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7) ABSTRACT

There is provided a correlation between adjustment of
luminance of a LCD and adjustment of luminance of a
backlight. Luminance average value “lave” is determined
from display data. Luminance maximum value “I1max” in
a macro area is determined from the display data. Lumi-
nance is adjusted with reference to luminance-transformed
luminance. In luminance transformation, slope average “r1”
in a range of 0=I<lave, slope average “r2” in a range of
lave=I<I1max, and slope average “r3” in a range of
IZ[1max establish a relationship of r1Z2r2>r3 in an area
defined by a horizontal axis showing luminance “I” and a
vertical axis showing luminance-transformed luminance
“I#.
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Fig.b
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IMAGE DISPLAY METHOD AND APPARATUS

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an image display
method and apparatus. More particular, it relates to an art of
dynamically adjusting a contrast and light source luminance
in accordance with entered display data in an image display
apparatus that is operable to irradiate light from a light
source such as a backlight onto a light-receiving display
device as represented by a liquid crystal panel, in order to
provide a high level of perceptible screen luminance.

[0003]

[0004] A prior art concerning the above is disclosed in
published Japanese Patent Application Laid-Open No.
1-239589. The prior art provides a unit operable to detect a
maximum value of an image signal to permit light such as
a light source to be irradiated in proportional to the detected
maximum value, thereby reducing electric power consump-
tion.

[0005] The term “micro area” as set forth herein refers to
a small region of a display screen where the maximum
luminance is available. The micro area includes a single
pixel or otherwise several pixels. The term “macro area” as
given herein refers to a large region of the display screen
where bright highlights are available.

1. Field of the Invention

2. Description of the Related Art

[0006] However, the prior art has some problems as dis-
cussed below.
[0007] Problem 1: When a micro area having great lumi-

nance is present in the display screen, then it is difficult to
obtain beneficial effects of reducing power consumption.

[0008] When a micro area having great luminance, such as
dotted areas and white characters, is present in the display
screen, then the prior art provides control over the light
source with reference to such a micro area. As a result, the
light source tends to be excessively controlled toward bright
illumination. This drawback precludes a reduction in power
consumption.

[0009]
quality.

Problem 2: A pure color is insufficient in visual

[0010] When color display is made according to the prior
art, then a Y-value in YUV signals or an average of RGB
values in RGB signals is used as “luminance”. Adjustment
is made in accordance with the “luminance”.

[0011] Assume that display data having high-saturation
(e.g., in a RGB ratio of 0%, 0%, and 80%) in the entire
screen is entered. The display data corresponds to nearly
solid “blue”. At this time, the YUV signals have a Y-value
of 9%, while the RGB signals have a RGB average of 27%.

[0012] As aresult, according to the prior art, a light source
has luminance as small as 9% or 27%, and true “blue”
cannot be displayed, even when a signal of “blue” on a
display panel has a value as high as, e.g., 100%.

[0013] As seen from the above, a problem with the prior
art is that a pure color tends to be insufficient in visual
quality.
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[0014] Problem 3: Characteristics inherent to a display
device are not reflected.

[0015] The prior art takes no account of characteristics
inherent to a display device. As a result, it is difficult to
obtain desired luminance under severe circumstances in
which luminance tends to be insufficient because of a
reduction in electric power.

OBJECTS AND SUMMARY OF THE
INVENTION

[0016] In view of the above, a first object of the present
invention is to provide an improved art of making a further
reduction in electric power.

[0017] A second object of the present invention is to
provide an improved art that provides high-visual quality of
a pure color while allowing a light source to consume less
power.

[0018] A third object of the present invention is to provide
an improved art that provides accurate adjustment of a
display device and accurate adjustment of the light source
while allowing the light source to consume less power.

[0019] A first aspect of the present invention provides an
image display method comprising:

[0020] irradiating light from a light source to a light-
receiving display device to display an image;

[0021] providing a correlation between adjustment of
luminance of the display device and adjustment of
luminance of the light source in accordance with
entered display data;

[0022] determining a characteristic-determining
amount from the display data;

[0023] providing luminance transformation of lumi-
nance taken out of the display data, thereby provid-
ing the luminance-transformed luminance; and

[0024] adjusting the luminance of the display device
in accordance with the luminance-transformed lumi-
nance,

[0025] wherein the luminance transformation has
transformation characteristics in which different
slope averages in the vicinity of the characteristic-
determining amount are exhibited in an area defined
by a horizontal axis showing luminance “I”” taken out
of the display data and a vertical axis showing
luminance-transformed luminance “I#”.

[0026] This construction determines the characteristic-
determining amount from the display data, and sets the
transformation characteristics of the luminance transforma-
tion in accordance with the determined characteristic-deter-
mining amount. This feature allows the display device to be
controlled in accordance with the display data.

[0027] The transformation characteristics have different
slope averages in the vicinity of the characteristic-determin-
ing amount. This feature allows for display control for each
luminance area.

[0028] A second aspect of the present invention provides
an image display method as defined in the first aspect of the
present invention, wherein in the transformation character-
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istics, a region having luminance smaller than the charac-
teristic-determining amount is set to have an average slope
greater than an average slope of a region having luminance
greater than the characteristic-determining amount.

[0029] In the above construction, the region having lumi-
nance smaller than the characteristic-determining amount
and closer in distance to a coordinate origin is important to
maintain a perceptible contrast. In the transformation char-
acteristics, the region having luminance smaller than the
characteristic-determining amount is set to have an average
slope greater than an average slope of a region having
luminance greater than the characteristic-determining
amount. This feature retains good visual quality.

[0030] A region having luminance greater than the char-
acteristic-determining amount and closer in distance to a full
scale is bright. Such a bright region is set to have an average
slope smaller than the average slope of the region having
luminance smaller than the -characteristic-determining
amount. This feature saves power consumption.

[0031] A third aspect of the present invention provides an
image display method as defined in the first aspect of the
present invention, wherein in the transformation character-
istics, a region closer in distance to a coordinate origin is set
to have an average slope greater than an average slope of
another region.

[0032] In the above construction, the most important
region to maintain a perceptible contrast is the region closer
in distance to the coordinate origin. In the transformation
characteristics, the region closer to the coordinate origin is
set to have an average slope greater than average slopes of
the other regions. This feature retains good visual quality.

[0033] A fourth aspect of the present invention provides an
image display method as defined in the first aspect of the
present invention, wherein in the transformation character-
istics, a region closer in distance to a full scale is set to have
an average slope smaller than an average slope of another
region.

[0034] In the above construction, the region closer in
distance to the full scale is very bright. Such a very bright
region is set to have an average slope smaller than average
slopes of the other regions. This feature saves power con-
sumption.

[0035] A fifth aspect of the present invention provides an
image display method as defined in the first aspect of the
present invention, wherein the characteristic-determining
amount includes two different characteristic-determining
amounts.

[0036] This construction provides transformation charac-
teristics in which two or greater connections and three or
greater divided regions are provided.

[0037] A sixth aspect of the present invention provides an
image display method as defined in the first aspect of the
present invention, wherein the characteristic-determining
amount includes three different characteristic-determining
amounts.

[0038] This construction provides transformation charac-
teristics in which three or greater connections and four or
greater divided regions are provided.
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[0039] A seventh aspect of the present invention provides
an image display method as defined in the first aspect of the
present invention, wherein the characteristic-determining
amount includes a luminance representative value in the
entire display screen.

[0040] According this construction, the luminance repre-
sentative value in the entire display screen is reflected in the
transformation characteristics.

[0041] An eighth aspect of the present invention provides
an image display method as defined in the seventh aspect of
the present invention, wherein the luminance representative
value includes one of or both a luminance average value and
a maximum frequent value in a luminance histogram.

[0042] This construction allows the luminance represen-
tative value to express proper display data.

[0043] Aninth aspect of the present invention provides an
image display method as defined in the first aspect of the
present invention, wherein one of or both a straight line and
a curved line forms the transformation characteristics.

[0044] According to this construction, the transformation
characteristics formed by only the straight line provides easy
processing, and completes calculation in a short time. The
transformation characteristics formed by only the curved
line provides smoothly varied transformation characteris-
tics, thereby realizing fine luminance transformation. In
addition, the transformation characteristics may be formed
by a combination of the straight line and the curved line.

[0045] A tenth aspect of the present invention provides an
image display method comprising:

[0046] irradiating light from a light source to a light-
receiving display device to display an image;

[0047] providing a correlation between adjustment of
luminance of the display device and adjustment of
luminance of the light source in accordance with
entered display data;

[0048] determining, from the display data, luminance
representative value “Ir” in the entire display screen
and luminance maximum value “I1max” in a macro
area;

[0049] providing luminance transformation of lumi-
nance taken out of the display data, thereby provid-
ing the luminance-transformed luminance; and

[0050] adjusting the luminance of the display device
in accordance with the luminance-transformed lumi-
nance,

[0051] wherein the luminance transformation has
transformation characteristics in which slope aver-
age “rl1” in a range of O=I<Ir, slope average “12” in
a range of Ir=I<I1max, and slope average “r3” in a
range of IZIlmax establish a relationship of
r12r2>r3 in an area defined by a horizontal axis
showing luminance “I” taken out of the display data
and a vertical axis showing luminance-transformed
luminance “I#”.

[0052] According to the above structure, the range of
0ZI<Ir is the most important region to maintain a percep-
tible contrast. The region in the range of 0=I<Ir has slope
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average “r1” rendered greater than the other slope averages.
This feature retains good visual quality.

[0053] The range of Ir=I<I1max covers a bright region.
Such a bright region is difficult to perceive degradation in
visual quality, even when the bright region has a contrast
rendered smaller than a contrast of the region in the range of
O=I«Ir. Accordingly, the bright region in the range of
Ir=I<I1max has slope average “r2” rendered smaller than
slope average “r1”. This feature suppresses power consump-
tion.

[0054] The range of [ZI1max is a very bright region that
has slope average “r3” rendered smaller than slope average
“r2”. This feature saves power consumption.

[0055] In consideration of influence on the perceptible
contrast, reduced luminance is provided in the region in
which degradation in visual quality is difficult to perceive.
This feature considerably reduces the entire power con-
sumption.

[0056] At the same time, the region in the range of 0=1<Ir,
which is important for perception, maintains increased lumi-
nance. This feature allows a perceptible contrast to be
maintained to a high degree.

[0057] An eleventh aspect of the present invention pro-
vides an image display method as defined in the tenth aspect
of the present invention, wherein slope averages “r1”, “r2”,
and “r3” are varied according to a state that includes display
content, display time, and surrounding circumstances.

[0058] This construction allows luminance to be adjusted
within finer limits according to various circumstances such
as display of a game screen, display of a mail-editing screen,
operating time, battery drain, and surrounding illumination.

[0059] A twelfth aspect of the present invention provides
an image display method as defined in the tenth aspect of the
present invention, wherein saturation is adjusted in union
with one or both of the adjustment of the luminance of the
display device and the adjustment of the luminance of the
light source.

[0060] This construction allows saturation to be adjusted
together with luminance adjustment. This feature provides
further improved visual quality.

[0061] A thirteenth aspect of the present invention pro-
vides an image display method as defined in the twelfth
aspect of the present invention, wherein the saturation is
adjusted to provide increased saturation in a region in which
a perceptible contrast is reduced.

[0062] This construction allows the saturation to comple-
ment a perceptible contrast in the region in which the
perceptible contrast tends to be reduced.

[0063] A fourteenth aspect of the present invention pro-
vides an image display method as defined in the tenth aspect
of the present invention, wherein luminance maximum value
“I2max” in a micro area is determined from the display data,
and wherein luminance characteristic amount “Ip” is deter-
mined in accordance with “I1max”, “I2max”, “Ir”, “r1”,
“r2”, “r3”, and the light source has luminance adjusted in
accordance with the determined luminance characteristic
amount “Ip”.
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[0064] This construction provides an improved correlation
between the adjustment of the luminance of the light source
and the adjustment of the luminance of the display device.

[0065] A fifteenth aspect of the present invention provides
an image display method as defined in the tenth aspect of the
present invention, wherein the luminance representative
value “Ir” includes one of or both luminance average value
“lave” and a maximum frequent value in a luminance
histogram.

[0066] This construction allows the luminance represen-
tative value to express proper display data.

[0067] Asixteenth aspect of the present invention provides
an image display method comprising:

[0068] irradiating light from a light source to a light-
receiving display device to display an image; and

[0069] providing a correlation between adjustment of
luminance of the display device and adjustment of
luminance of the light source in accordance with
entered display data,

[0070] wherein a maximum value of RGB values in
the entire image is employed as luminance for use in
the adjustment of the luminance of the display device
and the adjustment of the luminance of the light
source.

[0071] This construction provides improved visual quality
of a pure color. For example, for display data in a RGB ratio
of 0%: 0%: 80%, luminance 80% is used in the adjustment
of the luminance of the display device and the adjustment of
the luminance of the light source. As a result, true “blue” can
be displayed.

[0072] A seventeenth aspect of the present invention pro-
vides an image display method comprising:

[0073] irradiating light from a light source to a light-
receiving display device to display an image; and

[0074] providing a correlation between adjustment of
luminance of the display device and adjustment of
luminance of the light source in accordance with
entered display data,

[0075] wherein the luminance of the light source is
adjusted in accordance with contra-characteristics
that counteract y-characteristics inherent to the dis-
play device.

[0076] According to this construction, the luminance
adjustment of the light source counteracts y-characteristics
inherent to the display device, thereby providing accurate
luminance adjustment. This feature properly provides
desired luminance, and saves power consumption. As a
result, visual quality can be retained under environments in
which a contrast tends to be insufficient.

[0077] An eighteenth aspect of the present invention pro-
vides an image display method as defined in the seventeenth
aspect of the present invention, wherein the luminance of the
light source is adjusted with reference to a light-emitting
compensation table.

[0078] This construction allows luminance adjustment to
be made, even with contra-characteristics having non-lin-
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earity, and provides high-speed luminance adjustment with
reference to the light-emitting compensation table.

[0079] The above, and other objects, features and advan-
tages of the present invention will become apparent from the
following description read in conjunction with the accom-
panying drawings, in which like reference numerals desig-
nate the same elements.

BRIEF DESCRIPTION OF THE DRAWINGS

[0080] FIG. 1 is a block diagram illustrating an image
display apparatus according to an embodiment of the present
invention;

[0081] FIG. 2 is a flowchart illustrating how color sepa-
ration is made;

[0082] FIG. 3 is a flowchart illustrating how color syn-
thesis is made;

[0083] FIG. 4 is an illustration showing how filters are
constructed;

[0084] FIG. 5 is a flowchart illustrating how parameters
are calculated;

[0085] FIG. 6 is a graph illustrating luminance-transform-

ing characteristics;

[0086] FIG. 7 is a graph illustrating saturation-transform-
ing characteristics;

[0087] FIG. 8 is a descriptive illustration showing how
“rC” parameter is determined; and

[0088] FIG. 9 is an illustration showing a construction of
a light-emitting compensation table.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0089] An embodiment of the present invention will be
discussed with reference to the drawings. FIG. 1 is a block
diagram illustrating an image display apparatus according to
the present embodiment.

[0090] The following discusses how FIG. 1 is referenced,
before discussion on components of the image display
apparatus. Among values as illustrated in FIG. 1, each
round-cornered enclosure contains a value (e.g., luminance
“I”) renewed for each pixel of display data. Each solid line,
square-cornered enclosure contains a value (¢.g., average
luminance value “lave”) renewed for ecach frame. Each
dotted line, square-cornered enclosure contains a value (¢.g.,
calculation condition values) renewed according to display
content, display time, and surrounding circumstances when
image quality is manually or automatically adjusted.

[0091] In this example of FIG. 1, display data is entered
as RGB values into the image display apparatus. RGB
values (R#, G#, and B#) in which luminance has been
adjusted are fed into a transmissive LCD 13 (an example of
a light-receiving display device). Alternatively, the display
data may be expressed using any other color space.

[0092] The present embodiment employs two different
characteristic-determining amounts, luminance representa-
tive value “Ir” and luminance maximum value “I1max”. The
latter is confined to a macro area. The present invention may,
of course, employ a greater number of different character-
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istic-determining amounts. For example, the present inven-
tion is also applicable when three or greater different char-
acteristic-determining amounts are used.

[0093] The present embodiment uses luminance average
value “Iave as an example of luminance representative value
“Ir”. Alternatively, a maximum frequent value in a lumi-
nance histogram may be used. As a further alternative, the
luminance average value and the maximum frequent value
may appropriately be combined together regardless of the
presence of weights.

[0094] The present embodiment sets the characteristic-
determining amounts as above. A characteristic-determining
amount-calculating unit according to the present embodi-
ment includes a representative-calculating unit and a maxi-
mum value-calculating unit 8. The representative-calculat-
ing unit includes an average value-calculating unit 9.

[0095] As illustrated in FIG. 6, the present embodiment
discusses luminance transformation characteristics in which
two connections (one connection at a position where “I” is
equal to “lava”, and another where “I” is equal to “I1max™)
and three regions (one region of 0=I<lave, another of
lave £I<I1max, and the remainder of I>I1max) are exhib-
ited. Alternatively, the present invention is also applicable
when the luminance transformation characteristics exhibit
three or greater connections and four or greater regions. As
a further alternative, luminance transformation characteris-
tics exhibiting a single connection and two regions are also
acceptable although this alternative provides less beneficial
effects.

[0096] As illustrated in FIG. 6, according to the present
embodiment, a straight line forms characteristics for each of
the regions. Alternatively, the straight line may be used to
form characteristics for part of the regions or otherwise for
all of the regions.

[0097] 1In view of the above description, components as
illustrated in FIG. 1 are now described. In FIG. 1, a
color-separating unit 1 in receipt of display data (RGB
values) provides processing as illustrated in FIG. 2, thereby
separating RGB values into luminance “I,” saturation “S1”,
and hue “S2”. The separated elements leave the color-
separating unit 1.

[0098] The color-separating unit 1 determines relevant
parameter “h”. The relevant parameter “h” refers to a
magnitude relationship of the RGB values. The determined
relevant parameter “h” leaves the color-separating unit 1.

[0099] At step 1 in FIG. 2, the color-separating unit 1
checks to see whether a frame has been renewed. When the
frame has been renewed, then at step 2, a pixel on a display
screen (e.g., a pixel at an upper-left corner of the display
screen) is initialized as a target pixel. When the frame has
been non-renewed, then at step 5, another pixel is initialized
as a target pixel when it is found at step 4 that several pixels
on the display screen remain to be processed.

[0100] At step 3, the color-separating unit 1 obtains the
RGB values for each of the target pixels. At step 6, the
color-separating unit 1 determines luminance “I”, saturation
“81”, and hue “S2” from the obtained RGB wvalues in
accordance with the following formulas:

I=max(R G, B) o)
S1=(I-min(R, G, B)) divided by I ©
S2=(mid(R, G, B)-min (R, G, B) divided by (I-min(R,

G, B) ®
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[0101] where “max (R, G, B)” refers to a maximum
value in the RGB values; “min (R, G, B)” refers to
a minimum value in the RGB values; and “mid (R,
G, B)” refers to an intermediate value between the
maximum and minimum values.

[0102] Asevidenced by formula 1, the term “luminance 1”
as set forth herein refers to a maximum value of the RGB
values, not a commonly used Y-value in YUV signals. The
definition that luminance “I” is the maximum value of the
RGB values provides enhanced visual quality of a pure
color.

[0103] At steps 7 to 16, the color-separating unit 1 checks
a magnitude relationship of the RGB values to determine
relevant parameter “h”.

[0104] More specifically, at step 8, parameter “h” is equal
to 1 for RZG=B at step 7. At step 10, parameter “h” is equal
to 2 for GZR2B at step 9.

[0105] At step 12, parameter “h” is equal to 3 for GZB=R
at step 11. At step 14, parameter “h” is equal to 4 for
B=G=R at step 13. At step 16, parameter “h” is equal to 5
for BZR2G at step 15.

[0106] At step 17, parameter “h” is set to be zero when all
of the above magnitude relationships of the RGB values are
non-applicable, which does not normally occur.

[0107] At step 18, the determined luminance “I”, satura-
tion “S1”, hue “S2”, and relevant parameter “h” leave the
color-separating unit 1 in such a manner as illustrated in
FIG. 1. The processing according to steps 1 to 18 is repeated
until the whole processing is completed at step 19.

[0108] In FIG. 1, a luminance-transforming unit 2 pro-
vides the luminance transformation of luminance “I” from
the color-separating unit 1 in accordance with a luminance-
transforming parameter that is sent from a parameter-calcu-
lating unit 10, thereby providing transformed luminance
“I#”. The luminance-transforming unit 2 feeds the trans-
formed luminance “I#” to a luminance-normalizing unit 3.

[0109] Details of the luminance-transforming parameter
and details of the luminance transformation using the lumi-
nance-transforming unit 2 are discussed later. The lumi-
nance transformation is obeyed in accordance with a rela-
tionship as illustrated FIG. 6. FIG. 6 is formed by a
horizontal axis showing luminance “I” taken out of the
display data, and a vertical axis showing the transformed
luminance “I#°. FIG. 6 illustrates three different slope
averages: slope average “r1” for a range of 0=I<lave; slope
average “r2” for a range of lave=I<Ilmax; and slope
average “r3” for a range of I2I1max. These slope averages
establish a magnitude relationship of r1Z2r2>13.

[0110] The luminance-normalizing unit 3 in receipt of the
transformed luminance “I#” from the luminance-transform-
ing unit 2 normalizes the transformed luminance “I#” in
such a manner that the transformed luminance “I#” has a
maximum value of 100% (e.g., 255 for 8-bit accuracy),
thereby providing normalized luminance “Ib”. The lumi-
nance-normalizing unit 3 feeds the normalized luminance
“Ib” into a color-combining unit 5.

[0111] At this time, the luminance-normalizing unit 3 uses
a normalizing parameter [Ip] (see FIG. 9) from a light-
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emitting compensation table 11. The light-emitting compen-
sation table 11 is discussed later. The use of the light-
emitting compensation table 11 ensures a correlation
between adjustment of luminance of a backlight 14 and
adjustment of luminance of a transmissive LCD 13.

[0112] A saturation-transforming unit 4 in receipt of satu-
ration S1 from the color-separating unit 1 transforms satu-
ration in accordance with a saturation-transforming param-
eter that is sent from the parameter-calculating unit 10,
thereby providing transformed saturation “S1#”. The satu-
ration-transforming unit 4 feeds the transformed saturation
“S1#” into the color-combining unit 5.

[0113] The saturation is transformed in accordance with
characteristics of FIG. 7. Saturation-transforming parameter
“rC” is a slope of a region (0=rc<128 for 8t-bit accuracy)
having small saturation.

[0114] As described later, the parameter-calculating unit
10 sets saturation-transforming parameter “rC” in accor-
dance with a graph of FIG. 8. Parameter “rC” is greater than
one. Parameter “rC” greater than one enhances the saturation
over linear characteristics in the region having small satu-
ration, thereby providing improved visual quality.

[0115] In FIG. 1, the color-combining unit 5 in receipt of
the normalized luminance “Ib”, the transformed saturation
“S1#7, the hue “S2”, and the relevant parameter “h” prac-
tices processing as illustrated in FIG. 3, thereby feeding
adjusted RGB values (R#, G#, and B#) into the transmissive
LCD 13.

[0116] More specifically, at step 21 of FIG. 3, the lumi-
nance-transforming unit 2 checks to see whether a frame has
been renewed. When the frame has been renewed, then at
step 22, a pixel on the display screen (e.g., a pixel at an
upper-left corner of the display screen) is initialized as a
target pixel. When the frame has not been renewed, then at
step 25, another pixel is renewed as a target pixel when it is
found at step 24 that several pixels on the display screen
remain to be processed.

[0117] At step 23, the color-combing unit 5 obtains the
normalized luminance “Ib”, the transformed saturation
“S1#”, the hue “S2”, and the relevant parameter “h” for each
of the target pixels. At step 26, the color-combining unit §
determines three values V1, V2, and V3 that follow:

Vi=Ib O]
V2=(1-(1-S2)S1#)1b ®)
V3=(1-S1#)1b O]
[0118] At steps 27 to 33, the color-combining unit §

allocates the determined V1, V2, and V3 according to
formulas 4 to 6 to the adjusted RGB values (R#, G#, and B#)
in accordance with relevant parameter “h” i.e., in accordance
with a magnitude relationship of the pre-adjusted RGB
values.

[0119] 1t is sufficient that the color-combining unit 5
allows the adjusted RGB values (R#, G#, and B#) to be
properly connected to the pre-adjusted RGB values (pre-
adjusted RGB values for each of the target pixels) of display
data. This means that relevant parameter “h” may not always
be used unlike the present embodiment. For example, the
pre-adjusted RGB values may be entered from the color-
separating unit 1 directly into the color-combing unit 3.
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[0120] At any rate, the color-combining unit § practices
the processing according to steps 21 to 33, thereby obtaining
the adjusted RGB values (R#, G#, and B#) for each of the
target pixels. At step 34, the color-combining unit 5 feeds the
adjusted RGB values (R#, G#, and B#) into the transmissive
LCD 13.

[0121] At step 35, the color-combining unit 5 repeats the
processing according to steps 21 to 34 until being instructed
to stop.

[0122] Components at a lower-left position of FIG. 1 are
now described. The color-separating unit 1 feeds luminance
“I” into first and second low pass filters 6 and 7. According
to the present embodiment, the first and second low pass
filters 6 and 7 are “IIR” filters as illustrated in FIG. 4.

[0123] First and second filter parameters are provided to
the first and second low pass filters 6 and 7, respectively.
More specifically, the first and second filter parameters are
coefficients (k1, k2, and k3) to be provided to three multi-
pliers as illustrated in FIG. 4.

[0124] A proper selection of the coefficients permits the
first low pass filter 6 to be functioned as a “coarse” filter,
while allowing the second low pass filter 7 to be operated as
a “fine” filter. The “coarse” filter feeds luminance I1 in a
macro area into a maximum value-calculating unit 8. The
“fine” filter feeds luminance 12 in a micro area into the
maximum value-calculating unit 8.

[0125] The maximum value-calculating unit 8 in receipt
of, from the first and second low pass filters 6 and 7,
luminance “I1” (in the macro area) and luminance “I2” (in
the micro area) for one frame or for one display screen feeds
maximum values (“I1max” and “I2max”) of the luminance
“I1” and “I2” on the display screen into the parameter-
calculating unit 10 each time when the frame is renewed.

[0126] The maximum values “Ilmax” and “I2max” are
amounts that characterize a frame image.

[0127] The color-separating unit 1 feeds luminance “1”
and saturation “S1” for one frame or for one display screen
into the average value-calculating unit 9. The average value-
calculating unit 9 determines a luminance average value
“Jave” and a saturation average value “Slave” on the display
screen each time when the frame is renewed. The average
value-calculating unit 9 feeds the determined average values
“Tave” and “Slave” into the parameter-calculating unit 10.

[0128] The average values “lave” and “Slave” are
amounts that characterize the flame image.

[0129] The amounts that characterize the frame image are
fed into the parameter-calculating unit 10. Many variations
and modifications may be made in a range in which objects
of the present invention are attained. For example, a mini-
mum luminance value, minimum saturation value, color
distribution, and luminance at an important area (e.g., a
near-central area), not the entire flame may be entered into
the parameter-calculating unit 10. Alternatively, the RGB
values of display data may be entered directly into the
parameter-calculating unit 10 in which required values are
determined.

[0130] According to the present embodiment, the above-
described two maximum values (“Ilmax” and [2max”) and
two different average values (“Iave” and “Slave”) from the
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maximum value-calculating unit 8 and the average value-
calculating unit 9, respectively, are fed into the parameter-
calculating unit 10 each time when the frame is renewed.

[0131] Slopes “r1”, “r2”, “r3” as well as a parameter that
determines “rC” value as illustrated in FIG. 8 are entered as
calculation conditions into the parameter-calculating unit 10
during image quality adjustment.

[0132] The parameter-calculating unit 10 determines
luminance characteristic amount “Ip”, luminance-transform-
ing parameters (rl, r2, r3, Iave, Ilmax) and saturation-
transforming parameter (rC) in accordance with a flowchart
of FIG. 5, and then feed them into the light-emitting
compensation table 11, the luminance-transforming unit 2,
and the saturation-transforming unit 4, respectively.

[0133] More specifically, at step 41 of FIG. 5, the param-
eter-calculating unit 10 waits for flame renewal. When a
flame is renewed, then at step 42, the parameter-calculating
unit 10 obtains the calculation conditions.

[0134] The calculation conditions are now described. As
illustrated in FIG. 6, slopes “r1”, “r2”, “r3” among the
calculation conditions are amounts that determine charac-
teristics of luminance transformation (I—=I#). In other
words, the luminance transformation is obedient to a line
plot having two bends.

[0135] A discussion is started with a starting point ((I,
I#)-(0, 0)). An area in a range of I<lave is dark, and is
difficult to obtain a perceptible contrast. A surrounding area
of “Tave” is expected to have the highest luminance contri-
bution. As a result, the surrounding area of “Iave” is of great
influence on visual quality.

[0136] In the dark area of the range of I<Iave, retention or
improvement of the perceptible contrast is valued over a
saving in power consumption. The range of I<lave has the
greatest slope average “rl” to provide improved visual
quality.

[0137] An area in a range of lave=I<I1max is bright, and
is easy to obtain the perceptible contrast. Accordingly, the
area in the range of lave=I<I1max puts a high priority on a
saving in power consumption. The area in the range of
lave=I<I1max has an intermediate degree of slope average
“r2”. This means that slope average “r2” is smaller than
slope average “rl”, but is greater than slope average “r3”.

[0138] An area in a range of IZI1max is very bright, and
is almost impossible for human eyes to perceive a contrast,
even when the contrast is reduced. Accordingly, the very
bright area in the range of IZ[1max gives utmost priority to
a saving in power consumption to provide a minimum
degree of slope average “r3”.

[0139] As a result, “I#max” is suppressed to a degree
considerably smaller than 100% (255 for 8-bit accuracy).

[0140] As a special alternative, slope averages of “rl”=
“r2” and “r3” zero are acceptable. In this case, a graph has
a bend, but such a graph may be sufficient in view of
practical use. Accordingly, this alternative is encompassed
by the present invention.

[0141] The linearly drawn area in the range of IZIave as
illustrated in FIG. 6 may be replaced by a curvilinearly
drawn area in the same range.
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[0142] The parameter-calculating unit 10 determines “rC”
parameter in accordance with a graph of FIG. 8 using
average value “Slave”. FIG. 8 illustrates processing
examples 1, 2, and 3 because characteristics to be selected
differ from each other, depending upon color purity (color
intensity) of the transmissive LCD 13.

[0143] Any one of the processing examples 1, 2, and 3 is
selected, which is suited for the transmissive LCD 13. Such
a selection makes it feasible to make saturation adjustment
in which the color purity inherent to the transmissive LCD
13 is reflected. As a result, further improved visual quality
is provided. A description on the calculation conditions is
now completed.

[0144] After obtaining calculation condition values at step
42 of FIG. 5, the parameter-calculating unit 10 obtains, at
step 43, the following: two maximum values, “I1max” and
“I2max”, from the maximum value-calculating unit 8; and
two average values, “lave” and “Slave”, from the average
value-calculating unit 9.

[0145] At step 44, the parameter-calculating unit 10 feeds
slopes (rl, 12, r3), average value “lave”, and maximum
value “I1max”, as luminance-transforming parameters, into
the luminance-transforming unit 2.

[0146] At step 45, the parameter-calculating unit 10 deter-
mines luminance characteristic amount “Ip” in accordance
with the following formula:

Ip=2maxxr3+/1max(r2-r3)+lave(r1-r2) @)

[0147] The parameter-calculating unit 10 feeds the deter-
mined Iuminance characteristic amount “Ip” into the light-
emitting compensation table 11.

[0148] At step 46, the parameter-calculating unit 10 deter-
mines a value of “rC” from the graph of FIG. 8 using
“Slave” and “rC” parameter, and then feeds the determined
value “rC” as a saturation-transforming parameter into the
saturation-transforming unit 4.

[0149] As illustrated in FIG. 9, the light-emitting com-
pensation table 11 of FIG. 1 is a one-dimensional table. The
table 11 contains luminance characteristic amounts “Ip”,
normalizing parameters [Ip], and light-emitting luminance
[Ip#]. In the table 11, these three different factors are related
to each other. The normalizing parameter [Ip] is fed to the
luminance-normalizing unit 3. The light-emitting luminance
[Ip#] is sent to a driving circuit 12.

[0150] The light-emitting luminance [Ip#] has values obe-
dient to contra-characteristics. The contra-characteristics
counteract y-characteristics of the transmissive LCD 13 as a
display device.

[0151] This feature virtually removes the inherent charac-
teristics of the transmissive LCD 13, thereby providing
improved visual quality.

[0152] As described above, the luminance-transforming
unit 2 provides luminance transformation in accordance with
the luminance-transforming parameter calculated by the
parameter-calculating unit 10. The light-emitting compen-
sation table 11 determines light-emitting luminance [Ip#] in
accordance with the luminance characteristic amount calcu-
lated by the parameter-calculating unit 10. The driving
circuit 12 drives the backlight 14 to illuminate the backlight
14 at a desired degree of light-emitting luminance.
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[0153] This feature ensures a correlation between adjust-
ment of luminance of the transmissive LCD 13 as a display
device and adjustment of luminance of the backlight 14 as
a light source.

[0154] As described above, the present invention provides
a further reduction in power consumption, while maintain-
ing a perceptible contrast.

[0155] The present invention provides improved visual
quality of a pure color, while allowing a light source to
consume further less power.

[0156] The present invention provides accurate adjust-
ment of a display device and accurate adjustment of the light
source, while allowing the light source to consume further
less power.

[0157] Having described preferred embodiments of the
invention with reference to the accompanying drawings, it is
to be understood that the invention is not limited to those
precise embodiments, and that various changes and modi-
fications may be effected therein by one skilled in the art
without departing from the scope or spirit of the invention as
defined in the appended claims.

What is claimed is:
1. An image display method comprising:

irradiating light from a light source to a light-receiving
display device to display an image;

providing a correlation between adjustment of luminance
of the display device and adjustment of luminance of
the light source in accordance with entered display
data;

determining a characteristic-determining amount from the
display data;

providing luminance transformation of luminance taken
out of the display data, thereby providing a luminance-
transformed luminance; and

adjusting the luminance of the display device in accor-
dance with the luminance-transformed Iuminance,

wherein the luminance transformation has transformation
characteristics in which different slope averages in the
vicinity of the characteristic-determining amount are
exhibited in an area defined by a horizontal axis show-
ing luminance “I” taken out of the display data and a
vertical axis showing luminance-transformed lumi-
nance “I#°.

2. Animage display method as defined in claim 1, wherein
in the transformation characteristics, a region having lumi-
nance smaller than the characteristic-determining amount is
set to have an average slope greater than an average slope of
a region having luminance greater than the characteristic-
determining amount.

3. Animage display method as defined in claim 1, wherein
in the transformation characteristics, a region closer in
distance to a coordinate origin is set to have an average slope
greater than an average slope of another region.

4. Animage display method as defined in claim 1, wherein
in the transformation characteristics, a region closer in
distance to a full scale is set to have an average slope smaller
than an average slope of another region.
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5. Animage display method as defined in claim 1, wherein
the characteristic-determining amount includes two different
characteristic-determining amounts.

6. An image display method as defined in claim 1, wherein
the characteristic-determining amount includes three differ-
ent characteristic-determining amounts.

7. Animage display method as defined in claim 1, wherein
the characteristic-determining amount includes a luminance
representative value in an entire display screen.

8. Animage display method as defined in claim 7, wherein
the luminance representative value includes one of or both
a luminance average value and a maximum frequent value in
a luminance histogram.

9. An image display method as defined in claim 1, wherein
one of or both a straight line and a curved line form the
transformation characteristics.

10. An image display method comprising:

irradiating light from a light source to a light-receiving
display device to display an image;

providing a correlation between adjustment of luminance
of the display device and adjustment of luminance of
the light source in accordance with entered display
data;

determining, from the display data, a luminance repre-
sentative value “Ir” in an entire display screen and a
luminance maximum value “I1max” in a macro area;

providing luminance transformation of luminance taken
out of the display data, thereby providing a luminance-
transformed luminance; and

adjusting the luminance of the display device in accor-
dance with the luminance-transformed luminance,
wherein the luminance transformation has transforma-
tion characteristics in which slope average “r1” in a
range of 0=I<Ir, slope average “r2” in a range of
Ir=1<I1max, and slope average “r3” in a range of
I>I1max establish a relationship of r1=r2>r3 in an area
defined by a horizontal axis showing luminance “I”
taken out of the display data and a vertical axis showing
luminance-transformed luminance “I#”.

11. An image display method as defined in claim 10,
wherein slope averages “r1”, “r2”, and “r3” are varied
according to a state that includes display content, display
time, and surrounding circumstances.

12. An image display method as defined in claim 10,
wherein saturation is adjusted in union with one or both of
the adjustment of the luminance of the display device and
the adjustment of the luminance of the light source.

13. An image display method as defined in claim 12,
wherein the saturation is adjusted to provide increased
saturation in a region in which a perceptible contrast is
reduced.

14. An image display method as defined in claim 10,
wherein a luminance maximum value “I2max” in a micro
area is determined from the display data, and wherein a
luminance characteristic amount “Ip” is determined in
accordance with “I1max”“I2max”, “Ir”, “r1”, “r2”, “r3”, and
the light source has luminance adjusted in accordance with
the determined luminance characteristic amount “Ip”.

15. An image display method as defined in claim 10,
wherein the luminance representative value “Ir” includes
one of or both a luminance average value “Iave” and a
maximum frequent value in a luminance histogram.

16. An image display method comprising:
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irradiating light from a light source to a light-receiving
display device to display an image; and

providing a correlation between adjustment of luminance
of the display device and adjustment of luminance of
the light source in accordance with entered display
data,

wherein a2 maximum value of RGB values in an entire
image is employed as luminance for use in the adjust-
ment of the luminance of the display device and the
adjustment of the luminance of the light source.

17. An image display method comprising:

irradiating light from a light source to a light-receiving
display device to display an image; and

providing a correlation between adjustment of luminance
of the display device and adjustment of luminance of
the light source in accordance with entered display
data,

wherein the luminance of the light source is adjusted in
accordance with contra-characteristics that counteract
y-characteristics inherent to the display device.

18. An image display method as defined in claim 17,
wherein the luminance of the light source is adjusted with
reference to a light-emitting compensation table.

19. An image display apparatus comprising:

a light-receiving display device;

a light source operable to irradiate light to said light-
receiving display device;

said image display apparatus operable to provide a cor-
relation between adjustment of luminance of said light-
receiving display device and adjustment of luminance
of said light source in accordance with entered display
data;

a characteristic-determining amount-calculating unit
operable to determine a characteristic-determining
amount from the display data; and

a luminance-transforming unit operable to provide, with
reference to transformation characteristics, luminance
transformation of luminance taken out of the display
data,

wherein the transformation characteristics are such that
different slope averages in the vicinity of the charac-
teristic-determining amount are exhibited in an area
defined by a horizontal axis showing luminance “I”
taken out of the display data and a vertical axis showing
luminance-transformed luminance “I#”.

20. An image display apparatus as defined in claim 19,
wherein in the transformation characteristics, a region hav-
ing luminance smaller than the characteristic-determining
amount is set to have an average slope greater than an
average slope of a region having luminance greater than the
characteristic-determining amount.

21. An image display apparatus as defined in claim 19,
wherein in the transformation characteristics, a region closer
in distance to a coordinate origin is set to have an average
slope greater than an average slope of another region.

22. An image display apparatus as defined in claim 19,
wherein in the transformation characteristics, a region closer
in distance to a full scale is set to have an average slope
smaller than an average slope of another region.

23. An image display apparatus as defined in claim 19,
wherein the characteristic-determining amount includes two
different characteristic-determining amounts.
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24. An image display apparatus as defined in claim 19,
wherein the characteristic-determining amount includes
three different characteristic-determining amounts.

25. An image display apparatus as defined in claim 19,
wherein the characteristic-determining amount includes a
luminance representative value in an entire display screen.

26. An image display apparatus as defined in claim 25,
wherein the luminance representative value includes one of
or both a luminance average value and a maximum frequent
value in a luminance histogram.

27. An image display apparatus as defined in claim 19,
wherein one of or both a straight line and a curved line
form(s) the transformation characteristics.

28. An image display apparatus comprising:

a light-receiving display device;

a light source operable to irradiate light to said light-
receiving display device;

said image display apparatus operable to provide a cor-
relation between adjustment of luminance of said light-
receiving display device and adjustment of luminance
of said light source in accordance with entered display
data;

&

representative-calculating unit operable to determine,
with reference to the display data, a luminance repre-
sentative value “Ir” in an entire display screen;

a maximum value-calculating unit operable to determine,
with reference to the display data, a luminance maxi-
mum value “I1max” in a macro area; and

a luminance-transforming unit operable to provide lumi-
nance transformation of luminance taken out of the
display data,

wherein said luminance-transforming unit provides the
luminance transformation such that slope average “r1”
i a range of 0=I<Ir, slope average “r2” in a range of
Ir=I<I1max, and slope average “r3” in a range of
IZ[1max establish a relationship of r1Zr2>r3 in an
areca defined by a horizontal axis showing luminance
“I” taken out of the display data and a vertical axis
showing luminance-transformed luminance “H#”.

29. An image display apparatus as defined in claim 28,
wherein slope averages “r1”, “r2” and “r3” are varied
according to a state that includes display content, display
time, and surrounding circumstances.

30. An image display apparatus as defined in claim 28,
further comprising:

a saturation-transforming unit operable to adjust satura-
tion in union with one or both of the adjustment of the
luminance of said light-receiving display device and
the adjustment of the luminance of said light source.

31. An image display apparatus as defined in claim 30,
wherein the saturation is adjusted to provide increased
saturation in a region in which a perceptible contrast is
reduced.

32. An image display apparatus as defined in claim 28,
wherein said maximum value-determining unit is operable
to determine, from the display data, a luminance maximum
value “I2Zmax” in a micro area, and wherein a luminance
characteristic amount “Ip” is determined in accordance with
“Ilmax”, “I2max”, “Ir”, “r1”, “r2”, “r3”, and said light
source has luminance adjusted in accordance with the deter-
mined luminance characteristic amount “Ip”.
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33. An image display apparatus as defined in claim 28,
wherein the luminance representative value “Ir” includes
one of or both a luminance average value “lave” and a
maximum frequent value in a luminance histogram.

34. An image display apparatus comprising:

a light-receiving display device;

a light source operable to irradiate light to the light-
receiving display device; and

said image display apparatus operable to provide a cor-
relation between adjustment of luminance of said light-
receiving display device and adjustment of luminance
of said light source in accordance with entered display
data,

wherein a maximum value of RGB values in an entire
image is employed as luminance for use in the adjust-
ment of the luminance of said light-receiving display
device and the adjustment of the luminance of said light
source.

35. An image display apparatus comprising:

a light-receiving display device;

a light source operable to irradiate light to the light-
receiving display device;

said image display apparatus operable to provide a cor-
relation between adjustment of luminance of said light-
receiving display device and adjustment of luminance
of said light source in accordance with entered display
data; and

a light-emitting compensation table operable to adjust the
luminance of said light source in accordance with
contra-characteristics that counteract y-characteristics
inherent to said light-receiving display device.

36. An image display method as defined in claim 1,
wherein saturation is adjusted in union with one or both of
the adjustment of the luminance of the display device and
the adjustment of the luminance of the light source.

37. An image display method as defined in claim 36,
wherein the saturation is adjusted to provide increased
saturation in a region in which a perceptible contrast is
reduced.

38. An image display method as defined in claim 1,
wherein a maximum value of RGB values in an entire image
is employed as Iuminance for use in the adjustment of the
luminance of the display device and the adjustment of the
luminance of the light source.

39. An image display method as defined in claim 1,
wherein saturation is adjusted in union with one or both of
the adjustment of the luminance of the display device and
the adjustment of the luminance of the light source.

40. An image display method as defined in claim 39,
wherein the saturation is adjusted to provide increased
saturation in a region in which a perceptible contrast is
reduced.

41. An image display method as defined in claim 16,
wherein saturation is adjusted in union with one or both of
the adjustment of the luminance of the display device and
the adjustment of the luminance of the light source.

42. An image display method as defined in claim 41,
wherein the saturation is adjusted to provide increased
saturation in a region in which a perceptible contrast is
reduced.
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