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generator 38a, a minimum gradation histogram generator
38bH, a maximum gradation detector 39q, and a minimum
gradation detector 394.

The color signals DbR, DbG, DbB contained in the image
signal Db output from the receiver 2 are input to the maxi-
mum-minimum comparator 37. For each pixel, the maxi-
mum-minimum comparator 37 extracts the largest of the gra-
dation values of the input color signals DbR, DbG, DbB and
outputs the extracted value to the maximum gradation histo-
gram generator 384 as a maximum gradation value RGB-
MAX. For each pixel, the maximum-minimum comparator
37 also extracts the smallest of the gradation values of the
input color signals DbR, DbG, DbB and outputs the extracted
value to the minimum gradation histogram generator 385 as a
minimum gradation value RGBMIN.

On reception of the maximum gradation values RGBMAX
for one frame, the maximum gradation histogram generator
38a counts occurrences of each gradation value as the maxi-
mum gradation value RGBMAX and generates a histogram in
which each class consists of one gradation value. On recep-
tion of the minimum gradation values RGBMIN for one
frame, the minimum gradation histogram generator 385
counts occurrences of each gradation value as the minimum
gradation value RGBMIN and generates a histogram in which
each class consists of one gradation value.

The maximum gradation detector 39a accumulates the fre-
quencies from the maximum gradation to the minimum gra-
dation in the histogram generated by the maximum gradation
histogram generator 38a, as was done in the maximum gra-
dation detectors 32r, 32g, 3256 shown in FIG. 2, and detects a
value representing the class at which the resulting accumu-
lated count first exceeds a predetermined threshold value
RGBA; the gradation value constituting the class is detected.
The maximum gradation detector 39a outputs the detected
representative value as the maximum color signal gradation
information value CMAX.

The minimum gradation detector 395 accumulates the fre-
quencies from the minimum gradation to the maximum gra-
dation in the histogram generated by the minimum gradation
histogram generator 384, as was done in the minimum gra-
dation level detectors 337, 33g, 3356 shown in FIG. 2, and
detects a value representing the class at which the resulting
accumulated count first exceeds a predetermined threshold
value RGBB. The minimum gradation detector 395 outputs
the detected representative value as the minimum color signal
gradation information value CMIN.

The maximum color signal gradation information value
CMAX in this example is equivalent to the maximum grada-
tion value in the color signals DbR, DbG, DbB for one frame,
and the minimum color signal gradation information value
CMIN in this example is equivalent to the minimum gradation
value in the color signals DbR, DbG, DbB for one frame.

If the color information detector 3 outputs the maximum
color signal gradation information value CMAX and the
minimum color signal gradation information value CMIN as
shown in FIG. 10, the color information detector 3 alone
forms the maximum and minimum color information detec-
tion means that detects the CMAX value, which is the maxi-
mum gradation of the color signals constituting the input
image signal or a value equivalent to the maximum gradation,
and the CMIN value, which is the minimum gradation of the
color signals or a value equivalent to the minimum gradation,
as the maximum and minimum color information of the input
image signal. The maximum value selector 51 and the mini-
mum value selector 52 are removed from the structure shown
in FIG. 4 and the remaining structure is used as the correction
controller 5, the maximum color signal gradation information
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value CMAX and the minimum color signal gradation infor-
mation value CMIN being input to the parameter generator
53.

Structuring the color information detector 3 in this way
eliminates the need to generate a histogram for each color
signal to detect the maximum gradation information value
and the minimum gradation information value, so the struc-
ture is simpler than the structure shown in FIG. 2.

In addition, values representing the class at which an accu-
mulated count obtained from the gradation histogram first
exceeds a threshold value are used as the maximum color
signal gradation information value CMAX and the minimum
color signal gradation information value CMIN, so the gra-
dation-scale correction can be adjusted by adjusting the
threshold value, and is therefore more adjustable than in the
structure shown in FIG. 9.

The maximum gradation histogram generator 384 and the
minimum gradation histogram generator 385 may generate a
histogram by partitioning the gradations into multiple regions
and forming each class from a plurality of gradation values.
This allows the amount of computation to be reduced.

The maximum gradation histogram generator 384 and the
minimum gradation histogram generator 385 may also be
structured so that their range of processing, that is, the range
over which they count gradation values, can be set arbitrarily.
If the number of gradations is ‘256°, the range of processing
by the maximum gradation histogram generator 38a may be
the range of gradation values from ‘192° to °255°, for
example, and this range may be divided into eight classes. The
range of the processing by the minimum gradation histogram
generator 385 may be the range of gradation values from ‘0’
to ‘63, for example, and this range may also be divided into
eight classes. The amount of computation can thereby be
reduced.

Second Embodiment

FIG. 11 is a block diagram showing the structure of an
image display apparatus according to a second embodiment
of the invention. The image processing apparatus according
to the second embodiment adds a luminance information
detector 4 to the image processing apparatus 7 in the image
processing apparatus in the first embodiment described
above.

The image processing apparatus 7 in the second embodi-
ment comprises a color information detector 3, a luminance
information detector 4, a correction controller 5, and a gra-
dation corrector 6. The luminance information detector 4
derives a luminance signal DbY from the color signals DbR,
Db@G, and DbB included in the image signal Db output from
the receiver 2, and detects a luminance information value Yi in
each image from the luminance signal DbY.

In the second embodiment the correction controller 5
derives the correction parameters Pa used when the gradation
corrector 6 performs a gradation-scale correction on the
image signal Db according not only to the color information
Cioutput from the color information detector 3 but also to the
luminance information value Yi output from the luminance
information detector 4. The gradation corrector 6 performs a
gradation-scale correction on the image signal Db and out-
puts the result as the image signal Dc to the display unit 8. The
display unit 8 displays an image according to the input image
signal Dc.

The color information detector 3, gradation corrector 6,
and display unit 8 operate in exactly the same way as
described in the first embodiment, so detailed descriptions of
their operations will be omitted.
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FIG. 12 is a block diagram showing the detailed structure
ofthe luminance information detector 4. As shown in FIG. 12,
the luminance information detector 4 comprises a matrix
circuit 41, a histogram generator 42, a maximum gradation
detector 43, and a minimum gradation level detector 44.

The matrix circuit 41 receives the image signal Db. The
matrix circuit 41 derives a per-pixel luminance signal DbY
using the following equation (4) and outputs it to the histo-
gram generator 42.

Y=0.30Rx0.59Gx0.115 4

where Y, R, G, and B in equation (4) indicate the luminance
signal DbY and color signals DbR, DbG, and DbB, respec-
tively.

Depending on the type of image signal Da, instead of
equation (4), a different equation may be used to derive the
luminance signal DbY, or a simpler formula may be used to
simplify the calculations.

On reception of the luminance signal DbY for one frame,
the histogram generator 42 counts occurrences of each gra-
dation value of the luminance signal DbY and generates a
histogram in which each class consists of one gradation value.

The maximum gradation detector 43 detects the maximum
gradation information value of the luminance signal DbY in
one frame from the histogram generated by the histogram
generator 42 and outputs it as a maximum luminance signal
gradation information value YMAX. The maximum grada-
tion detector 43 according to the second embodiment accu-
mulates the frequencies from the maximum gradation to the
minimum gradation in the histogram generated by the histo-
gram generator 42, as was done in the maximum gradation
detectors 327, 32g, 326 shown in FIG. 2, and detects a value
representing the class at which the resulting accumulated
count first exceeds a predetermined threshold value YA; the
gradation value constituting the class is detected in this
example. The maximum gradation detector 43 outputs the
detected representative value as the maximum luminance
gradation information value YMAX. This maximum lumi-
nance gradation information value YMAX is equivalent to the
maximum gradation value of the luminance signal DbY in
one frame.

The minimum gradation level detector 44 detects the mini-
mum gradation information value of the luminance signal
DbY in one frame from the histogram generated by the his-
togram generator 42, and outputs it as a minimum luminance
signal gradation information value YMIN. The minimum gra-
dation level detector 44 according to the second embodiment
accumulates the frequencies from the minimum gradation to
the maximum gradation in the histogram generated by the
histogram generator 42, as was done in the maximum grada-
tion detectors 32r, 32g, 326 shown in FIG. 2, and detects a
value representing the gradation at which the resulting accu-
mulated count first exceeds a predetermined threshold value
YB; the gradation value constituting the class is detected in
this example. The minimum gradation level detector 44 out-
puts the detected representative value as the minimum lumi-
nance gradation information value YMIN. This minimum
luminance gradation information value YMIN is equivalent to
the minimum gradation value of the luminance signal DbY in
one frame.

The maximum luminance signal gradation information
valueYMAX and minimum luminance gradation information
value YMIN described above will also be referred to as the
maximum and minimum luminance information, and as the
purpose of the luminance information detector 4 is to detect
the maximum and minimum luminance information, it will
also be referred to as the maximum and minimum luminance
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information detector, to distinguish it from the average lumi-
nance information detector described below.

The maximum luminance signal gradation information
value YMAX and minimum luminance signal gradation
information value YMIN are input to the correction controller
5 as luminance information values Yi.

To reduce the amount of computation, the histogram gen-
erator 42 may generate a histogram by partitioning the gra-
dations into multiple regions and forming each class from a
plurality of gradation values, as in the histogram generators
31r, 31g, 315 shown in FIG. 2.

Ifavalue equivalent to the maximum gradation value in the
luminance signal DbY for one frame is used as the maximum
luminance signal gradation information value YMAX, the
histogram generator 42 may generate a histogram by forming
each class from a plurality of gradation values, and the rep-
resentative value of the highest of the classes in which fre-
quencies were counted in the histogram may be output as the
maximum luminance signal gradation information value
YMAX. Similarly, if a value equivalent to the minimum
gradation value in the luminance signal DbY for one frame is
used as the minimum luminance signal gradation information
value YMIN, the histogram generator 42 may generate a
histogram by forming each class from a plurality of gradation
values, and the representative value of the lowest of the
classes in which frequencies were counted in the histogram
may be output as the minimum luminance signal gradation
information value YMIN.

As in the color signals DbR, DbG, DbB, the value equiva-
lent to the maximum gradation value in the luminance signal
DbY obtained from one frame of the image signal Db may
thus be detected using a certain cumulative frequency
obtained from a gradation histogram, and a prescribed thresh-
old value; alternatively, in a histogram in which each class
comprises a plurality of gradation values, the representative
value of the highest of the classes in which frequencies were
counted may be used. Similarly, the value equivalent to the
minimum gradation value in the luminance signal DbY
obtained from one frame of the image signal Db may be
detected using a certain cumulative frequency obtained from
agradation histogram, and a prescribed threshold value; alter-
natively, in a histogram in which each class comprises a
plurality of gradation values, the representative value of the
lowest of the classes in which frequencies were counted may
be used. In the luminance signal DbY, the value equivalent to
the maximum gradation value may happen to coincide with
the maximum gradation value, and the value equivalent to the
minimum gradation value may happen to coincide with the
minimum gradation value.

The maximum gradation detector 43 may extract the maxi-
mum gradation value in the luminance signal DbY for one
frame from the histogram generated by the histogram genera-
tor 42 and may output the value as the maximum luminance
signal gradation information value YMAX. The minimum
gradation level detector 44 may extract the minimum grada-
tion value in the luminance signal DbY for one frame from the
histogram generated by the histogram generator 42 and may
output the value as the minimum luminance signal gradation
information value YMIN.

The correction controller 5, which is structured as shown in
FIG. 13, derives correction parameters Pa from the input
color information values Ci and luminance information value
Yi and outputs the parameters to the gradation corrector 6.
The maximum value selector 51 and minimum value selector
52 shown in FIG. 13 are the same as those described with
reference to FIG. 4, and the parameter generator 53 sets the
correction parameters Pa in accordance with the maximum
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and minimum color information (CMAX, CMIN) output
from the maximum value selector 51 and minimum value
selector 52 and the maximum and minimum luminance infor-
mation Yi output from the luminance information detector 4.

FIG. 14 is a graph illustrating the operation of the correc-
tion controller 5. In an x-y coordinate system in which both
the x-axis and y-axis represent gradation values as shown in
FIG. 14, the correction controller 5 indicates on the x-axis the
maximum luminance signal gradation information value
YMAX and the minimum luminance signal gradation infor-
mation value YMIN included in the luminance information
values Yi, and indicates on the y-axis the respective target
values YMAXt and YMINt of the maximum luminance signal
gradation information value YMAX and the minimum lumi-
nance signal gradation information value YMIN in the gra-
dation-scale correction to be performed. The target values
YMAXt and YMINt are the maximum gradation information
value and the minimum gradation information value after
gradation-scale correction, respectively; these are the target
values of the maximum luminance signal gradation informa-
tion value YMAX and the minimum luminance signal grada-
tion information value YMIN after gradation-scale correc-
tion. The correction controller 5 obtains the slope K of a
straight line drawn connecting x-y coordinates (YMIN,
YMINTY) and x-y coordinates (YMAX, YMAXt) and the value
BK of the x-coordinate of the point at which the straight line
intersects the x-axis as parameters K and BK from the fol-
lowing equations (5) and (6).

K=(YMAXi- YMIN?)/(YMAX- YMIN) )

BK=YMIN- YMIN#/K (6

The correction controller 5 outputs the obtained param-
eters K and BK as correction parameters Pa to the gradation
corrector 6. The gradation corrector 6 corrects the gradation
values of the color signals DbR, DbG, DbB using the param-
eters K and BK. This improves contrast as in the first embodi-
ment.

If the target values YMAXt and YMINt were set to ‘255°
and ‘0’ respectively, a picture with maximum contrast could
be obtained. However, as described above, the image signal
Db of a brightly colored image may include a color signal
having a higher gradation value than the maximum luminance
signal gradation information value YMAX, (see FIGS. 8(a)
and (b)), and the image signal Db of a dark-colored image
may include a color signal having a lower gradation value
than the minimum luminance signal gradation information
value YMIN. Accordingly, setting the target values YMAXt
and YMINt to ‘255” and ‘0’ respectively would result in color
collapse.

The target values YMAXt and YMINt are therefore set
according to the following equations (7) and (8),

YMINz=YMIN-CMIN+a @)

(o is zero or a positive number)

YMAX:=255-CMAX+YMAX-B ®)

(B is zero or a positive number)
where o and [} are expressed by the following equations (9)
and (10).

a=CMIN¢ ©)

B=255-CMAX1 10)

CMAX, CMAXt, CMIN, and CMINt in equations (7) to
(10) represent the maximum color signal gradation informa-
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tion value CMAX, its target value CMAXt, the minimum
color signal gradation information value CMIN, and its target
value CMINt, respectively.

Specifying the target values YMAXt and YMINt by using
the color information values Ci makes it possible to suppress
color collapse in the color signal even if the image signal Db
includes a color signal having a gradation value greater than
the maximum luminance signal gradation information value
YMAX. Color collapse in the color signal can also be sup-
pressed even if the image signal Db includes a color signal
having a gradation value smaller than the minimum lumi-
nance signal gradation information value YMIN.

The value a represents a margin in the CMINt target value
with respect to the gradation value ‘0’ and, and the value
represents a margin in the CMAXt target value with respect to
the gradation value ‘255°.

In an image signal Db corresponding to a picture that is
blackish over the entire screen, the maximum luminance sig-
nal gradation information value YMAX may decrease. In an
image signal Db corresponding to a picture that is whitish
over the entire screen, the minimum luminance signal grada-
tion information value YMIN may increase. Excessive con-
trast correction of such image signals Db may result in picture
defects such as gradation skip.

As in the first embodiment, gradation skip can be sup-
pressed by changing the target values YMAXt and YMINt
dynamically to keep them in accordance with the following
equation (11), thereby suppressing excessive increase in con-
trast.

(YMAXi— YMIN:)=yx(YMAX- YMIN) an

where y>1

The target values YMAXt and YMINt can be changed by
changing the target values CMAXt and CMINt.

In the image display apparatus according to the second
embodiment, a gradation-scale correction is performed on the
image signal Db in accordance with the maximum luminance
signal gradation information value YMAX, minimum lumi-
nance signal gradation information value YMIN, maximum
color signal gradation information value CMAX, and mini-
mum color signal gradation information value CMIN, so that
contrast can be improved without excessive color collapse in
the color signals DbR, DbG, DbB.

Inthe second embodiment, a histogram of gradation values
of'the luminance signal DbY is generated, and a value repre-
senting the class at which an accumulated count obtained
from the histogram first exceeds a threshold value is used as
the maximum luminance signal gradation information value
YMAX or the minimum luminance signal gradation informa-
tion value YMIN. Therefore, fine gradation corrections can be
performed by adjusting the threshold value.

The gradation corrector 6 in the second embodiment may
perform a gradation-scale correction in accordance with
parameters K1, K2, and BK instead of performing a grada-
tion-scale correction in accordance with parameters K and
BK. This case will now be described.

FIG. 15 is a graph illustrating the operation of the correc-
tion controller 5 when a gradation-scale correction is per-
formed in accordance with parameters K1, K2, and BK.

In an x-y coordinate system in which both the x-axis and
the y-axis represent gradation values as shown in FIG. 15, the
correction controller 5 indicates the maximum luminance
signal gradation information value YMAX and the minimum
luminance signal gradation information value YMIN
included in the luminance information values Yi on the x-axis
and their target values YMAXt and YMINt on the y-axis. The
correction controller 5 further indicates an average gradation
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value YAVG of the luminance signal DbY for one frame as a
value SH on the x-axis and its target value YAV Gt as a value
DIST on the y-axis.

The average gradation value YAVG is an average value of
the gradation values of the luminance signal DbY for one
frame, obtained in the luminance information detector 4. The
luminance information detector 4 derives the average grada-
tion value YAVG by summing up the gradation values of the
per-pixel luminance signals DbY for one frame and dividing
the sum by the number of pixels in one frame.

The correction controller 5 constructs a straight line .1
connecting x-y coordinates (YMIN, YMINt) and x-y coordi-
nates (SH, DIST), and a straight line 1.2 connecting x-y coor-
dinates (SH, DIST) and x-y coordinates (YMAX, YMAXt).
The correction controller 5 then derives the slope K1 of
straight line L1, the slope K2 of straight line [.2, and the value
BK of the x-coordinate of the point at which straight line [.1
intersects the x-axis from the following equations (12) to

(14).

K1=(DIST- YMIN?)/(SH- YMIN) 12)

K2=(YMAX:-DIST)/(YMAX-SH) 13)

BK=YMIN-YMIN#K1 (14)

The correction controller 5 outputs the derived slopes K1,
K2 and value BK as parameters K1, K2, BK and the values
SH and DIST as parameters SH and DIST, respectively, to the
gradation corrector 6 as part of the correction parameters Pa.
The gradation corrector 6 performs a gradation-scale correc-
tion on the color signals DbR, DbG, DbB which were used to
derive the parameters K1, K2, BK, SH, and DIST, using the
parameters K1, K2, BK, SH, and DIST.

In this example, the target values YMAXt and YMINt are
set in accordance with equations (7) and (8), thereby sup-
pressing color collapse in the color signals DbR, DbG, DbB.

FIG. 16 is a block diagram showing the detailed structure
of a gradation corrector 6 that performs the gradation-scale
correction using the parameters K1, K2, and BK. As shown in
FIG. 16, the gradation corrector 6 comprises comparative
condition testers 6017, 601g, 6015, subtractors 6027, 602g,
6025, multipliers 6037, 603g, 6035, adders 6047, 604g, 6045,
and limiters 605r, 604g, 6055.

The comparative condition testers 6017, 601g, 6015
receive color signals DbR, DbG, DbB, respectively. The com-
parative condition testers 6017, 601g, 6015 also receive the
parameters K1, K2, BK, SH, and DIST.

Comparative condition tester 6017 outputs the input DbR
color signal to subtractor 6027. Comparative condition tester
601~ also uses the parameter SH as a threshold value, com-
pares the per-pixel gradation value of the DbR color signal
with the parameter SH, and if the gradation value of the DbR
color signal is smaller than the parameter SH, outputs the
parameter BK as a value subR to subtractor 6027, the param-
eter K1 as a value mulR to multiplier 6037, and ‘0’ as a value
addR to adder 604r.

If the gradation value of the DbR color signal is greater
than or equal to the parameter SH, comparative condition
tester 6017 outputs parameter SH as the subR value to sub-
tractor 6027, parameter K2 as the mulR value to multiplier
603, and parameter DIST as the addR value to adder 604~

Subtractor 6027 subtracts the subR value from the grada-
tion value of the DbR color signal and outputs the resulting
difference to multiplier 6037. Multiplier 6037 multiplies the
input difference by the mulR value and outputs the resulting
product to adder 604r». Adder 6047 adds the input product to
the addR value and outputs the resulting sum to limiter 6057.
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If'the resultant value of the operation performed in adder 6047
exceeds the specifiable range of gradation values (dynamic
range), limiter 6057 limits the resultant value obtained from
adder 6047 to the specifiable range and outputs the limited
value as the DcR color signal.

Similarly, comparative condition tester 601g outputs the
DbG color signal to subtractor 602g and, if the gradation
value of the DbG color signal is smaller than the parameter
SH, outputs the parameter BK as a value subG to subtractor
602g, the parameter K1 as a value mulG to multiplier 603g,
and ‘0’ as a value addG to adder 604g. If the gradation value
of'the DbG color signal is greater than or equal to the param-
eter SH, comparative condition tester 601g outputs the
parameter SH as the subG value to subtractor 602g, the
parameter K2 as the mulG value to multiplier 603g, and the
parameter DIST as the addG value to adder 604g.

Subtractor 602g subtracts the subG value from the grada-
tion value of the DbG color signal, multiplier 603g multiplies
the resulting difference input from subtractor 602g by the
mulG value, and adder 604g adds the resulting product input
from multiplier 603g to the addG value. If the resultant value
of the operation performed in adder 604g exceeds the speci-
fiable range of gradation values, limiter 605g limits the result-
ant value obtained from adder 604g to the specifiable range
and outputs the limited value as the DcG color signal.

Similarly, comparative condition tester 601g outputs the
DbB color signal to subtractor 6026 and, if the gradation
value of the DbB color signal is smaller than the parameter
SH, outputs the parameter BK as a value subB to subtractor
6024, the parameter K1 as a value mulB to multiplier 6035,
and ‘0’ as a value addB to adder 60454. If the gradation value
of'the DbB color signal is greater than or equal to the param-
eter SH, comparative condition tester 6015 outputs the
parameter SH as the subB value to subtractor 6024, outputs
the parameter K2 as the mulB value to multiplier 6035, and
outputs the parameter DIST as a value addB to adder 60464.

Subtractor 60256 subtracts the subB value from the grada-
tion value of the DbB color signal, multiplier 6035 multiplies
the resulting difference input from subtractor 6026 by the
mulB value, and adder 6045 adds the resulting product input
from multiplier 6035 to the addB value. If the resultant value
of the operation performed in adder 6045 exceeds the speci-
fiable range of gradation values, limiter 6055 limits the result-
ant value obtained from adder 6045 to the specifiable range
and outputs the limited value as the DcB color signal.

Let the gradation value of each color signal before grada-
tion-scale correction be A0 and the gradation value after
gradation-scale correction be Al. In the gradation corrector 6
structured as described above, if AO<SH, then A1=(A0-
BK)xK1, and if A0=SH, then A1=(A0-SH)xK2+DIST. If
the upper limit of the specifiable range of gradation values is
255°, then when (A0-BK)xK1>255 or (A0-SH)xK2+
DIST>255, Al is limited to *255°. If the lower limit of the
specifiable range of gradation values is ‘0’, then when (A0-
BK)xK1<0 or (A0-SH)xK2+DIST<0, Al is limited to ‘0’.

In each of the color signals DbR, DbG, DbB for one frame,
the gradation corrector 6 of the second embodiment performs
a gradation-scale correction expressed as A1=(A0-BK)xK1
on components having gradation values smaller than the
parameter SH and a gradation-scale correction expressed as
A1=(A0-SH)xK2+DIST on components having gradation
values greater than the parameter SH. That is, the gradation-
scale correction performed on components having gradation
values smaller than the parameter SH differs from that per-
formed on components having gradation values greater than
the parameter SH. In other words, different gradation correc-
tion parameters can be set for components of the luminance
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signal of an image signal having gradation values greater than
a prescribed threshold value and components having grada-
tion values smaller than the prescribed threshold value (the
correction parameters can be changed). Different gradation
correction parameters may also be set for the components of
each color signal having gradation values greater than and
smaller than a prescribed threshold (the correction param-
eters may be changed) instead of for the components of the
luminance signal.

Since the parameter K1 can be changed by adjusting the
YMINTt target value and the DIST parameter, the gradation
correction performed on components having gradation values
smaller than the parameter SH can be changed by adjusting
the parameter K1 in the correction controller 5. Since the
parameter K2 can be changed by adjusting the YMAXt target
value and the DIST parameter, the gradation correction per-
formed on components having gradation values greater than
the parameter SH can be changed by adjusting the parameter
K2 in the correction controller 5. The gradation corrections
performed on components having gradation values greater
than and smaller than the parameter SH can be changed
independently of each other. Accordingly, finer gradation
corrections can be performed, and a variety of gradation
characteristics can be implemented.

For example, parameter K2 may be made smaller than
parameter K1, so that a limited gradation correction is per-
formed on components having relatively small gradation val-
ues, and the parameters K1 and K2 may be changed according
to the gradation distribution of components having relatively
small gradation values in the histogram generated by the color
information detector 3. This can suppress gradation skip in
components having small gradation values, to which the
human eye is highly sensitive, regardless of the content of the
picture corresponding to the image signal Db.

Parameters K1 and K2 derived by a different method may
also be used. A gradation-scale correction using parameters
K1 and K2 derived by a different method will be described
below. FIG. 17 is a graph illustrating the operation of the
correction controller 5 in this case. In an x-y coordinate
system in which both the x-axis and the y-axis represent
gradation values as shown in FIG. 17, the correction control-
ler 5 indicates the maximum luminance signal gradation
information value YMAX and the minimum luminance signal
gradation information value YMIN on the x-axis and their
target values YMAXt and YMINt on the y-axis. In the
example shown, the minimum luminance signal gradation
information value YMIN is indicated as a value SH on the
x-axis, and its target value YMINt is indicated as a value DIST
on the y-axis.

The correction controller 5 constructs a straight line 111
connecting x-y coordinates (0, 0) and x-y coordinates (SH,
DIST) and a straight line .12 connecting x-y coordinates
(SH, DIST) and x-y coordinates (YMAX, YMAXt). The cor-
rection controller 5 then derives the slope K1 of straight line
L11 and the slope K2 of straight line .12 from the following
equations (15) and (16).

K1=DIST/SH as)

K2=(YMAX:-DIST)/(YMAX-SH) 16)

The correction controller 5 outputs the derived slopes K1
and K2 as parameters K1 and K2 and the values SH and DIST
as parameters SH and DIST to the gradation corrector 6, as
part of the correction parameters Pa. The correction param-
eters Pa in this example also include the parameter BK, which
is set to ‘0.
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The gradation corrector 6 in this example is structured as
shown in FIG. 16 and performs a gradation-scale correction
using the parameters K1, K2, BK, SH, and DIST on each of
the color signals DbR, DbG, DbB which were used when the
parameters K1, K2, BK, SH, and DIST were derived. Let the
gradation value before the gradation-scale correction of each
color signal be A0 and the gradation value after the gradation-
scale correction be Al. If AO<SH (=YMIN), then A1=A0x
K1, and if A0=SH (=YMIN), then A1=(A0-SH)xK2+
DIST=(A0-YMIN)xK2+YMINt. If the upper limit of the
specifiable range of gradation values is ‘255°, then when
A0xK1>255 or (A0-SH)xK2+DIST>255, Al is limited to
255,

The target values YMAXt and YMINt are set by use of
equations (7) and (8), thereby suppressing color collapse in
the color signals DbR, DbG, DbB.

With the parameters K1 and K2 derived as described
above, different gradation corrections are performed on com-
ponents having gradation values greater than and smaller than
parameter SH, and the gradation corrections can be changed
independently of each other. Accordingly, finer gradation
corrections can be performed.

Ifthe parameter BK is always setto ‘0°, then when AO<SH,
a gradation-scale correction expressed as A1=A0xK1 is per-
formed, resulting in a smaller change in gradation in dark
parts, where the human eye is highly sensitive, as compared
with the gradation-scale correction expressed as A1=(A0-
BK)xK1. As a result, the image flicker associated with tem-
poral changes in the gradation-scale correction caused by
changes in, say, the maximum luminance signal gradation
information value YMAX becomes less noticeable.

If YMINt=YMIN, then K1=1. In that case, no gradation
correction is performed on components having gradation val-
ues smaller than the parameter SH, i.e., components having
gradation values smaller than the minimum luminance signal
gradation information value YMIN. This can reliably sup-
press gradation skip in components having small gradation
values, to which the human eye is highly sensitive.

A gradation-scale correction in accordance with param-
eters K1 and K2 can also be performed in the image process-
ing apparatus 7 according to the first embodiment. For
example, a total average gradation value of the color signals
DbR, DbG, DbB for one frame may be obtained and indicated
on the x-axis in FIG. 5, and a target value of the average
gradation value may be indicated on the y-axis in FIG. 5. By
replacing the maximum color signal gradation information
value CMAX with the maximum luminance signal gradation
information value YMAX, the minimum color signal grada-
tion information value CMIN with the minimum luminance
signal gradation information value YMIN, the calculated
average gradation value with the average gradation value
YAVG, the CMAXt target value with the YMAXt target
value, the CMINt target value with the YMINt target value,
and the target value of the calculated average gradation value
with the YAVGt target value, the parameters K1 and K2 can be
derived by the method described with reference to FIG. 15.

If the gradation corrector 6 according to the first embodi-
ment is structured as shown in FIG. 16, the gradation correc-
tor 6 according to the first embodiment can also perform a
gradation-scale correction using the parameters K1 and K2.
As a result, different gradation corrections are performed,
depending on whether a component has a gradation value
smaller than or greater than the parameter SH, and the grada-
tion corrections can be adjusted independently of each other.
Therefore, finer gradation corrections can be performed.

In the image processing apparatus 7 according to the first
embodiment, by replacing the maximum color signal grada-
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tion information value CMAX with the maximum luminance
signal gradation information value YMAX, the minimum
color signal gradation information value CMIN with the
parameter SH, target value CMAXt with target value
YMAXt, and target value CMINt with the parameter DIST,
the parameters K1 and K2 can be obtained by the method
described with reference to FIG. 17. If K1=1 in this case, no
gradation correction is performed on components having gra-
dation values smaller than the minimum color signal grada-
tion information value CMIN. As a result, gradation skip in
components having small gradation values, to which the
human eye is highly sensitive, can be suppressed.

Third Embodiment

FIG. 18 is a block diagram showing the structure of an
image display apparatus according to a third embodiment of
the invention.

The image processing apparatus 7 according to the third
embodiment has a color information detector 3, a luminance
information detector 4, a correction controller 5, and a gra-
dation corrector 6 as in the second embodiment, and has a pair
of' matrix circuits 11, 12. The image signal Da output from the
receiver 2 is input to the color information detector 3 and
matrix circuit 11. Matrix circuit 11 uses the following equa-
tions (17) to (19) to convert the image signal Db comprising
color signals DbR, DbG, DbB to an image signal DbYBR
comprising a luminance signal DbY and color difference
signals DbBY, DbRY.

Y=0.30Rx0.59Gx0.115 17)

BY=B-Y 18)

RY=R-Y 19)

In equations (17) to (19), R, G, and B indicate the values of
the DbR, DbG, and DbB color signals, respectively, and Y,
BY, and RY indicate the values of the luminance signal DbY
and color difference signals DbBY and DbRY, respectively.

Depending on the format of the image signal Da, different
equations may be used instead of equations (17) to (19).
Simpler equations may be used to simplify the computation.

The image signal DbYBR generated by matrix circuit 11 is
input to the gradation corrector 6. The luminance signal DbY
included in the image signal DbYBR is input to the luminance
information detector 4. The luminance information detector 4
differs from the luminance information detector 4 in the sec-
ond embodiment in that the matrix circuit 41 has been elimi-
nated, and the input luminance signal DbY is input to the
histogram generator 42. Like the luminance information
detector 4 in the second embodiment, the luminance infor-
mation detector 4 detects a per-pixel luminance information
value Yi from the luminance signal DbY and outputs the
detected value.

The correction controller 5 basically performs the same
operation as the correction controller 5 in the second embodi-
ment, described with reference to FIG. 15. One difference is
that parameters BKBY, BKRY, SHBY, SHRY, DISTBY,
DISTRY, K1BY, K1RY (corresponding to BK, SH, DIST, and
K1), the values of which are ‘0’, and parameters K2BY,
K2RY (corresponding to K2), which will be described later,
are output together with the parameters K1, K2, BK, SH,
DIST, as part of the correction parameters Pa.

The gradation corrector 6 performs a gradation-scale cor-
rection on the image signal DbYBR, using the correction
parameters Pa output from the correction controller 5, and
outputs the corrected image signal DcYBR to matrix circuit
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12. Matrix circuit 12 converts the image signal DcYBR to an
image signal Dc comprising color signals DcR, DeG, DcB,
using the following equations (20) to (22).

G=Y-0.11/0.59xBY-0.30/0.59xRY (20)
B=BY+Y 1)
R=RY+Y (22)

In equations (20) to (22), R, G, and B represent the DcR,
DcG, and DcB color signals, respectively, and Y, BY, and RY
represent the luminance signal DcY and color difference
signals DcBY, DcRY, respectively, included in image signal
DcYBR.

The equation (20) for the DcG color signal is derived from
equation (17), which is used in matrix circuit 11 for calculat-
ing the luminance signal DbY. If matrix circuit 11 uses a
different equation to calculate the luminance signal DbY, an
equation corresponding to the different equation should be
used instead of equation (20).

The display unit 8 displays an image according to the
image signal Dc generated by matrix circuit 12. The color
information detector 3 and display unit 8 operate in exactly
the same way as described in the first embodiment, so detailed
descriptions of their operations will be omitted.

FIG. 19 is a block diagram showing the detailed structure
of the gradation corrector 6 according to the third embodi-
ment. The gradation corrector 6 corrects the gradation value
of the luminance signal DbY, using the parameters K1, K2,
BK, SH, DIST output from the correction controller 5, and
outputs the corrected value as a luminance signal DcY. The
gradation corrector 6 also corrects the color difference signal
DbBY, using the parameters K1BY, K2BY, BKBY, SHBY,
DISTBY output from the correction controller 5 and outputs
the corrected value as a color difference signal DcBY, and
corrects the color difference signal DbRY, using the param-
eters K1RY, K2RY, BKRY, SHRY, DISTRY output from the
correction controller 5, and outputs the corrected value as a
color difference signal DcRY.

As shown in FIG. 19, the gradation corrector 6 comprises
comparative condition testers 601y, 6015y, 601ry, subtractors
602y, 6025y, 602ry, multipliers 603y, 6035y, 603y, adders
604y, 6045y, 6047y, and limiters 605y, 6055y, 605ry.

The comparative condition testers 601y, 6015y, and 6017y
receive the luminance signal DbY, color difference signal
DbBY, and color difference signal DbRY, respectively, which
are included in image signal DbYBR. Comparative condition
tester 601y receives the parameters K1, K2, BK, SH, DIST
output from the correction controller 5. Comparative condi-
tion tester 601by receives the parameters K1BY, K2BY,
BKBY, SHBY, DISTBY output from the correction control-
ler 5. Comparative condition tester 6017y receives the param-
eters K1RY, K2RY, BKRY, SHRY, DISTRY output from the
correction controller 5.

Comparative condition tester 601y operates in the same
way as the comparative condition tester 6017 shown in FIG.
16. Comparative condition tester 601y outputs the received
luminance signal DbY to subtractor 602y. Comparative con-
dition tester 601y also compares the per-pixel gradation value
of'the luminance signal DbY with the parameter SH and, if the
gradation value of the luminance signal DbY is smaller than
the parameter SH, outputs the parameter BK as a value subY
to subtractor 602y, outputs the parameter K1 as a value mulY
to multiplier 603y, and outputs ‘0’ as a value addY to adder
604y.

If the gradation value of the luminance signal DbY is
greater than or equal to the parameter SH, comparative con-
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dition tester 601y outputs the parameter SH as the value subY
to subtractor 602y, outputs the parameter K2 as the value
mulY to multiplier 603y, and outputs the parameter DIST as
the value addY to adder 604y.

Subtractor 602y subtracts the value subY from the grada-
tion value of the luminance signal DbY and outputs the result-
ing difference to multiplier 603y. Multiplier 603y multiplies
the input difference by the value mulY and outputs the result-
ing product to adder 604y. Adder 604y adds the input product
to the value addY and outputs the resulting sum to limiter
605y. If the resultant value of the operation performed in
adder 604y exceeds the specifiable range of gradation values
(dynamic range), limiter 605y limits the resultant value
obtained from adder 604y to the specifiable range and outputs
the limited value as the luminance signal DcY.

The operation performed by comparative condition tester
60154y differs slightly from the operation performed by com-
parative condition tester 601y. Comparative condition tester
6015y outputs the color difference signal DbBY to subtractor
602y and, if the value of the color difference signal DbBY is
smaller than the parameter SHBY, outputs the parameter
BKBY as a value subBY to subtractor 6025y and outputs ‘0’
as a value addBY to adder 6045y. If the gradation value of the
color difference signal DbBY is greater than or equal to the
parameter SHBY, comparative condition tester 6015y outputs
the parameter SHBY as the value subBY to subtractor 6025y
and outputs the parameter DISTBY as the value addBY to
adder 6045y. Comparative condition tester 6015y outputs the
parameter K2BY as a value mulBY to multiplier 6035y,
regardless of whether the value of the color difference signal
DbBY or the parameter SHBY is smaller.

Subtractor 6025y subtracts the value subBY from the value
of the color difference signal DbBY, multiplier 6035y multi-
plies the resulting difference obtained from subtractor 6025y
the value mulY, and adder 6045y adds the resulting product
obtained from multiplier 6035y to the value addBY. If the
resultant value of the operation performed in adder 6045y
exceeds the allowable range, limiter 6055y limits the resultant
value obtained from adder 6045y to the allowable range and
outputs the limited value as the color difference signal DcBY.

Operating analogously to comparative condition tester
6015y, comparative condition tester 6017y outputs the color
difference signal DbRY to subtractor 6027y and, if the value
of'the color difference signal DbRY is smaller than the param-
eter SHRY, outputs the parameter BKRY as a value subRY to
subtractor 6027y and outputs ‘0’ as a value addRY to adder
604ry. If the value of the color difference signal DbRY is
greater than or equal to the parameter SHRY, comparative
condition tester 6017y outputs the parameter SHRY as the
value subRY to subtractor 6027y and outputs the parameter
DISTRY as the value addRY to adder 604ry. Comparative
condition tester 6017y outputs the parameter K2RY as a value
mulRY to multiplier 6037y, regardless of whether the value of
the color difference signal DbRY or the parameter SHRY is
smaller.

Subtractor 6027y subtracts the value subRY from the value
of the color difference signal DbRY, multiplier 6037y multi-
plies the resulting difference obtained from subtractor 6027y
by the value mulRY, and adder 604y adds the resulting prod-
uct obtained from multiplier 6037y to the value addRY. If the
resultant value of the operation performed in adder 6047y
exceeds the allowable range, limiter 6057y limits the resultant
value obtained from adder 6047y to the allowable range and
outputs the limited value as the color difference signal DcRY.

Letthe gradation value of the luminance signal DbY before
gradation-scale correction be Y0 and the gradation value after
gradation-scale correction be Y1. In the gradation corrector 6
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structured as described above, if Y0<SH, then Y1=(Y 0-BK)x
K1, and if YO=SH, then Y1=(Y0-SH)xK2+DIST. If the
upper limit of the specifiable range of gradation values is
255°, then when (Y0-BK)xK1>255 or (Y0-SH)xK2+
DIST>255, Y1 is limited to ‘255’. If the lower limit of the
specifiable range of gradation values is ‘0’, then when (Y0-
BK)xK1<0 or (Y0-SH)xK2+DIST<0, Y1 is limited to 0.

Let the value of the color difference signal DbBY before
correction be BY0 and the value after correction be BY1. In
the gradation corrector 6 structured as described above, if
BY0<SHBY, then BY1=(BY0-BKBY)xK2BY, and if
BY0=SHBY, then BY1=(BY0-SHBY)xK2BY+DISTBY.

The values of the parameters BKBY, SHBY, and DISTBY
are ‘0’. Therefore, BY1=BY0xK2BY, regardless of the value
of the color difference signal DbBY.

Similarly, let the value of the color difference signal DbRY
before correction be RY0 and the value after correction be
RY1. Then, RY1=RY0xK2BY, regardless of the value of the
color difference signal DcRY. The color difference signal
DbRY multiplied by K2RY is output.

As has been described above, a gradation-scale correction
on the luminance signal DbY is performed in the same way as
the gradation-scale corrections on the color signals DbR,
DbG, DbB in the second embodiment. Accordingly, the same
effects as produced by the second embodiment can be
obtained.

The color difference signal DbBY is corrected by multi-
plying its value by K2BY, and the color difference signal
DbRY is corrected by multiplying its value by K2RY.
Through the independent corrections of the color difference
signals DbBY and DbRY, the saturation of the image repre-
sented by the image signal Dc can be adjusted. Therefore, if
the gradation-scale correction on the luminance signal DbY
affects the saturation, the effect can be lessened by appropri-
ate control of the color difference signals DbBY and DbRY.

The parameters K2BY and K2RY can be expressed by the
following equations (23) and (24).

K2BY=K2xKby (23)

K2RY=K2xKry (24)

where Kby and Kry are real numbers determined in accor-
dance with the gradation-scale correction performed on the
luminance signal DcY.

The gradation corrector 6 according to the third embodi-
ment resembles the gradation corrector 6 shown in FIG. 16 in
structure. By modifying the structure of the gradation correc-
tor 6 so that the signals input to the comparative condition
testers 601y, 6015y, 6017y can be selectively switched, the
gradation corrector 6 can perform both a gradation-scale cor-
rection on the image signal DbYB comprising the luminance
signal DbY and the color difference signals DbBY, DbRY and
a gradation-scale correction on the image signal Db compris-
ing the DbR, DbG, and DbB color signals.

For comparative condition tester 601y, which performs the
same operation as the comparative condition tester 601~
shown in FIG. 16 and receives the same parameters K1, K2,
BK, SH, DIST as comparative condition tester 6017, itis only
necessary to switch between input of the luminance signal
DbY and the DbR color signal.

In comparative condition tester 6015y, the signal output to
the subsequent multiplier differs from the signal output from
the comparative condition tester 601g shown in FIG. 16, so a
selection must be made between the operation for processing
the color difference signal DbBY and the operation for pro-
cessing the DbG color signal. Accordingly, a register (not
shown) for writing information indicating the type of image
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signal to be processed is provided additionally in the grada-
tion corrector 6: if the value in the register indicates the
DbYBR image signal, comparative condition tester 6015y
performs the operation for processing color difference signal
DbBY; if the value in the register indicates the Db image
signal, comparative condition tester 6015y performs the
operation for processing the DbG color signal. Since the
parameters input to comparative condition tester 6015y differ
from those input to comparative condition tester 601g, the
parameters also need to be changed, depending on whether
the color difference signal DbBY or the DbG color signal is
processed.

Similarly, for comparative condition tester 6017y, the sig-
nal output to the subsequent multiplier difters from the signal
output from the comparative condition tester 6015 shown in
FIG. 16, so a selection between the operation for processing
the color difference signal DbBR and the operation for pro-
cessing the DbB color signal must be made. Accordingly, if
the value in the register additionally provided in the gradation
corrector 6 indicates the DbYBR image signal, comparative
condition tester 6017y performs the operation for processing
color difference signal DbRY, and if the value in the register
indicates the Db image signal, comparative condition tester
6017y performs the operation for processing the DbB color
signal. Since the parameters input to comparative condition
tester 6017y differ from those input to comparative condition
tester 6015, the parameters are also changed, depending on
whether the color difference signal DbRY or the DbB color
signal is processed.

In the first embodiment, the gradation-scale correction on
the color signals DbR, DbG, DbB is performed in accordance
with the correction parameters Pa. The color signals DbR,
DbG, DbB may be converted to the luminance signal DbY
and the color difference signals DbBY and DbRY by a matrix
circuit, and a gradation-scale correction on the luminance
signal DbY and a gradation-scale correction on the color
difference signals DbBY and DbRY may be performed, as in
the image display apparatus according to the third embodi-
ment. The gradation-scale correction on the luminance signal
DbY can be implemented by inputting the luminance signal
DbY, instead ofthe DbR color signal, to the comparator 637 in
the gradation corrector 6 shown in FIG. 6; this eliminates the
need for components for processing the DbG and DbB color
signals in the gradation corrector 6. The correction on the
color difference signals DbBY and DbRY can be implement-
ing by additionally providing a multiplier in the gradation
corrector 6 and multiplying the color difference signals
DbBY and DbRY by appropriate parameters.

Fourth Embodiment

FIG. 20 is a block diagram showing the structure of an
image display apparatus according to a fourth embodiment of
the invention. The image display apparatus according to the
fourth embodiment differs from the image display apparatus
according to the second embodiment described above in hav-
ing an additional average luminance information detector 13
and a light source controller 14. The display unit 8 according
to the fourth embodiment comprises a light source 8a the
intensity (brightness) of which is adjustable, and displays an
image by modulating light emitted from the light source 8a in
accordance with the image signal Dc. The display unit 8 is, for
example, a liquid-crystal display apparatus, a liquid-crystal
panel, or a projector using a DMD as a light valve.

The average luminance information detector 13 receives
the image signal Db output from the receiver 2 and the image
signal Dc output from the gradation corrector 6. The average
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luminance information detector 13 detects an average grada-
tion value Ybav of the luminance signal DbY obtained from
one frame of the image signal Db and an average gradation
value Ycav of the luminance signal DcY obtained from the
corresponding frame of the image signal Dc. The average
luminance information detector 13 subtracts the average gra-
dation valueYcav from the average gradation value Ybav and
outputs the difference as a luminance change information
value Ysi to the light source controller 14. The light source
controller 14 generates a light source control signal Lc in
accordance with the input luminance change information
value Ysi and outputs this signal to the display unit 8. The
display unit 8 determines the brightness of the light source 8a
in accordance with the input light source control signal Lc.
The other components are the same as in the image display
apparatus according to the second embodiment, so descrip-
tions will be omitted.

FIG. 21 is a block diagram showing the detailed structure
of the average luminance information detector 13. As shown
in FIG. 21, the average luminance information detector 13
comprises matrix circuits 131a, 1315 and averagers 132a,
132b.

Matrix circuit 131a outputs the luminance signal DbY
derived from the image signal Db, using the above equation
(17). Matrix circuit 1315 outputs the luminance signal DbY
derived from the image signal Dc, using the above equation
amn.

Depending on the type of the image signals Db, Dc, a
different equation may be used to derive the luminance sig-
nals DbY, DcY, or a simpler formula may be used to simplify
the calculations, but both matrix circuits 131a, 1315 should
derive the luminance signals DbY, DcY by the same formula.

The averager 132a derives the average gradation value
Ybav of the luminance signal DbY for one frame by summing
up the gradation values of the luminance signal DbY for one
frame and dividing the sum by the number of pixels in one
frame, and outputs the result to the light source controller 14.
The averager 13256 derives the average gradation value Ycav
of the luminance signal DcY for one frame by summing up
the gradation values of the luminance signal DcY for one
frame and dividing the sum by the number of pixels in one
frame, and outputs the result to the light source controller 14.

FIG. 22 is a block diagram showing the detailed structure
of the light source controller 14. As shown in FIG. 22, the
light source controller 14 comprises a subtractor 141 and a
light source control signal generator 142.

The subtractor 141 derives the luminance change informa-
tion value Ysi, using the following equation (25), and outputs
the result to the light source control signal generator 142.

Ysi=Ybav-Ycav (25)

The light source control signal generator 142 outputs the
light source control signal Lc generated by using the follow-
ing equation (26), and the display unit 8 uses this signal to
determine the brightness of the light source 8a.

Lce=ORG+YsixKsc (26)

The display unit 8 increases the brightness of the light
source 8a as the value of the light source control signal Lc
increases, and decreases the brightness of the light source 8a
as the value decreases.

In equation (26), ORG indicates a value determined in
accordance with the brightness of the light source 8a to be set
when the luminance change information value Ysi is 0, or
when the same average luminance is maintained before and
after the gradation-scale correction. The quantity Ksc in
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equation (26) is a light source control coefficient. Larger
values of Ksc produce larger changes in the brightness of the
light source 8a.

As indicated by equations (25) and (26), in the image
display apparatus according to the fourth embodiment, an
increase in the value of the luminance change information Ysi
in the positive direction increases the light source control
signal Lc, increasing the brightness of the light source 84 in
the display unit 8. On the other hand, an increase in the value
of the luminance change information Ysi in the negative
direction decreases the light source control signal Lec,
decreasing the brightness of the light source 8a in the display
unit 8.

That is, if the operation of the light source controller 14
increases the luminance change information value Ysi in the
negative direction, or if the average gradation value after the
gradation-scale correction of the image signal Db is greater
than the corresponding value before the gradation-scale cor-
rection, the brightness of the light source 8a decreases.

In general, leakage of light from the light source 8a is
perceived easily by the viewer (as brightness) in low-lumi-
nance areas on the screen of the display unit 8. One effective
way to prevent this is to reduce the brightness of the light
source 8a, but simply reducing the brightness of the light
source 8a would decrease the brightness of high-luminance
areas on the screen.

The image display apparatus according to the fourth
embodiment is controlled so that if the average gradation
value after the gradation-scale correction of the image signal
Db is greater than the corresponding value before the grada-
tion-scale correction, the brightness of the light source 8a is
reduced; consequently, while the brightness in high-lumi-
nance areas on the screen of the display unit 8 is enhanced, the
brightness of the light source 8a can be reduced so that the
viewer does not perceive the brightness of the light source 8a
in low-luminance areas. FIGS. 23(a) and 23(b) and FIGS.
24(a) to 24(c) are graphs illustrating these effects.

FIGS. 23(a) and 24(a) show gradation distributions of the
color signals DbR, DbG, DbB in one frame of the image
signal Db before gradation-scale correction and distributions
of brightness and gradation of the luminance signal DbY
obtained from the image signal Db. FIGS. 23(5) and 24(b)
show gradation distributions of the color signals DcR, DcG,
DcB in the image signal Dc after the gradation-scale correc-
tion and the gradation distribution of the luminance signal
DcY obtained from the image signal Dc. FIG. 24(c) shows
brightness distributions of the color signals DcR, DcG, DcB
and luminance signal DcY corresponding to the picture that is
actually displayed on the screen of the display unit 8 when
light source control according to the fourth embodiment is
performed.

As shown in FIG. 24(b), the gradation-scale correction of
the image signal Db improves contrast and increases bright-
ness in areas with comparatively high luminance on the
screen. Therefore, the average gradation value Ycav becomes
greater than the average gradation value Ybav. The corre-
sponding luminance change information value Ysi becomes a
negative number, decreasing the light source control signal,
and the light source 8a in the display unit 8 is darkened.
Accordingly, the brightness of the light source 8a in low-
luminance areas becomes inconspicuous. Because the grada-
tion-scale correction improves contrast sufficiently to com-
pensate for the darkening of the light source 8a, brightness in
high-luminance areas is enhanced, as indicated by a compari-
son of FIGS. 24(a) and 24(c).

Light source control according to the fourth embodiment
has been described on the basis of the image display apparatus
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according to the second embodiment. The light source control
technique according to the fourth embodiment can be applied
to the image display apparatus according to the first embodi-
ment and the image display according to the third embodi-
ment by adding an average luminance information detector
13 and a light source controller 14, and the same effects can be
obtained.

The average luminance information detector 13 according
to the fourth embodiment detects the average gradation val-
ues Ybav, Ycav and outputs the difference between them as
the luminance change information value Ysi, but the sum of
the gradation values of the luminance signal DbY obtained
from image signal Db for one frame and the sum of the
gradation values of the luminance signal DcY obtained from
image signal Dc for one frame may be detected, and the
difference between them may be output to the light source
controller 14 as the luminance change information value Ysi.
In that case, averager 132a sums up the gradation values of the
luminance signal DbY for one frame and outputs the sum
directly to the subtractor 141 without dividing it by the num-
ber of pixels in one frame. Averager 1325 sums up the grada-
tion values of the luminance signal DcY for one frame and
outputs the sum directly to the subtractor 141 without divid-
ing it by the number of pixels in one frame. The subtractor 141
subtracts the sum of the gradation values of the luminance
signal DcY for one frame from the sum of the gradation
values of the luminance signal DbY for one frame and outputs
the resulting difference as the luminance change information
value Ysi to the light source controller 14. The light source
controller 14 and the display unit 8 operate in the same way as
described above.

If the difference obtained by subtracting the sum of the
gradation values of the luminance signal DbY obtained from
one frame of the image signal Db after the gradation-scale
correction from the sum of the values before the gradation-
scale correction is used as the luminance change information
value Ysi, when the sum of the gradation values of the lumi-
nance signal DbY obtained from one frame of the image
signal Db after the gradation-scale correction is greater than
the sum before the gradation-scale correction, the brightness
of the light source 8a is decreased. In that case, the same
effects as described above can be obtained, and while bright-
ness in high-luminance areas on the screen of the display unit
8 is enhanced, the brightness of the light source 8a can be
reduced so that the viewer does not easily perceive the bright-
ness of the light source 8a in low-luminance areas. In addi-
tion, the structures of the averagers 1324, 1325 can be sim-
plified because they do not need to perform division.

In the first to fourth embodiments described above, a gra-
dation-scale correction on the image signal Db is performed
in accordance with both the maximum color signal gradation
information value CMAX and the minimum color signal
gradation information value CMIN, but the gradation-scale
correction can also be performed in accordance with just one
of those values. In the second and third embodiments
described above, a gradation-scale correction on the image
signal Db or the image signal DbYBR is performed in accor-
dance with both the maximum luminance signal gradation
information value YMAX and the minimum luminance signal
gradation information value YMIN, but the gradation-scale
correction can also be performed in accordance with just one
of those values.

FIG. 25 is a graph illustrating the operation of the correc-
tion controller 5 according to the first embodiment when the
gradation-scale correction is performed in accordance with
the minimum color signal gradation information value
CMIN, without using the maximum color signal gradation
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information value CMAX. In the following description, the
upper limit of the specifiable range of gradation values is
€255,

In an x-y coordinate system in which both the x-axis and
the y-axis represent gradation values as shown in FIG. 25, the
correction controller 5 indicates the minimum color signal
gradation information value CMIN on the x-axis and its target
value CMINt on the y-axis. The correction controller 5 con-
structs a straight line connecting x-y coordinates (255, 255)
and x-y coordinates (CMIN, CMINt) and derives the slope K
of'the straight line and the value BK of the x-coordinate of the
point at which the straight line intersects the x-axis. This
operation differs from the operation of the luminance infor-
mation detector 4 described in the first embodiment in that the
maximum color signal gradation information value CMAX is
set to 255’ and its target value CMAXt is set to ‘255°.

Deriving the parameters K and BK by using the minimum
color signal gradation information value CMIN alone makes
it possible to perform a gradation-scale correction in accor-
dance with the minimum color signal gradation information
value CMIN, without using the maximum color signal gra-
dation information value CMAX.

In that case, the color information detector 3 does not need
to detect the maximum color signal gradation information
value CMAX. Therefore, the color information detector 3 can
be structured from the histogram generators 317, 31g, 315,
and minimum gradation level detectors 337, 33g, 335, as
shown in FIG. 26.

FIG. 27 shows a histogram generated by histogram gen-
erator 317 in the color information detector 3 shown in FIG.
26. The horizontal axis in the drawing indicates gradation
values (classes); the vertical axis indicates frequencies. The
classes in the histogram shown in FIG. 27 are determined in
the same way as in the histogram shown in FIG. 3. The color
information detector 3 accumulates the frequencies in the
histogram generated by histogram generator 317 from the
minimum toward the maximum class, as shown in FIG. 27.
The cumulative frequency HRb is obtained through this
operation; the cumulative frequency HRw on the bright side
is not obtained.

Since it is not necessary to detect maximum gradation
information values RMAX, GMAX, BMAX in this example,
as shown in FIG. 28, the histogram generators 317, 31g, 315
may generate a histogram from components in and below a
certain class (the class having the representative value 124’
in the example shown in FIG. 28). This eliminates the need to
count the frequencies of all gradation values included in the
color signals for one frame. Accordingly, the amount of com-
putation can be reduced, and the structure of the color infor-
mation detector 3 can be simplified.

If a histogram is generated as shown in FIG. 28, there is a
possibility that the cumulative frequency HRb will not exceed
the threshold value RB, but the resulting problem of failure to
detect the minimum gradation information value RMIN can
be avoided by setting an upper limit beforehand by assigning
apredetermined level such as 132’ to the minimum gradation
information value RMIN in this case.

FIG. 29 is a graph illustrating the operation of the correc-
tion controller 5 according to the first embodiment when a
gradation-scale correction is performed in accordance with
the maximum color signal gradation information value
CMAX, without using the minimum color signal gradation
information value CMIN. In the following description, the
upper limit of the specifiable range of gradation values is
€255,

In an x-y coordinate system in which both the x-axis and
the y-axis represent gradation values as shown in FIG. 29, the
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correction controller 5 indicates the maximum color signal
gradation information value CMAX on the x-axis and its
target value CMAXt on the y-axis. The correction controller
5 constructs a straight line connecting x-y coordinates
(CMAX, CMAXt) and x-y coordinates (0, 0) and derives the
slope K of the straight line. This operation differs from the
operation of the correction controller 5 described in the first
embodiment in that the minimum color signal gradation
information value CMIN is set to ‘0’ and its target value
CMINt is set to ‘0. In this case, the parameter BK is ‘0’.

By deriving the parameter K in accordance with the maxi-
mum color signal gradation information value CMAX alone
and setting the parameter BK to ‘0°, a gradation-scale correc-
tion can be performed in accordance with the maximum color
signal gradation information value CMAX, without using the
minimum color signal gradation information value CMIN.

In that case, the color information detector 3 does not need
to detect the minimum color signal gradation information
value CMIN. Therefore, the color information detector 3 can
be structured from histogram generators 31r, 31g, 315 and
maximum gradation detectors 327, 32g, 325 as shown in FI1G.
30 and a maximum color signal gradation detector 34.

FIG. 31 shows a histogram generated by histogram gen-
erator 317 in the color information detector 3 shown in FIG.
30. The horizontal axis in the drawing indicates gradation
values (classes); the vertical axis indicates frequencies. The
classes in the histogram shown in FIG. 31 are determined in
the same way as in the histogram shown in FIG. 3. The color
information detector 3 accumulates the frequencies in the
histogram generated by histogram generator 317 from the
maximum toward the minimum class, as shown in FIG. 31.
The cumulative frequency HRw is obtained through this
operation; the cumulative frequency HRb on the dark side is
not obtained.

Since it is not necessary to detect minimum gradation
information values RMIN, GMIN, BMIN in this example, as
shown in F1G. 32, the histogram generators 317, 31g, 315 may
generate a histogram from components in and above a certain
class (the class having the representative value ‘132’ in the
example shown in FIG. 32). This eliminates the need to count
the frequencies of all gradation values included in the color
signals for one frame. Accordingly, the amount of computa-
tion can be reduced, and the structure of the color information
detector 3 can be simplified.

If a histogram is generated as shown in FIG. 32, there is a
possibility that the cumulative frequency HRw will not
exceed the threshold value RA, but the resulting problem of
failure to detect the maximum gradation information value
RMAX can be avoided by setting a lower limit beforehand by
assigning a predetermined level such as ‘124’ to the maxi-
mum gradation information value RMAX in this case.

FIG. 33 is a block diagram showing the detailed structure
of'the gradation corrector 6 according to the first embodiment
when a gradation-scale correction is performed in accordance
with the maximum color signal gradation information value
CMAX, without using the minimum color signal gradation
information value CMIN. Because the parameter BK is set to
0’, the gradation corrector 6 can be structured from multi-
pliers 62r, 62¢g, 626 and limiters 657, 65g, 65b, as shown in
FIG. 33, without subtractors 617, 61g, 615, comparators 637,
63g, 635, or condition testers 64, 64g, 645.

Multiplier 627 multiplies the gradation value of the DbR
color signal by the parameter K and outputs the product to
limiter 657. Multiplier 62g multiplies the gradation value of
the DbG color signal by the parameter K and outputs the
product to limiter 65g. Multiplier 625 multiplies the gradation
value of the DbB color signal by the parameter K and outputs
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the product to limiter 655. The limiters 657, 65g, 655 perform
the same operation as in FIG. 6.

The structure of the image processing apparatus 7 can be
simplified by detecting either the maximum color signal gra-
dation information value CMAX or the minimum color signal
gradation information value CMIN and performing a grada-
tion-scale correction accordingly.

A gradation-scale correction performed in accordance with
either the maximum color signal gradation information value
CMAX or the minimum color signal gradation information
value CMIN has been described with respect to the image
processing apparatus according to the first embodiment. The
same operation can be performed with the image processing
apparatus according to the second to fourth embodiments.

The operation of the image processing apparatus according
to the second embodiment, using the minimum color signal
gradation information value CMIN and the minimum lumi-
nance signal gradation information value YMIN, will next be
described with reference to FIG. 14. f YMAX=YMAX1t=255
in FIG. 14, then equations (5) and (6) become the following
pair of equations (27) and (28).

K=(255- YMIND)/(255-YMIN) @7

BK=YMIN-YMIN#/K (28)

A gradation-scale correction performed as in the first
embodiment but using the parameters K and BK expressed by
these equations (27), (28) can be performed in accordance
with the minimum color signal gradation information value
CMIN and the minimum luminance signal gradation infor-
mation value YMIN, without using the maximum color signal
gradation information value CMAX and the maximum lumi-
nance signal gradation information value YMAX.

If only the maximum color signal gradation information
value CMAX and the maximum luminance signal gradation
information value YMAX are used in the image processing
apparatus according to the second embodiment, then
YMIN=YMINt=0 in FIG. 14. Equations (5) and (6) are
replaced by the following pair of equations (29) and (30).

K=YMAX#/YMAX (29)

BK=0 (30)

A gradation-scale correction as in the second embodiment
but using the parameters K and BK expressed by these equa-
tions (29), (30) can be performed in accordance with the
maximum color signal gradation information value CMAX
and the maximum luminance signal gradation information
value YMAX, without using the minimum color signal gra-
dation information value CMIN and the minimum luminance
signal gradation information value YMIN.

If only the minimum color signal gradation information
value CMIN and the minimum luminance signal gradation
information value YMIN are used in a gradation-scale cor-
rection using the parameters K1 and K2 described in the
second embodiment with reference to FIG. 15, then
YMAX=YMAXt=2551inFIG. 15. Equations (12)to (14) now
become the following set of equations (31) to (33).

K1=(DIST- YMIN?)/(SH- YMIN) 61

K2=(255-DIST)/(255-SH) (32)

BK=YMIN-YMIN#K1 (33)

A gradation-scale correction performed using the param-
eters K1, K2, and BK expressed by these equations (31) to
(33) and the parameters SH and DIST can be performed in
accordance with the minimum color signal gradation infor-
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mation value CMIN and the minimum luminance signal gra-
dation information value YMIN, without using the maximum
color signal gradation information value CMAX and the
maximum luminance signal gradation information value
YMAX.

If only the maximum color signal gradation information
value CMAX and the maximum luminance signal gradation
information value YMAX are used in a gradation-scale cor-
rection using the parameters K1, K2 described with reference
to FIG. 15, then YMIN=YMINt=0in FIG. 15. Equations (12)
to (14) now become the following set of equations (34) to
(36).

K1=DIST/SH (34)
K2=(YMAX-DIST)/(YMAX-SH) (35)
BK=0 (36)

A gradation-scale correction performed using the param-
eters K1, K2, BK expressed by equations (34) to (36) and the
parameters SH and DIST can be performed in accordance
with the maximum color signal gradation information value
CMAX and the maximum luminance signal gradation infor-
mation value YMAX, without using the minimum color sig-
nal gradation information value CMIN and the minimum
luminance signal gradation information value YMIN.

If only the minimum color signal gradation information
value CMIN and the minimum luminance signal gradation
information value YMIN are used in a gradation-scale cor-
rection using the parameters K1, K2 described in the second
embodiment with reference to FIG. 17, then
YMAX=YMAXt=255 in FIG. 17. Equations (15) and (16)
now become the following pair of equations (37) and (38).

K1=DIST/SH 37

K2=(255-DIST)/(255-SH) (38)

A gradation-scale correction performed using the param-
eters K1, K2 expressed by equations (37) and (38) and the
parameters SH and DIST with the parameter BK set to ‘0’ can
be performed in accordance with the minimum color signal
gradation information value CMIN and the minimum lumi-
nance signal gradation information value YMIN, without
using the maximum color signal gradation information value
CMAX and the maximum luminance signal gradation infor-
mation value YMAX.

If only the maximum color signal gradation information
value CMAX and the maximum luminance signal gradation
information value YMAX are used in a gradation-scale cor-
rection using the parameters K1, K2 described with reference
to FIG. 17, then YMIN=SH=0 and YMINt=DIST=0 in FIG.
17. Equations (15) and (16) are now replaced by the following
equations (39) and (40).

K1=0 (39)

K2=YMAX#/YMAX (40)

A gradation-scale correction performed using the param-
eters K1 and K2 expressed by equations (39) and (40), with
the parameters BK, SH, and DIST setto ‘0’, can be performed
in accordance with the maximum color signal gradation
information value CMAX and the maximum luminance sig-
nal gradation information value YMAX, without using the
minimum color signal gradation information value CMIN
and the minimum luminance signal gradation information
value YMIN.

The color information detector 3 according to the first to
fourth embodiments detects the color information values Ci,
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using all parts of the color signals DbR, DbG, DbB for one
frame, but the color information values Ci may also be
detected by using a part (a particular part) of the color signals
DbR, DbG, DbB. FIGS. 34(a) to 34(c) are diagrams illustrat-
ing the operation of variations of the color information detec-
tor 3 in that case. FIGS. 34(a) to 34(c) each show one image
frame corresponding to one frame of the image signal Db.

As shown in FIG. 34(a), an image frame generally includes
an effective image area 81, which is actually displayed by the
display unit 8, and an ineffective image area 82, which is not
displayed by the display unit 8; the ineffective image area 82
corresponds to the blanking intervals of the image signal Db.
If the color information detector 3 detects color information
values Ci only from the color signals DbR, DbG, DbB corre-
sponding to the effective image area 81, an appropriate gra-
dation-scale correction can be performed on the image signal
Db, without using the information from the color signals
DbR, DbG, DbB in the blanking intervals, which do not
contribute to the image display. Even if non-image signals
such as control signals or noise signals are added to the color
signals DbR, DbG, DbB in the blanking intervals, a grada-
tion-scale correction on the image signal Db can be per-
formed without being affected by those other signals.

The image signal Db can be split into a signal correspond-
ing to the effective image area 81 and a signal corresponding
to the ineffective image area 82 with reference to a range
specification signal sent together with the image signal Db.
The range specification signal indicates which parts of the
image signal Db for one frame correspond to the effective
image area 81 and which parts correspond to the ineffective
image area 82.

If the effective image area 81 includes a non-image area
81a for a letterbox display or the like, as shown in FI1G. 34(),
the color information values Ci may be detected from the
color signals DbR, DbG, DbB corresponding to the effective
image area 81 excluding the non-image area 81a. Then, if
subtitles are displayed in the non-image area 81a or if a noise
signal is added to the color signals DbR, DbG, DbB corre-
sponding to the non-image area 81a, an appropriate grada-
tion-scale correction can be performed on the image signal
Db without being affected by changes in the subtitles or noise.
If the non-image area 81a is black, the black gradation value
of the non-image area 81a will not necessarily become the
minimum color signal gradation information value CMIN.
The non-image area 81a can be separated from the other part
of the effective image area 81 with reference to a range
specification signal indicating the part of the image signal Db
for one frame corresponding to the non-image area 81a.

If the effective image area 81 includes an area 815 for
displaying an on-screen display (OSD) window, as shown in
FIG. 34(c), the color information values Ci may be detected
from the color signals DbR, DbG, DbB corresponding to the
effective image area 81 excluding the area 815. An appropri-
ate gradation-scale correction can then be performed on the
image signal Db, regardless of whether the OSD window is
displayed or hidden. The area 815 can be separated from the
other parts of the effective image area 81 with reference to a
range specification signal indicating the part of the image
signal Db for one frame corresponding to the area 815.

By detecting the color information values Ci from part of
the color signals DbR, DbG, DbB for one frame in the color
information detector 3 as described above, a gradation-scale
correction can be performed by using the information from
the necessary parts of the color signals DbR, DbG, DbB for
the single frame, so an appropriate gradation-scale correction
can be performed.
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Similarly, by detecting the luminance information values
Yi from part of the luminance signal DbY for one frame in the
luminance information detector 4, a gradation-scale correc-
tion can be performed by using the information from the
necessary part of the luminance signal DbY for the single
frame, so an appropriate gradation-scale correction can be
performed.

The gradation corrector 6 may confine its gradation-scale
correction of the image signal Db to the part of the frame
corresponding to the effective image area 81, the part corre-
sponding to the effective image area 81 excluding the non-
image area 8la, or the part corresponding to the effective
image area 81 excluding the area 815 for displaying the OSD
window. In these cases, even if a noise signal is added to the
image signal Db corresponding to the ineffective image area
82, the non-image area 81a, or the area 815 for displaying the
OSD window, the noise signal will not be amplified. In addi-
tion, the gradation values of text and the like displayed in the
non-image area 81a or the area 815 for displaying the OSD
window will not vary depending on the scene.

If the gradation-scale correction is confined to part of the
image signal Db for one frame, the gradation-scale correction
can be performed on the part requiring the gradation correc-
tions, so an appropriate gradation-scale correction can be
performed.

Fifth Embodiment

FIG. 35 shows an image display apparatus according to a
fifth embodiment of the present invention.

An image signal Da having a prescribed format used in
television, computers, or the like is input to an input terminal
1, and a receiver 2 receives the image signal Da input at the
input terminal 1.

The receiver 2 converts the received image signal Da to
image data in a format used by the image signal processing
apparatus 7, for example, digital image data Db representing
the three primary colors of light, red (R), green (G), and blue
(B). If the input image signal Da is an analog signal, the
receiver 2 comprises an A/D converter or the like; if the input
image signal Da is a digital signal, the receiver 2 comprises a
demodulator or the like that converts the signal to a suitable
format.

The image data Db output from the receiver 2 are input to
a gradation corrector 6, a color information detector 3, and a
luminance information detector 4 in the image signal process-
ing apparatus 7 and to an average luminance information
detector 13.

The color information detector 3 detects per-pixel color
information Ci from the per-pixel RGB data. The luminance
information detector 4 derives luminance Y from the per-
pixel RGB data and detects luminance information Yi.

The detected color information Ci and luminance informa-
tion Yi are output to a correction controller 5. From the color
information Ci input from the color information detector 3
and the luminance information Yi input from the luminance
information detector 4, the correction controller 5 derives
parameters Pa used by the gradation corrector 6 in performing
gradation-scale corrections on the image data, and outputs
them to the gradation corrector 6.

The gradation corrector 6 performs a gradation-scale cor-
rection on the image signal Db in accordance with the param-
eters Pa input from the correction controller 5 and outputs
gradation-corrected image data Dc to a display unit 8. The
display unit 8 displays a picture in accordance with the image
data Dc input from the gradation corrector 6.
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The average luminance information detector 13 detects a
pre-gradation-correction average luminance Ybav for one
frame of the image signal Db from the image signal Db output
from the receiver 2, detects a post-gradation-correction aver-
age luminance Ycav for one frame of the image signal Dc
from the image signal Dc output from the gradation corrector
6, and outputs these average luminance values to a light
source controller 14.

The light source controller 14 derives a light source control
signal Lc from the pre-gradation-correction average lumi-
nance Ybav and post-gradation-correction average luminance
Ycav output from the average luminance information detec-
tor 13 and outputs the light source control signal Lc. The light
source control signal Lc output from the light source control-
ler 14 is used to control the amount of light output by the light
source, which is, for example, the backlight of the display unit
8.

The color information detector 3 is structured as shown in
FIG. 3, comprising histogram generators 317, 31g, 315, maxi-
mum gradation detectors 327, 32g, 325, and minimum gra-
dation level detectors 337, 33g, 334.

The image data Db input from the receiver 2 comprise
color signals DbR, DbG, DbB representing the red (R), green
(G), and blue (B) components; color signal DbR is input to
histogram generator 31~; color signal DbG is input to histo-
gram generator 31g; color signal DbB is input to histogram
generator 315. The three color signals DbR, DbG, DbB rep-
resenting the red (R), green (G), and blue (B) components
undergo similar processing. The processing of the DbR color
signal will be described below.

Histogram generator 317 generates a histogram for one
frame by counting the frequency of image data corresponding
to one frame of the input color signal DbR in each gradation
division. The maximum gradation detector 327 accumulates
the frequencies in the generated histogram from the brightest
(maximum) toward the minimum gradation division, detects
the gradation division in which the cumulative frequency
exceeds a predetermined threshold value RA, and outputs the
representative value of the division as the maximum grada-
tion information value RMAX. The minimum gradation level
detector 337 accumulates the frequencies in the generated
histogram from the darkest (minimum) toward the maximum
gradation division, detects the gradation division in which the
cumulative frequency thus obtained exceeds a predetermined
threshold value RB, and outputs the representative value of
the division as the minimum gradation information value
RMIN. The representative value is, for example, the central
value of the division.

An exemplary histogram generated by histogram generator
31~ is shown in FIG. 3. The horizontal axis FIG. 3 indicates
gradation level and the vertical axis indicates frequency.

In the example shown in FIG. 3, the 256 gradations of the
image data DbR, starting from ‘0’, are divided into 32 divi-
sions, each division consisting of eight gradation values. His-
togram generator 317 generates a histogram by counting the
frequencies at intervals of eight gradations, in the 32 divisions
of the 256 gradations.

When the 256 gradations are divided into 32 divisions,
each division has eight gradation values, as noted above. The
numbers on the horizontal axis in FIG. 3 are representative
values indicating a gradation value near the center in each
division. For example, the value ‘4’ on the horizontal axis is
the representative value of the division consisting of grada-
tion values ‘0’ to “7°, and the frequency corresponding to the
value ‘4’ indicates the number of pixels having gradation
values ‘0’ to 7’ in the image data Db for one frame.
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The histogram may also be generated so that each division
consists of one gradation value, by obtaining the frequency of
each gradation value in the image data DbR; if image data
consist of eight bits, for example, frequencies are obtained for
each of the 256 gradation values from ‘0’ to “255°.

If each division includes a plurality of gradation values, as
shown in FIG. 3, the computation can be simplified by reduc-
ing the number of divisions. The number of divisions should
be determined on the basis of the amount of computation and
the required detection precision.

The cumulative frequency HRb on the dark side can be
obtained by accumulating the frequencies in the histogram
generated as described above from the minimum toward the
maximum gradation division, and the cumulative frequency
HRw on the bright side can be obtained by accumulating the
frequencies from the maximum toward the minimum grada-
tion division. The position at which the cumulative frequency
HRb exceeds a predetermined threshold value RB is output as
the minimum gradation RMIN (‘12” in FIG. 3), and the posi-
tion at which the cumulative frequency HRw exceeds a pre-
determined setting RA is output as the maximum gradation
RMAX (212’ in FIG. 3).

Histogram generators 31g and 315 have the same structure
as histogram generator 317, generate histograms from the
color signals DbG and DbB in the same way as from the color
signal DbR, described above, detect the maximum and mini-
mum gradations of the color signals, and output them as
GMAX, GMIN, BMAX, and BMIN.

The cumulative frequencies are generated by the histogram
generators 317, 31g, 315 in the example described above, but
may be generated by the maximum gradation detectors 327,
32g, 325 and minimum gradation level detectors 337, 33g,
335, instead. If the maximum gradation detectors 32, 32g,
32b6 and minimum gradation level detectors 337, 33g, 335
generate the cumulative frequencies, the histogram genera-
tors 31~, 31g, 315 do not have to be provided separately.

The maximum gradations RMAX, GMAX, BMAX and
minimum gradations RMIN, GMIN, BMIN of the color sig-
nals are output from the color information detector 3 to the
correction controller 5 as color information Ci.

The luminance information detector 4 in FIG. 35 com-
prises a matrix circuit 41, a histogram generator 42, a maxi-
mum gradation detector 43, and a minimum gradation level
detector 44 as shown in FIG. 12.

The image data Db comprising the color signals DbR,
DbG, DbB representing the red (R), green (G), and blue (B)
components input from the receiver 2 are input to the matrix
circuit 41. The matrix circuit 41 derives a luminance signal Y
from the input RGB color signals in accordance with equation
(4) and outputs the derived luminance signal Y to the histo-
gram generator 42. Depending on the format of the input
signal, a different equation may be used to derive the lumi-
nance signal Y, or a simpler formula may be used to simplify
the calculations.

The histogram generator 42 counts occurrences of each
gradation of the image data corresponding to the input lumi-
nance signal Y for one frame and generates a histogram for the
frame.

The maximum gradation detector 43 accumulates the fre-
quencies in the generated histogram from the maximum
(brightest) toward the minimum gradation division, detects
the gradation division in which the cumulative frequency
exceeds a predetermined threshold value YA (corresponding
to the threshold value RA in FIG. 3), and outputs the repre-
sentative value of this gradation division as the maximum
gradation YMAX. Similarly, the minimum gradation level
detector 44 accumulates the frequencies in the generated
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histogram from the darkest (minimum) toward the maximum
gradation division, detects the gradation division in which the
cumulative frequency exceeds a predetermined threshold
value YB (corresponding to the threshold value RB in FIG. 3),
and outputs the representative value of this gradation division
as the minimum gradation YMIN. This operation is per-
formed in the same way as in the color information detector 3.

The maximum gradation YMAX and minimum gradation
YMIN of the luminance signal are output from the luminance
information detector 4 to the correction controller 5 as lumi-
nance information Yi.

The correction controller 5 derives parameters Pa used in
performing gradation-scale corrections on the image data Db
from the input color information Ci and luminance informa-
tion Yi in accordance with predetermined formulas, which
will be described later, and outputs them to the gradation
corrector 6.

The parameters Pa include the parameters BK, SH, DIST,
K1, and K2, as described later.

The gradation corrector 6 receives the image data Db com-
prising the color signals DbR, DbG, DbB representing the
three color components, red, green, and blue, and outputs
gradation-corrected image data Dc. The image data Dc also
comprise color signals DcR, DcG, DcB representing the three
color components red, green, and blue.

In FIG. 17, the horizontal axis represents gradations of an
arbitrary component such as DbR of the image data Db, and
the vertical axis represents gradations of a corresponding
component of the image data Dc, such as DcR corresponding
to DbR. The same relationships are present between DbG and
DcG and between DbB and DcB. The following description
pertains to DbR.

The method of calculating the parameters Pa of the correc-
tion controller 5 will be described with reference to FIG. 17.

The largest of the maximum gradations RMAX, GMAX,
BMAX ofthered, green, and blue components input from the
color information detector 3 is referred to as the all-color
maximum gradation data CMAX, and the smallest of the
minimum gradations RMIN, GMIN, BMIM is referred to as
the all-color minimum gradation data CMIN.

With post-gradation-correction target values YMAXt and
YMINTt corresponding respectively to the YMAX and YMIN
values input from the luminance information detector 4, the
values of K1 and K2, representing the slopes of the broken
line in FIG. 17, and BK, representing the point at which this
line intersects the horizontal axis, can be expressed by the
following equations:

K1=(YMIN?)/(YMIN) (41)

K2=(YMAX:- YMIND/(YMAX- YMIN) @2)

BK=0 @3)

As shown in FIG. 17, SH and DIST are expressed as
follows:

SH=YMIN (44)

DIST=YMIN: @5)

If the post-gradation-correction target values YMAXt and
YMINt were set to 255 and ‘0’ respectively, a picture with
maximum contrast could be obtained. However, since the
luminance signal Y is derived from equation (4), in a brightly
colored image, the gradations of any image data DbR, DbG,
DbB representing red, green, and blue components having a
value greater than YMAX would be lost. Similarly, the gra-
dations of image data DbR, DbG, DbB representing red,
green, and blue components having a value smaller than
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YMIN would be lostin a dark-colored image. The YMINtand
YMAXtvalues derived from the following equations (46) and
(47) prevent gradations from being lost in brightly colored or
dark-colored images.

YMINz=YMIN-CMIN+a (46)
(o is zero or a positive number)
YMAX:=255-CMAX+YMAX-p (47)

(P is zero or a positive number)

The values o and f represent a margin in the post-gradation
target values with respect to the gradations ‘0” and ‘255°,
respectively.

Itis possible to restrict the differences between the detected
maximum gradation YMAX and minimum gradation YMIN
of'the luminance signal and the YMAXt and YMINt values to
which they are converted through gradation-scale correction
so that these differences do not exceed a predetermined value,
in order that excessive contrast correction will not result in
picture defects such as gradation skip, causing a discontinu-
ous change in values, when the image is blackish as a whole
and the maximum gradation YMAX of its luminance signal is
small, or the image is whitish as a whole and the minimum
gradation YMIN of its luminance signal is large.

If YMINt=YMIN, then K1=1, meaning that no gradation
correction is performed on luminance up to YMIN, which
makes gradation skip and gradation collapse in the image less
perceptible.

The correction controller 5 for generating the parameters
BK, SH, DIST, K1, K2 in accordance with equations (41) to
(47) is structured as shown, for example, in FIG. 36. The
correction controller 5 shown in FIG. 36 includes a maximum
value selector 51, a minimum value selector 52, a maximum
post-correction gradation value generator 503, a minimum
post-correction gradation value generator 503, and parameter
generators 505 to 509.

The maximum value selector 51 receives the maximum
gradations RMAX, GMAX, BMAX output from the color
information detector 3 and outputs the largest value among
them as the all-color maximum gradation CMAX. The mini-
mum value selector 52 receives the minimum gradations
RMIN, GMIN, BMIN output from the color information
detector 3 and outputs the smallest value among them as the
all-color minimum gradation CMIN.

In the structures shown in FIGS. 35 and 36, the color
information detector 3, maximum value selector 51, and
minimum value selector 52 form a maximum and minimum
color information detection means for detecting the maxi-
mum gradation or a value equivalent to the maximum grada-
tion CMAX of'the color signals constituting the input image
signal and the minimum gradation or a value equivalent to
minimum gradation CMIN of'these color signals, as the maxi-
mum and minimum color information of the input image
signal. The maximum post-correction gradation value gen-
erator 503, minimum post-correction gradation value genera-
tor 503, and parameter generators 506 to 509 form a correc-
tion parameter generating means 53B.

FIGS. 37 to 40 show examples of parameter generator 505,
parameter generator 506, minimum post-correction gradation
value generator 504, and maximum post-correction gradation
value generator 503 adapted for performing calculations in
accordance with equations (41), (42), (46), and (47), respec-
tively.

As shown in FIG. 37, the maximum post-correction gra-
dation value generator 503 comprises a subtractor 503a for
subtracting the all-color maximum gradation data CMAX
from a fixed value of <255’ a subtractor 5035 for subtracting
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the margin value [ from the pre-gradation-correction maxi-
mum gradation YMAX, and a maximum post-correction gra-
dation value generator 503¢ for adding the output of subtrac-
tor 503a to the output of subtractor 5035; the maximum
post-correction gradation value generator 503 receives the
all-color maximum gradation CMAX output from the maxi-
mum value selector 51, the maximum gradation YMAX out-
put from the luminance information detector 4, and the pre-
determined constant f§, and outputs YMAXt (the post-
gradation-correction maximum gradation) obtained in
accordance with equation (47).

As shown in FIG. 38, the minimum post-correction grada-
tion value generator 504 comprises a subtractor 504a for
subtracting the all-color minimum gradation data CMIN from
the pre-gradation-correction minimum gradation YMIN and
an adder 5045 for adding the output of the subtractor 504a to
the margin value a; the minimum post-correction gradation
value generator 504 receives the all-color minimum gradation
CMIN output from the minimum value selector 52, the mini-
mum gradation YMIN output from the luminance informa-
tion detector 4, and the predetermined constant o, and outputs
YMINTt (the post-gradation-correction minimum gradation)
obtained in accordance with equation (46).

As shown in FIG. 39, parameter generator 505 comprises a
parameter divider 505a for dividing the post-gradation-cor-
rection minimum gradation YMINt by the pre-gradation-cor-
rection minimum gradation YMIN; parameter generator 505
receives the post-gradation-correction minimum gradation
YMINTt output from the minimum post-correction gradation
value generator 504 and the minimum gradation YMIN out-
put from the luminance information detector 4, and outputs
the parameter K1 obtained in accordance with equation (41).

As shown in FIG. 40, parameter generator 506 comprises a
subtractor 506a for subtracting the post-gradation-correction
minimum gradation YMINt from the post-gradation-correc-
tion maximum gradation YMAXt, a subtractor 5065 for sub-
tracting the pre-gradation-correction minimum gradation
YMIN from the pre-gradation-correction maximum grada-
tion YMAX, and a divider 506¢ for dividing the output of
subtractor 506a by the output of subtractor 5065; parameter
generator 506 receives the post-gradation-correction maxi-
mum gradation YMAXt output from the maximum post-cor-
rection gradation value generator 503, the post-gradation-
correction minimum gradation YMINt output from the
minimum post-correction gradation value generator 503, and
the maximum gradation YMAX and minimum gradation
YMIN output from the luminance information detector 4, and
outputs the parameter K2 obtained in accordance with equa-
tion (42).

Parameter generator 507 receives the minimum gradation
YMIN output from the luminance information detector 4 and
outputs the parameter SH obtained in accordance with equa-
tion (44).

Parameter generator 508 receives the post-gradation-cor-
rection minimum gradation YMINt output from the minimum
post-correction gradation value generator 503 and outputs the
parameter DIST obtained in accordance with equation (45).

Parameter generator 509 receives ‘0’ and outputs the
parameter BK obtained in accordance with equation (43).

The gradation corrector 6 comprises comparative condi-
tion testers 6017, 601g, 6015, subtractors 6027, 602g, 6025,
multipliers 6037, 603g, 6035, adders 6047, 604g, 6045, and
limiters 6057, 605g, 6055, as shown in FIG. 16.

The color signals DbR, DbG, DbB representing the red,
green, and blue components of the image data Db input from
the receiver 2 are input to the comparative condition testers
6017, 601g, 6015, respectively.
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The parameters BK, SH, DIST, K1, K2 obtained by the
correction controller 5 are input to the comparative condition
testers 6017, 601g, 6015.

The three color data components DbR, DbG, DbB repre-
senting the red, green, and blue components constituting the
image data Db undergo similar processing. The processing of
the R component will be described.

Comparative condition tester 6017 generates a value subR,
a coefficient mulR, and a value addR in accordance with the
input image data DbR and the parameters BK, SH, DIST, K1,
K2 and outputs those values with the image data DbR.

Comparative condition tester 601 derives the value subR,
the coeflicient mulR, and the value addR as described below.

Comparative condition tester 6017 first compares the
image data DbR with the threshold value SH and, ifthe image
data DbR are smaller than the threshold value SH, sets the
parameter BK as the value subR, that is, subR=BK. If the
image data DbR are greater than or equal to the threshold
value SH, then comparative condition tester 601~ sets subR
equal to SH.

Comparative condition tester 6017 also compares the
image data DbR with the threshold value SH and, ifthe image
data DbR are smaller than the threshold value SH, sets mulR
equal to K1. If the image data DbR are greater than or equal
to the threshold value SH, then mulR is set equal to K2.

Comparative condition tester 601 also compares the input
image data DbR with the threshold value SH and, ifthe image
data DbR are smaller than the threshold value SH, sets addR
equalto ‘0. If the image data DbR are greater than or equal to
the threshold value SH, addR is set equal to DIST.

Subtractor 6027 receives the image data DbR and the value
subR, subtracts subR from DbR, and outputs the resulting
difference to multiplier 6037. Multiplier 6037 multiplies the
input difference by mulR and outputs the resulting product to
adder 604r. Adder 6047 adds the input product to the addR
value and outputs the resulting sum to limiter 6057. If the
value input from adder 6047 is not within a predetermined
range limit (255”), limiter 6057 clips the value to the prede-
termined limit to produce the post-gradation-correction
image data DcR.

As shown in FIG. 21, the average luminance information
detector 13 comprises matrix circuits 131a, 1315 and aver-
agers 132a, 1325.

In the average luminance information detector 13, matrix
circuit 131a receives the image data Db comprising the color
signals DbR, DbG, DbB representing the red, green, and blue
components input from the receiver 2. Matrix circuit 131a
converts the input color signals DbR, DbG, DbB of the three
colors (RGB) to the luminance signal DbY and outputs the
luminance signal DbY to the averager 132a. The following
equation (48A) is used for an NTSC television signal, for
example.

Yb=0.30xDbR+0.59xDbG+0.11xDbB (48A)

Depending on the format of the input signal, a different
equation may be used to derive the luminance signal Yb, or a
simpler formula may be used to simplify the calculation.

The averager 132a derives the average luminance in one
frame by accumulating the input luminance signal Yb for the
period corresponding to one frame and dividing the cumula-
tive sum by the number of pixels in the frame, and outputs the
resulting pre-gradation-correction average luminance Ybav.

The average luminance in one frame is derived from the
image data Dc comprising the color signals DcR, DcG, DcB
representing the red, green, and blue components, input from
the gradation corrector 6, and the post-gradation-correction
average luminance Ycav is output.
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Matrix circuit 1315 derives the luminance signal Yc
through the same matrix calculations as in matrix circuit
131a. With respect to the color signals DcR, DeG, DcB rep-
resenting the red, green, and blue color components after
gradation-scale correction, the luminance signal Yc is
obtained from, for example, the following equation (48B).

Ye=0.30xDcR+0.59xDcG+0.11xDcB (48B)

Depending on the format of the input signal, a different
equation may be used to derive the luminance signal Yc, or a
simpler formula may be used to simplify the calculation.

The averager 1324 derives the average luminance in one
frame by accumulating the input luminance signal Yc¢ for the
period corresponding to one frame and dividing the cumula-
tive sum by the number of pixels in the frame, and outputs the
post-gradation-correction average luminance Ycav.

The averagers 132a and 13254 do not have to perform divi-
sion to obtain average values; both the averager 132a and
averager 1326 may use the cumulative sum to represent the
average value, without performing division. In that case, the
divider circuits can be omitted.

As shown in FIG. 41, the light source controller 14 com-
prises subtractors 141, 143, multipliers 144, 145, adders 146,
147, and a limiter 148.

The pre-gradation-correction average luminance Ybav out-
put from the average luminance information detector 13 is
input to the subtractors 141, 143. The post-gradation-correc-
tion average luminance Ycav output from the average lumi-
nance information detector 13 is input to subtractor 141.
Subtractor 141 obtains a gradation-correction average lumi-
nance difference Ysc in accordance with the following equa-
tion (49) and outputs it to multiplier 145.

Ysc=Ybav-Ycav (49)

Multiplier 145 multiplies the gradation-correction average
luminance difference Ysc by a predetermined gradation-cor-
rection average luminance difference coefficient Ksc and out-
puts the resulting product to adder 146.

Subtractor 143 obtains the difference between the input
pre-gradation-correction average luminance Ybav and a pre-
determined pre-gradation-correction average luminance con-
stant C and outputs the difference (Ybav-C) to multiplier
144. Multiplier 144 multiplies the difference output from
subtractor 143 by a predetermined pre-gradation-correction
average luminance coefficient Kb and outputs the resulting
product to adder 146. Adder 146 adds the product obtained
from multiplier 144 to the product obtained from multiplier
145 and outputs the resulting sum to adder 147. Adder 147
adds the sum obtained from adder 146 to a predetermined
non-light-source-control constant BS and outputs the result-
ing sum to the limiter 148. If the value input from adder 147
exceeds a prescribed range limit, the limiter 148 clips the
value to the prescribed limit and outputs the clipped value as
the light source control signal Lec. The light source control
signal Lc increases the brightness of the light source as its
value increases and decreases the brightness of the light
source as its value decreases.

The processing in the light source controller 14 can also be
regarded as the calculation of a light source control signal L.c
expressed by the following equation (50).

Le=BS+(Ybav-C)xKb+(Ybav-Ycav)xKs (50)

where Lc is clipped to the prescribed range.

If'the pre-gradation-correction average luminance constant
Cis set equal to the average luminance value corresponding to
the constant numeric value BS of the light source control
signal when light source control is not performed, for
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example, and if both the luminance difference before and
after gradation-scale correction (Ybav—Ycav) and the differ-
ence between the constant C and the average luminance Ybav
before signal processing (Ybav—C) are included as elements
of light source control, the light source can be slightly dark-
ened in scenes where the average luminance is low and
slightly brightened in scenes where the average luminance is
high.

If the constant Kb is large, the influence of the pre-grada-
tion-correction average luminance Ybav will be large. If the
constant Ks is large, the influence of the average luminance
difference before and after the gradation-scale correction will
be large.

The process described above improves contrast in the time-
axis direction.

If the light source is darkened by increasing values of the
light source control signal Lc¢ and brightened by decreasing
values of Lc, then the light source control signal L.¢ should be
calculated in accordance with the following equation (51),
instead of equation (50). In other words, a light source con-
troller 14 structured to perform the calculation in equation
(51) should be used.

Le=(C-Ybav)xKb+(Ycav-Ybav)xKs+BS (51)

Lc should be clipped to the prescribed range.

Ifdivision is omitted in the averagers 132a, 1325, an appro-
priate action, such as deletion of low-order bits, should be
performed when the light source control signal Lc is calcu-
lated.

The display unit 8 comprises a light source 8a and a modu-
lator 85, as shown in FIG. 42.

The light source control signal Lc output from the light
source controller 14 is input to the light source 8a, the inten-
sity (brightness) of which varies with the value of the light
source control signal L.c. The image data Dc comprising the
red, green, and blue components, output from the gradation
corrector 6, are input to the modulator 85, which modulates
the light representing each pixel by varying a reflectance or
transmittance according to the corresponding value in the
image data Dc.

FIGS. 43 and 44 are graphs illustrating the light source
control signal Lc generated by the light source controller 14.
In these drawings, the coordinate axis extending from left to
right represents the gradation-correction average luminance
difference Ysc, the coordinate axis extending from front to
back represents the pre-gradation-correction average lumi-
nance Ybav, and the coordinate axis extending from bottom to
top represents the light source control signal Lc.

FIG. 43 shows an example in which Kb=1, Ks=1, C=128,
and BS=200. FIG. 44 shows an example in which Kb=2,
Ks=1, C=110, and BS=220.

With eight-bit light source control signals (256 grada-
tions), the value of the gradation-correction average lumi-
nance difference Ysc can range from ‘-255” to “255°, and the
value of the pre-gradation-correction average luminance
Ybav can range from ‘0’ to “255°. FIGS. 43 and 44, however,
show the gradation-correction average luminance difference
Ysc ranging from ‘~100 to ‘60° and the pre-gradation-cor-
rection average luminance Ybav ranging from ‘0’ to ‘160°.

As shown in FIGS. 43 and 44, when the gradation-correc-
tion average luminance difference Ysc is large (as on the right
side in the drawings), that is, when the gradation-scale cor-
rection decreases the average luminance, the value of the light
source control signal Lc is large.

The value of the light source control signal Lc also
becomes large when the pre-gradation-correction average
luminance Ybav is large (as toward the back in the drawings).
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The light source control signal Lc increases the brightness of
the light source 8a of the display unit 8 when its value is large
and decreases the brightness of the light source 8a of the
display unit 8 when its value is small.

When the pre-gradation-correction average luminance
coefficient Kb and the gradation-correction average lumi-
nance difference coefficient Ksc are set to the same value, as
shown in FIG. 43, the values of the light source control signal
Lc on any one line oriented at an angle of 45° with respect to
the Ysc axis and the Ybav axis are the same, as indicated in
FIG. 43. This means that the light source control signal L.c is
affected equally by the gradation-correction average lumi-
nance difference Ysc and the pre-gradation-correction aver-
age luminance Ybav.

In FIG. 44, where the pre-gradation-correction average
luminance coefficient Kb is set to ‘2’ and the gradation-
correction average luminance difference coefficient Ks is set
to ‘1°, the influence of the pre-gradation-correction average
luminance Ybav is greater than the influence of the gradation-
correction average luminance difference Ysc.

When a light source control signal Lc as shown in FIG. 43
or 44 is used, the average luminance produced by gradation-
scale correction and light source control varies with the
image. Accordingly, the average luminance contrast in the
time-axis direction can be improved as well as the contrast
within each frame on the display screen.

As shown in FIG. 44, an increase in the pre-gradation-
correction average luminance coefficient Kb increases the
influence of the pre-gradation-correction average luminance
Ybav. Accordingly, the light source can be controlled in
accordance with the average luminance before gradation-
scale correction rather than the difference in average lumi-
nance before and after gradation-scale correction, so that
contrast in the time-axis direction can be further improved
while in-frame contrast is also improved.

A decrease in the gradation-correction average luminance
difference coefficient Ks decreases the influence of the gra-
dation-correction average luminance difference Ysc. The
light source is then controlled according to changes in aver-
age luminance due to gradation-scale correction so as to
retain the changes in average luminance, improving both
on-frame contrast and contrast in the time-axis direction.

In the example shown in FIG. 43, the pre-gradation-cor-
rection average luminance constant C is setto “128’, which is
atthe center of the 256-gradation scale. In the example shown
in FIG. 44, the pre-gradation-correction average luminance
constant C is set to ‘110°. Increasing the pre-gradation-cor-
rection average luminance constant C decreases the light
source control signal Lc, allowing the brightness of scenes
with low average luminance to be decreased. Decreasing the
pre-gradation-correction average luminance constant C
increases the light source control signal Lc, allowing the
brightness of scenes with high average luminance to be
increased.

The non-light-source-control constant BS indicates the
brightness of the light source when light source control is not
performed, that is, when the brightness of the light source in
the standard state. The non-light-source-control constant BS
will be explained with reference to equation (50). When the
pre-gradation-correction average luminance Ybav and the
post-gradation-correction average luminance Ycav are equal
and when the pre-gradation-correction average luminance
Ybav and the pre-gradation-correction average luminance
constant C are equal, the light source control signal Lc
becomes equal to the non-light-source-control constant BS.
That is, when the same average luminance is kept before and
after gradation-scale correction and when the pre-gradation-
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correction average luminance Ybav is equal to the pre-grada-
tion-correction average luminance constant C (C=128 in FI1G.
43), the brightness of the light source is the same as the
brightness when gradation-scale correction and light source
control are not performed.

If the brightness of the light source in the standard state is
lower than the maximum value, light source control can
decrease the brightness of scenes with low average luminance
in comparison with the standard state and can increase the
brightness of scenes with high average luminance in compari-
son with the standard state. Accordingly, the viewer can enjoy
a picture with a dynamic range broadened in the time-axis
direction, and power consumption can be reduced because the
brightness of the light source in the standard state is not the
maximum value.

If the brightness of the light source in the standard state is
set to the maximum value, the brightness of the light source is
kept maximized in comparatively bright scenes, so that the
viewer can see the image without noticing a brightness defi-
ciency even if the image display apparatus is viewed in a
bright environment. In scenes with low average luminance,
the brightness of the light source is reduced, just as when the
brightness of the light source in the standard state is lower
than the maximum value. Accordingly, the viewer can enjoy
a picture with a dynamic range broadened in the time-axis
direction, and power consumption can be reduced.

As has been described above, arbitrary contrast control in
the time-axis direction and an arbitrary reduction in power
consumption can be set by setting the pre-gradation-correc-
tion average luminance coefficient Kb, gradation-correction
average luminance difference coefficient Ks, pre-gradation-
correction average luminance constant C, and non-light-
source-control constant BS.

FIGS. 45(a) to 45(c) and FIGS. 46(a) to 46(c) are graphs
illustrating effects produced by the fifth embodiment. FIGS.
45(a) and 46(a) show gradation distributions of the input
image data Db. FIGS. 45(b) and 46(b) show gradation distri-
butions of gradation-corrected image data Dc. FIGS. 45(c)
and 46(c) show brightness distributions of the image dis-
played on the display unit 8 equipped with a light source.
FIGS. 45(a) to 45(c) show examples in which the average
luminance of the image data Db is comparatively low (dark).
FIGS. 46(a) to 46(c) show examples in which the average
luminance of the image data Db is comparatively high
(bright).

The gradation distributions of the gradation-corrected
image data Dc, shown in FIG. 45(b), have a wider dynamic
range and a higher average luminance than the gradation
distributions of the image data Db before gradation-scale
correction, shown in FIG. 45(a). Because the post-gradation-
correction average luminance Ycav is larger than the pre-
gradation-correction average luminance Ybav, the gradation-
correction average luminance difference Ysc (=Ybav-Ycav)
becomes a negative number. In addition, the pre-gradation-
correction average luminance Ybav is smaller than the pre-
gradation-correction average luminance constant C. Accord-
ingly, the light source control signal Lc decreases, as
expressed by equation (50). Therefore, as shown in FIG.
45(c), bright parts corresponding to CMAX in FIG. 45(a)
become brighter, and dark parts corresponding to CMIN in
FIG. 45(a) become darker. The average luminance of the
image displayed on the display unit 8 is lower than the aver-
age luminance of the original image.

The same occurs in FIGS. 46(a) to (¢). The gradation
distributions of the gradation-corrected image data Dec,
shown in FIG. 46(b), have a broader dynamic range and a
larger average luminance than the gradation distributions of
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the image data Db before gradation-scale correction, shown
in FIG. 46(a). As a result, the post-gradation-correction aver-
age luminance Ycav becomes larger than the pre-gradation-
correction average luminance Ybav, the gradation-correction
average luminance difference Ysc (=Ybav-Ycav) becomes a
negative number, and the light source control signal Lc
decreases, as expressed by equation (50). Therefore, as shown
in FIG. 46(c), bright parts corresponding to CMAX in FIG.
46(a) become brighter, and dark parts corresponding to
CMIN in FIG. 46(a) become darker.

However, the pre-gradation-correction average luminance
Ybav is higher than in FIGS. 45(a) to 45(c), so the light source
control signal L.c becomes greater than in FIGS. 45(a) to
45(c). The average luminance of the image displayed on the
display unit 8 becomes higher than the average luminance of
the original image.

The difference between FIGS. 45(a) to 45(c) and FIGS.
46(a) to 46(c) will now be further described. In the graphs in
FIGS. 45(a) to 45(c), the pre-gradation-correction average
luminance Ybav is small, while in the graphs in FIGS. 46(a)
to 46(c), the pre-gradation-correction average luminance
Yhbav is large. The light source control signal Lc is therefore
smaller in FIGS. 45(a) to 45(c), in accordance with equation
(50). This means that in dark scenes, where the pre-gradation-
correction average luminance Ybav is low, as shown in FIGS.
45(a) to 45(c), bright parts are not darkened, and blackish
parts become more black; in bright scenes, where the pre-
gradation-correction average luminance Ybav is high, as
shown in FIGS. 46(a) to 46(c), blackish parts are not bright-
ened, and bright parts are displayed more brightly. That is, the
contrast of the image in the time-axis direction is improved
while in-frame contrast is also improved.

The apparatus shown in FIG. 35 can be implemented by
software, that is, by a programmed computer. The operation
in that case will be explained with reference to FI1G. 47.

Instep S1, a certain type of input image signal (correspond-
ing to Da in FIG. 3) used in television, computers, or the like
is received and converted to a format used in step S2 and step
S3, such as a digital image signal (corresponding to Db in
FIG. 35) representing the three primary colors of light, red
(R), green (G), and blue (B).

In step S2, color information (corresponding to Ci in FIG.
35), including the maximum gradation and the minimum
gradation, is detected from the data DbR, DbG, DbB repre-
senting the per-pixel red (R), green (G), and blue (B) compo-
nents of one frame.

In step S3, luminance (Y) data are derived from the data
DbR, DbG, DbB representing the per-pixel red (R), green
(G), and blue (B) components, and the maximum and mini-
mum luminance information (corresponding to Yi in FIG.
35), including the maximum gradation and minimum grada-
tion, is detected from the luminance (Y) data for one frame.

In step S4, parameters required to perform a gradation-
scale correction that will not cause color collapse or will make
color collapse inconspicuous are derived from the detected
color information and luminance information.

In step S5, a gradation-scale correction is performed in
accordance with the derived parameters.

In step S6, luminance (Y) data are derived from the data
DbR, DbG, DbB of the digital image (corresponding to Db in
FIG. 35) before gradation-scale correction, and luminance
information (corresponding to Ybav in FIG. 35), including
the average luminance, is detected from the luminance (Y)
data for one frame. In addition, luminance (Y) data are
derived from the data DcR, DcG, DcB of the digital image
(corresponding to Dc in FIG. 35) after gradation-scale cor-
rection, and average luminance information (corresponding
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to Ycav in FIG. 35), including average luminance, is detected
from the luminance (Y) data for one frame.

In step S7, a light source control signal (corresponding to
Lc in FIG. 35) for improving contrast in the time-axis direc-
tion is derived from the detected luminance information.

In step S8, an image corresponding to the gradation-cor-
rected image data (corresponding to Dc in FIG. 35) is dis-
played with a light source controlled by the light source
control signal (corresponding to Lc in FIG. 35).

The processing in step S1 corresponds to the processing
done by the receiver 2 shown in FIG. 35. The processing in
step S2 corresponds to the processing done by the color
information detector 3, maximum value selector 51, and
minimum value selector 52. The processing in step S3 corre-
sponds to the processing done by the correction parameter
generating means 53B. The processing in step S4 corresponds
to the processing done by the correction controller 5. The
processing in step S5 corresponds to the processing done by
the gradation corrector 6. The processing in step S6é corre-
sponds to the processing done by the average luminance
information detector 13. The processing in step S7 corre-
sponds to the processing done by the light source controller
14. The processing in step S8 corresponds to the processing
done by the display unit 8.

FIG. 48 is a diagram showing another exemplary structure
of the display unit 8. The display unit 8 shown in the figure
comprises a light source 8a, a modulator 8¢, and a modulator
8b.

The light source 8a is a normal light source and emits a
certain amount of light. The light source control signal Lc
output from the light source controller 14 is input to modu-
lator 8c. Light from the light source 84 is modulated in accor-
dance with the value of the light source control signal Le,
changing the amount of light (brightness) reaching modulator
8b. The image data Dc comprising the red, green, and blue
components output from the gradation corrector 6 are input to
modulator 85, and the transmittance of light of each pixel is
modulated in accordance with the corresponding data in the
image data Dc. Modulators 8¢ and 85 may be devices that
modulate light by varying transmittance or devices that
modulate light by varying reflectance, and any combination
of'both types of devices may be used.

Sixth Embodiment

FIG. 49 shows an image display apparatus according to a
sixth embodiment of the present invention. The input terminal
1, receiver 2, image processing apparatus 7 (including a color
information detector 3, a luminance information detector 4, a
correction controller 5, and a gradation corrector 6), display
unit 8, average luminance information detector 13, and light
source controller 14 shown in FIG. 49 operate in the same
way as in the fifth embodiment and were shown in FIG. 35, so
descriptions thereof will be omitted. The image display appa-
ratus shown in FIG. 49 differs from the image display appa-
ratus shown in FIG. 35 in that an average color information
detector 15 for outputting average color information Cav
derived from input image data Db is added, and the average
color information Cav is input to the light source controller
14.

The operation of the average color information detector 15
and light source controller 14 will be described.

Image data Db output from the receiver 2 are input to the
gradation corrector 6, color information detector 3, lumi-
nance information detector 4, average luminance information
detector 13, and average color information detector 15.
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The light source controller 14 receives the pre-gradation-
correction average luminance Ybav and post-gradation-cor-
rection average luminance Ycav output from the average
luminance information detector 13 and the average color
information Cav output from the average color information
detector 15, derives a light source control signal [.¢ from this
information, and outputs the light source control signal Lc.

The average color information detector 15 comprises aver-
agers 157, 15g, 155, as shown in FIG. 50.

The image data Db output from the receiver 2 comprise
data DbR, DbG, DbB corresponding to the three colors red,
green, and blue, of which DbR is input to the averager 15r,
DbG is input to the averager 15¢, and DbB is input to the
averager 15b. The color data DbR, DbG, DbB representing
the red, green, and blue components undergo similar process-
ing. The processing of DbR will be described. The averager
157 derives the average luminance in one frame by accumu-
lating the input color signal DbR for the period corresponding
to one frame and dividing the cumulative sum by the number
of'pixels in the frame, and outputs average red color informa-
tion Rav. Average green color information Gav and average
blue color information Bav are output similarly. The infor-
mation output for the three different colors is denoted collec-
tively as average color information Cav in FIG. 49.

The averager 157 may output the cumulative sum without
performing division. In that case, the divider circuit can be
omitted. The averager 15g and averager 155 should then also
output cumulative sums without performing division.

As shown in FIG. 51, the light source controller 14 com-
prises a maximum value selector 149, a pair of subtractors
141, 143, a pair of multipliers 144, 145, a pair of adders 146,
147, and a limiter 148.

The pre-gradation-correction average luminance Ybav and
post-gradation-correction average luminance Ycav output
from the average luminance information detector 13 are input
to subtractor 141. As in FIG. 41 in the fifth embodiment,
subtractor 141 outputs a gradation-correction average lumi-
nance difference Ysc obtained from equation (49) to multi-
plier 145.

Multiplier 145 multiplies the gradation-correction average
luminance difference Ysc by a predetermined gradation-cor-
rection average luminance difference coefficient Ks and out-
puts the resulting product to adder 146.

The average color information Cav (comprising Rav, Gav,
and Bav) output from the average color information detector
15 is input to the maximum value selector 149. The average
red color signal Rav, average green color signal Gav, and
average blue color signal Bav constituting the average color
information Cav are shown simply as Rav, Gav, Bav in FIG.
51. The matrix circuit 41 selects the largest among the input
average red color signal Rav, average green color signal Gav,
and average blue color signal Bav and outputs it as a maxi-
mum average color signal Cavmax to subtractor 143.

Subtractor 143 obtains the difference between the input
maximum average color signal Cavmax and a predetermined
maximum average color signal constant Cc and outputs the
difference (Cavmax—Cc) to multiplier 144. Multiplier 144
multiplies the difference output from subtractor 143 by a
predetermined maximum average color information coeffi-
cient Kc and outputs the resulting product to adder 146. Adder
146 adds the product obtained from multiplier 144 and the
product obtained from multiplier 145 and outputs the sum to
adder 147. Adder 147 adds the sum obtained from adder 146
and a predetermined non-light-source-control constant BS
and outputs the sum to the limiter 148. If the value input from
adder 147 exceeds a prescribed range limit, the limiter 148
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clips the value to the prescribed limit and outputs the clipped
value as the light source control signal Lc.

The light source control signal ¢ increases the brightness
of the light source as its value increases and decreases the
brightness of the light source as its value decreases.

The processing in the light source controller 14 described
above can be regarded as the calculation of a light source
control signal Lc expressed by equation (52). The light source
controller 14 generates the light source control signal Lc
according to equation (52).

Le=(Cavmax—Cc)xKe+(Ybav-Ycav)xKs+BS (52)

(Cavmax is the largest value among Rav, Gav, and Bav)

If Lc exceeds a prescribed range, the maximum value or
minimum value in the prescribed range is used.

If the light source is darkened by increasing values of the
light source control signal Lc¢ and brightened by decreasing
values of Lc, then the light source control signal L.¢ should be
calculated in accordance with equation (53) instead of equa-
tion (52). In other words, a light source controller 14 struc-
tured to perform the calculation in equation (53) should be
used.

Le=(Ce-Cavmax)xKe+(Ycav-Ybav)xKs+BS (53)

(Cavmax is the largest value among Rav, Gav, and Bav)

If Lc exceeds a prescribed range, the maximum value or
minimum value in the prescribed range is used.

In the above structure, when the average luminance of any
single color, red, green, or blue, is large (the average red color
signal Rav, average green color signal Gav, or average blue
color signal Bav is large), the largest value, or the maximum
average color signal Cavmax increases, increasing the light
source control signal Lc. That is, the light source is controlled
s0 as to become brighter. Therefore, the light source can be
controlled so as to become brighter for highly saturated
images, so that the images can be displayed vividly.

If division is omitted in the calculation of Rav, Gav, Bav,
Ybav, Ycav, an appropriate action, such as deletion of low-
order bits, should be performed when the light source control
signal Lc is calculated.

The apparatus shown in FIG. 49 can be implemented by
software, that is, by a programmed computer. The operation
in that case will be explained with reference to FIG. 52. In
FIG. 52, steps identical to or similar to steps in FIG. 47 are
denoted by the same reference numerals. FIG. 47 differs from
FIG. 52 in that step S9 is added.

Instep S1, acertain type of input image signal (correspond-
ing to Da in FIG. 49) used in television, computers, or the like
is received and converted to a format used in step S2 and step
S3, such as a digital image signal (corresponding to Db in
FIG. 49) representing the three primary colors of light, red
(R), green (G), and blue (B).

In step S2, color information (corresponding to Ci in FIG.
49), including maximum gradations and minimum grada-
tions, is detected from data DbR, DbG, DbB representing the
per-pixel red (R), green (G), and blue (B) components for one
frame. In addition, maximum color information CMAX and
minimum color information CMIN are calculated.

In step S3, luminance (Y) data are derived from the data
DbR, DbG, DbB representing the per-pixel red (R), green
(G), and blue (B) components, and the maximum and mini-
mum luminance information (corresponding to Yi in FIG.
49), including the maximum gradation and minimum grada-
tion, is detected from the luminance (Y) data for one frame.

In step S4, parameters (corresponding to Pa in FIG. 49)
required to perform a gradation-scale correction that will not
cause color collapse or will make color collapse inconspicu-
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ous are derived from the detected maximum color informa-
tion CMAX, minimum color information CMAX, and lumi-
nance information Yi.

In step S5, a gradation-scale correction is performed in
accordance with the derived parameters.

In step S9, average color information (corresponding to
Cav in FIG. 49), including the average gradation of each
color, is detected from the data of the red (R), green (G), and
blue (B) components of each pixel in one frame.

In step S6, luminance (Y) data are derived from the data
DbR, DbG, DbB of the digital image (corresponding to Db in
FIG. 49) before gradation-scale correction, and average lumi-
nance information (corresponding to Ybav in FIG. 49),
including average luminance, is detected from the luminance
(Y) data for one frame. In addition, luminance (Y) data are
derived from the data DcR, DcG, DcB of the digital image
(corresponding to Dc in FIG. 49) after gradation-scale cor-
rection, and average luminance information (corresponding
to Ycav in FIG. 49), including average luminance, is detected
from the luminance (Y) data for one frame.

In step S7, a light source control signal (corresponding to
Lc in FIG. 49) for improving contrast in the time-axis direc-
tion is derived from the detected average color information
and average luminance information.

In step S8, an image corresponding to the gradation-cor-
rected image data (corresponding to Dc in FIG. 49) is dis-
played with a light source controlled by the light source
control signal (corresponding to Lc in FIG. 49).

The processing in step S9 corresponds to the processing
done by the average color information detector 15.

Seventh Embodiment

FIG. 53 shows an image display apparatus according to a
seventh embodiment of the present invention. The input ter-
minal 1, receiver 2, image signal processing apparatus 7 (in-
cluding a color information detector 3, a luminance informa-
tion detector 4, a correction controller 5, and a gradation
corrector 6), display unit 8, and average luminance informa-
tion detector 13 shown in FIG. 53 operate in the same way as
in the fifth embodiment and were shown in FIG. 35, so
descriptions thereof will be omitted. The apparatus shown in
FIG. 53 differs from the apparatus shown in FIG. 35 in that the
light source controller 14 receives Ci output from the color
information detector 3, Yi output from the luminance infor-
mation detector 4, and Ycav, Ybav output from the average
luminance information detector 13, derives a light source
control signal L¢ from this information, and outputs the light
source control signal Lc.

As shown in FIG. 54, the light source controller 14 com-
prises a pair of subtractors 141, 143, a pair of multipliers
144b, 145, a pair of adders 146, 147, a limiter 148, and a
maximum value selector 1495.

The pre-gradation-correction average luminance Ybav and
post-gradation-correction average luminance Ycav output
from the average luminance information detector 13 are input
to subtractor 141. As in FIG. 41 in the fifth embodiment,
subtractor 141 outputs the gradation-correction average lumi-
nance difference Ysc obtained from equation (49) to multi-
plier 145.

Multiplier 145 multiplies the gradation-correction average
luminance difference Ysc by a predetermined gradation-cor-
rection average luminance difference coefficient Ks and out-
puts the resulting product to adder 146.

The maximum trichromatic color information RMAX,
GMAX, BMAX output from the color information detector 3
is input to the maximum value selector 14956. The maximum
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value selector 1495 selects the largest among these input
values RMAX, GMAX, BMAX and outputs it as a maximum
color signal CMAX to subtractor 1435.

Subtractor 1435 obtains the difference between the input
maximum color signal CMAX and the maximum gradation
YMAX output from the luminance information detector 4
and outputs the difference (CMAX-YMAX) to multiplier
1445. Multiplier 1445 multiplies the difference output from
subtractor 1435 by a predetermined maximum color signal
coefficient Km and outputs the resulting product to adder 146.
Adder 146 adds the product obtained from multiplier 1445
and the product obtained from multiplier 145 and outputs the
sum to adder 147.

Adder 147 adds the sum obtained from adder 146 and a
predetermined non-light-source-control constant BS and out-
puts the sum to the limiter 148. If the value input from adder
147 exceeds a prescribed range, the limiter 148 uses the
maximum value or minimum value of the prescribed range
and outputs the light source control signal L.c within the
prescribed range.

The light source control signal ¢ increases the brightness
of the light source as its value increases and decreases the
brightness of the light source as its value decreases.

The processing in the light source controller 14 described
above can be regarded as the calculation of a light source
control signal Lc expressed by equation (54).

Le=(CMAX-YMAX)-Km+(Ybav-Ycav)xKs+BS (54)

(CMAX is the largest value among RMAX, GMAX, and
BMAX)

If Lc exceeds a prescribed range, the maximum value or
minimum value in the prescribed range is used.

If the light source is darkened by increasing values of the
light source control signal Lc¢ and brightened by decreasing
values of Lc, then the light source control signal L.¢ should be
calculated in accordance with equation (55) instead of equa-
tion (54). In other words, a light source controller 14 struc-
tured to perform the calculation in equation (55) should be
used.

Le=(YMAX-CMAX)xKm+(Ycav-Ybav)xKs+BS (55)

(CMAX is the largest value among RMAX, GMAX, and
BMAX)

If Lc exceeds a prescribed range, the maximum value or
minimum value in the prescribed range is used.

In the above structure, when the maximum color signal
CMAX, or the largest of the maximum gradations (RMAX,
GMAX, BMAX) of the three colors, is larger than the maxi-
mum luminance gradation YMAX, the light source control
signal Lc increases. That is, the light source is controlled so as
to become brighter. Therefore, the light source can be con-
trolled so as to become brighter for highly saturated images,
so that the images can be displayed vividly.

Since parts of the color information Ci output from the
color information detector 3 and the luminance information
Yi output from the luminance information detector 4 are used
to perform light source control, the size of the circuit can be
kept small.

The apparatus shown in FIG. 54 can be implemented by
software, that is, by a programmed computer. The operation
in that case will be explained with reference to FIG. 55. In
FIG. 55, steps identical to or similar to steps in FIG. 47 are
denoted by the same reference numerals. FIG. 55 differs from
FIG. 47 in that step S17 replaces step S7.

Instep S1, acertain type of input image signal (correspond-
ing to Da in FIG. 53) used in television, computers, or the like
is received and converted to a format used in step S2 and step
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S3, such as a digital image signal (corresponding to Db in
FIG. 53) representing the three primary colors of light, red
(R), green (G), and blue (B).

In step S2, color information (corresponding to Ci in FIG.
53), including maximum gradations and minimum grada-
tions, is detected from data DbR, DbG, DbB representing the
per-pixel red (R), green (G), and blue (B) components for one
frame. In addition, maximum color information CMAX and
minimum color information CMIN are calculated.

In step S3, luminance (Y) data are derived from the data
DbR, DbG, DbB representing the per-pixel red (R), green
(G), and blue (B) components, and the maximum and mini-
mum luminance information (corresponding to Yi in FIG.
53), including the maximum gradation and minimum grada-
tion, is detected from the luminance (Y) data for one frame.

In step S4, parameters (corresponding to Pa in FIG. 53)
required to perform a gradation-scale correction that will not
cause color collapse or will make color collapse inconspicu-
ous are derived from the detected color information and Iumi-
nance information.

In step S5, a gradation-scale correction is performed in
accordance with the derived parameters.

In step S6, luminance (Y) data are derived from the data
DbR, DbG, DbB of the digital image (corresponding to Db in
FIG. 53) before gradation-scale correction, and average lumi-
nance information (corresponding to Ybav in FIG. 53),
including the average luminance, is detected from the lumi-
nance (Y) data for one frame. In addition, luminance (Y) data
are derived from the data DcR, DcG, DcB of the digital image
(corresponding to Dc in FIG. 53) after gradation-scale cor-
rection, and average luminance information (corresponding
to Ycav in FIG. 53), including the average luminance, is
detected from the luminance (Y) data for one frame.

In step S17, a light source control signal (corresponding to
Lc in FIG. 53) for improving contrast in the time-axis direc-
tion is derived from the detected luminance information (cor-
responding to Ybav and Ycav in FIG. 53), the maximum
gradations (corresponding to RMAX, GMAX, BMAX in
FIG. 30) and so on included in the color information detected
in step S2, and the maximum gradation (corresponding to
YMAX in FIG. 30) and so on included in the luminance
information detected in step S3.

In step S8, an image corresponding to the gradation-cor-
rected image data (corresponding to Dc in FIG. 53) is dis-
played with a light source controlled by the light source
control signal (corresponding to Lc in FIG. 53).

The processing in step S17 corresponds to the processing
done by the light source controller 14.

Eighth Embodiment

FIG. 56 shows an image display apparatus according to an
eighth embodiment of the present invention. As shown in
FIG. 56, the image display apparatus according to the eighth
embodiment comprises an input terminal 1, receiver 2, image
signal processing apparatus 7, and display unit 8. The receiver
2 and image signal processing apparatus 7 form an image
processing apparatus.

The image signal processing apparatus 7 includes a color
information detector 3, an average pre-correction luminance
information detector 4B, a correction controller 5, and a gra-
dation corrector 6.

An image signal Da having a prescribed format used in
television, computers, or the like is input to the input terminal
1. The receiver 2 receives the image signal Da input at the
input terminal 1.
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The receiver 2 converts the received image signal Da to a
format that is used by the image signal processing apparatus
7 and outputs it as a digital image signal Db representing the
three primary colors of light, red (R), green (G), and blue (B).
If the input image signal Da is an analog signal, the receiver
2 comprises an A/D converter or the like; if the input image
signal Da is a digital signal, the receiver 2 comprises a
demodulator or the like that converts the signal to a suitable
format.

The image data Db output from the receiver 2 are input to
the color information detector 3, average pre-correction lumi-
nance information detector 4B, and gradation corrector 6 in
the image signal processing apparatus 7.

The color information detector 3 detects per-pixel color
information Ci from the per-pixel data DbR, DbG, DbB of'the
red (R), green (G), and blue (B) components of the received
image data Db. As the color information Ci, the color infor-
mation detector 3 detects maximum gradation information
values of the color components comprising the image signal,
which are maximum level values (maximum gradations or
values equivalent to the maximum gradations), and minimum
gradation information values of the color components, which
are minimum level values (minimum gradations or values
equivalent to the minimum gradations).

The average pre-correction luminance information detec-
tor 4B derives a luminance Y from the per-pixel data DbR,
DbG, DbB of the red, green, and blue components of the
received image data Db and detects luminance information Yi
from the derived luminance Y. As the luminance information,
the average pre-correction luminance information detector
4B detects an average level value (average gradation or a
value equivalent to the average gradation) of the luminance
component.

The detected color information Ci and luminance informa-
tion Yi are output to the correction controller 5. From the color
information Ci input from the color information detector 3
and the luminance information Yi input from the average
pre-correction luminance information detector 4B, the cor-
rection controller 5 derives a gradation correction signal (pa-
rameters) Pa used by the gradation corrector 6 in performing
gradation-scale corrections on the image data, and outputs it
to the gradation corrector 6.

The gradation corrector 6 corrects gradations of the image
data Db according to the parameters Pa input from the cor-
rection controller 5 and outputs gradation-corrected image
data Dc to the display unit 8. The display unit 8 displays an
image according to the image data Dc input from the grada-
tion corrector 6.

The color information detector 3 comprises histogram gen-
erators 317, 31g, 315, maximum gradation detectors 327, 32g,
32b, and minimum gradation level detectors 33, 33g, 335,
for example, as shown in FIG. 2.

The image data Db input from the receiver 2 include color
signals DbR, DbG, DbB representing the red, green, and blue
components, and the image data Dc output from the gradation
corrector 6 to the display unit 8 also include color signals
DcR, DeG, DcB representing the red, green, and blue com-
ponents. An arbitrary one of DbR, DbG, DbB may be denoted
by reference characters Dbj (j being R, G, or B), and an
arbitrary one of DcR, DcG, DeB may be denoted by reference
characters Dcj (j being R, G, or B).

The DbR color signal is input to histogram generator 317;
the DbG color signal is input to histogram generator 31g; and
the DbB color signal is input to histogram generator 3156. The
three color signals DbR, DbG, DbB representing the red,
green, and blue components undergo similar processing. The
processing of the DbR color signal will be described below.
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Histogram generator 317 generates a histogram for one
frame by counting the frequency of image data corresponding
to a certain period, such as one frame, of the input color signal
DbR in each gradation division. The maximum gradation
detector 32» accumulates the frequencies in the generated
histogram from the brightest (maximum) toward the mini-
mum gradation division, detects the gradation division in
which the cumulative frequency exceeds a predetermined
threshold value RA, and outputs the representative value of
the division as the maximum level value (maximum red gra-
dation information value) RMAX. Similarly, the minimum
gradation level detector 337 accumulates the frequencies in
the generated histogram from the darkest (minimum) toward
the maximum gradation division, detects the gradation divi-
sion in which the cumulative frequency thus obtained exceeds
a predetermined threshold value RB, and outputs the repre-
sentative value of the division as the minimum level value
(minimum red gradation information value) RMIN. The rep-
resentative value is, for example, the central value of the
division.

FIG. 3 shows an exemplary histogram generated by histo-
gram generator 317. The horizontal axis indicates gradation
values, and the vertical axis indicates frequencies.

In the example shown in FIG. 3, the 256 gradations, from
‘0’ to ‘255°, of the image data DbR are divided into 32
divisions, each division consisting of eight gradation values.
Histogram generator 317 generates a histogram by counting
the frequencies over intervals of eight gradations, represent-
ing the 32 divisions of the 256 gradations.

When the 256 gradations are divided into 32 divisions,
each division has eight gradation values, as noted above. The
numbers on the horizontal axis in FIG. 3 are representative
values indicating a gradation value near the center in each
division. For example, the value ‘4’ on the horizontal axis is
the representative value of the division consisting of grada-
tion values ‘0’ to “7°, and the frequency corresponding to the
value ‘4’ indicates the number of pixels having gradation
values ‘0’ to 7’ in the image data DbR for one frame.

The histogram may also be generated so that each division
consists of one gradation value, by obtaining the frequency of
each gradation value in the image data DbR; if the image data
consist of eight bits, for example, frequencies are obtained for
each of the 256 gradation values from ‘0’ to ‘255°.

If each division includes a plurality of gradation values, as
shown in FIG. 3, the computation can be simplified by reduc-
ing the number of divisions. The number of divisions should
be determined on the basis of the amount of computation and
the required detection precision.

The cumulative frequency HRb on the dark side can be
obtained by accumulating the frequencies in the histogram
generated as described above from the minimum toward the
maximum gradation division, and the cumulative frequency
HRw on the bright side can be obtained by accumulating the
frequencies from the maximum toward the minimum grada-
tion division. The position at which the cumulative frequency
HRb exceeds a predetermined threshold value RB is output as
the minimum gradation RMIN (12’ in FIG. 3), and the posi-
tion at which the cumulative frequency HRw exceeds a set-
ting RA is output as the maximum gradation RMAX (212’ in
FIG. 3).

Histogram generators 31g, 315 have the same structure as
histogram generator 317, generate histograms from the color
signals DbG, DbB in the same way as from the color signal
DbR, described above, detect the maximum and minimum
gradations of the color signals, and output them as GMAX,
GMIN, BMAX, and BMIN.
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The cumulative frequencies generated by the histogram
generators 317, 31g, 315 in the example described above may
instead be generated by the maximum gradation detectors
32r, 32g, 326 and minimum gradation level detectors 337,
33g, 33b. If the maximum gradation detectors 32r, 32g, 325
and minimum gradation level detectors 337, 33g, 335 gener-
ate the cumulative frequencies, the histogram generators 31~
31g, 315 do not have to be provided separately.

The maximum gradations RMAX, GMAX, BMAX and
minimum gradations RMIN, GMIN, BMIN of the color sig-
nals are output from the color information detector 3 to the
correction controller 5 as color information Ci.

The average pre-correction luminance information detec-
tor 4B comprises a matrix circuit 215 and an averager 216, as
shown in FIG. 57.

The matrix circuit 215 receives the image data Db com-
prising the color signals DbR, DbG, DbB representing the
red, green, and blue components input from the receiver 2.
The matrix circuit 215 converts the input color signals DbR,
DbG, DbB to a luminance signal DbY and outputs the lumi-
nance signal DbY to the averager 216. When the signals are
converted to the luminance signal Yb, equation (48A) is used
for an NTSC television signal, for example.

Depending on the format of the input signal, a different
equation may be used to derive the luminance signal Yb, or a
simpler formula may be used to simplify the calculation.

The averager 216 derives the average luminance in one
frame by accumulating the input luminance signal Yb for a
certain period, such as the period corresponding to one frame,
and dividing the cumulative sum by the number of pixels in
the frame, and outputs the resulting pre-gradation-correction
average luminance Ybav.

The cumulative sum may be used directly, without per-
forming division. In that case, the divider circuits can be
omitted.

The pre-gradation-correction average luminance Ybav is
output from average pre-correction luminance information
detector 4B to the correction controller 5 as the luminance
information Yi.

The correction controller 5 comprises an averaging means
217 and a parameter calculating means 218, for example, as
shown in FIG. 58.

The color information Ci input from the color information
detector 3 is averaged by the averaging means 217 and output
to the parameter calculating means 218 as averaged color
information (time-averaged color information) Cib. The
luminance information Yi input from the average pre-correc-
tion luminance information detector 4B is used in the aver-
aging means 217 for controlling the averaging of the color
information Ci. Averaging control of color information Ci
will be described later in detail. The parameter calculating
means 218 derives parameters Pa for correcting gradations of
the image data from a certain equation (described later)
according to the averaged color information Cib input from
the averaging means 217.

The averaging means 217 comprises, for example, an aver-
age calculation means 219, a variation coefficient generating
means 220, and a combining means 221, as shown in FIG. 59.

The average calculation means 219 outputs first averaged
data (first time-averaged data) CiL. obtained by averaging the
color information Ci over a first period and also outputs
second averaged data (second time-averaged data) CiS
obtained by averaging over a second period which is shorter
than the first period. For example, as the information for the
first period, long-term-average color information Cil. may be
obtained by accumulating and averaging the color informa-
tion Ci received in the 32 preceding inputs, and as the infor-
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mation for the second period, short-term-average color infor-
mation CiS may be obtained by accumulating and averaging
the color information Ci received in the eight preceding
inputs.

In the description given above, the average calculation
means 219 obtains the long-term-average color information
CiL. by averaging the preceding 32 inputs of color informa-
tion Ci and obtains the short-term-average color information
CiS by averaging the preceding eight inputs of color infor-
mation Ci, but the numbers of inputs are not limited to 32 and
8. The long-term-average color information Cil, only needs to
be a longer-term average than the short-term-average color
information CiS.

The variation coefficient generating means 220 generates a
variation coefficient HK from the luminance information Yi
input from the average pre-correction luminance information
detector 4B and outputs it to the combining means 221. This
will be described later in detail.

The combining means 221 combines the long-term-aver-
age color information Cil. and short-term-average color
information CiS input from the average calculation means
219 in a ratio depending on the variation coefficient HK input
from the variation coefficient generating means 220 and out-
puts the result as averaged color information Cib.

The averaged color information Cib is obtained from, for
example, the following equation (56).

Cib=(HK*CiS+(128-HK)* CiL)/128 (56)

This equation (56) assumes that the variation coefficient HK
varies in 128 integer steps. In general if HKmax is the number
of'integer steps of the variation coefficient HK, the following
equation (57) is used instead of equation (56).

Cib=(HK*CiS+(HKmax—HK)*CiL)/HKmax 7

The calculation of the averaged color information Cib from
equation (56) or (57) means that when the variation coeffi-
cient HK is small, that is, when the picture is nearly a still
image, the output averaged color information Cib includes
more of the long-term-average color information Cil; when
the variation coefficient HK is large, indicating that the image
is changing considerably, more of the short-term-average
color information CiS is included.

The average calculation means 219 comprises, for
example, accumulating means 2227, 222g, 2225, 2237, 223g,
223b, as shown in FIG. 60.

The color information Ci comprises maximum level values
(maximum gradation information values) RMAX, GMAX,
BMAX and minimum level values (minimum gradation
information values) RMIN, GMIN, BMIN, as described
above.

Accumulating means 222r obtains a long-term-average
maximum red level value (maximum gradation information
value) RMAXI, and a short-term-average maximum red level
value (maximum gradation information value) RMAXS;
accumulating means 222g obtains a long-term-average maxi-
mum green level value (maximum gradation information
value) GMAXL and a short-term-average maximum green
level value (maximum gradation information value)
GMAXS; accumulating means 2225 obtains a long-term-
average maximum blue level value (maximum gradation
information value) BMAXL. and a short-term-average maxi-
mum blue level value (maximum gradation information
value) BMAXS. Accumulating means 2237 obtains a long-
term-average minimum red level value (minimum gradation
information value) RMINL and a short-term-average mini-
mum red level value (minimum gradation information value)
RMINS; accumulating means 223g obtains a long-term-av-
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erage minimum green level value (minimum gradation infor-
mation value) GMINL and a short-term-average minimum
green level value (minimum gradation information value)
GMINS; accumulating means 2235 obtains a long-term-av-
erage minimum blue level value (minimum gradation infor-
mation value) BMINL and a short-term-average minimum
blue level value (minimum gradation information value)
BMINS.

FIG. 61 shows the detailed structure of the variation coef-
ficient generating means 220, which comprises a maximum-
minimum-average detecting means 228 and a variation coef-
ficient calculating means 229. As the luminance information
Yi, the pre-gradation-correction average luminance Ybav is
input.

The maximum-minimum-average detecting means 228
accumulates the past 32 input values of the pre-gradation-
correction average luminance Ybav and obtains an average
YVAVE. The largest value YYMAX and the smallest value
YvMIN among the past 32 input values of the pre-gradation-
correction average luminance Ybav input are also obtained.
The variation coefficient calculating means 229 generates a
variation coefficient HK(i) from the following equation (58)
and outputs the HK(i) value.

HK()=HK(i—1)+[{ABS(YbavN- YvAVE)* HK1+(¥v-

MAX-BWMIN)*HK2}-HK(i-1))/HKd (58)

YbavN is the newest value of the pre-gradation-correction
average luminance Ybav, ABS( ) is the absolute value of the
quantity in the parentheses, and HK1, HK2, and HKd are
arbitrary constants.

In addition, HK(i-1) is the most recent previously obtained
variation coefficient, and HK(i) is the new variation coeffi-
cient to be calculated.

The difference between the newest value YbavN among the
input pre-gradation-correction average luminance Ybav and
the average YVAVE of the pre-gradation-correction average
luminance Ybav input in past 32 sessions becomes large at
scene changes or the like. The difference between the largest
value YYMAX and the smallest value YVMIN among the
pre-gradation-correction average luminance Ybav input in
past 32 sessions becomes large at fade-in or fade-out. Increas-
ing the constant HK1 increases the rate at which the variation
coefficient HK changes at a scene change, and increasing the
constant HK2 increases the rate of change of the variation
coefficient HK at fade-in and fade-out. Increasing the con-
stant HKd decreases the rate of change of the variation coef-
ficient HK, so that the variation coefficient HK increases
more gradually at scene changes and at fade-in or fade-out,
and decreases more gradually when image variation
decreases.

These constants are determined in accordance with human
perception and the time intervals at which input data such as
the luminance information Yi and color information Ci are
updated; the constants HK1 and HK2 are normally set to
about ‘2°, and HKd is set to about ‘20°. Of course, HKd may
be set to an n-th power (where n is a natural number) of ‘2’,
such as ‘16’ or 32’ to reduce the computational load on a
microprocessor or the like.

By adjusting HK1, HK2, HKd as described above, a
desired time constant can be set, and a desired control time
constant can be obtained.

The input data such as the luminance information Yi and
color information Ci may be updated at intervals of one
vertical period (frame) of the input image or several vertical
periods.

If the luminance information Yi or color information Ci is
an eight-bit signal, then YbavN, YVAVE, YYMAX, and
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YvMIN range from ‘0’ to ‘255, so that the variation coeffi-
cient HK can range from ‘0’ to ‘510’ when the constants HK1
and HK2 are set to 2. A variation coefficient HK greater than
or equal to ‘128’ can be usually taken as a sign of sufficient
image variation, so the variation coefficient HK is clipped to
the upper limit of “128°.

When the variation coefficient HK is ‘0’, the picture is
regarded as a still image. When the variation coefficient HK is
<128’, the picture is regarded as a moving image. The upper
limit of the variation coefficient HK is set to * 128’ because the
computational load on the microprocessor or the like can be
reduced by setting the divisor in the division operation in
equation (56) to “128°.

The combining means 221 comprises, for example, com-
bining means 2307, 2317, 230g, 231g, 2305, 2315 as shown in
FIG. 62.

As shown in FIG. 62, the long-term-average color infor-
mation CiL includes RMAXL, RMINL, GMAXL, GMINL,
BMAXI., and BMINL, and the short-term-average color
information CiS includes RMAXS, RMINS, GMAXS,
GMINS, BMAXS, and BMINS.

Combining means 2307 combines the long-term-average
maximum red level value RMAXL and short-term-average
maximum red level value RMAXS in accordance with the
following equation (56r), which is obtained by substituting
RMAXb, RMAXIL, and RMAXS, respectively, for Cib, CiL,
and CiS in equation (56), and generates averaged maximum
red level value color information (time-average maximum red
level value) RMAXb.

RMAXb is derived from RMAXS, RMAXL, and HK
according to the following equation.

RMAXb=(HK*RMAXS+(128- HK)*RMAXL)/128 (561)

Similarly, combining means 230g combines the long-term-
average maximum green level value GMAXL and short-
term-average maximum green level value GMAXS in accor-
dance with an equation obtained by substituting GMAXb,
GMAXL, and GMAXS for Cib, CiL, and CiS in equation
(56), and generates averaged maximum green level value
color information (time-average maximum green level value)
GMAXb.

Similarly, combining means 23056 combines the long-term-
average maximum blue level value BMAXI. and short-term-
average maximum blue level value BMAXS in accordance
with an equation obtained by substituting BMAXb, BMAXIL,,
and BMAXS for Cib, CiL, and CiS in equation (56), and
generates averaged maximum blue level value color informa-
tion (time-average maximum blue level value) BMAXb.

Similarly, combining means 2317 combines the long-term-
average minimum red level value RMINL and short-term-
average minimum red level value RMINS in accordance with
an equation obtained by substituting RMINb, RMINL, and
RMINS for Cib, CiL, and CiS in equation (56), and generates
averaged minimum red level value color information (time-
average minimum red level value) RMINb.

Similarly, combining means 231g combines the long-term-
average minimum green level value GMINL and short-term-
average minimum green level value (time-average minimum
green level value) GMINS in accordance with an equation
obtained by substituting GMINb, GMINL, and GMINS for
Cib, CiL, and CiS in equation (56), and generates averaged
minimum green level value color information GMINb.

Similarly, combining means 2315 combines the long-term-
average minimum blue level value BMINL and short-term-
average minimum blue level value BMINS in accordance
with an equation obtained by substituting BMINb, BMINL,
and BMINS for Cib, CiL, and CiS in equation (56), and
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generates averaged minimum blue level value color informa-
tion (time-average minimum blue level value) BMINbD.

The parameter calculating means 218 calculates param-
eters Pa in accordance with color information Cib (including
RMAXb, GMAXb, BMAXb, RMINb, GMINb, and
BMIND), as detailed later. The parameters Pa include param-
eters BK and K, as described below.

The relationship between the input video signal and the
output video signal of the gradation corrector 6 is as shown in
FIG. 5, for example. The gradation corrector 6 receives the
image data DbR, DbG, DbB representing the three color
components, R, G, B. The horizontal axis indicates grada-
tions of image data Dbj (j being R, G, or B); the vertical axis
indicates gradations of the image data Dc¢j (j being R, G, or B).
The method of calculating the parameters Pa in the parameter
calculating means 218 will be described with reference to
FIG. 5.

Let CMAX, the all-color maximum level value (maximum
gradation information value), denote the largest of the aver-
aged maximum level values (time-averaged maximum level
values) RMAXb, GMAXb, BMAXDb of the red, green, and
blue components input from the averaging means 217; let
CMIN, the all-color minimum level value (minimum color
information value), denote the smallest of the averaged mini-
mum level values (time-averaged minimum level values)
RMINb, GMINb, BMIND; let CMAXt be the target value
after gradation-scale correction, corresponding to the all-
color maximum level value data CMAX, and let CMINt be
the target value after gradation-scale correction, correspond-
ing to the all-color minimum level value data CMIN; then K
represents the slope of the line shown in FIG. 5, and BK
represents the point at which the line intersects the horizontal
axis. These relationships can be expressed by equations (1)
and (2).

The gradation transformation characteristics of the grada-
tion corrector 6 as shown in FIG. 5 are expressed as follows.

Dcj=0 when Dbj=BK (59)

Dcj=(Dbj-BK)*K when Dbj>BK (60)

except that

Dcj=Dc¢jmax when Dc¢j>Dcjmax (61)

Equation (61) means that Dcj should not exceed the maxi-
mum value Dejmax (maximum value determined by the bit
width) of the gradation range. If the gradation of the image
data Dcj ranges from ‘0’ to ‘255, for example, Dcj is clipped
to ‘255° and does not exceed ‘255°. When, for example,
DcRmax=DcGmax=DcBmax, they will be denoted Demax.

The three equations given above can be expressed for the
individual color components as follows.

DcR=0 when DbR=BK (59r)
DcR=(DbR-BK)*K when DbR>BK (601)
except that

DcR=Dcmax when DcR>Demax (611)
DcG=0 when DbG=BK (59g)
DcG=(DbG-BK)*K when DbG>BK (60g)
except that

DcG=Dcmax when DeG>Demax (61g)
DcB=0 when DbB=BK (59b)
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DcB=(DbB—-BK)*K when DbB>BK (60b)

except that

DcB=Dcmax when DeB>Demax (61b)

By performing gradation corrections as described above,
contrast can be improved without color collapse or with less
perceptible color collapse.

Itis possibleto restrict the differences between the detected
all-color maximum level value data. CMAX and all-color
minimum level value data CMIN and the values CMAXt and
CMINt to which they are converted through gradation-scale
correction so that these differences do not exceed a predeter-
mined value, in order that excessive contrast correction will
not result in picture defects such as gradation skip, when the
image is blackish as a whole and the all-color maximum level
value data CMAX is small, or the image is whitish as a whole
and the all-color minimum level value data CMIN is large.

The parameter calculating means 218 has the same struc-
ture as the correction controller 5 shown in FIG. 4, except that
the input it receives is the output of the averaging means 217.
The maximum value selector 51 receives the averaged maxi-
mum level value color information RMAXb, GMAXb, and
BMAXb of the red, green, and blue components from com-
bining means 2307, 230g, 2305 in the averaging means 217,
selects the largest value among them, and outputs it as
CMAX.

The minimum value selector 52 receives the averaged
minimum level value color information RMINb, GMINb, and
BMIND of the red, green, and blue components from com-
bining means 2317, 231g, 2315 in the averaging means 217,
selects the smallest value among them, and outputs it as
CMIN.

The parameter generator 53 receives CMAX, CMIN,
CMAXt, and CMINt and obtains K and BK by performing
calculations on them in accordance with equations (1) and
2.

The maximum value selector 51 and minimum value selec-
tor 52 form a maximum and minimum value selection means.

The gradation corrector 6 is as shown in FIG. 6, for
example, comprising subtractors 617, 61g, 615, multipliers
62r, 62g, 62b, comparators 63r, 63g, 63b, condition testers
64r, 64g, 645, and limiters 657, 65g, 65b.

The image data Db input from the receiver 2 comprise
color signals DbR, DbG, DbB representing the red, green,
and blue color components, as described above. The DbR
color signal is input to comparator 63 and subtractor 617. The
DbG color signal is input to comparator 63g and subtractor
61g, and the DbB color signal is input to comparator 635 and
subtractor 615.

The parameter BK calculated by the correction controller 5
is input to the comparators 63r, 63g, 635 and subtractors 617,
61g, 615. The parameter K calculated by the correction con-
troller 5 is input to the multipliers 627, 62g, 624.

The three color data components DbR, DbG, DbB repre-
senting the red, green, and blue components constituting the
image data Db undergo similar processing. The processing of
DbR will be described. Subtractor 617 subtracts the parameter
BK from the image data DbR and outputs the resulting dif-
ference to multiplier 627. Multiplier 627 multiplies the difter-
ence obtained from subtractor 617 by the parameter K and
outputs the resulting product to condition tester 64

Comparator 637 outputs the result of a comparison
between DbR and BK to condition tester 647. Condition tester
647 selects the product input from multiplier 62~ if compara-
tor 63r finds that DbR>BK, selects ‘0’ otherwise, and outputs
the selected data to limiter 65r. If the value input from con-
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dition tester 647 is beyond a predetermined range (such as ‘0’
to “255%), limiter 6057 clips the value to the predetermined
range; the clipped value is output as the post-gradation-cor-
rection image data DcR.

FIGS. 63(a) to 63(f) are graphs illustrating effects pro-
duced by the eighth embodiment. In FIG. 63(a), waveform
241 represents changes in gradation value of the maximum
red level value RMAX over time. Waveform 102 in FIG.
63(b) represents the results of conventional averaging over
time of the varying RMAX gradation value represented by
waveform 241 in FIG. 63(a). Waveform 244 in FIG. 63(c)
represents the results of general averaging performed when
the RMAX gradation value changes sharply, as represented
by waveform 243, at a so-called scene change or the like.
Waveform 245 in FIG. 63(d) represents RMAXb data
obtained by averaging according to the eighth embodiment
when the RMAX gradation value changes sharply, as repre-
sented by waveform 243 in FIG. 63(¢), at a so-called scene
change or the like. Waveform 247 in FIG. 63(e) represents
results of general averaging performed when the RMAX gra-
dation value changes gradually, as represented by waveform
246, at a so-called fade-in or the like. Waveform 247 in FIG.
63(f) represents RMAXb obtained by averaging according to
the eighth embodiment when the RMAX gradation value
changes gradually as represented by the waveform 246 in
FIG. 63(e), at a so-called fade-in or the like.

The detected maximum red level value RMAX varies with
time, as shown in FIG. 63(a), and a gradation-scale correction
using this value would result in flicker. Flicker can be sup-
pressed by performing averaging, results of which are as
represented by waveform 102 in FIG. 63(c). However, if the
RMAX gradation value changes sharply as represented by
waveform 243 in FIG. 63(c¢), at a so-called scene change or
the like, general averaging would cause a delay, as indicated
by waveform 244. If data obtained as results of the averaging
as described above were to be used in a gradation-scale cor-
rection, the gradation-scale correction would cause the lumi-
nance to change gradually after the scene change, and the
gradation-scale correction would look strange. If averaging is
carried out according to the eighth embodiment, the delay is
suppressed as shown in FIG. 63(d). If the data RMAXb
obtained as results of the averaging are used in a gradation-
scale correction, the luminance produced by gradation-scale
correction changes quickly after the scene change, and the
gradation-scale correction looks natural. If the RMAX gra-
dation value changes gradually as shown in FIG. 63(e), ata
so-called fade-in or the like, ordinary averaging would cause
a delay, and a gradation-scale correction using data obtained
as results of the averaging would produce delayed changes in
luminance after the fade-in or after fade-out, making the
gradation-scale correction would look strange. If averaging is
carried out according to the eighth embodiment, the delay is
suppressed as shown in FIG. 63(f). If the data RMAXb
obtained as results of the averaging are used, the luminance
produced by gradation-scale correction changes promptly at
fade-in or after fade-out, and the gradation-scale correction
looks natural.

The effects of the present invention have been described
with respect to the maximum red level value RMAX, but the
same effects are obtainable with respect to the maximum level
values GMAX, BMAX of green and blue and the minimum
level values RMIN, GMIN, BMIN of red, green, and blue.

At least a part of the color information detector block,
luminance information detector block, correction controller
block, and gradation corrector block according to the eighth
embodiment may be implemented by software, that is, by a
programmed computer. Image display apparatus according to
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the present invention has been described above, but the meth-
ods of color information detection, luminance information
detection, correction control, and gradation-scale correction
disclosed in the description of the image display apparatus are
also parts of the present invention.

The present invention can be applied to a variety of image
display apparatuses such as liquid crystal television sets and
projection television sets.

What is claimed is:

1. An image processing apparatus comprising:

a maximum and minimum color information detector that
detects maximum gradation levels of respective ones of
a plurality of color signals constituting an input image
signal or a value equivalent to the maximum gradation
level and minimum gradation levels of respective ones
of'the plurality of the color signals constituting the input
image signal or a value equivalent to the minimum gra-
dation level as maximum and minimum color informa-
tion of the input image signal;

a maximum and minimum luminance information detector
that detects a maximum gradation level, or a value
equivalent to the maximum gradation level, of a lumi-
nance signal component of the input image signal and a
minimum gradation level, or a value equivalent to the
minimum gradation level, of the luminance signal com-
ponent of the input image signal as maximum and mini-
mum luminance information of the input image signal;

a correction generator that sets a correction parameter
according to the maximum and minimum color infor-
mation and the maximum and minimum luminance
information of the input image signal; and

a gradation corrector that corrects a gradation scale of each
color component of the input image signal according to
the correction parameter;

wherein,

the maximum luminance signal gradation level or the value
equivalent to the luminance signal maximum gradation
level is denoted by YMAX,

the minimum luminance signal gradation level of the value
equivalent to the luminance signal minimum gradation
level is denoted by YMIN,

a color signal maximum gradation information value
which is a largest value of the maximum gradation levels
of the respective ones of the plurality of color signals is
denoted by CMAX,

acolor signal minimum gradation information value which
is a smallest value of the minimum gradation levels of
the respective ones of the plurality of color signals is
denoted by CMIN,

a maximum value which a color signal component grada-
tion level can assume is denoted by GMAX,

a minimum value which a color signal component grada-
tion level can assume is zero, and

the correction parameter generator generates a post-grada-
tion-correction target value YMAXt and a post-grada-
tion-correction target value YMINt such that

YMIN=YMIN+CMIN+q; and

YMAXr=GMAX-CMAX+YMAX-p,

where

a represents a margin of the post-gradation-correction tar-
get value CMINt of the color signal minimum gradation
information value with respect to the minimum value
which the color signal gradation level can assume,
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[ represents a margin of the post-gradation-correction tar-
get value CMAXt of the color signal maximum grada-
tion information value with respect to GMAX, and

where the correction parameter generator determines the
correction parameter based on YMAXt and YMINT.

2. The image processing apparatus of claim 1, wherein the

maximum and minimum color information detector:

detects, as said largest value, the maximum gradation level
or the value equivalent to the maximum gradation level
by finding the maximum gradation level, or a value
equivalent to the maximum gradation level, of each of
the color signal components constituting the image sig-
nal within one frame, and taking a maximum value
thereamong; and

detects, as said smallest value, the minimum gradation
level or the value equivalent to the minimum gradation
level by finding the minimum gradation level, or a value
equivalent to the minimum gradation level, of each of
the color signal components constituting the image sig-
nal within one frame, and taking a minimum value
thereamong.

3. The image processing apparatus of claim 2, wherein for
each color signal component, the maximum and minimum
color information detector generates a histogram of gradation
values using at least some of the gradation values of that
component included in the color signal, cumulatively sums
the frequencies in the histogram from a maximum level
toward a minimum level, uses a gradation value at which the
cumulative sum of the frequencies first exceeds a predeter-
mined threshold as the maximum value or the value equiva-
lent to the maximum value of the color component, cumula-
tively sums the frequencies in the histogram from a minimum
level toward the maximum level, and uses a gradation value at
which the cumulative sum of the frequencies first exceeds a
predetermined threshold as the minimum value or the value
equivalent to the minimum value of the color component.

4. The image processing apparatus of claim 1, wherein the
maximum and minimum color information detector:

finds a maximum value and a minimum value among the
color signal components of the signal of each pixel in the
image signal;

detects, as said largest value, a maximum color signal
gradation level or a value equivalent to the maximum
color signal gradation level among the maximum values
in one frame; and

detects, as said smallest value, a minimum color signal
gradation level or a value equivalent to the minimum
color signal gradation level among the minimum values
in one frame.

5. The image processing apparatus of claim 1, wherein the
maximum and minimum luminance information detector
generates a histogram of gradation values using at least some
of the luminance signal component gradation values, cumu-
latively sums the frequencies in the histogram from a maxi-
mum level toward a minimum level, uses a gradation value at
which the cumulative sum of the frequencies first exceeds a
predetermined threshold as the maximum value or the value
equivalent to the maximum value, cumulatively sums the
frequencies in the histogram from a minimum level toward
the maximum level, and uses a gradation value at which the
cumulative sum of the frequencies first exceeds a predeter-
mined threshold as the minimum value or the value equivalent
to the minimum value.

6. The image processing apparatus of claim 1, wherein the
correction parameter generator is operable to set the correc-
tion parameter to different values depending on whether the
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gradation value of a color signal in the image signal is greater
than or less than a predetermined threshold value.

7. The image processing apparatus of claim 1, wherein the
correction parameter generator is operable to set the correc-
tion parameter to different values depending on whether the
gradation value of the luminance signal component in the
image signal is greater than or less than a predetermined
threshold value.

8. An image display apparatus comprising:

the image processing apparatus of claim 1; and

an image display having a light source with a controllable

brightness and a light modulator that changes in optical
reflectance or transmittance according to the image sig-
nal; wherein

the image display apparatus displays an image according to

the image signal with the gradation scale corrected by
the image processing apparatus.

9. The image display apparatus of claim 8, further com-
prising:

an average luminance information detector that detects an

average luminance gradation value from an average
value of the gradation values of luminance signals
obtained from the image signal before and after the
gradation-scale correction in the gradation corrector or a
sum of the gradation values of the luminance signal; and
a light source controller that controls the brightness of the
light source according to the average luminance grada-
tion value after the gradation-scale correction and the
average luminance gradation value before the gradation-
scale correction.
10. The image display apparatus of claim 9, further com-
prising an average color information detector that detects an
average value, or a value equivalent to the average value, of a
color component obtained from the image signal before the
gradation-scale correction in the gradation corrector as aver-
age color information; wherein
the light source controller controls the brightness of the
light source in the image display according to the aver-
age luminance information before and after the grada-
tion-scale correction detected by the average luminance
information detector and the average color information
detected by the average color information detector.
11. The image display apparatus of claim 9, wherein the
light source controller controls the brightness of the light
source in the image display according to the average lumi-
nance information before and after the gradation-scale cor-
rection detected by the average luminance information detec-
tor, the maximum and minimum luminance information
detected by the maximum and minimum luminance informa-
tion detector, and the maximum and minimum color informa-
tion detected by the maximum and minimum color informa-
tion detector.
12. The image processing apparatus according to claim 1,
wherein
representing the value of the pre-gradation-correction
luminance signal gradation level on an x-axis and rep-
resenting the value of the post-gradation-correction
luminance signal gradation level on the y-axis and rep-
resenting a gradient of the gradation correction line by
K, and representing an x coordinate of a point at which
the gradation correction line intersects the x axis by BK,

the correction parameter generator determines the gradient
and the x coordinate of the intersecting point by:

K=(YMAXi- YMIN?)/(YMAX- YMIN)

BK=YMIN-YMIN#/K
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and outputs the calculated values as the correction param-
eter.

13. An image processing apparatus for receiving an image

signal and correcting its gradation scale, comprising:

a color information detector that detects a maximum level
value of each color component of the image signal and a
minimum level value of said each color component as
color information of the received image signal;

an average luminance information detector that detects an
average level value of a luminance component of the
image signal as average luminance information of the
received image signal;

a correction controller that outputs a gradation-scale cor-
rection signal according to the maximum level value and
minimum level value detected by the color information
detector and the average luminance information
detected by the average luminance information detector;
and

a gradation corrector that corrects the gradation scale of the
image signal according to the gradation-scale correction
signal output by the correction controller; wherein

the correction controller obtains first averaged data by
averaging the maximum and minimum level values out-
put by the color information detector over a first time
interval and obtains second averaged data by averaging
the maximum and minimum level values output by the
color information detector over a second time interval
shorter than the first time interval; and

obtains average color information by taking a weighted
average of the first averaged data and the second aver-
aged data weighted according to the average luminance
information detected by the average luminance informa-
tion detector, and obtains the gradation correction signal
from the average color information.

14. The image processing apparatus of claim 13, wherein
the correction controller determines a variation coefficient
according to the average level value of the luminance com-
ponent detected by the luminance detector, and obtains the
weighted average by use of the variation coefficient.

15. The image processing apparatus of claim 14, wherein
the correction controller obtains the averaged color informa-
tion Cib from the following equation:

Cib=(HK*CiS+(HKmax-HK)*CiL)/HKmax)

(where CiL is the first averaged data,

CiS is the second averaged data,

HK is the variation coefficient, and

HKmax is the gradation count of the variation coefficient
HK).

16. The image processing apparatus of claim 13, wherein if
among the average level values of the luminance component
used when the correction controller finds the first averaged
data the maximum one is YYMAX, the minimum one is
YVvMIN, the average value is YVAVE, and the most recent
value is YbavN, the correction controller takes the weighted
average of the first averaged data and the second averaged
data according to a variation coefficient HK given by

HK()=HK(i~1)+[{ABS(YbavN- YvAVE)* HK1+(¥v-
MAX-PWMIN)*HK2}-HK (i~ 1 J/HKd
(where ABS( ) denotes the absolute value of the quantity in
the parentheses, HK1, HK2, and HKd are arbitrary constants,
H(k-1) is the variation coefficient determined in the preced-
ing process, and
HK(1) is the newly calculated variation coefficient).

17. The image processing apparatus of claim 16, wherein:

the image signal has three color components, these being

red, green, and blue color components;
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the gradation transformation characteristic in the gradation
corrector is expressed as follows for each of the three
color components Dbj (j being R, G, or B) of the image
signal

5
Dcj=0 when Dbj=BK

Dcj=(Dbj—BK)*K when Dbj>BK

except that
10

Dcj=Dc¢jmax when Dc¢j>Dcjmax

(where Dcj (j being R, G, or B) is the image signal after the
gradation-scale correction,
Dcjmax (j being R, G, or B) is a maximum value of the image
signal after the gradation-scale correction, determined by a
bit width of the image signal Dcj, and
K and BK are parameters);
the gradation correction controller has a maximum value
and minimum value selector that detects a largest one of
the averaged red, green, and blue maximum level values
from the average color information Cib as all-color
maximum level value data CMAX and detects a smallest

15

70

one of the averaged red, green, and blue minimum level
values from the average color information as all-color
maximum level value data CMIN, and

a parameter calculator that calculates the parameters K and
BK from the all-color maximum level value data CMAX
and the all-color maximum level value data CMIN
according to the following formulas

K=(CMAX1-CMIND/(CMAX-CMIN)

BK=CMIN-CMIN#/K

(where CMAX is a target value, following the gradation-scale
correction, corresponding to the all-color maximum level
value data CMAX, and

CMIN is a target value, following the gradation-scale correc-
tion, corresponding to the all-color minimum level value data
CMIN).

18. An image display apparatus comprising the image pro-
cessing apparatus of claim 13 and a display that receives the
image data output by the image processing apparatus and
displaying an image.
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