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IMAGE PROCESSING APPARATUS

The present invention relates to an image processing
apparatus.

Conventionally, an image processing apparatus is well .

known in which color documents and the like are read out by an
image input section such as a scanner, and the image data read
out bf the scanner is reproduced, for example, by a display or
a color printer.

However, an image output apparatus such as a display or
color printer has its own specific color reproduction
properties. .Therefore, it is difficult to reproduce the colors
of an inputted color image precisely using an input device such
as a scanner.

For this reason, conventionally a method has been proposed
in'which color correction processing is conducted in accordance
with the color réproducing properties of the image output
apparatus. One such color correction method is described

- . in Japanese Unexamined Patent Publication No.
63-2669. According to this method, a three-dimensional color
correction table of RGB is prepared corresponding to all

combinations of three-color components of red (R}, green (G)
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and blue (B). Contents of color correction are stored at all
three-dimensional coordinate positions, and color correction is
conducted referring to this table.

However, according to this color correction method, the
capacity of the memory for the color correction table is large.
Therefore, the above color correction method is not suitable
for practical use. For example, when the gradation of an
inpdtted original color image data is expregged with eight bits
(256 gradations) for each color of R, G and B, the number of
colors is 16,780,000 (= 256%). Thus, it is necessary to
provide a memory capacity of 48 megabytes for the color
correction table to stoxe the R, G and B data.

In order to reduce the memory capacity o¢f the c¢olor
correction table, proposals have been made in Japanese
Unexamined Patent Publication Nos. 4-144481 and 4-185075. 1In

one such apparatus, a color correction table is not provided

for all combinations of R, G and B. When only the results of

color correction are stored with respect to the grid points
formed by dividing the three-dimensional color space of R, G
and B at appropriate intervals, the capacity of the table
memory 1is reduced. In the case of color data witiich is not
precisely coincident with the gri¢ points, reference is made to

the color correction data of a plurality of adjacent grid

points so that color interpolation processing can be performed.
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For example, in Japanese Unexamined Patent Publication No.
4-185075 an example is described in which color correction
processing is conducted on the original color image data
expressed by L*; a* and b* using the CIE uniform color space
colorimetric system, and at the same time a conversion of the
colorimetric system is conducted from L*, a* and b* to CMYK.

In this case, in order to convert the values of L*, a* and b~

of the original color image into C, M, Y, K corresponding to =-.:

the amounts of ink of cyan, magenta, yellow and black,
compensation data of eight grid points adjacent to the original
color image data is referenced, and a color interpolation
calculation is performed with respect to the iﬁputted original
color image data.
For example, an expression of interpolating operation to
find a Y component is expressed as follows:
Y= (1= vi)(l - v)(l ~ v5)¥(1, a, b)
oyl - v (L - y)¥(L + 1, a, b)
(1 - vddva(l - v)¥(1, a + 1, b)
L =Tyl - va)n¥Y(l + 1, a, b+ 1)
toyra(l - yo)¥(L + L, 2 + 1, b)
vl - Ya)e¥(l + 1, a, b+ 1)
(L - y)vaye¥(l, a + L, b+ 1)
* YiYaYa¥ (1 ‘ l,a+ 1, b+1)
{Detailed descriptions of the variables can be found in the

cited reference.)
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Eight values of Y(1l, a, b), «--, Y(l + 1, a+ 1, b+ 1)on
the right side of the expression are values of yeliow obtained
as a result of reference to the color correction table with
respect to eigh£ grid points adjacent to the target data. The
interpolating operation is conducted in such a manner that
these values are multiplied by a weight which is in inverse
proportion to a distance in the color space so as to find the
mean. .

Although it is possible to reduce the capacity of the

color correction table according to the prior art described

above, it is necessary to perform multiplication 24 times and

also to perform addition seven times for conducting a

compensating operation with respect to one color component.
Therefore, the number of operations is greatly increased, so
that the processing time is increased.

Especially when image data is subjected to gradation
number conversion in accordance with the gradation number
(number of possibie gradations) of the image output apparatus
in addition to the colox correction processing described above,
the color correction processing requires a very large number of
operations compared with the gradation number conversion
processing. Therefore, the processing time is greatly
incregsed. -

That is, in the case where a color printer or a display is

used for an image output apparatus in which color image data
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can be outputted for each pixel and further the gradation
numbexr capable of being outputted is different <£from the
original color image data, it is necessary to perform gradation
numbexr convefsién érocessing by which the gradation number of
the original color image data is reduced to the gradation
number N capable of being outputted, that is, it is necessary
to perform N-gradation processing. For example, in the case
where a color Q;inter is used for the image output apparatus,
in which gradation control cannot be conducted for each dot,
the gradation number capable of being outputted is N = 2. 1In
this case, binary-coded processing is required, by which the
gradation number of each color component of the original color
image data is reduced to two, which corresponds to ON/QFF
printing of dots.

Various methods are employed for processing in which the
jradation number is made to N. In order to obtain the best
image quality, the error diffusion method and the minimum
average error method in the same group are well known. The
error diffusion method and the minimum average error method are
characterized in that the resolution is high and it is possible
te continuously reproduce the gradation.

According to ' the minimum average error method, the
follb%iné pixel data is corrected by the weighted mean value of
the quantization errors which have occurred in the adjacent

pixels, the values of which have already been N-coded. On the
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other hand, according to the error diffusion method, the
quantization error which has occurred when a certain pixel is
N-coded is diffused to the adjacent pixels which have not yet
been N—code&.

It can be considered that the minimum average error method
and the error diffusion method are precisely equivalent except
for the handling at the image end. An example of binary-coded
processing by the error dgﬁ§usion method is -disclosed in
Japanese Unexamined Patent nglication No. 1-284173, entitled
"Image Processing Method and Apparatus Thereof”. Examples of
multi-coded processing in which the value of N is not less than
two are disclosed in Japanese Unexamined Patent Publications
Nos. 3-~18177, 3-34767, 3-80767 and 3-147480.

The aforementioned gradation number conversion in which
the error diffusion_method is used is relatively complicated as
cémpared with other methods of gradation number conversion, and
the number of operations required for conversion processing is
large.

However, the aforementioned color correction processing,
for example, the color correction processing disclosed in
Japanese Unexamined Patent Publication No. 4-18507 requires a
much larger number of operations than the gradation number
coﬁvérsion processing in which the efror diffusion method is
used. Therefore, in the prior art in which gradation number

processing is performed by the error diffusion method aftexr the

This Sheet Has Been Replaced -6 -

Ml

I




i v N

-
LIRS

L4
. L
. r
, . r * r
LI 4 r

r - '. L ¢
completion of color correction, it is hecessafly” to cotfsider the

TY &0
L}

processing time required for both the color correction and the

gradation number conversion. Accordingly, the processing time

is greatly increased. i
It is therefore the object of the present invention to provide an image

processing apparatus which avoids the drawbacks of the abovementioned
known products.. This 'object is solved by the image processing apparatus
according to independent claim 1. Further advantageous features, aspects
and details of the invention are evident from the dependent claimsg, the
description, the examples. and the drawings. The c¢laims are to be

understood as a first non-limiting approach to define the invention in

general terwms.

The present invention particularly refers to an image forming apparatus
which conducts color correction processing on inputted color image data

and outputs the processed color image data.

Accordingly, a first aspect of the present invention is to
provide an image processing apparatus capable of conducting
color correction of high image quality at high speed while the
memory capacity of a color correction table is reduced, and
further no complicated interpolating operation is required.

A second aspect of the present invention is to provide an
image processing apparatus capable of conducting color
correction of high image quality at high speed while the number
of operations necessary for color correction processing is
reduced to be smaller than that necessary for the gradation
number conversion processing in the later process without

~deteriorating image quality.

In order to accomplish the above and other aspects, the
present invention provides an image processing apparatus which
conducts color correction on inputted color image data in

accordance with the color reproduction properties of an image
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output apparatus and outputs the color-compensated image data,
the image processing apparatus comprising:

a color correction table memory for storing gradation
compensating daéa éf each color component in accordance with
the color reproduction properties of the image output apparatus
at each grid point in a color space divided into a grid, the
coloxr space having coordinate axes corresponding to each color

component of the color image-data; st

pre-gradation number conversion means fof conducting pre-
gradation number conversion on the values of the coordinates in
the color space of the inputted color image data using a
predetermined gradation number conversion method so as to
convert the values of the coordinates inte values of the most
appropriate grid point in the color space; and

color correction means for compensating the_gradaéion
number of each color cpmpénent of the color imagé data when the
gradation compensating data of a grid point corresponding to
the values of the coérdinates that has been subjected to pre-
gradation number conversion is read out from the color

compensating table memory. .
The image processing apparatus according to the present invention may

further
include post-gradation number conversion means which conducts

post-gradation number conversion on the gradation number of
each color component of the color image data compensated by the

color correction means so as to convert the gradation number
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into a final gradation number in accordance with the image
output apparatus, wherein the converted gradation number of the
pre-gradation number conversion means is larger than the
converted gradéticﬁ number of the post-gradation number
conversion means.

The .pre-gradation number conversion means may employ an
error diffusion method or a minimum average error method.

The post-gradation number conversion means may also employ
an error diffusion method or a minimum average error method.

The matrix size used for errcxr diffusion or mean error in
the error diffusion method or the minimum average error method
in the pre-gradation number conversion means is smaller than
that used in the post-gradation nuﬁber conversion means.

Further, the pre-gradation conversion means may employ a
ordered dither method as a pre-gradation number conversion
method for one por%ion of color components of the color image

data, and an error diffusion method or a minimum average error

method as a pre-gradation number conversion method for the

other portion of color components.

In the image processing apparatus of the present
invention, the coordinate position of inputted color image data
in the color space is subjected to a pre-gradation number
convérsion SO thaﬁ it can be converted into the coordinate
position of the most appropriate grid point satisfying a

predetermined condition using the pre-gradation number
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conversion means. Then, the color correction means compensates
the gradation number of each color component of the color image

data when the gradation compensation data of the grid point

corresponding to the coordinate position subjected to the pre-~
5 gradation number conversion is read out £from the color
correction table memory.

According to the present invention, when color image data

is subjected to pre-gradation number conversion, -.the
.b complicated interpolating operation required in the prior art,
;o " in which a plurality of pieces of grid data is used, can be

omitted. As a result, the color correction operation can be
performed at high speed in accordance with the image output
apparatus. Therefore, an image processing apparatus can be
provided by which color images are excellently reproduced.
§ In this case, the error diffusion method or the minimum
a&erage error method is preferably used for the pre-gradation
number conversion method. .

In the case where the gradation number of each color
1#. component of the inputted color image data is different from
jo that of each color of the image output apparatus to be used,
the gradation value of each color component, which has been
subjected to color correction, is subjected to the gradation
numﬁeé conversion using the post-gradation number conversion

means so that the gradation value of each color component can
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be converted into a final gradation number in accordance with
the image output apparatus.
When the post-gradation number conversion processing is

performed as described above, quantization noise occurs during

X the conversion processing.
In order to reduce the quantization error generated in the
pre-gradation number conversion processing compared with the

quantizatlon®-‘error generated- in the post-gradation number

conversion processing, the gradation number converted by the

pre-gradation number conversion means is larger than that of

the post-gradation number conversion means capable of being
converted. As a result of the foregoing, the deterioration of
image quality produced as a result of the pre-gradation number
conversion processing, that is, in accordance with the color
§ correction processing, can be reduced to a negligible low
level.

As explained above, an image processing apparatus can be

‘$ provided characterized in that, while the deterioration of
image quality is suppressed, the number of operations required

for color correction is reduced to be smaller than that

required for the post-gradation number conversion processing
performed in the later process, so that color correction
processing and gradation number conversion processing can be

performed at high speed. In this case, it is preferable that
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the error diffusion method or the minimum average error method
be employed for the post-gradation number conversion means.

In the case where the matrix size of the pre-gradation
number conversion means is set to be smaller than that of the
post-gradation number conversion means, wherein the matrix size
is used for error diffusion of mean error in the error
diffusion method or <the minimum average error method.
Accordingly, the number of operations required in the pre-
gradation number conversion can be made smaller, so that the
deterioration of image quality can be effectively suppressed
and color correction processing can be performed at higher
speed.

Moreover, in the case where the ordered dither method, in
which the number of operations is relatively small with respect
to color components to which the resolving power of human eyes
is low, is used for the pre-gradation number conversion method,
and the error diffusion methbd or the minimum average error
method is used, images of high quaiity can be provided with
respect to other color components. As a result, the
deterioration of image quality can be effectively suppressed,
and color correction processing can be performed at higher

speed.
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Fig. 1 is a block diagram showing an outline of the image
processing system of the present invention;

Fig. i is.a Slock diagram of a specific example of the
image processing system shown in Fig. 1;

Fig. 3 is a schematic illustration of a color épace
divided into a grid;

Fig. & 1is a ggnctional block diagram of the image
processing apparatus shown in Fig. 1;

Fig. 5 is a schematic illustration showing the positions
of color image data and adjacent grid point color data in the
color space;

Fig. 6 is a functional block diagram of the image
processing apparatus in the case.where a color printer is used
for the image output aéparatus;

Fig. 7 is a schematic illustration showing an outline of
the gradation number processing of image data;

Figs. 8(a), 8(b), 8(c) ‘and 8(d) are schematic
illustrations of examples of the weighted matrix in the case
where the gradation number conversion processing is conducted
using the error diffusion method;

Fig. 9 is a flow chart of an example in which the error

diffusion method is used for pre-gradation number codversion;

This Sheet Has Been Replaced

|

1

TTI Y
hl
v
3
7393
’
h ]
hl
hl

P o



TIYY
£

T TTYYN
bl
LY
N

TY Y
*
1

Fig. 10 is a flow chart of an example in which the minimum
average erxor method is used for pre-gradation number
conversion;

Figs. ll(a) and 1l(b) are schematic illustrations showing
an example in the case where the color correction table is
implemented in software;

Fig. 12 is a schematic illustration showing an example in
the case where the color correction table is implemented
hardware; |

Fig. 13 is a schematic illustration of a more detailed
example of the ROM for use in C shown in Fig. 12;

Fig. 14 is a schematic illustration of an example of post-
gradation number conversion means;

Fig. 15 is a schematic illustration of an example of the
color correction table used in the case where four color
cbmponents are subjected to gradation number conversion; and

Fig. 16 is'a flow chart of an example in which the ordered

dither method is used for pre-gradation number conversion.

Next, with reference to the accompanying drawings, a
preferred embodiment of the image processing apparatus of the

present invention will be explained in detail.

(1) Color Image Processing System

: .
R I B |

This Sheet Has Been Replaced

Ml

Ml

il

2799

Y*1H



DY YTIAN

In Fig. 1, an example of the color image processing system

of the present invention is shown.

Orxiginal color image data 100 outputted from an image

input apparatus 10 is inputted to an image processing apparatus
5 30.

In the image processing apparatus 30, the inputted
original color image data 100 is subjected to color correction
in accordance with the color reproduétion properties of an
'b image'output apparatus 20. In the case where tﬁe gradation
number capable of being outputted from the image output
apparatus 20 is smaller than the gradation number of colo:
image data 100 capable of being outputted from the image input
apparatus 10, the color-compensated color image data is

subjected to post-gradation number conversion processing in

which the gradation number is converted into a final value in
accordance with the image output apparatus 20. The converted
data is.outputted to the image output apparatus 20 in the form
‘ of the final color“image data 200.
In accordance with the inputted final color image data

200, the image output apparatus 20 reproduces and outputs the

color image data with colors faithful to the original image.
i In Fig. 2, an example of the color Lmaqe processing system
Lllustrated in Fig. 1 is shown.

The image input apparatus 10 is provided in the form of a

scanner 12 which optically reads out a color image from a
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document. The scanner 12 outputs the read color image data in
the form of original color image data 100 composed of three
color components of R, G and B.

Except for.thé scanner 12 described above, for example, a
video camera, a host computer used for the formation of
computer graphics and other units can be employed for the.imagé
input apparatus 10.

For the system shown in the drawing, a color printer 22 is
used for the image output apparatus 20, which cannot perform
gradation control at the unit of a pixel.

As described before, in this color printer 22.1it is
necessary to conduct binary-coded processing by which the

gradation number of each color component of the original color

image data 100 outputted from the scanner 12 is reduced to two

gradations corresponding to ON/OFF of each pixel.

Except for the aforementioned apparatus, for example, a

color display 24 may be used for the image output apparatus 20.

In the case of a color display 24 for computer uée, the
gradation number capable 6f being displayed is usually smaller
than that of a common television set for domestic use. Even
when the color display 24 is used as described above, it is
necessary to convert the gradation number of the original color
image:data 100 into a gradatibn.number corresponding to the

display 2¢.
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In the system illustrated in the drawing, the image
processing apparatus 30 includes a computer 32, compensation
table memory_34,:and memory 36.

The compensation table memory 34 stores a color table in
which the three-dimensional color space composed of three
colors of R, G and B is divided into grid-like sections, as
illustrated in Fig. 3. The gradation compensation data of R,
G, B obtained when the gradation data of R, G, B of each grid
point is subjected to gradation Qélue conversion, is stored at
each grid point of the color table, so that, for example, the
color of a color document to be read by the scanner 12 can be
the same as that of an outputted color image printed on a
recording sheet by the color printer 22.

The computer 32 conducts compensation processing on the
original image data 100 inputted from the scanner 12, using the
compensation data stored in the compensation table memory 34.
Fu:;her, the computer 32 conducts post-gradation number
conversion processing in which the color-compensated color data
is converted into a final gradation number coincident with the
gradation number N of the image output apparatus 20 such as the
color printer 22. The final color image data 200 subjected to
conversion processing in this way may be outputted to the color
printér as it is. Aléernatively, the final color image data

200 may be outputted to the color printer after one image plane

This Sheet Has Been Replaced

AT

. st



Y 1D
Ny
-
-
TIN D
-~
T ]
h)
AR TRY
e 2 B 2 )

%«Mdﬁﬂﬁﬁlg
D

\

N

hl

b ]

]

nl

L2 ]

3Y

of final image data 200 has been stored in the memory 36, and

then the data may be outputted to the color printer.

(2) Image Processing Apparatus

Fig. 4 shows a functional block diagram of the image
5 processing apparatus 30 described above.

The image processing apparatus 30 of the example'includes

a pre-gradation number conversion section 40, color correction

section:42, post-gradation number conversion section 46, and
‘ color correction table memory 34 described before.

b First, the compensétion data stored in the color
correction table memory 34 will be explained as follows.

As illustrated in Fig. 3, a color space is set, which has
coordinate axes corresponding to the color components of R, G,
B of the inputted original color image data 100. Each
) coordinate axis is set in such a manner that the gradation

number of each color component is represented by a coordinate

value. This color space is divided into grid-shaped sections,

.ﬁ and the gradation number compensating data of each color
component is stored at each grid point 300.

¢ Various methods are available for determining the
compensating values to be stored in the color correction table
memory 34. However, the process to determine the compensating
values and to store them in the table is not essentxal to the
present invention. Therefore, the details of such processes

R will be omitted here.
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Usually, first of all, various R, G, B values are given to
the objective output system (for example, the color printer
22), and the actually outputted results are subjected to color-
measurement. Then, the relations hetween the R, G, é values
given to the output system and those obtained when the output
results are measured, are compared.

Next, the relations are viewed reversely, and the
gradation number compensating data of each color component of
R, G, B necessary for obtaining a corresponding color is
determined for each grid point 300 and stored in the
compensating table memory 34 to be used as compensating data.

As described above, the «color compensating result

corresponding to each grid point 300 is stored in the color

compensating table 34 The larger the number of the divided

sections of the color space, the more the image quality is
iﬁpréved. On the other hand, the capécity of the color
compensating table memory is incre;sed. Accordingly, an
appropriate number of divided sections is determined from the
balance between the capacity of the color Eompensating table
and the image quality.

The image processing apparatus 30 of the example conducts
imagg .processing on the original color_ image data 1Q0 as

follows, using the compensating data stored in the color

compensating table memory 34.

.'_‘:
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First, using a predetermined gradation nﬁmber conversion
method, the pre-gradation number conversion section 40 conducts
pre-~gradation nu@be; conversion in which the gradation numbers
of color components of R, G, B of the original color image data
100 are converted into the gradation coordinate values at the
most appropriate grid points in the color space shown in Fig.
3. Then, the converted data is outputted to the color
compensating section: 42 so as to be used as the grid point
color image data 110. In this case, each coloxr component of
the original color image data 100 is subjected to pre-gradation
number conversion so that R can be an Nr gradation, G can be an

Ng gradation, and B can be an Nb gradation. The obtained
results are outputted as Rk, Gk and Bk. -

In this connection, various methods such as a multi-coded
error diffusion method, means error minimizing method and
multi-coded ordered dither metho& may be employed for the
gradation number conversion method in the pre-gradation number
conversion section 40. The details will be described below.

The color compensating secticn 42 reads out the grardation

compensating data of a grid point corresponding to the inputted.

grid point color image data 110 from the color compensating
table memory 34. Then the gradation numbers of color
compo&ents Rk, Gk, Bk of the grid point color image data 110
are compensated, and outputted to the post-gradation ﬁumber

conversion section 46 to be used as the color compensating data
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120. In this case, the data of eacﬁ color component of the
color compensating data 120 is expressed by Rc, Gc, Bc.

The post—g;ad;;ion number conversion section 46 conducts
a post-gradation number conversion on the color correction data
120 provided from the color correction section 42 by the error
diffusion method or the minimum average error method so that a
target gradation number can be obtained, and the converted data
is outputted in the form of the final color image data 200 in
which each color data is expressed by Rp, Gp and Bp.

Consequently, when this final color image data 200 is
outputted, for example, to the color printer 22, a color image
having excellent color reproducing properties can be printed
out by the color printer 22.

The construction described above is conventionally known,
in which the color space is divided into grid-shaped sectlons
and color correction data is recorded at each grid point so
that the color correction table memory 34 is prepared.

However, the present invention is different from the
example of the prior art iﬁ the following points:

Before the color correction table memory 34 is referenced,
a pre-gradation number conversion is conducted by the pre-
gradation number convergion section 40.so that the inputted
origi;al color image data 100 can become the color data at the
grid point in the color correction table memory 34. Due to the

foregoing, there can be omitted a complicated interpolating
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operation which has been cénventionally performed when the
color correction table is referred, so that the operation time
necessary for golqr correction processing can be dgreatly
shortened.

5 (3) Comparison between the Present Invention and the

Prior Art
The color correction processing conducted by the apparatus

of the present invention is explained as follows-in comparison

with the color correction processing of the pridr art.

First, an examplé will be explained in which the error

diffusion method or the minimum average error method is applied

the pre-gradation number conversion section 40.

Assume that a color region having the gradation of R = 12,
5 G = 20 and B = 24 continues over a predetermine& area in the
ofiginal image data 100 inputted from the image input apparatus

10. Then, consideration is given to a case in which the color

data in this color region is inputted into the image processing

apparatus 30.

0 In Fig. 5, eight grid points close to coordinate positions
in the color space of the original color image data 100 are
showq. Each grid point is located at each apex of the cube
showg in Fig. S. The coordinate positions are given by the
following expressions:

5 (R, G, B) = (8, 16, 16)
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(R, G, B) = (16, 16, 16)

(R, G, B) = (8, 24, 16)

(R, G, B) =-(16, 24, 16)

(R, G, By = (8, 16, 32)

(R, G, B) = (16, 16, 32)

(R, G, B) = (8, 24, 32)

(R, G, B) = (16, 24, 32)

In the color correction table memory 34, the color
correction values of the color components R, G, B are prepared
with respect to the color data of each grid point 300.

In the case where color correction processing is performed
using the prior art approach (for example, as discibsed in
Japanese Unexamined Patent Publication No. 4-185075), the color
data compensating value at the eight grid points close to the
coordinate positions in the color space of the original image
data 100 is referenced. After that, using the eight referenced
color compensating values, interpolating operation processing
is carried out for finding the weighted-mean in accordance with
the distance between the coordinate position of the original
color image data 100 and each grid point. In this way, color
compensating processing is conducted. In the example shown in
Fig..3, the distance between the coordinate position of the
original image data 100 and each grid point is set to be equal.
Therefore, in the interpolating operation, the color

compensating values of elght grid points are simply averaged,

e B B B )
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so that the compensating data of each color component of R, G
and B is found.

On the other hand, the color compensating processing of
the present invention is carried out according to the following
procedure.

First, the pre-gradation number conversion section 40
conducts pre-gradation number conversion using the error
diffusion method or the minimum average errQr method so that
the inputted original color image data 100 can be either of the
color data at the eight grid points.

Next, the color compensating section 42 conducts color
compensating processing with reference to the color
compensating table memory 34.

In the error diffusion method or the minimum average error
method used in the pre-gradation nuﬁser conversion section 40
of this example, each piece of data is converted into a data
value of the adjacent grid point so that the local mean value
in the color region can become equal to the origihal image data
as précisely as possible.

Accordingly, in the example shown in Fig. 5 in which the
coordinate positions of the original image data are located at
the same distance with respect to each grid point, as a result
of th; pre-gradation number conversion, a color region can be
obtained in which each data of the eight grid points

respectively exists at the same ratio of about 1/8. As a
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result of the foregoing, when color correction is conducted
with reference to the color correction table on the color data
subjected to pre~gradation number conversion processing, a
color region can be obtained in which the color compensating
values of the eight grid points exist ét an approximatzly same
rate.

As described above, the result obtained in the ceclor

secompensating processing in which a conventional interpolating

operation is performed and the result obtained in the color
compensating processing of the present invention are
approximately the same in the case where a comparison is made
with respect to a mean value in an appropriate image area.

That is, in the color compensating section 42 of the present

invention, quantization noise is added at each pixel when pre-

gradation number conversion is carried out. In spite of this,
in the case where a local mean value is obtained, approximately
the same color compensating iesult as'that in the case where
the conventional interpolating operation is carried out can be
obtained.

In the case where the gradation number of the image output
apparatus is sufficiently large, problems are caused because
the %mage quality is deteriorated by the guantization noise
generéted in the pre-gradation number conversion processiné.
In the present invention, after this pre-gradation number

conversion processing, post-gradation number conversion
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processing is conducted on the color-compensated image data
using the post-gradation number conversion section 46 so that
the color-compensated image data can be converted into a final
gradation number corresponding to a number of gradation of the
image output apparatus 20. Therefore, quantization noise is
generated in accordance with the gradation number conversion.
Consequently, i1f the quantization noise generated in the pre-
gfédation number conversion of the preparation stage, is
sufficiently reduced as compared with the quantization noise
generated in the post-gradation number conversion of the final
stage, no problems are caused in practical use. For this
reason, the apparatus shown in the example is constructed in
such a manner that the gradation number capable of being
converted in the pre-gradation number conversion section 40 is
sufficiently larger than the gradation number capable of being
converted in the post-gradation number conversion section 46.
Due to the foregoing;-deterioration of image quality can be
prevented in the pre-gradation nﬁﬁber conversion processing.
Especially, in this example, since the error diffusion
method or the minimum average eirrcor method is used for the
gradation conversion in the post-gradation number conversion
section 46, the amount of error can be minimized through both
procésses of the pre-gradation number conversion and.tﬁe post-
gradation number conversion in the case where a local mean

value of the region is taken. For this reason, when the
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gradation number capable of being converted in the pre-
gradation number conversion processing is sufficiently larger
than the gradat%on'number capable of being converted in ihe
post-~gradation number conversion processing as described in
this example, an image quality can be obtained which is equal
to that of the conventional compensation processing in which
the interpolating operation is performed.

As an ™~dctual example, color correction and gradation
number conversion were carried out under the follbwing
conditions:

In the case where the number of gradations of each color
component of the original image data 100 is 256, the gradation
number capable of being converted of the pre-gradation number
conversion section 40 is 32 for each color component, and the
gradation number capable of being converted of the post-
gfadation number conversion section 46 is two for each color
component.

As a result of the experiment, reproduced images of high
quality were obtained in which the image quality was the same
as that of conventional images obtained when color correction
was conducted after an interpolating operation and then the
data was reduced to two gradations. Further, it was confirmed
that an image quality appropriate for éractical use was

obtained even when the gradation number capable of being
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converted in the pre-gradation number conversion processing was
reduced to about eight.

As described before, the smaller the converted gradation
number is made in the pre-gradation number conversion
processing, the smaller can be made the capacity of the color
correction table memory 34. For example, in the case where the
number of color components of the output data after the color

g

correction in the color compensating section 42 is three and

the data is composed of eight bits (one byte) for each color-

component, the capacity necessary for the color correction
table memory 34 can be expressed by the following expression
when the gradation number capable of being converted in the
pre-gradation number conversion processing is 32 (5 bits) for
each color:

27(5 (bits] x 3 (number of original image color

components]) x.3 (number of output color components] x 8

'[width'of.putput data]) = (98,304 x 8 [bits]) = 98 K

[bytes].

In the above expression,.“ indicates an exponential.

In the same manner, in tﬁe case where the gradation number
capable of being converted in the pre-gradation number
conversion is 16 for each color component, the memory capacity
of the color compensating table is calculated in each case of
eight gradations.

Then the obtained results are as follows:
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In the case of 16 gradations, the memory capacity is 12 K
bytes, and in the case of 8 gradations, the memory capacity is
1.5 X bytes.

In the above explanations, the error diffusion method or
the minimum average error method is used for the gradation
number conversion in the pre-gradation number conversion
section 40. The pre~gradation number conversion section 40 can
convert the gradation number by other methods such as the
ordered dither method, other than the above errxor diffusion
method or the minimum average error method.

In this case, in the pre-gradation number conversion
section 40, the amount of error cannot be minimized in the case
where the local mean wvalue in the region is taken.
Accordingly, there is a possibility of the image quality being
deteriorated. The deterioration of image quality may occur in
the case where the gradation number 256 of original image daté
is greaply reduced to eight gradations. However, in the case
where the gradation number used for expression of the oriéinal
image data is not so different from the gradation number
capable of being converted in the pre-gradation number
conversion section 40, for example, in the case where the
qrada;ion number 64 of original image data 1s reduced to 32
gradétions or 16 gradations in the pre-gradation number
conversion processing, the image quality is not so strongly

affected by the quantization noise. In the above case, a
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simpler gradation number conversion method such as an ordered
dither method may be employed instead of the erxrrox diffusion
method.

(4) More Specific Example of the Image Processing

Apparatus

Next, a more specific example of the image processing
apparatus of the present invention will be considered.

In this case, the following condiﬁions are assumed:
The original image data 100, each coloxr of R, G, B of which is
composed of eight bits and 256 gradations, is inputted into the
image processing apparatus 30 from the scanner 12 shown in Fig.
2. The original image data 100 is subjected to image
processing by the image processing apparatus 30, and then the
final color image data 200 is ocutputted to the color printer
22. In ﬁhe color printer 22 used here, three color ink colors,

némely, cyan (C), magenta (M) and yellow (Y}, are used: and the

printing operation is conducted with two gradations, i.e., when

each color dot is turned on there is a dot and whén each colorx
dot is turned off there is no dot.
Fig. 6 is a specific block diagram of the image processing
apparatus 30.
. The pre-gradation number conversion section 40 and the
color compensatiné section 42 conduct color correctién on the
inputted original color image data 100, and convert the

colorimetric system from R, G, B ta C, M, ¥, and then outputs
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the color correction data 120. Then, using the post-gradation

numbexr conversion section 46, the color correction data 120 is

binary encoded in accordance with the gradation number capable
of being expressed with the printef 22, so that the final color
5 image data 200 is outputted.
In this case, the compensating data is set in the colorx
compensating table memory 34 in the following manner.

In order to determine the compensating data, first, only

the post-gradation number conversion section 46 is taken out

from the image processing apparatus illustrated in Fig. 6§, so
that a system with which the objective color printer 22 is
combined is obtained. Then various C, M, Y values are applied
to the post-gradation number conversion section 46 so that the
data is binary encoded.. After that, the data is outputted to
15 the objective color printer 22, and the result subjected to
color measurement. Then, the relation is in&estigated between
the C, M, Y wvalues given to the post-gradation number

conversion section 46, and the R, G, B values obtained when the

output of the color printer 22 is measured.

0 Next, the relation is reversely viewed, and the C, M, Y
values are found which are necessary when the colors of the R,
G, B values corresponding to the grid point color data in the

W

color space are obtained. Then the obtained values are set in

the color compensating table memory 34 so as to be used as the

color correction data.
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In the pre-gradation number conversion section 40, each of
the color components of RO, GO, BO of the inputted original
image data 100 is subjected to gradation number conversion, in

which R and G are converted into 16 gradations and B is

5 converted into eight gradations. Then, each of color
components of Rk, Gk, Bk is outputted as the grid point color
image data 110. This is the case illustrated in Fig. 4, in

C which Nr and Ng are respecti;ély 16 and Nb is 8. Therefore, in

this example, the data is multi-coded by the error diffusion
d method or the minimum average error method. In this case, a
method of the prior art may be used for multiple encoding of
the data.
Specific Example for Multi-coding the Data
Next, a specific example for multi-coding the data will be
J explained, wherein a case in which the B-component is converted
into eight gradations is taken as an éxample.
The following case is assumed here:
‘*- The B-component of the origiﬁal color image data 100 has
i 256 gradations from 1 to 255, and these-gradations are octal-
P coded by the pre-gradation number conversion section 40 so that
the values are eight types of values of pre_B shown below.
nge_B{O], pre_B{l], +++, pre_B(7]
‘Specifically, the B-component of éhe original color image
data 100 is subjected to pre-gradation number conversion in the

following manner. In this specific example, the eight values
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are determined at approximately regular intervals. However,

the eight values are not necessarily determined at regular

intervals.

pre_B{0] = 0

pre B{l1] = 36

pre_B{2] = 73

pre_ B(3] = 109

pre_B{4] = 146 F

pre B[5] = 182

pre_B{6] = 218

pre B{7] = 255

Also, seven types of threshold values used for the pre-
gradation processing are defined as follows:

slsh_B{0], slsh_B[1l], ++«+, slsh_B[6]

Then, each threshold value is determined in the following

manner:

pre_B{i] < slsh_B[i] < pre_B[i+l]

(L =0, 1, 2, «++,6)

In many cases, the thresﬁold value is determined in the
folloQing manner:

slsh_B(i] = (pre_B[i] + pre_B{i+1]})/2

In this case, each threshold value described above is

LS

expressed as follows:

slsh_B(0] 18

i

slsh_B(1l) 54

- 33 -
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slsh_B{2] = 91
slsh B[3] = 127 .
slsh _B{4] = 164
slsh_B[5] = 200
slsh_B(6] = 236

The original color image data 100 inputted to the image
processing apparatus 30 as image data is usually inputted from
the left end pixel to the right end pixel, wherein the lafe
upper pixel is used as a starting pixel. After oné line of
pixels have been inputted, the operation is shifted to the left
end of a lower line, and the residual data is inputted toward
the right end of the line in the same manner. When the image
input operation is repeated in the above manner, image data
corresponding to one image plane can be inputted.

The pre-gradation processing conducted by fhe pre-
gfadation number conversion section 40, that is, the order in
which the original data 100 is octal-coded, is coincident with
the order of imége data input as described above. That is,
while the pixel in the left upper corner of an image is used as
a starting pixel, pixels are octal-coded from the left to the
right end. After one line of pixels have been octal-coded, the
operat;on is shifted to the left end of a lower line, and the
pixels are octal- coded toward the right end in the same manner.
The above operation is repeated, so that the image data

corrasponding to one image plane can be octal-coded.
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As illustrated in Fig. 7, in this case, all pixe;s above
the target pixel .400 and the pixels on the left of the line
have already been multi-coded. Also, all pixels below the
target pixel 400-an& the pixels on the.right of the line have
not been multi-coded.

‘As the pre-gradation processing, that is, as the method to
make wvalues to be octal-coded, for example, a case is
considered in which the weighted matrix of error diffusion
shown in Fig. 8(a) is used.

This weighted matrix shows that the pixels generated in
the target pixel 400 in Fig. 8(a) are dispersed in such a
manner that the ratio of dispersion is 2 (right adjacent
pixels) : 1 (lower pixels) : 1 (right lower pixels).

Fig. 9 shows a flow charxrt of the processing'(the pre-
gradation conversion processing) in which data.is octal~coded
Hy the pre-grédation number conversion section 40 using the
error diffusion method.

In this case, a pixel located in the p-th line on the g-th
row is targetedf The original color image data 100 of the B~
component of this pixel is expressed by data B{pl{q], and
consideration is given to a case in which this data B{p][QL is .
madg to be octal-coded. 1In this connection, the quantization
error caused wﬁen the pixel in the p-th line on the g~th row is

made to be octal-coded, is expressed by err[pl{q].

First Process: Qctal Coding of Data (Steps Sl to S$6)
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First, when the target pixel data is compared with the
threshold value (S1, S2, S3), the data is octal-coded, and the
grid point color data pre B is obtained (S4, S5, S6). However,
data_Bipl{q] shéwn'in Fig. 9 is not the target pixel data
itself, but is compensated data subjected to error diffusion
from the pixel which has already been octal-coded. The error

diffusion method will be explained in the third process.

Second Process: Error Computation (Step S7)

Error err{pl{q] is found which has been caused in the
target pixel in the process in which data is octal-coded.

Third Process: Error Diffusion (Step S8)

The error is diffused to the adjacent pixels which have
not been octal-coded yet. In this case, in accordance with the
weighted matrix shown in Fig. 8{a), 1/2 of the error is
diffused to the right adjacent pixels, 1/4 is diffused to the
lower éajacent pixels, and 1/4 is diffused to the right lower
adjacent pixels, so that the diffused error is added onto the
original color image data 100.

The.target pixel data data_B{p]{g] used in the first
process described above is the data to which the error has been
diffused in the above manner.

An example is described above in which data is octal-coded
by the error diffusion method. A specific example in which the
minimum average error method is used will be explained as

follows.

This Sheet Has Been Replaced




TYIAN YA
S
TN

~

Fig. 10 is a flow chart showing the processing in which
data is octal-coded using the minimum average error method.

First Process: Error Compensation (Step S1)

In this process, the target pixel is compensated by the
error caused in the adjacent pixels when the data is made to be
octal-coded.

Second Process: Qctal Coding of Data (Steps S2 to §7)

Whereas this process is the samé as Steps S1 to S6 shown
in Fig. 9, a further explanation will be omitted here.

Third Process: Error Computation {Step S§8)

In this process, error err(p][q] is found which hgs been
caused in the target pixel in the process in which data is
octal-coded. This process is the same in detail as Step S7
shown in Fig. 9. A

A difference between the error diffusion method shown in

i Fig. 9 and the minimum average error method shown in Fig. 10 is

described as follows:

In the error diffusion method, the error diffusing
operation is performed right after error computation has.been
completed, and in the minimum average error method, the error
diffusing operation is performed right before the target pixel

is N-coded. Except for the processing conducted at both image

ends, the two methods are equivalent.

Concerning the weighted matrix of the error diffusion

method, other than the example shown in Fig. 8(a), an example
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shown in Fig. 8(b) in which the matrix size is made larger, and
examples shown in Figs. 8(c) and 8(d) in which the matrix is
further simplified, may be employed if necessary. The example

shown in Fig. 8(d) ‘shows a matrix which is most simplified, and

only one pixel adjacent on the right is an object, the error of
which is to be diffused.

Examples of the multi-coded error diffusion method are
disclosed in Japanese Unexamined.:Patent Publication Nos. 3-
- 18177, 3-34767, 3-80767 and 3-147480. Various methods can be
‘*f employed in accordance with the application at hand.

A case is disclosed above in which the B-component
contained in the original color image data 100 is converted

. into eight gradations using the pre—gradatién conversion
section 40. Other color components contained in the original

§ color image data 100 such as the R-component and G-component
are subjected to the pre~gradation number conversion by the

same method so that they can be converted into 16 gradations.

As a result, each component of R, G and B of the original
image data 100 inputted to the pre~gradation number conversion
section 40 is subjected to pre-gradation number conversion as
shown in the following expressions so that each component can
be converted into the grid point color image data 110.

‘R component: l6é-coded value of pre_R(0], pre R[{1l], ---,
pre_R[15]
L G component: l6-coded value of pre G(0], pre G(l], -«--

i
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pre_G{15}"
B component: 8-coded value of pre_B{0}, pre_B(l}, -+--,
pre_G{7]

Specific Example of Color correction Processing

5 The color correction section 42 conducts color correction
processing on the grid point color data which has been
subjected to the multi-coded preocessing, (the pre-gradation
processing). At the same time, the color correction means 42
(‘ﬂi converts the colorimetric sysiem from R, G, B toe C, M, ¥. 1In
6 other words, in this example, different from the example shown
in Fig. 4, not only the color correction, but also the
conversion of the colorimetric system from R, G, B to C, M, ¥
is simultaneously conducted.
Two cases are taken for examples; one is a case in which
5 the color correction section 42 and color correction table
mémory 34 are implemented in software, and the other is a case

in which they are implemented hardware.

Fig. ll(a) shows an example in which tﬂe color correction
éable memory 34 is implemented in software using programming in
the “C" computer language.- The color correction tables of the
color components of C, M and Y are respectively C_table,
M_tahle and Y table, which are arrayed in three dimensions. In
this example, the unsigned char type array is adopted, so that

the data of eight bits in the range from 0 to 255 can be

accommodated as a result of color correction.
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Fig. 1ll(b) is a view showing an example of the color
compensating section 42 in which the grid point data, R of
which is pre R{i], G of which is pre G{jl, and B of which is
pre_B{k}, ié cénvérted intc a CMY value corresponding to an
amount of ink, referring to the three dimensional color
compensating table shown in Fig. 1l(a). Only when the array
shown in Fig. 1l(a) is referenced can the C, M and Y wvalues

Next, in Fig. 12, an example is shown in which the color
correction table memory 3¢ is realized in hardware. In this
example, a color correction table stored in a semiconductor
memory is used. In the ROM 34C for C, ROM 34M for M and ROM
34y for Y are respectively stored the results of color
correction of the color components of C, M and Y. When a value
determined in acc&rdance with the grid point color data is
épplied to the ROM as address data, the compensated data of
cyan, magenta and yellow is outputted corresponding to the
value.

Fig. 13 shows a more detailed example of the ROM 34C for
C in Fig. 12.. In this example, a ROM is used in which the
address bus is 11 bits wide (A0 to AlO), and the data bus is
eight:bits wide (DO to D7). Valuss obtained when i, j and k
valueé‘ are respectively set to binary-numbered values in

accordance with the grid point color data of pre R[i], pre_G(]j)
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and pré_ﬁ[k} are respectively applied to upper bits (A0 to A3)
and middle bits (A4 to AlQ).

In this example, the following inequalities are satisfied:

0 £1is15, 025 j <15, 0 £k <7

Therefore, it is sufficient that four bits be allotted to
i, four bits be allotted to j, and three bits allotted to k.
The color correction data of cyan cqrresponding thereto is
outputted to the data bus as a value of eight bits whiéh is in
the range from 0 to 255. |

In the example shown in Fig. 12, three different ROMs are
provided for each color component of €, M and Y. However, when
the bit number of the address bus is increased and a color
selection signal is added to the buses, it is sufficient to
provide one ROM of large capacity. When a RAM in which data
can bhe written i1s used instead of a ROM, the content of the
mémory'table can be optionally rewritten.

In the examples shown in Figs. 11 and 12, when the color
compensating section 42 refers to the tgree dimensional table
memory 34 in the manner of software or hardware, the color

correction processing is carried out.

Specific Example of Post-gradation Number Canversion

After-the color correction has been completed, the post-
gradation number conversion section 46 conducts processing on
the C, M and Y data, which has been color-compensated by the

color compensating section 42, by the error diffusion method or
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the average error minimizing method, so that the data can be
made to be binary-coded. Methods of the prior art may be
applied to the above operation as they are. The binary-coding
process conducted by the error diffusion method is
approximately the same as the multi-coded process conducted by
the pre-gradation number conversion section 40 shown in Fig. 9.
A different point is that the process to make the data to be
octal is replaced w££h the process to make the data to be
binary-coded. The ?rocess to make the data to be octal-coded
in the steps of'Sl to S6 shown in Fig. 9 may be changed to the
binary-coding process, and the data B{p]({qg] may be replaced
with data_C{pl}{g]. and then the binary-coding process may be
performed as shown in Fig. 1l4. In this case, when the cyan
data is binary-coded to 255, there are cyan dots, and when the
cyan data is binary-coded to 0, there are no cyan dots. The
fbllowing processes of error computation and error diffusion
are the same as Steps.S7 and S8 shown in Fig. 9. Therefore, a
further explanation will be omigéed here.

However, if the size of the error diffusion welighted
matrix is made too small in this binary-coding process, a
distinctive dot pattern causing deterioration of image quality

tends to occur. For this reason, a matrix, the size of which

is a little larger than the one used in the multi-coding

processing in the pre-gradation number conversion, may be used -

{for example, the one shown in Fig. 8(b) may be used).
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Instead of the exrror diffusion method, the minimum average
error method of the example shown in Fig. 10 may be used, in
which the process to multi-code the data is changed to a
binary-coding process.

One of the remarkable characteristics of the above example
will be described as follows:

Even when the size of the error diffusion weighted matrix

used in the process of multi-coding the data®iin the pre-

gradation number conversion section 40, is very small as

illustrated in Figs. 8(a) to 8(d), images of sufficiently high
quality can be obtained. Usually, in the case where binary-
coding processing is carried out, if the error diffusing
operation is conducted with a small matrix in which the error
diffusing object is only the adjacent two pixels as illustrated
§ in Fig. 8(c}), a pattern peculiar te the error diffusion becomes
femarkable, in which dots consecutively appear forming a line,

so that the image quality is deteriorated. However, in the

case where the gradation number to be converted is sufficiently
large like the pre-gradation number conversion section 40 of
the present invention, the image quality is not so deteriorated
even when the size of the error diffusion matrix is reduced as
il%gstrated in Fig. 8(¢). For this reason, a smaller size
matrix than the error diffusion matri% used in the post-
gradation number conversion section 46 in the later stage may

be used in the pre-gradation number conversion section 40. The

- 43 -
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error diffusion process shown in Step S8 in Fig. 9 occupies the
greaterx portion of the operation of error diffusion processing,
and the number of the opérations is approximately proportiocnal
to the size of the error diffusion weighted matrix. Therefore,
the number of operations of the multi-coded processing
conducted in the pre-gradation number conversion section 40'is
much smaller than that of the binary-coded processing conducted
in the' post-gradation number conversion séétion 46. Further,
the color correction conducted in the color compensating
section 42 of the present invention only refers to the content
of the color correction table memory 34. Accordingly, it is
possible to greatly reduce the total amount of data procesSing
conducted in the pre-gradation number conversion section 40 and

color compensating section 42 compared with the amount of data

processing conducted in the post-gradation number conversion-

section 46 in the later stage.

In the examples of the color compensating section 42 and
color compensating table memory 34 shown in Figs. 11 and 12,
RGB is converted to CMY simuitaneously with color correction.
However, RGB may be converted to the four color components of
CMYK for a printer in which black ink K is used as well as the
threge colors of CMY. For example, in the case where the color
corféction table memory 34 in the example shown in Fig. ll{a)

is extended to four colors, the result is shown in Fig. 15.

When the number of the color correction tables to be prepared
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is increased, it is possible to cope with a case in which the
number of colors necessary for color correction is increased..

In the above example, the original color image data 100 is
composed of the three color components of RGB. However, it is
possible to use original color image data 100 expressed by any
colorimetric system such as CMY, L*a*b* of CIE, and XYZ of CIE.
Also, as illustrated in Fig. 6, the color image data may be
converted by the color compensating séction 42 so that it can

be expressed by another colorimetric system.

Example of Pre-gradation Number Conversion Section 40 in

Which Ordered Dither Method Is Used

In the above example, the error diffusion method or the
minimum average error method is used for the pre-gradation
number conversion section. However, it is possible to use a
gradation number conversion method such as the ordered dither
method.

Fig. 16 shows an example of the pre-gradation number
convérsion section 40 in which the ordered dither meﬁhod is
used.

In this example, the following case is assumed:

The B-component of the original color image data 100 has a
value of 64 gradations from 0 to 63. Then the B-component is
converted into 17 gra&agions by the pre-gradation numﬁer
conversion section 40 in which the ordered dither method is

used. In this case, the size of the dither matrix is
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2 x 2. After ordered dither noise which varies at the period
of two pixels in both longitudinal and lateral directions has
been added to the data (Sl1), a comparison is made between the
data and tﬁe fhreéhold value (S2 to S4), and the data is
subjected to gradation number conversion so that it can be
converted to the wvalues of 17 gradations of 0, 1, 2, ---, 16
{S5 to S87). |

That is, thgwls threshold values of slsh_B[i]~are set as
follows:. -

slsh_ B{i] = (1 + 1) x 4 - 2 (i =10, 1, +--, 15)
Next, ordered dither noise (dither noise[p%2][{g%2]) decisively
determined by the pixel positions of p and g is added to target
pixel data data B(p][q] (S1). In the above expression, % is an
excess operator, and p%2 is a remainder which means "when p is
divided by 2". When g is an even number, p%2 becomes 0, ard
when q is an odd number, p%2 becomes 1. In this case, for

example, the values of dither noise[p%2][g%2] are determined as

follows:
dither_noise{0][(0] = 1
dither noise({0)[l] = -1
dither noise(l]{0] = -2
dither noise[l](l] = 0

Subsequently,‘when the data is compared with the threshold

value of slsh_B{i], it is converted to 17 gradations (S$2 to
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S4). In this way, the blue component pre B of the grid point

color data is obtained (S5 to S7). -
When a comparison is made between the present example and

the example of the minimum average error method shown in Fig.

5 10 in which the data is converted to eight gradations, in the

case of the example of the minimum average error method, the

error diffused from the adjacent binary-coded pixels is added
ﬁ;lo the target pixel data of data_B[p]{q]; however, in the case
of the present example, the periodic noise
dither noise([p%2]{q%2] decisively determined by the position of
the target pixel is added. Only the aforementioned point is
essentially different between the two examples. Accordingly,
in the example shown in Fig. 10, Step S8 corresponding to the
error computation process is not required. In the case where
the ordered dither method is used as shown in Fig. 16, the .
error diffusion computation is not required as compa;ed with
. the minimum average error method and error diffusion method.
Accordingly, the computation speed can be further increased,
and a memory to store the error becomes unnecessary

Therefore, the invention is greatly advantageous in that

hardware resources can be saved.
. On the other hand, there is no known way to minimize the
error caused in the case where a local mean value of the region

is utilized. Therefore, continuocus gradation reproductivity

cannot be compensated.
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When the number of gradations is excessively reduced by
the pre-gradation number conversion, the following problems are
caused, and there is a possibility that the image quality is
deteriorated:

(1) When the matrix size is reduced, the number of
gradations capable of being reproduced is reduced.
Accordingly, there is a possibility of the occurrence of
pseudo~contours.l st

(2) Even when the number of gradations capable of being
reproduced is increased by increasing the matrix size, the
resolution is lowered.

ﬁowever, in the case where the gradation number of the
original image data is reduced to about 1/4 as shown in the
example in Fig. 16, the pseudo-contours are not caused even
when a small matrix size of 2 x 2 is applied. Therefore, the
deterioration of Iresolution can be" minimized, so that
significant advantages can be obtained.

In general, the most appropriate pre-gradation number

" conversion method may be employed so that the processing speed,

necessary memory capacity and image quality can be well-
balanced. For example, the pre-gradation conversion method to
be emp;oyed may be determined from the following viewpoints.
.ka) In the case where the resolution of the final output
apparatus is sufficiently high and no problems are caused even

if the resolution is slightly deteriorated in the pre-gradation

-
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number conversion, the ordered dither methéd of a rather large
matrix size is employed. -

{b) In the case where the gradation number of the original
image data is noﬁ large from the beginning and it is not
necessary to greatly reduce the gradation number in the pre-
gradation number conversion, the ordered dither method of a
rather small matrix size is employed.

(c) In the'case where priority is given to image quality,

and also in the case where the gradation number is greatly'

reduced in the pre-gradation number conversion so as to reduce
the capacity of the color correction table, the error diffusion
method is employed.

Of course, gradation number conversion methods other than
the error diffusion method and ordered dither method may be
employed.

Also, a construction may"be adcpted in which only the
B-component is subjected to the ordered dither method, and R~
and G-compbnents are subjected to the error diffusion method s0
that the pre-gradation number coﬁversion can be performed. In
general, the resolving power of the human eye with respect-to
the B~-component is lower than the resolving power of the human
eye with respect to the R- and G-components. Accordingly, the
above construction is also effective.

As explained above, according to the present invention,

the color image data is subjected to the pre-~gradation number
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conversion by the pre-gradation number conversion means so that
the data can be converted into the data of the grid point in
the color correction table. Consequently, the color correction
table is only réfeéenced in the later color correction process.
As a result, an image processing apparatus can be provided in
which the color compensating processing of high quality can be
carried out at a very high speed without increasing the
capacity of the color correction table. | ..

Further, the invention may be constructed so that the

conversion gradation number in the pre-gradation number

conversion means is larger than that in the post-gradation
number conversion means. Therefore, the quantization noise
generated in the pre-gradation number conversion is lower than
the quantization noise generated in the post gradation number
conversion, so that the deterioration of image quality caused
in the pre-gradation number conversion can be neglected.
Further, the error diffusion method or the minimum average
error method can be used for multi—codin@ in the pre-gradation
number conversion section. Accordingly, although the error
caused in the process of pre-gradation number conversion is
added,

that is, although the quantization noise is added in

view of each pixel,

the excellent color correction result can
be provided when a local mean value is taken.

Still further, the matrix size of the pre-gradation number

conversion section is set to be small, the matrix size used for
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the error diffusion of the mean error in the error diffusion
method or the minimum average error method. Accordingly, the
number of operations of the pre-gradation number conversion can
be reduced,.so that the deterioration of image quality can be

effectively suppressed, and further the color correction

processing can be carried out at a higher speed.
According to still further aspects of the invention, the

_ordered dither method in which thHe number of required

operations is relatively small is employed for the pre-
gradation number conversion method with respect to the color
components to which the resolving power of the eye is low, and
the error diffusion method or the minimum average error method
by which images of high quality can be obtained is used for the
pre-gradation number conversion method with respect to other

: color components. As a result, the deterioration of image

@uality can be more effectively sﬁppressed, and the color

correction processing can be carried out at a higher speed.
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Claims

An image p;ocgssing apparatus (30) which conducts a
color-compensation on inputted color image data in
accordance with the color reproduction properties of an
image output apparatus (20) and outputs the

color-compensated image data, said image processing
apparatus (30) comprising:

a color correction table memory (34) for stdring
gradation compensating data of each colorlbomponent
in accordance with the color reproduction properties
of said image output apparatus (20) at each grid
point in a color space divided into a grid, said
color space having coordinate axes corresponding to
each color component of the color image data;

pre-gradation number conversion means (40) for
conducting a pre-gradation number conversion on the
values of the coordinates in said color space of the
inputted color image data using a pre-determined
gradation number conversion method so as to convert
said values of the coordinates into values of the
most appropriate grid points in said color space; and

color correction means (42) for compensating the
gradation number of each color component of the color
image data when the gradation compensating data of a

." grid point ‘corresponding to the values of the

coordinates that has been subjected to a pre-
gradation number conversion is read out from said
color compensating table memory (34).

The image processing apparatus (30) according to claim 1,

further comprising post-gradation number conversion means
(46) for conducting post-gradation number conversion on

RPN oo r fRI99P A0 Ny
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the gradation number of each color component of the color
image data compensated by said color correction means
(42) so as to convert said gradation number into a final
gradation number in accordance with said image output
apparatus (20), wherein the converted gradation number of
said pre-gradation number conversion means (40) is larger
than the converted gradation number of said
post-gradation number conversion means (42).

The imagé“processing apparatus (30) accordiné-to claim 1
or 2, wherein said pre-gradation hnmber conversion means

(40) operates in accordance with an error diffusion
method.

The image processing apparatus (30) according to claim 1
or 2, wherein said pre-gradation number conversion means

(40) operates in accordance with a minimum average error
method.

Thé-image processing apparatus (30) according to claim 1
or 2, wherein said pre-gradation number conversion means
operates in accordance with an'ordéred dither wethod for
color components for which the resolving power of the eye
is low, and in accordance with an error diffusion method
for other color components.

The image processing apparatus (30) according to claim 1
or 2, wherein said pre-gradation number conversion means
(40) operates in accordance with an ordered dither method
for color components for which the resolving power of the

eye 1s low, and a minimum average error method for other
color components.

The image processing apparatus (30) according to one of
claims 1 to 6, wherein said post-gradation number

.4
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_conversion means (46) operates in accordance with an

error diffusion method.

The image processing apparatus (30) according to one of
claims 1 to 6, wherein said post-gradation number
conversion means (46) operates in accordance with a
minimum average error method.

The image processing apparatus (30) according to claim 2,
wherein said pre-gradation number conversion means (40)
operates in accordance with an error diffusion method,
and said post-gradation number conversion means (46)
operates in accordance with an error diffusion wmethod,
and wherein a matrix size used for error diffusion in
said pre-gradation number conversion means (40) is
smaller than a matrix size used for error diffusion in
said post-gradation number conversion means (46).

The image processing apparatus (30) according to claim 2,
wherein said pre-gradation number conversion means (40)

operates in accordance with a minimum average error
method, and said post-gradation nuwber conversion means
(46) operates in accordance with an error diffusion
method, and wherein a matrix size used for mean errxor in
said pre-gradation number conversion means (40) is
smaller than a matrix size used for error diffusion in
said post-gradation number conversion means (46).

The image processing apparatus (30) according to claim 2, i
wherein said pre-gradation number conversion means (40) “
|

operates in accordance with an error diffusion method,
and said postgradation number conversion means (46)
operates in accordance with a minimum average error
method, and wherein a matrix size used for error
diffusion in sald pre-gradation number conversion means
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(40) is smaller than a matrix size used for mean error in
said post-gradation number conversion means (46).

The image processing apparatus (30) according to claim 2,
wherein saild pre-gradation number conversion means (40)
operates in accordance with a winimum average error
method, and said postgradation number conversion means
(46) operates in accordance with a minimum average error
method, and wherein a matrix size used for mean error in.
sald pre-gradation numb&r conversion means (40) is
smaller than a matrix size used for mean error in said
post-gradation number conversion means (46).

The image processing apparatus (30) according to claim 1
or 2, wherein said pre-gradation conversion means (40)
operates in accordance with an ordered dither method for
one portion of color components of the color image data
and in accordance with an error diffusion methed for
other portions of said color components.

The image processing apparatus (30) according to claim 1
or 2, wherein said pre-gradation conversion means (40)
operates in accordance with an ordered dither method for
one portion of color components of the color image data
and in accordance with a minimum average error method for
other portioné of said color components.
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