of the correction amount Q by multiplication re-
alizes adjustment of the correction amount Q with high
precision by using a comparatively small-scale circuit.
[0307] Furthermore, in order to adjust the correction
amount Q by operation other than multiplication, i.e. by
operation (e.g. addition) by which a correction amount
can be changed by changing the correction video data
D2 without using the correction amount Q, for example,

the subtractor 63 and adder 72 may be removed, and
the correction video data D2 stored in the LUT 61 may
be changed. However, since a suitable amount of adjust-
ment is often changed according to the correction amount
Q, the arrangement as illustrated in Fig. 20, i.e. an ar-
rangement in which the correction amount Q is found and
then adjusted, can realize adjustment of the correction
amount Q with high precision by using a comparatively
small-scale circuit.
[0308] On the other hand, as illustrated in Fig. 22, a
modulation processing section 33a according to another
structural example switches LUTs which are referenced
to in calculating the correction video data D2 (i, j, k), in
accordance with which of the first I/P conversion process-
ing section 41 and the second I/P conversion processing
section 42 is selected.
[0309] More specifically, the modulation processing
section 33a includes LUTs 81 and 82 and an operation
circuit 83. The LUTs 81 and 82 are provided respectively
for the first I/P conversion processing section 41 and the
second I/P conversion processing section 42, and each
of the LUTs 81 and 82 stores correction video data D2
(i, j, k) which the modulation processing section 33a
should output in response to the combination of the video
data D(i, j, k) and the video data D(i, j, k-1) supplied to
the modulation processing section 33. The operation cir-
cuit 83 obtains the correction video data D2(i, j, k) refer-
encing to either of the LUTs 81 and 82 according to in-
structions from the control section 34 illustrated in Fig. 15.
[0310] As is the case of the LUT 61, the above-men-
tioned combination corresponding to the correction video
data D2 which the LUTs 81 and 82 according to the
present structural example is limited to a predetermined
combination. The operation circuit 83 interpolates the
correction video data D2 (i, j, k) corresponding to each
combination which is stored in the LUT 81 or the LUT 82,
and calculates and outputs the correction video data D2
(i, j, k) corresponding to the combination of the video data
D (i, j, k) and the video data D (i, j, k-1).
[0311] Furthermore, in this arrangement, the control
section 34 makes instruction about the degree of gray-
scale transition emphasis to the modulation processing
section 33a by making instruction about which of the
LUTs 81 and 82 is selected. When the first I/P conversion
processing section 41 is selected in the I/P conversion
processing section 31, the control section 34 instructs to
select the LUT 81. On the other hand, when the second
I/P conversion processing section 42 is selected in the
I/P conversion processing section 31, the control section
34 instructs to select the LUT 82. Here, correction video
data D2 in which grayscale transition is emphasized with
a lower degree is stored in the LUT 82 than in the LUT
81. Therefore, the modulation processing section 33a
can emphasize grayscale transition with a lower degree
than in a case where the first I/P conversion processing
section 41 is selected.
[0312] As is the case of the arrangement illustrated in
Fig. 20, this arrangement changes the degree of gray-
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scale transition emphasis according to an I/P conversion
method used in the I/P conversion processing section
31. Thus, it is possible to realize both improvement in
response speed of pixels and improvement in quality of
video image displayed on the pixel array 2.
[0313] Unlike the arrangement illustrated in Fig. 20,
the LUTs (81 and 82) referenced to by the operation cir-
cuit 83 are switched according to an I/P conversion meth-
od used in the I/P conversion processing section 31, and
there is therefore a weak correlation between sets of cor-
rection video data D2 which are suitable for the I/P con-
version methods. Thus, it is possible to obtain correction
video data D2 with a high precision, although in the ar-
rangement illustrated in Fig. 20, i.e. the arrangement in
which correction amount Q suitable for a certain I/P con-
version method is adjusted to calculate correction video
data D2 suitable for another I/P conversion method, there
is a big difference between the thus calculated value and
most suitable correction video data D2.
[0314] Note that the above description takes as an ex-
ample the case where an interlaced video signal is sup-
plied to the signal processing section 21. However, the
signal processing section 21 according to the present
embodiment is arranged so as to be capable of receiving
a progressive video signal, and the signal processing
section 21, in response to the progressive video signal,
supplies the video signal as the foregoing video signal
DAT to the frame memory 32 and the modulation
processing section 33.
[0315] In this case, the control section 34 may give the
modulation processing section (33 and 33a) the same
degree of grayscale transition emphasis as in the case
where the first I/P conversion processing section 41 is
selected. However, if there is a demand for much higher-
definition image display, it is desirable to give the mod-
ulation processing section a different degree of grayscale
transition emphasis from the degree of grayscale transi-
tion emphasis in a case where the I/P conversion
processing section 31 carries out I/P conversion.
[0316] More specifically, even a case where the pro-
gressive video signal is supplied is treated as in a case
where a certain I/P conversion method is selected. For
example, the degree of grayscale transition emphasis is
changed in an arrangement such that LUTs dedicated
for progressive video signal is provided for the modula-
tion processing section so that the control section 34 in-
structs to select the LUT or designates a multiplier coef-
ficient for progressive video signal.
[0317] Here, generally, unwanted grayscale transition
resulting from I/P conversion does not occur in a case
where a progressive video signal is supplied, as com-
pared with in a case where an interlaced video signal is
supplied. Therefore, in a case where an interlaced video
signal is supplied, the degree of grayscale transition em-
phasis is set to be lower than in a case where a progres-
sive video signal is supplied. This allows for improvement
in optical response speed, without degradation in quality
of video image displayed on the pixel array 2.

[0318] With this arrangement, the degree of grayscale
transition emphasis can be changed according to wheth-
er the I/P conversion is required and according to an I/P
conversion method. Even in a case where a progressive
video signal is supplied and whichever I/P conversion
method is selected, a high-definition image can be al-
ways displayed on the pixel array 2.

[Tenth Embodiment]

[0319] The descriptions in First Embodiment have tak-
en, as an example, the arrangement in which the degree
of grayscale transition emphasis is changed only by an
I/P conversion method used in the I/P conversion
processing section 31. However, the present embodi-
ment describes an arrangement in which the degree of
grayscale transition emphasis is changed by a combina-
tion of an I/P conversion method and other trigger. The
following description will take temperature as an example
of other trigger.
[0320] That is, as illustrated in Fig. 23, a configuration
of a signal processing section 21b according to the
present embodiment is almost the same as that of the
signal processing section 21 illustrated in Fig. 15, but is
different in that the signal processing section 21b addi-
tionally includes a temperature sensor 35b. A control sec-
tion 34b makes instruction to the modulation processing
section 33 about the degree of grayscale transition em-
phasis, according to a combination of the I/P conversion
method used in the I/P conversion processing section 31
and a temperature detected by the temperature sensor
35b.
[0321] It is preferable that the temperature sensor 35b
is provided inside the pixel array 2. However, if such an
arrangement is structurally difficult to realize, the tem-
perature sensor 35b is placed at the closest possible lo-
cation to the pixel array 2. The number of the temperature
sensor 35b is not limited to one. A plurality of temperature
sensors 35b may be disposed respectively correspond-
ing to areas of the pixel array 2. If a plurality of temper-
ature sensors 35b are provided, a mean value of respec-
tive detection results obtained by the temperature sen-
sors 35b may be used as detection data, or a greatly
changed detection result obtained by any of the temper-
ature sensors 35b may be used as detection data.
In either case, the same effect can be obtain as long as
a temperature of the pixel array 2 can be measured.
[0322] Here, for example, a liquid crystal element
changes its response speed with temperature. In the im-
age display device 1 in which the pixel PIX is realized by
the liquid crystal element, a suitable degree of grayscale
transition emphasis changes with temperature. Thus, in
a situation where a response speed of the pixel PIX
changes with temperature, fixing the degree of grayscale
transition emphasis irrespective of temperature makes it
impossible to emphasize grayscale transition appropri-
ately. Therefore, excessive or insufficient grayscale tran-
sition emphasis causes unwanted excessive brightness
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and black trailing on a video image displayed on the pixel
array 2, which may result in degradation in quality of video
image.
[0323] However, in the above-mentioned arrange-
ment, the degree of grayscale transition emphasis is
changed not only with an I/P conversion method but also
with a device internal temperature. It is therefore possible
to emphasize grayscale transition more appropriately
and to display a higher-definition video image on the pixel
array 2, than the arrangement in which the degree of
grayscale transition emphasis is changed only with an
I/P conversion method.
[0324] As an example, the following will take a case
where the modulation processing section 33 is arranged
as illustrated in Fig. 20. The control section 34b makes
instruction on multiplier coefficient α corresponding to a
combination of an I/P conversion method and a temper-
ature detected by the temperature sensor 35b, as the
degree of grayscale transition emphasis, to the modula-
tion processing section 33.
[0325] The control section 34b according to the
present embodiment, in determining the degree of gray-
scale transition emphasis, controls temperature ranges
by classifying under the following temperatures ranges:
temperature range R1 of 15 °C or lower, temperature
range R2 of higher than 15 °C but not higher than 25 °C,
temperature range R3 of higher than 25 °C but not higher
than 35 °C, and temperature range R4 of 35 °C or higher.
Assuming that multiplier coefficients corresponding to
the temperature ranges R1 through R4 under a situation
the first I/P conversion processing section 41 is selected
are α11 through α14, the control section 34b gives a
multiplier coefficient corresponding to a current temper-
ature range, among multiplier coefficients which are de-
termined in advance so as to be α11 > α12 > α13 > α14,
to the modulation processing section 33. Similarly, as-
suming that multiplier coefficients corresponding to the
temperature ranges R1 through R4 under a situation the
second I/P conversion processing section 42 is selected
are α21 through α24, the control section 34b gives a
multiplier coefficient corresponding to a current temper-
ature range, among multiplier coefficients which are de-
termined in advance so as to be α21 > α22 > α23 > α24,
to the modulation processing section 33.
[0326] As in Ninth Embodiment, when the multiplier
coefficients are compared between the corresponding
temperature ranges, the multiplier coefficients of the sec-
ond I/P conversion processing section 42 are set so as
to be smaller (α21 < α11, α22 < α12, α23 < α13, α24 <
α14). α 14 is set to 1 when a value (e.g. correction video
data D2) for calculating correction amount Q of grayscale
transition which is set as being suitable in a case where
the first I/P conversion processing section 41 is selected
and a temperature is in the temperature range R4 of 35
°C or higher is stored in the LUT 61.
[0327] In the above arrangement, the LUT 61 for ob-
taining correction amount Q is shared between both in a
case where the first I/P conversion processing section

41 is selected with the temperature ranges R1 through
R4 and in a case where the second I/P conversion
processing section 42 is selected in the temperature
ranges R1 through R4. Further, the correction video data
operation section 52 adjusts the correction amount Q in
accordance with the instructions from the control section
34, so that the degree of grayscale transition emphasis
is changed. This arrangement therefore realizes a small-
er circuit scale than the arrangement in which LUTs are
provided respectively for the above cases as illustrated
in Fig. 22.
[0328] In many cases, the sets of correction video data
D2 suitable for combinations of an I/P conversion method
and temperature are correlated to some extent. There-
fore, by adjusting the correction amount Q in accordance
with the instructions from the control section 34b, it is
possible to obtain the correction video data D2 with rel-
atively high precision. The above description has taken
as an example the arrangement in which there are pre-
determined plurality of temperature ranges (in this case,
four temperature ranges) are provided. Alternatively, for
example, multiplier coefficient corresponding to a device
internal temperature may be found by operation if it is
possible to change the degree of grayscale transition em-
phasis in accordance with a device internal temperature.
[0329] On the other hand, in another structural exam-
ple, i. e. in a case where the modulation processing sec-
tion is a modulation processing section 33a illustrated in
Fig. 22, as LUTs, LUTs 811 and LUTs 821 are provided.
The LUTs 811 correspond to the respective temperature
ranges in a case where the first I/P conversion processing
section 41 is selected. The LUTs 821 correspond to the
respective temperature ranges in a case where the sec-
ond I/P conversion processing section 42 is selected.
The control section 34b makes instruction to the modu-
lation processing section 33a about a LUT corresponding
to a combination of an I/P conversion method and a tem-
perature detected by the temperature sensor 35b, as the
degree of grayscale transition emphasis.
[0330] For example, as mentioned above, in the ar-
rangement in which temperatures are classified under
four temperature ranges R1 through R4, as illustrated in
24, as LUTs referenced to when the first I/P conversion
processing section 41 is selected, LUTs 811 through 814
corresponding to the temperature ranges R1 through R4
are provided. In addition, as LUTs referenced to when
the second I/P conversion processing section 42 is se-
lected, LUTs 821 through 824 corresponding to the tem-
perature ranges R1 through R4 are provided.
[0331] For example, in a case where the first I/P con-
version processing section 41 is selected, and moreover,
a temperature range is the temperature range R1 of 15
°C or lower, the control section 34b instructs to select the
LUT 811, as a LUT corresponding to a combination of
the selection of the first I/P conversion processing section
41 and the temperature range R1. With this arrangement,
the modulation processing section 33a can emphasize
grayscale transition with reference to the LUT 811, and
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can emphasize grayscale transition most strongly. On
the other hand, in a case where the second I/P conversion
processing section 42 is selected, and moreover, a tem-
perature range is the temperature range R4 of 35 °C or
higher, the control section 34b instructs to select the LUT
824, as a LUT corresponding to a combination of the
selection of the second I/P conversion processing section
42 and the temperature range R4. With this arrangement,
the modulation processing section 33a can emphasize
grayscale transition with reference to the LUT 821, and
can emphasize grayscale transition most weakly.
[0332] Unlike the arrangement illustrated in Fig. 20, in
the above arrangement, LUTs (811 through 824) are ref-
erenced to by the operation circuit 83 are switched ac-
cording to an I/P conversion method used in the I/P con-
version processing section 31, and there is therefore a
weak correlation between sets of correction video data
D2 which are suitable for the I/P conversion methods.
Thus, it is possible to obtain correction video data D2
with a high precision, although in the arrangement illus-
trated in Fig. 20, i.e. the arrangement in which correction
amount Q suitable for a certain I/P conversion method is
adjusted to calculate correction video data D2 suitable
for another I/P conversion method, there is a big differ-
ence between the thus calculated value and most suita-
ble correction video data D2.
[0333] The following will describe still another structur-
al example with reference to Figs. 25 and 26. That is, in
a signal processing section 21c according to the present
structural example, LUTs corresponding to the respec-
tive temperature ranges are provided, while the LUTs
referenced to for reference to correction video data D2
are shared between the I/P conversion methods used in
the I/P conversion processing section 31.
[0334] More specifically, as illustrated in Fig. 25, the
modulation processing section 33c, as with the modula-
tion processing section 33 illustrated in Fig. 20, is pro-
vided with a correction amount operation section 51c and
a correction video data operation section 52. However,
in the present structural example, the correction amount
operation section 51c, which is replaced with the correc-
tion amount operation section 51 illustrated in Fig. 20, is
provided with the LUTs 81 and 82 corresponding the re-
spective I/P conversion methods, as the LUTs referenced
to by the operation circuit 62c. The operation circuit 62c
references to a LUT instructed from the control section
34c so as to obtain correction video data D2(i, j, k) cor-
responding to (i) video data D(i, j, k) of the current frame
FR(k) and (ii) video data D(i, j, k-1) of the previous frame
FR (k-1).
[0335] Moreover, in the present structural example,
the control section 34c shown in Fig. 23 makes instruction
to the modulation processing section 33c about a com-
bination of (a) a LUT corresponding to an I/P conversion
method selected between the LUTs 81 and 82 and (b)
multiplier coefficient α corresponding to a temperature
detected by the temperature sensor 35b, as the degree
of grayscale transition emphasis.

[0336] In the above arrangement, as illustrated in Fig.
26, the LUTs 81 and 82 corresponding to the respective
I/P conversion methods are shared between the temper-
ature ranges R1 through R4. Further, as in the arrange-
ment of Fig. 20, the correction video data operation sec-
tion 52 adjusts the correction amount Q in accordance
with instructions from the control section 34c, so that the
degree of grayscale transition emphasis is changed.
Therefore, as shown in Fig. 22, a circuit scale can be
reduced to be smaller than in the arrangement in which
LUTs 811 through 824 are provided separately for re-
spective combinations of a temperature range and an I/P
conversion method.
[0337] Moreover, in the present structural example,
the LUTs 81 and 82 corresponding to the I/P conversion
methods are provided separately, and the LUTs refer-
enced to by the operation circuit 62c are switched ac-
cording to which of the I/P conversion methods is select-
ed, so that the degree of grayscale transition emphasis
is changed. There is therefore a weak correlation be-
tween sets of correction video data D2 which are suitable
for the I/P conversion methods. Thus, it is possible to
obtain correction video data D2 with a high precision,
although in the arrangement illustrated in Fig. 20, i.e. the
arrangement in which correction amount Q suitable for
a certain I/P conversion method is adjusted to calculate
correction video data D2 suitable for another I/P conver-
sion method, there is a big difference between the thus
calculated value and most suitable correction video data
D2.
[0338] Therefore, it is possible to realize the image dis-
play device 1 which balances reduction in circuit scale
and improvement in quality of video image displayed on
the pixel array 2.
[0339] The above description has takes as an example
the arrangement where the correction video data oper-
ation section 52 adjusts the correction amount Q accord-
ing to an I/P conversion method, and the operation circuit
62c switches LUTs to reference to according to a tem-
perature. Alternative arrangement may be adopted such
that the LUTs referenced to by the operation circuit 62c
are switched according to which temperature range a
current temperature belongs to, and the correction video
data operation section 52 adjust the correction amount
Q according to an I/P conversion method. In this case,
as illustrated in Fig. 26, the LUTs 811 though 814 corre-
sponding to the respective R1 through R4 are shared
between the I/P conversion methods. It is therefore pos-
sible to reduce a circuit scale to be smaller than in the
arrangement where the LUTs 811 through 824 are pro-
vided separately. In addition, since the LUTs 811 through
814 corresponding to the respective temperature ranges
R1 through R4 are provided separately, it is possible to
find correction video data D2 with high precision even
when there is a weak correlation between sets of correc-
tion video data D2 which are suitable for the I/P conver-
sion methods.
[0340] However, the arrangement where the correc-
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tion amount Q is adjusted responsive to a temperature
as illustrated in Fig. 25 is more preferable in a case where
there is a stronger correlation between sets of correction
video data D2 suitable for the respective temperature
ranges than between sets of correction video data D2
suitable for the I/P conversion methods, or in a case
where there are few kinds of I/P conversion methods than
the number of temperature ranges and reduction of a
circuit scale is especially required.
[0341] Moreover, the above has described the ar-
rangement in which the LUTs are shared between either
I/P conversion methods or temperatures, and the correc-
tion amount is adjusted in accordance with one of an I/P
conversion method or a temperature while the LUTs are
switched in accordance with the other. However, alter-
natively, the LUTs may be shared between combinations
of I/P conversion methods and temperatures, and the
correction amount is adjusted in accordance with any of
the combinations. However, the above arrangement can
reduce a circuit scale because the LUTs are shared be-
tween either I/P conversion methods or temperatures,
and the correction amount is adjusted in accordance with
one of an I/P conversion method or a temperature while
the LUTs are switched only in accordance with the other.
[0342] Still further, the above description has taken as
an example the arrangement in which the operation cir-
cuit 62c carries out interpolation operation, in order to
reduce a circuit scale of the LUTs. Alternatively, as men-
tioned previously, interpolation operation may not be car-
ried out, but the correction video data D2 corresponding
to the combinations (for example, 256 x 256 combina-
tions) of all the grayscale levels may be stored and used.
In this case, the operation circuit 62c switches the LUTs
for reference according to instructions from the control
section 34c, and outputs correction video data D2(i, j, k)
stored in a LUT corresponding to vide data D(i, j, k) of
the current frame FR(k) and video data D(i, j, k-1) of the
previous frame FR (k-1). Yet further, the above descrip-
tion has taken as an example the arrangement in which
the correction video data D2 is stored in the LUT, and
the control section 34c instructs the correction video data
operation section 52 on a multiplier coefficient so as to
adjust the correction amount Q. As mentioned previously,
the correction amount may be stored in the LUT and the
correction amount Q may be adjusted with other opera-
tions.
[0343] The following will describe, with reference to
Figs. 27 through 30, an arrangement in which the degree
of grayscale transition emphasis can be changed in ac-
cordance with an I/P conversion method, without provid-
ing the correction video data operation section 52 while
sharing LUTs between I/P conversion methods.
[0344] That is, as shown in Fig. 27, in a signal process-
ing section 21d according to the present structural ex-
ample, as in Fig. 26, the LUTs are shared between the
I/P conversion methods, and a modulation processing
section 33c illustrated in Fig. 22 is provided as the mod-
ulation processing section.

[0345] However, in the present structural example, as
shown in Fig. 27, a temperature at which the LUTs are
switched is set differently for every I/P conversion meth-
od, and the control section 34d makes instruction on
switching of the LUTs in such a manner that switching to
a LUT corresponding to a higher temperature range is
performed at a lower temperature for an I/P conversion
method for which the degree of grayscale transition em-
phasis should be set to be lower.
[0346] For example, the following description will take
as an example an arrangement in which the LUTs 811
through 814 corresponding to four temperature ranges
R1 through R4 are provided. In a case where the I/P
conversion method for which the degree of grayscale
transition emphasis should be set to be higher is selected,
i.e. in a case where the first I/P conversion process sec-
tion 41 is selected, the control section 34c instructs, at
the time when a device internal temperature exceeds 15
°C, to switch to the LUT 812 corresponding to a higher
temperature range.
[0347] On the other hand, in a case where the I/P con-
version method for which the degree of grayscale tran-
sition emphasis should be set to be lower is selected, i.e.
in a case where the second I/P conversion process sec-
tion 42 is selected, the control section 34c instructs to
switch to the LUT 812 corresponding to a higher temper-
ature range, at the time when a device internal temper-
ature becomes a temperature lower than the temperature
in a case where the first I/P conversion processing sec-
tion 41 is selected (in an example of Fig. 27, at the time
when a device internal temperature exceeds 10 °C).
[0348] Here, as mentioned previously, for the LUTs
corresponding to higher temperature ranges among the
LUTs 811 through 814, the degree of grayscale transition
emphasis is set to be lower. Therefore, when the control
section 34c makes instruction about switching of the
LUTs, as mentioned previously, as the instruction about
the degree of grayscale transition emphasis, if the degree
of grayscale transition emphasis is compared under the
same condition of temperature, the degree of grayscale
transition emphasis for the second I/P conversion
processing section 42 can be set to be equal or lower
than the degree of grayscale transition emphasis for the
first I/P conversion processing section 41. As a result,
even though the correction video data operation section
52 is not provided, the degree of grayscale transition em-
phasis can be changed according to an I/P conversion
method. In addition, as shown in Fig. 25, a circuit scale
can be reduced to be smaller than the arrangement in
which the correction video data operation section 52 is
provided.
[0349] The control section 34d can be arranged, for
example, as shown in Fig. 28 or 29. More specifically,
the control section 34d shown in Fig. 28 includes a judg-
ment processing section 91 and a threshold change
processing section 92. The judgment processing section
91 compares a detection value indicative of a tempera-
ture detected by the temperature sensor 35b with a des-
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ignated threshold value to judge which temperature
range the temperature detected by the temperature sen-
sor 35b belongs to. Then, the judgment processing sec-
tion 91 instructs the modulation processing section 33c
to select a LUT determined according to a judgment re-
sult. The threshold change processing section 92 chang-
es a threshold value to be designated to the judgment
processing section 91, in accordance with an I/P conver-
sion method used in the I/P conversion processing sec-
tion 31.
[0350] For example, the following description will take
the arrangement in which switching temperatures are
temperatures shows in Fig. 27. The threshold change
processing section 92 designates 15 °C, 25 °C, and 35
°C as threshold values, when the first I/P conversion
processing section 41 is selected. With this, the judgment
processing section 91 instructs to select the LUT 811
when a temperature is in a temperature range of 15 °C
or lower. Further, the judgment processing section 91
instructs to select the LUT 812 when a temperature is in
a temperature range of higher than 15 °C but not higher
than 25 °C. Still further, the judgment processing section
91 instructs to select the LUT 813 when a temperature
is in a temperature range of higher than 25 °C but not
higher than 35 °C. Yet further, the judgment processing
section 91 instructs to select the LUT 814 when a tem-
perature is in a temperature range of 35 °C or higher.
[0351] On the other hand, the threshold change
processing section 92 designates 10 °C, 20 °C, and 30
°C as threshold values, when the second I/P conversion
processing section 42 is selected. With this, the judgment
processing section 91 instructs to select the LUT 811
when a temperature is in a temperature range of 10 °C
or lower. Further, the judgment processing section 91
instructs to select the LUT 812 when a temperature is in
a temperature range of higher than 10 °C but not higher
than 20 °C. Still further, the judgment processing section
91 instructs to select the LUT 813 when a temperature
is in a temperature range of higher than 20 °C but not
higher than 30 °C. Yet further, the judgment processing
section 91 instructs to select the LUT 814 when a tem-
perature is in a temperature range of 30 °C or higher.
[0352] Thus, for an I/P conversion method for which
the degree of grayscale transition emphasis should be
set to be lower, the control section 34d shown in Fig. 28
can instruct to switch the LUTs at the time of a lower
temperature, so as to issue instruction on switching to a
LUT corresponding to higher temperature range.
[0353] In the above arrangement, the switching tem-
perature is changed by changing a threshold value to be
compared with the detection value of the temperature
sensor 35b in accordance with an I/P conversion method.
Alternatively, regardless of I/P conversion methods, the
threshold values may be fixed and the detection value of
the temperature sensor 35b may be changed before the
judgment of the judgment processing section 91.
[0354] More specifically, the control section 34d shown
in Fig. 29 is provided with a threshold setting section 93

which gives fixed threshold values regardless of I/P con-
version methods to the judgment processing section 91,
instead of the threshold change processing section 92.
Further, between the temperature sensor 35b and the
judgment processing section 91, an operation section 94
for changing a detection value of the temperature sensor
35b in accordance with an I/P conversion method is pro-
vided.
[0355] For example, the following will describe taking
as an example an arrangement in which the switching
temperatures are temperatures illustrated in Fig. 27. In
a situation where the second I/P conversion processing
section 42 is selected, the operation section 94 controls
a detection value of the temperature sensor 35b so as
to be higher by 5 °C than in a situation where the first I/P
conversion processing section 41 is selected. As an ex-
ample, assuming that the threshold setting section 93
gives the judgment processing section 91 15 °C, 25 °C,
and 35°C as fixed threshold values, the operation section
94 does not change the detection value when the first I/P
conversion processing section 41 is selected. However,
when the second I/P conversion processing section 42
is selected, the operation section 94 add 5 °C to the tem-
perature detection value.
[0356] Thus, even in the arrangement in which a tem-
perature detection value is changed according to an I/P
conversion method, the control section 34d can instruct
to switch to a LUT corresponding to higher temperature
range, at the time of a lower temperature, for an I/P con-
version method for which the degree of grayscale tran-
sition emphasis should be set to be lower.
[0357] Here, the above description has taken as an
example the arrangement in which all of the LUTs are
shared between I/P conversion methods, with reference
to Figs. 25 through 29. However, this is not the only pos-
sibility, and part of the LUTs may be shared. Note that
the arrangement in which part of the LUTs is shared is
applicable to the arrangement in which the correction vid-
eo data operation section 52 is provided, as illustrated in
Figs. 25 and 26. However, referring to Fig. 30, the fol-
lowing description will take, as an example, an arrange-
ment in which LUT switching temperatures are changed
in the absence of the correction video data operation sec-
tion 52, as in Fig. 27.
[0358] That is, in a signal processing section 21e ac-
cording to the present structural example, as in Fig. 27,
LUTs 811 through 813 are shared between the I/P con-
version methods. However, regarding temperature rang-
es for the lowest degrees of grayscale transition empha-
sis, different LUTs 814 and 824 are provided for the re-
spective I/P conversion methods, as in the case of the
modulation processing section 33e illustrated in Fig. 22.
The LUT 814 corresponds to the first I/P conversion
processing section 41, and the LUT 824 corresponds to
the second I/P conversion processing section 42.
[0359] In connection with this, the control section 34e,
as with the control section 34d shown in Fig. 22, instructs
to switch the LUTs so that switching to a LUT correspond-
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ing to higher temperature range can be performed at the
time of a lower temperature for an I/P conversion method
for which the degree of grayscale transition emphasis
should be set to be lower. In each of the I/P conversion
methods, when a temperature detected by the tempera-
ture sensor 35b belongs to the highest temperature
range, the control section 34e instructs the modulation
processing section 33e to select a LUT corresponding to
the currently selected I/P conversion method from be-
tween the LUTs 814 and 824 provided for the respective
I/P conversion methods.
[0360] In this arrangement, part of LUTs correspond-
ing to the respective temperature ranges are shared be-
tween the I/P conversion methods. This arrangement can
reduce a circuit scale required for the LUTs to be smaller
than the arrangement in which mutually different LUTs
are provided for the I/P conversion methods. On the other
hand, for the other temperature range, another LUT is
provided for every I/P conversion method. This makes it
possible to emphasize grayscale transition emphasis
with a degree suitable for each of the I/P conversion
methods, even in a case where there exist temperature
ranges which cannot emphasize grayscale transition ap-
propriately when the LUTs are shared between the I/P
conversion methods. As a result of this, it is possible to
realize the image display device 1 which balances reduc-
tion in circuit scale and improvement in quality of video
image displayed on the pixel array 2.
[0361] Note that in the present embodiment, as in Ninth
Embodiment, even a case where the progressive video
signal is supplied is treated as in a case where a certain
I/P conversion method is selected. For example, the de-
gree of grayscale transition emphasis may be changed
in an arrangement such that LUTs dedicated for progres-
sive video signal are provided for the modulation
processing section so that the control section 34 makes
instruction on selection of the LUT, designates a multi-
plier coefficient for progressive video signal, or makes
instruction on switching of the LUTs with switching tem-
peratures for progressive video signal.
[0362] Here, generally, undesirable grayscale transi-
tion resulting from I/P conversion does not occur in a
case where a progressive video signal is supplied, as
compared with in a case where an interlaced video signal
is supplied. Therefore, in a case where an interlaced vid-
eo signal is supplied, the degree of grayscale transition
emphasis is set to be lower than in a case where a pro-
gressive video signal is supplied. This allows for improve-
ment in optical response speed, without degradation in
quality of video image displayed on the pixel array 2.
[0363] With this arrangement, the degree of grayscale
transition emphasis can be changed according to wheth-
er the I/P conversion is required and according to a com-
bination of an I/P conversion method and a temperature.
Even in a case where a progressive video signal is sup-
plied and whichever I/P conversion method is selected,
a high-definition image can be always displayed on the
pixel array 2.

[0364] By the way, in Ninth and Tenth Embodiments,
the modulation processing section (33 through 33e) cor-
rects video data D(i, j, k) in accordance with video data
D(i, j, k-1) of a previous frame and video data D(i, j, k) of
a current frame, so that grayscale transition from the pre-
vious frame to the current frame can be emphasized.
However, this is not the only possibility. The grayscale
transition may be emphasized, referring to video data D
(i, j, k-2) of a second previous frame or others as well as
the video data D(i, j, k-1) of a previous frame and the
video data D(i, j, k) of a current frame. At least, the same
effect can be obtained as long as grayscale transition
from a previous frame to a current frame can be empha-
sized in accordance with the video data D(i, j, k-1) of a
previous frame and the video data D(i, j, k) of a current
frame. However, as in the foregoing embodiments, gray-
scale transition emphasis based on the video data D(i, j,
k-1) of a previous frame and the video data D(i, j, k) of a
current frame can reduce the amount of data to be stored
and a circuit scale to be smaller than grayscale transition
emphasis based on the video data D of a second previous
frame as well as the video data D(i, j, k-1) of a previous
frame and the video data D(i, j, k) of a current frame.
[0365] The descriptions in the foregoing embodiments
took as an example cases where among members con-
stituting the signal processing section, the control sec-
tions (34 to 34e) are "functional blocks realized by a CPU
or other computing means executing program code con-
tained in a ROM, RAM, or other storage medium", and
the other members are realized by hardware. Alterna-
tively, the control section may be realized by hardware
carrying out the same processes, and the other members
may be realized by the same functional block as the con-
trol section. Further, the members constituting the signal
processing section 21 can be realized by a combination
of hardware carrying out some of the processes and com-
puting means controlling the hardware and executing
program code for the other processes.
[0366] Further, those members which were described
as hardware may be realized by a combination of hard-
ware carrying out some of the processes and computing
means controlling the hardware and executing program
code for the other processes. The computing means may
be a single entity, or a set of computing means connected
over internal device bus and various communications
paths may work together to execute program code.
Among those members, a storage section (frame mem-
ory, LUT, and others) may be a storage device itself such
as memory. Needles to say, the selector 43 is not limited
to switching element of hardware, and can be anything
as long as the selector 43 can cause one of the I/P con-
version methods to be selectively functioned.
[0367] The program code itself directly executable by
the computing means or the program as data that can
generate program code by decompression or an other
process (detailed later) is executed by the computing
means after the program (program code or the data) is
recorded and distributed on a storage medium or the pro-
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gram is transmitted and distributed over communications
means which transmits the program over wired or wire-
less communications paths.
[0368] To transmit over a communications path, a pro-
gram is transmitted though the communications path by
means of a series of signals indicative of a program which
propagate through the transmission media constituting
the communications path. To transmit a series of signals,
a transmitter device may modulate a carrier wave with
the series of signals indicative of the program to transmit
the series of signals on the carrier wave. In this case, a
receiver device will restore the series of signals by de-
modulating the carrier wave.
[0369] Meanwhile, when transmitting the series of sig-
nals, the transmitter device may divides the series of sig-
nals as a series of digital data into packets for a trans-
mission. In this case, the receiver device will combine
received group of packets to restore the series of signals.
In addition, the transmitter device may transmit the series
of signals by time division, frequency division, code divi-
sion, or another multiplex scheme involving the series of
signals and another series of signals. When this is the
case, the receiver device will extract individual series of
signals from a multiplex series of signals to restore them.
In any case, similar effects are obtained if the program
can be transmitted over a communications path.
[0370] Here, the storage medium for the distribution of
a program is preferable removable. After the distribution
of the program, the storage medium may or may not be
removable. In addition, the storage medium may or may
not be rewritable (writable) or volatile, be recordable by
any method, and come in any shape at all, provided that
the medium can hold the program. Examples of such a
storage medium include tapes, such as magnetism tapes
and cassette tapes; magnetic disks, such as floppy (reg-
istered trademark) disks and hard disks; and other discs,
such as CD-ROMs, magneto-optical discs (MOs), mini
discs (MDs), and digital video discs (DVDs). In addition,
the storage medium may be a card, such as an IC card
or an optical card; a semiconductor memory, such as a
mask ROM, an EPROM, an EEPROM, or a flash ROM;
or a memory provided inside a CPU or other computing
means.
[0371] The program code may be such that it instructs
the computing means regarding all the procedures of the
processes. If there is already a basic computer program
(for example, an operating system or library) which can
be retrieved by a predetermined procedure to execute
all or some of the processes, code or a pointer which
instructs the computing means to retrieve that basic com-
puter program can replace all or some of the processes.
[0372] In addition, the program storage format of the
storage medium may be, for example, such that: the com-
puting means can access the program for an execution
as in an actual memory having loaded the program; the
program is not loaded into an actual memory, but installed
in a local storage medium (for example, an actual mem-
ory or hard disk) always accessible to the computing

means; or the program is stored before installing in a
local storage medium from a network or a mobile storage
medium.
[0373] In addition, the program is not limited to com-
piled object code. The program may be stored as source
code or intermediate code generated in the course of
interpretation or compilation. In any case, similar effects
are obtained regardless of the format in which the storage
medium stores the program, provided that decompres-
sion of compressed information, decoding of encoded
information, interpretation, compilation, links, or loading
to an memory or combinations of these processes can
convert into a format executable by the computing
means.
[0374] Note that a liquid crystal display device accord-
ing to the foregoing embodiments is a liquid crystal dis-
play device which carries out emphasis conversion on
video data supplied to a liquid crystal display panel in
accordance with at least video data of previous vertical
period and video data of current vertical period, thereby
compensating for optical response properties of the liquid
crystal display panel, the liquid crystal display device
comprising: I/P conversion means which, when incoming
video data is an interlaced signal, converts the interlaced
signal into a progressive signal in accordance with any
one of two or more conversion methods; and emphasis
conversion means which carries out emphasis conver-
sion on the video data having been subjected to the con-
version so that the liquid crystal display panel provides
a transmittance defined by the video data within a pre-
determined period, wherein a degree of the emphasis
conversion on the video data is controlled so as to be
changed in accordance with which kind of conversion
method among the two or more conversion methods is
used for the conversion.
[0375] A program according to the foregoing embodi-
ments is a program causing a computer to execute a
process of controlling a degree of emphasis conversion
on video data so as to be changed in accordance with
which kind of conversion method among two or more
conversion methods is used for the conversion, the com-
puter controlling a liquid crystal display device compris-
ing: an I/P conversion means which, when incoming vid-
eo data is an interlaced signal, converts the interlaced
signal into a progressive signal in accordance with any
one of two or more conversion methods; and emphasis
conversion means which carries out emphasis conver-
sion on the video data having been subjected to the con-
version so that the liquid crystal display panel provides
a transmittance defined by the video data within a pre-
determined period, and the liquid crystal display device
carrying out emphasis conversion on video data supplied
to a liquid crystal display panel in accordance with at least
video data of previous vertical period and video data of
current vertical period, thereby compensating for optical
response properties of the liquid crystal display panel.
[0376] Further, a liquid crystal display control method
according to the foregoing embodiments is a liquid crystal
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display control method of carrying out emphasis conver-
sion on video data supplied to a liquid crystal display
panel in accordance with at least video data of previous
vertical period and video data of current vertical period,
thereby compensating for optical response properties of
the liquid crystal display panel, the method comprising
the steps of: when incoming video data is an interlaced
signal, converting the interlaced signal into a progressive
signal in accordance with any one of two or more con-
version methods; and carrying out emphasis conversion
on the video data having been subjected to the conver-
sion so that the liquid crystal display panel provides a
transmittance defined by the video data within a prede-
termined period, wherein a degree of the emphasis con-
version on the video data is controlled so as to be
changed in accordance with which kind of conversion
method among the two or more conversion methods is
used for the conversion.
[0377] Still further, a liquid crystal display control meth-
od according to the foregoing embodiments is a liquid
crystal display control method of carrying out comparison
at least between video data of previous frame and video
data of current frame, and performing emphasis conver-
sion on video data supplied to a liquid crystal display
panel in accordance with a result of the comparison,
thereby compensating for optical response properties of
the liquid crystal display panel, the method comprising
the steps of: when incoming video data is an interlaced
signal, converting the interlaced signal into a progressive
signal in accordance with any one of two or more con-
version methods; and carrying out emphasis conversion
on the video data having been subjected to the conver-
sion so that the liquid crystal display panel provides a
transmittance defined by the video data within a prede-
termined period, wherein a degree of the emphasis con-
version on the video data is controlled so as to be
changed in accordance with which kind of conversion
method among the two or more conversion methods is
used for the conversion.
[0378] In addition to the above steps, the method may
have: a step of referencing to a table memory which
stores an emphasis conversion parameter determined
by video data of current frame and video data of at least
previous frame; a step of subjecting the video data to
emphasis operation by using the emphasis conversion
parameter; and a step of multiplying output data obtained
by the emphasis operation by a different coefficient var-
ying depending upon which kind of conversion method
among the two or more conversion methods is used for
the conversion.
[0379] In addition to the above steps, the method may
have: a step of referencing to a table memory which is
referenced to when incoming vide data is converted by
a first conversion method, and stores an emphasis con-
version parameter determined by video data of current
frame and video data of at least previous frame; a step
of referencing to a table memory which is referenced to
when incoming vide data is converted by a second con-

version method, and stores an emphasis conversion pa-
rameter determined by video data of current frame and
video data of at least previous frame; and a step of per-
forming emphasis operation on the video data obtained
by the conversion by using the emphasis conversion pa-
rameter which is read from the table memory determined
by which kind of conversion method among the two or
more conversion methods is used for the conversion.
[0380] In addition to the above steps, the method may
have: a step of detecting a device internal temperature;
and a step of changing the degree of emphasis conver-
sion performed on the video data in accordance with a
detection result of the device internal temperature.
[0381] In addition to the above steps, the method may
have: a step of referencing to table memory which stores
an emphasis conversion parameter determined by video
data of current frame and video data of at least previous
frame; a step of performing emphasis operation on the
video data obtained by the conversion, by using the em-
phasis conversion parameter; and a step of multiplying
output data obtained by the emphasis operation by a co-
efficient varying depending upon (i) which kind of con-
version method among the two or more conversion meth-
ods is used for the conversion and (ii) a detection result
of the device internal temperature.
[0382] In addition to the above steps, the method may
have: a step of referencing to a table memory which is
referenced to when incoming vide data is converted by
a first conversion method, and stores an emphasis con-
version parameter determined by video data of current
frame and video data of at least previous frame; a step
of referencing to a table memory which is referenced to
when incoming vide data is converted by a second con-
version method, and stores an emphasis conversion pa-
rameter determined by video data of current frame and
video data of at least previous frame; a step of performing
emphasis operation on the video data obtained by the
conversion by using the emphasis conversion parameter
which is read from the table memory determined by which
kind of conversion method among the two or more con-
version methods is used for the conversion; and a step
of multiplying output data obtained by the emphasis op-
eration by a coefficient varying depending upon a detec-
tion result of the device internal temperature.
[0383] In addition to the above steps, the method may
have: a step of referencing to table memories which are
referenced to when incoming video data is converted by
a first conversion method, and store emphasis conver-
sion parameters respectively associated with a plurality
of device internal temperatures, the emphasis conver-
sion parameters each being determined by video data of
current frame and video data of at least previous frame;
a step of referencing to table memories which are refer-
enced to when incoming video data is converted by a
second conversion method, and store emphasis conver-
sion parameters respectively associated with a plurality
of device internal temperatures, the emphasis conver-
sion parameters each being determined by video data of
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current frame and video data of at least previous frame;
and a step of performing emphasis operation on the video
data obtained by the conversion by using the emphasis
conversion parameter which is read from the table mem-
ory determined by (i) which kind of conversion method
among the two or more conversion methods is used for
the conversion and (ii) a detection result of the device
internal temperature.
[0384] In addition to the above steps, the method may
have: a step of referencing to table memories which store
emphasis conversion parameters respectively associat-
ed with a plurality of device internal temperatures, the
emphasis conversion parameters each being deter-
mined by video data of current frame and video data of
at least previous frame; and a step of performing empha-
sis operation on the video data obtained by the conver-
sion by using the emphasis conversion parameter which
is read from the table memory determined by a result of
comparison between (i) a switching temperature deter-
mined by which kind of conversion method among the
two or more conversion methods is used for the conver-
sion and (ii) a detection result of the device internal tem-
perature.
[0385] In addition to the above steps, the method may
have: a step of performing a predetermined operation on
temperature data that is the detection result of the device
internal temperature, the operation being determined for
each of the two or more conversion methods; a step of
comparing between the temperature data having been
subjected to the operation and given threshold temper-
ature data determined in advance; and a step of gener-
ating a switching control signal for controlling switching
of the emphasis conversion parameters, in accordance
with a result of the comparison.
[0386] In addition to the above steps, the method may
have: a step of comparing between temperature data that
is the detection result of the device internal temperature
and a given threshold temperature data determined for
each of the two or more conversion methods; and a step
of generating a switching control signal for controlling
switching of the emphasis conversion parameters, in ac-
cordance with a result of the comparison.
[0387] Note that the foregoing embodiments have tak-
en as an example a case where an image display device
adopts a driving method such that a whole video image
of video data of one frame is subjected to write scanning
over one frame period of the video data (e.g. 16.7 msec),
i.e. a driving method such that one vertical period (one
frame period) is equal to one vertical display period. How-
ever, this is not the only possibility. For example, the fol-
lowing driving method (pseudo-impulse driving method)
may be adopted in an image display device such as a
liquid crystal display device, such that one frame period
is divided into a period during which video image is dis-
played (video display period) and a period during which
black is displayed (e.g. black display) (dark display peri-
od).
[0388] Further, the foregoing embodiments have taken

as an example a case where emphasis conversion data
corresponding to a combination of incoming video data
of previous frame and incoming video data of current
frame is outputted to the control circuit 12. However, this
is not the only possibility. For example, emphasis con-
version data may be determined with reference to not
only incoming video data of previous frame but also in-
coming video data of further previous frame (e.g. incom-
ing video data of second previous frame). In either case,
the same effect can be obtained as long as emphasis
conversion data is determined with reference to at least
incoming video data of previous frame. However, in order
to determine emphasis conversion data with reference
to incoming video data of further previous frame, a frame
memory with a larger storage capacity is required. There-
fore, when reduction of a storage capacity is demanded,
it is desirable to determine emphasis conversion with ref-
erence to only incoming video data of previous frame and
incoming video data of current frame among the sets of
incoming video data of any frames, as in the foregoing
embodiments.
[0389] In the foregoing embodiments, emphasis con-
version data is outputted to the control circuit 12, after
reference to incoming video data of previous frame. Al-
ternatively, instead of an actually incoming video data of
previous frame, a prediction value obtained by prediction
of a grayscale level which a pixel of a liquid crystal panel
actually reaches by writing of incoming video data of pre-
vious frame may be referenced to as the incoming video
data of previous frame (previous data). Even in this case,
incoming video data of previous frame is referenced to
for prediction of a reached grayscale level. In either case,
the same effect ban be obtained as long as emphasis
conversion data is determined based on incoming video
data of at least previous frame and incoming video data
of current frame.
[0390] Note that in the foregoing embodiments have
taken as an example a case where the modulation
processing section 33 (33a) performs emphasis conver-
sion with reference to correction video data D2(i,j,k) that
is a parameter (emphasis conversion parameter) stored
in the LUT 61 or LUTs 81 and 82, which are OS table
memories. However, this is not the only possibility. For
example, the modulation processing section may calcu-
late correction (emphasis) conversion data for compen-
sating for optical response properties of the liquie crystal
display panel 11, by using a function such as a quadratic
function f (Current Data, Previous Data) including varia-
bles, i.e. incoming video data of Mth frame (Current Data)
and incoming video data of M-1th frame stored in the
frame memory 32 (Previous Data).
[0391] The embodiments and concrete examples of
implementation discussed in the foregoing best mode for
carrying out the invention serve solely to illustrate the
technical details of the present invention, which should
not be narrowly interpreted within the limits of such em-
bodiments and concrete examples, but rather may be
applied in many variations, provided such variations do
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not exceed the scope of the patent claims set forth below.

INDUSTRIAL APPLICABILITY

[0392] Thus, according to the present invention, the
degree of grayscale transition emphasis or the degree
of emphasis conversion is changed in accordance with
a conversion method of interlace/progressive conver-
sion. This makes it possible to perform grayscale transi-
tion emphasis (emphasis conversion) with a suitable de-
gree all the time whichever conversion method is used
for generation of a progressive video signal. It is therefore
possible to realize both improvement in response speed
of the liquid crystal display device and improvement in
quality of video image displayed on the liquid crystal dis-
play device. The present invention can be used prefera-
bly for the realization of a liquid crystal television receiver,
a liquid crystal monitor, and various liquid crystal display
devices.

Claims

1. A signal processing unit arranged to be used in a
liquid crystal display device, said signal processing
unit comprising:

an interlaced to progressive conversion means
(111) which converts an interlaced video signal
into a progressive video signal; and
a correction means which corrects said progres-
sive video signal so as to overshoot grayscale
transitions, at least in accordance with the pro-
gressive video signal of a previous vertical pe-
riod and the progressive video signal of a current
vertical period,
the signal processing unit being characterized
in that
the interlaced to progressive conversion means
(111) is capable of conversions by a motion
adaptive interlace/progressive conversion
method and an intra-field interpolation interlace/
progressive conversion method,
wherein a magnitude of the grayscale transition
overshoot performed by the correction means,
when the motion adaptive interlace/progressive
conversion method is used by the interlaced to
processive conversion means, is set to be higher
than a magnitude of the gray-scale transition
overshoot when the intra-field interpolation in-
terlace/progressive conversion method is used
by the interlaced to progressive conversion
means.

2. The signal processing unit according to claim 1,
wherein:

the intra-field interpolation interlace/progressive

conversion method is a method of copying a vid-
eo signal in a certain field, or averaging sets of
video signals in a certain field or averaging sets
of video signals in a certain field while being
weighted, so as to convert the video signal in
the field into a progressive video signal.

3. The signal processing unit according to claim 1,
wherein:

the correction means includes a plurality of table
memories each of which stores overshoot con-
version parameters determined by at least the
video signal of previous vertical period and the
video signal of current vertical period, and
the table memories referenced to by the correc-
tion means are switched in accordance with a
conversion method used by the interlaced to
progressive conversion means, so that the mag-
nitude of the grayscale transition overshoot is
changed.

4. The signal processing unit according to claim 1,
wherein:

the correction means includes: a table memory
which stores an overshoot conversion parame-
ter determined by at least the video signal of
previous vertical period and the video signal of
current vertical period; and an adjustment
means which adjusts a correction amount for
the video signal, of a current vertical period in
accordance with the magnitude of grayscale
transition overshoot, the correction amount be-
ing determined with reference to the table mem-
ory.

5. The signal processing unit according to claim 1,
wherein:

the magnitude of grayscale transition overshoot
performed by the correction means is changed
in accordance with not only the interlaced to pro-
gressive conversion method used but also a liq-
uid crystal display device internal temperature.

6. The signal processing unit according to claim 5,
wherein:

the correction means includes a plurality of table
memories, each of which storing an overshoot
conversion parameter determined by at least the
video signal of previous vertical period and the
video signal of current vertical period, and
the table memories referenced to by the correc-
tion means are switched in accordance with (a)
a conversion method used by the interlaced to
progessive conversion means and (b) the de-
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vice internal temperature, so that the magnitude
of the grayscale transition overshoot is changed.

7. The signal processing unit according to claim 5,
wherein:

the correction means includes a plurality of table
memories, each of which storing an overshoot
conversion parameter determined by at least the
video signal of previous vertical period and the
video signal of current vertical period,
the correction means further includes adjust-
ment means which adjusts a correction amount
for the video signal of current vertical period, the
correction amount being determined with refer-
ence to any one of the table memories, and
a magnitude of the adjustment performed by the
adjustment means is changed in accordance
with the device internal temperature, and the ta-
ble memories referenced to by the correction,
means are switched in accordance with the con-
version method used by the interlaced to pro-
gressive conversion means, so that the magni-
tude of the grayscale transition overshoot is
changed

8. The signal processing unit according to claim 5,
wherein:

the correction means includes a plurality of table
memories, each of which storing an overshoot
conversion parameter determined by at least the
video signal of previous vertical period and the
video signal of current vertical period,
at least part of the table memories are shared
between the two or more conversion methods
used by the interlaced to progressive conversion
means, and
the table memories referenced to by the correc-
tion means are switched in accordance with the
device internal temperature, and switching tem-
peratures for switching between the table mem-
ories are changed in accordance with a conver-
sion method used by the conversion means, so
that the magnitude of the grayscale transition
overshoot is changed.

9. The signal processing unit according to claim 8,
wherein:

the table memories are switched in such a man-
ner that only part of the table memories is refer-
enced to, when the conversion means performs
conversion by a given conversion method.

10. A liquid crystal display device comprising the signal
processing unit according to any one of claims 1 to 9.

11. A liquid crystal display control method comprising
the steps of
converting an interlaced video signal into a progres-
sive video signal, and
correcting said progressive video signal so as to em-
phasize the grayscale transition in each pixel of a
liquid crystal display device,
said liquid crystal display control method being char-
acterized in that
conversions by a motion adaptive interlace/progres-
sive conversion method and an intra-field interpola-
tion interlace/progressive conversion method are
possible in the interlaced to progressive conversion
step, and
a magnitude of the grayscale transition emphasis,
when the motion adaptive interlace/progressive con-
version method is used is set to be higher than a
magnitude of the grayscale transition emphasis
when the intra-field interpolation interlace/progres-
sive conversion method is used.

12. A program causing a computer to execute the control
method according to claim 11.

13. A storage medium storing the program according to
claim 12 in a computer-readable manner.

Patentansprüche

1. Signalverarbeitungseinheit, die so beschaffen ist,
dass sie in einer Flüssigkristall-Anzeigevorrichtung
verwendet wird, wobei die Signalverarbeitungsein-
heit aufweist:

ein Zeilensprung-Progressiv-Umsetzungsmittel
(111), das ein Zeilensprung-Videosignal in ein
progressives Videosignal umsetzt; und
ein Korrekturmittel, das das progressive Video-
signal zum Überschreiten von Graustufenüber-
gängen zumindest gemäß dem progressiven Vi-
deosignal einer vorherigen vertikalen Periode
und dem progressiven Videosignal einer aktu-
ellen vertikalen Periode korrigiert,
wobei die Signalverarbeitungseinheit dadurch
gekennzeichnet ist, dass
das Zeilensprung-Progressiv-Umsetzungsmit-
tel (111) zu Umsetzungen durch ein bewe-
gungsadaptives Zeilensprung/Progressiv-Um-
setzungsverfahren und ein Zeilensprung/Pro-
gressiv-Umsetzungsverfahren mit Interpolation
innerhalb von Halbbildern in der Lage ist,
wobei ein Betrag der Graustufenübergangüber-
schreitung, die durch das Korrekturmittel durch-
geführt wird, wenn das bewegungsadaptive Zei-
lensprung/ Progressiv- Umsetzungsverfahren
durch das Zeilensprung-Progressiv-Umset-
zungsmittel verwendet wird, so festgelegt ist,
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dass er höher ist als ein Betrag der Graustufen-
übergangsüberschreitung, wenn das Zeilen-
sprung/Progressiv-Umsetzungsverfahren mit
Interpolation innerhalb von Halbbildern von dem
Zeilensprung- Progressiv- Umsetzungsmittel
verwendet wird.

2. Signalverarbeitungseinheit nach Anspruch 1, wobei:

das Zeilensprung/Progressiv-Umsetzungsver-
fahren mit Interpolation innerhalb von Halbbil-
dern ein Verfahren zum Kopieren eines Video-
signals in einem bestimmten Halbbild oder zum
Mitteln von Sätzen von Videosignalen in einem
bestimmen Halbbild oder Mitteln von Sätzen von
Videosignalen in einem bestimmten Halbbild,
während sie gewichtet werden, ist, um das Vi-
deosignal in dem Halbbild in ein progressives
Videosignal umzusetzen.

3. Signalverarbeitungseinheit nach Anspruch 1, wobei:

das Korrekturmittel mehrere Tabellenspeicher
aufweist, wovon jeder Überschreitungsumset-
zungsparameter speichert, die zumindest durch
das Videosignal der vorherigen vertikalen Peri-
ode und das Videosignal der aktuellen vertika-
len Periode bestimmt sind, und
die Tabellenspeicher, auf die durch das Korrek-
turmittel Bezug genommen wird, gemäß einem
Umsetzungsverfahren umgeschaltet werden,
das von dem Zeilensprung-Progressiv-Umset-
zungsmittel verwendet wird, so dass der Betrag
der Graustufenübergangsüberschreitung geän-
dert wird.

4. Signalverarbeitungseinheit nach Anspruch 1, wobei:

das Korrekturmittel aufweist: einen Tabellen-
speicher, der einen Überschreitungsumset-
zungsparameter speichert, der durch zumindest
das Videosignal der vorherigen vertikalen Peri-
ode und das Videosignal der aktuellen vertika-
len Periode bestimmt ist; und ein Einstellmittel,
das ein Korrekturausmaß für das Videosignal
einer aktuellen vertikalen Periode gemäß dem
Betrag der Graustufenübergangsüberschrei-
tung einstellt, wobei das Korrekturausmaß in
Bezug auf den Tabellenspeicher bestimmt wird.

5. Signalverarbeitungseinheit nach Anspruch 1, wobei:

der Betrag der Graustufenübergangsüber-
schreitung, die durch das Korrekturmittel durch-
geführt wird, gemäß nicht nur dem verwendeten
Zeilensprung- Progressiv- Umsetzungsverfah-
ren, sondern auch einer Flüssigkristall-Anzeige-
vorrichtungs-Innentemperatur geändert wird.

6. Signalverarbeitungseinheit nach Anspruch 5, wobei:

das Korrekturmittel mehrere Tabellenspeicher
aufweist, wovon jeder einen Überschreitungs-
umsetzungsparameter speichert, der durch zu-
mindest das Videosignal der vorherigen vertika-
len Periode und das Videosignal der aktuellen
vertikalen Periode bestimmt ist, und
die Tabellenspeicher, auf die durch das Korrek-
turmittel Bezug genommen wird, gemäß (a) ei-
nem Umsetzungsverfahren, das von dem Zei-
lensprung-Progressiv-Umsetzungsmittel ver-
wendet wird, und (b) der Vorrichtungsinnentem-
peratur umgeschaltet werden, so dass der Be-
trag der Graustufenübergangsüberschreitung
geändert wird.

7. Signalverarbeitungseinheit nach Anspruch 5, wobei:

das Korrekturmittel mehrere Tabellenspeicher
aufweist, wovon jeder einen Überschreitungs-
umsetzungsparameter speichert, der zumin-
dest durch das Videosignal der vorherigen ver-
tikalen Periode und das Videosignal der aktuel-
len vertikalen Periode bestimmt ist,
das Korrekturmittel ferner ein Einstellmittel auf-
weist, das ein Korrekturausmaß für das Video-
signal der aktuellen vertikalen Periode einstellt,
wobei das Korrekturausmaß in Bezug auf ir-
gendeinen der Tabellenspeicher bestimmt wird,
und
ein Betrag der Einstellung, die durch das Ein-
stellmittel durchgeführt wird, gemäß der Vorrich-
tungsinnentemperatur geändert wird, und die
Tabellenspeicher, auf die durch das Korrektur-
mittel Bezug genommen wird, gemäß dem Um-
setzungsverfahren umgeschaltet werden, das
vom Zeilensprung-Progressiv-Umsetzungsmit-
tel verwendet wird, so dass der Betrag der Grau-
stufenübergangsüberschreitung geändert wird.

8. Signalverarbeitungseinheit nach Anspruch 5, wobei:

das Korrekturmittel mehrere Tabellenspeicher
aufweist, wovon jeder einen Überschreitungs-
umsetzungsparameter speichert, der durch zu-
mindest das Videosignal der vorherigen vertika-
len Periode und das Videosignal der aktuellen
vertikalen Periode bestimmt ist,
zumindest ein Teil der Tabellenspeicher zwi-
schen den zwei oder mehr Umsetzungsverfah-
ren geteilt werden, die vom Zeilensprung-Pro-
gressiv-Umsetzungsmittel verwendet werden,
und
die Tabellenspeicher, auf die durch das Korrek-
turmittel Bezug genommen wird, gemäß der
Vorrichtungsinnentemperatur umgeschaltet
werden, und Umschalttemperaturen zum Um-
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schalten zwischen den Tabellenspeichern ge-
mäß einem Umsetzungsverfahren geändert
werden, das vom Umsetzungsmittel verwendet
wird, so dass der Betrag der Graustufenüber-
gangsüberschreitung geändert wird.

9. Signalverarbeitungseinheit nach Anspruch 8, wobei:

die Tabellenspeicher in der Weise umgeschaltet
werden, dass nur auf einen Teil der Tabellen-
speicher Bezug genommen wird, wenn das Um-
setzungsmittel eine Umsetzung durch ein gege-
benes Umsetzungsverfahren durchführt.

10. Flüssigkristall-Anzeigevorrichtung mit der Signal-
verarbeitungseinheit nach einem der Ansprüche 1
bis 9.

11. Flüssigkristallanzeige-Steuerverfahren, mit den fol-
genden Schritten
Umsetzen eines Zeilensprung-Videosignals in ein
progressives Videosignal, und
Korrigieren des progressiven Videosignals in der
Weise, dass der Graustufenübergang in jedem Pixel
einer Flüssigkristall-Anzeigevorrichtung betont wird,
wobei das Flüssigkristallanzeige-Steuerverfahren
dadurch gekennzeichnet ist, dass
Umsetzungen durch ein bewegungsadaptives Zei-
lensprung/Progressiv-Umsetzungsverfahren und
ein Zeilensprung/Progressiv-Umsetzungsverfahren
mit Interpolation innerhalb von Halbbildern im Zei-
lensprung-Progressiv-Umsetzungsschritt möglich
sind, und
ein Betrag der Graustufenübergangsbetonung,
wenn das bewegungsadaptive Zeilensprung/Pro-
gressiv-Umsetzungsverfahren verwendet wird, so
festgelegt wird, dass er höher ist als ein Betrag der
Graustufenübergangsbetonung, wenn das Zeilen-
sprung/Progressiv-Umsetzungsverfahren mit Inter-
polation innerhalb von Halbbildern verwendet wird.

12. Programm, das bewirkt, dass ein Computer das
Steuerverfahren nach Anspruch 11 ausführt.

13. Speichermedium, das das Programm nach An-
spruch 12 in einer computerlesbaren Weise spei-
chert.

Revendications

1. Unité de traitement de signal aménagé pour être uti-
lisé dans un dispositif d’affichage à cristaux liquides,
ladite unité de traitement de signal comprenant :

un moyen de conversion du mode entrelacé à
mode progressif (111) qui convertit un signal vi-
déo entrelacé en signal vidéo progressif ; et

un moyen de correction qui corrige ledit signal
vidéo progressif afin de dépasser des transitions
d’échelle des gris, au moins conformément au
signal vidéo progressif d’une période verticale
précédente et le signal vidéo progressif d’une
période verticale courante,
l’unité de traitement de signal étant caractérisé
en ce que
le moyen de conversion du mode entrelacé à
mode progressif (111) est capable d’effectuer
des conversions par un procédé de conversion
entrelacé/progressif adaptable au mouvement
et un procédé de conversion entrelacé/progres-
sif d’interpolation intra-champ,
dans laquelle une grandeur du dépassement de
transition d’échelle des gris effectuée par le
moyen de correction, lorsque le procédé de con-
version entrelacé/progressif adaptable au mou-
vement est utilisé par le moyen de conversion
du mode entrelacé au mode progressif, est ré-
glée pour être supérieure à une grandeur du dé-
passement de transition d’échelle des gris lors-
que le procédé de conversion entrelacé/pro-
gressif d’interpolation intra-champ est utilisé par
le moyen de conversion du mode entrelacé au
mode progressif.

2. Unité de traitement de signal selon la revendication
1, dans laquelle :

le procédé de conversion entrelacé/progressif
d’interpolation intra-champ est un procédé con-
sistant à copier un signal vidéo dans un certain
champ ou à calculer la moyenne d’ensembles
de signaux vidéo dans un certain champ ou à
calculer la moyenne d’ensembles de signaux vi-
déo dans un certain champ tout en la pondérant
afin de convertir le signal vidéo dans le champ
en un signal vidéo progressif.

3. Unité de traitement de signal selon la revendication
1, dans laquelle :

le moyen de correction comprend une pluralité
de mémoires de tables dont chacune stocke des
paramètres de conversion de dépassement dé-
terminés par au moins le signal vidéo d’une pé-
riode verticale précédente et le signal vidéo
d’une période verticale courante, et
les mémoires de tables référencées par le
moyen de correction sont commutées confor-
mément au procédé de conversion utilisé par le
moyen de conversion du mode entrelacé au mo-
de progressif de sorte que la grandeur du dé-
passement de transition d’échelle des gris soit
modifiée.

4. Unité de traitement de signal selon la revendication
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1, dans laquelle :

le moyen de correction comprend : une mémoi-
re de table qui stocke un paramètre de conver-
sion de dépassement déterminé par au moins
le signal vidéo d’une période verticale précéden-
te et le signal vidéo d’une période verticale
courante ; et un moyen d’ajustement qui ajuste
une quantité de correction pour le signal vidéo
d’une période verticale courante conformément
à la grandeur de dépassement de transition
d’échelle des gris, la quantité de correction étant
déterminée d’ après la mémoire de table.

5. Unité de traitement de signal selon la revendication
1, dans laquelle :

la grandeur de dépassement de transition
d’échelle des gris effectué par le moyen de cor-
rection est modifiée conformément non seule-
ment au procédé de conversion du mode entre-
lacé au mode progressif utilisé, mais également
à une température interne du dispositif d’afficha-
ge à cristaux liquides.

6. Unité de traitement de signal selon la revendication
5, dans laquelle :

le moyen de correction comprend une pluralité
de mémoires de tables, dont chacune stocke un
paramètre de conversion de dépassement dé-
terminé par au moins le signal vidéo d’une pé-
riode verticale précédente et le signal vidéo
d’une période verticale courante, et
les mémoires de tables référencées par le
moyen de correction sont commutées confor-
mément (a) à un procédé de conversion utilisé
par le moyen de conversion du mode entrelacé
au mode progressif et (b) à la température in-
terne du dispositif d’affichage à cristaux liquides.

7. Unité de traitement de signal selon la revendication
5, dans laquelle :

le moyen de correction comprend une pluralité
de mémoires de tables, dont chacune stocke un
paramètre de conversion de dépassement dé-
terminé par au moins le signal vidéo d’une pé-
riode verticale précédente et le signal vidéo
d’une période verticale courante,
le moyen de correction comprend en outre un
moyen d’ajustement qui ajuste une quantité de
correction pour le signal vidéo d’une période ver-
ticale courante, la quantité de correction étant
déterminée en référence à l’une quelconque des
mémoires de tables, et
une grandeur de l’ajustement effectué par le
moyen d’ajustement est modifiée conformé-

ment à la température interne du dispositif et les
mémoires de tables référencées par le moyen
de correction sont commutées conformément
au procédé de conversion utilisé par le moyen
de conversion du mode entrelacé au mode pro-
gressif, de sorte que la grandeur de dépasse-
ment de transition de l’échelle des gris soit mo-
difiée.

8. Unité de traitement de signal selon la revendication
5, dans laquelle :

le moyen de correction comprend une pluralité
de mémoires de tables, dont chacune stocke un
paramètre de conversion de dépassement dé-
terminé par au moins le signal vidéo d’une pé-
riode verticale précédente et le signal vidéo
d’une période verticale courante,
au moins une partie des mémoires de tables est
partagée entre les deux procédés de conversion
ou plus utilisés par le moyen de conversion du
mode entrelacé au mode progressif, et
les mémoires de tables référencées par le
moyen de correction sont commutées en fonc-
tion de la température interne du dispositif, et
les températures de commutation servant à
commuter entre les mémoires de tables sont
modifiées conformément à un procédé de con-
version utilisé par le moyen de conversion, de
sorte que la grandeur de dépassement de tran-
sition d’échelle des gris soit modifiée.

9. Unité de traitement de signal selon la revendication
8, dans laquelle :

les mémoires de tables sont commutées de sor-
te que seule une partie des mémoires de tables
soit référencée lorsque le moyen de conversion
effectue une conversion par un procédé de con-
version donné.

10. Dispositif d’affichage à cristaux liquides comprenant
l’unité de traitement de signal selon l’une quelconque
des revendications 1 à 9.

11. Procédé de commande d’affichage à cristaux liqui-
des comprenant les étapes consistant à :

convertir un signal vidéo entrelacé en signal vi-
déo progressif et
corriger ledit signal vidéo progressif de manière
à mettre en évidence la transition d’échelle des
gris dans chaque pixel d’un dispositif d’affichage
à cristaux liquides,
ledit procédé de commande d’affichage à cris-
taux liquides étant caractérisé en ce que
des conversions par un procédé de conversion
entrelacé/progressif adaptable au mouvement
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et un procédé de conversion entrelacé/progres-
sif d’interpolation intra-champ sont possibles
dans l’étape de conversion du mode entrelacé
au mode progressif, et
une grandeur de mise en évidence de la transi-
tion d’échelle des gris, lorsque l’on utilise le pro-
cédé de conversion entrelacé/progressif adap-
table au mouvement, est réglée pour être supé-
rieure à une grandeur de mise en évidence de
la transition d’échelle des gris lorsque l’on utilise
le procédé de conversion entrelacé/progressif
d’interpolation intra-champ.

12. Programme aidant un ordinateur à effectuer un pro-
cédé de commande selon la revendication 11.

13. Support de stockage stockant le programme selon
la revendication 12 de manière lisible par ordinateur.
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