
Image Processor And Printing Apparatus Descrlptlon The invention relates to
an image processor and a color printing apparatus to which the image
processor is applied. In the case of outputting full color image data to
printing apparatuses and displays which do not provide tone control on a
pixel basis, a binary-coding process is necessary to reduce the tone of the
color components of a pixel to two levels: the dot present level and the
dot absent level. An example of printing original image data will be
considered using a printing apparatus that can output dots only 



in two tone levels per color component. The original image data consists of
three color components. cyan (C), magenta (M), yellow (Y), which are the
primary colors of inks. Each of the color components belonging to a pixel
can take a total of 256 tone levels from 0 to 255. In such a case. the C.
M. Y. dots must be binary-coded for each pixel of the image data to
determine that such dots are to be printed (ON) or not (OFF). Various
binary-coding techniques are available. A minimum average error method and
an error diffusion method are in wide use and are excellent techniques in
terms of resolution and tone reproducibility. The minimum average error
method corrects the data value of a pixel to be binary-coded based on a
weighted mean value of a quantization 



error caused in already binary-coded pixels adjacent the pixel to be
binary-coded. The error diffusion method adds a quantization error caused
at the time of binary-coding a pixel to neighboring pixels that have not
yet been binary-coded by diffusion. What makes the former different from
the latter is the timing at which the error diffusion process is executed;
the two techniques are completely equivalent logically. The error diffusion
method is disclosed in 'R. Floyd et al., 1975 SlD Intemational Symposium
Digest of Technical papers, 4.3, pp. 36 (1975) and also in
JP-A-1284173/1989 ('IMAGE PROCESSOR AND APPARATUS"). On the other hand. the
minimum average errormethod is disclosed in J.F. Jarvice, C.N. Judice and
W.H. Ninke; Computer Graphics and Image Processing. Vol. 5. No. 1, pp.13
(1976)". 



To apply the minimum average error method or the error diffusion method to
the binary-coding of a color image, the error diffusion is performed on a
color component basis independently. For example, the process of
binary-coding the color component C is performed independently of the color
components M and Y. Therefore, whether the C dot is superposed on the M dot
or the Y dot on a single pixel is random, which means that no control is
provided to make the dot easy or difficult to be superposed, or the like. A
problem arises when gray data that is achromatic is binary-coded. In the
case of a printing apparatus having only the primary color inks C, M, Y. a
black dot is usually produced by superposing the three color dots one upon 



another on a single pixel. However, as described above, the ordinary
adaptive algorithm for spatial grayscale for color images performs the
errordiffusing process on each color component independently. Thus, how
dots are superposed cannot be completely controlled. In binary-coding
achromatic gray data of an intermediate density, the three color dots are
superposed at random. That is, besides a dot produced by superposing the
three colors C, M, Y. an output including a dot produced by superposing two
colors out of the three, a single color dot, and a pixel without color ink
also may be present. For example, if gray data in which the tone level of
an original image is 128/255 for each of the three color components C, M. Y
is binary-coded, the probability that each color component dot will be
binary-coded to ON is almost 



1/2. As shown in the following table, total of eight combinations of colors
are produced after the pixelbased binary coding process at an almost equal
probability of 1/8. C Dot           M Dot              Y Dot  color (1)
ON                 ON                ON                BLACK (2)
ON                 ON                 OFF               BLUE (3)
ON                OFF                 ON                GREEN (4)
ON                OFF                 OFF               CTAN 



(5)          OFF                 ON                 ON                 RED
(6)          OFF                 ON                 OFF             MAGENTA
(7)          OFF                 OFF                 ON              YELLOW
( 8 )        OFF                 OFF                OFF               WHITE



Even if the original image oata is achromatic gray, the binary-coded
results thereof are a set of pixels whose colors are different. Hence. to
adjust such a mixture of dilferent colors so as to be achromatic is quite
difficult. Although each of the eight combinations is likely to appear at
an equal probability, such probabilities may be disturbed by variations, so
that a predetermined combination may appear at a larger ratio than that of
another combination, and this causes inconsistency in produced colors. The
human eye takes a slightest destruction of gray balance. Once a portion
that should be gray is colored to be non-achromatic, the mismatching is so
overemphasized to the human eye that perceives a significant deterioration
in image quality. 



In the case of a printer capable of using black ink (K) besides the three
color inks, C, M. Y. a black pixel of case (1) in which all the three color
dots C, M. Y are binary-coded to ON can be replaced by a pixel consisting
only of K ink (C. M, Y are OFF and only K is ON). This contributes to
improving the density and gray balance of the black dots, but the problem
that the data consists of pixels of different colors cannot be eliminated.
Consequently, the problem o, unmatched gray balance is left unsolved. To
obtain stable reproduction of an achromatic area, an under color removal
(UCR) technique has been proposed. The UCR technique is designed to remove
the black component K from the C, M, Y components before binary-coding. 



In this case, tone level data of the four coior components C', M', Y, and K
are generated by the UCR process based on the original image tone data of
C, M, Y components, and the color components C', M, Y, K are binary-coded
thereafter. The simplest example of the UCR process is as follows. K = MIN
(C, M, Y) = C - K M' =M-K = Y - K 



The C', M', Y, K components are generated by the above algorithm, where MIN
(C, M, Y) is the function for finding a minimum of the C, M, Y components.
Then, the C. M, Y. K values obtained by the UCR process are binary-coded by
error diffusion method or the like to generate binary-coded dots ot the
respective color components C, M, Y. K In the case of using the K ink the
binary- coded results of C', M, Y. K may be printed as they are, whereas in
the case of using only the three color inks C, M, Y. then the K dot is
replaced by the superposition of the three colors C. M, Y. If the original
image data is achromatic, the values of C, M, Y are equal to one another
Thus, after the UCR 



process, all of the C', M, Y' components become zero, leaving only the K
component Therefore, the binary-coded results indicate that only the K dot
exists. This means that the achromatic area consists only of black dots,
thereby avoiding generation of gray balance unmatching and inconsistency in
the produced color due to the gray area being made up of pixels of various
colors. However, this technique involves not only the additional UCR
process, but also the binary-coding operation for the K component in
addition to the C, M, Y components. Therefore, the scale of the
binary-coding operation increases by 4/3, which is a problem. Since the
binary-coding operation of the error diffusion method or the like includes
a number 



of process steps and is complicated, any increase in processing time and
processing hardware such as a memory is considered a substantial problem.
These are the problems encountered by the conventonal adaptive algorithm
for spatial grayscale. To summarize. whether the C dot is superposed on the
M dot or the Y dot on a single pixel is random, which means that no control
is provided to make the dot easy or difficult to be superposed, or the
like. In contrast, a technique for increasing the probability that the
respective color dots will be superposed using the error diffusion method
has been proposed in JP-A- 400 6948/1992 (-METHOD OF BINARY-CODING COLOR
IMAGE*). 



The object thereof is to allow binary-coded color image data to be
compressed at a high compression ratio. Therefore. a binary-coding
technique is provided which is capable of making pixels of the respective
colors easy to be superposed. A summary of the concept this technique is as
follows. Binary-coded color component signals of a target pixel are sorted
in descending order and binary-coded as sorted. If the binary-coded results
of the already binary-coded color components are OFF, then the color
components thereafter In descending order are forced to be OFF, making sure
that they cannot be ON. According to such technique, small color signal
components cannot be ON unless larger color signal components are ON,
making the ON dots easy to be 



superposed.
-3- However, this technique involves the operation of sorting the
respective color data or a target pixel in descending order. That is. the
binary-coding process cannot started unless all the color data of the
target ready, which is a problem. Thus, even if the image data per color is
to be received on a line basis or on the binary-coding process cannot be 



started from color component, making it necessary for the components to be
stored until all the color data are ready. From this arises the problem of
reduced processing and a requirement for larger storage. The object of the
above- mentioned JP-A-400 694811992 is only to improve the data compression
ratio, and the specification provides no method for controlling gray
balance. The invention has been made in view of the above circumstances.
Accordingly, an object of the- invention is to provide an image processor
and a color printing apparatus capable of producing an output that
maintains excellent gray balance while satisfying the conditions that: 



(1) an increase in the number of binary-coding process steps is minimized;
and (2) the processing can be initiated without waiting for all the color
component data to be available. To achieve the above and other objects, the
invention provides an image processor according to independent claim 1 and
a printing apparatus according to independent claims 4 or S. Further
advantageous features, aspects and details of the invention are evident
from the dependent claims, the description and the drawings. The invention
refers to an image processor having the function of binary-coding color
half-tone image data so that the image data can be outputted to apparatuses
not having a pixel-based tone control system. 



According to a preferred aspect, the invention is applied to an image
processor for binary-coding respective color components of tone color image
data consisting of three color components. The image processor includes: a
first color component binary-coding means for binary-coding a first color
component, a second color component binary-coding means for binary-coding a
second color component, a second color component threshold controlling
means for the second color component binary-coding means, the second color
component threshold controlling means increasing or decreasing a second
color component binary-coding threshold in accordance with a binary-coded
result OFF or ON of the first color component, a third color component
binary-coding means for binary-coding a third color component. 



and a third color component threshold controlling means for the third color
component binary-coding means, the third color component threshold
controlling means increasing or decreasing a third color component
binary-coding threshold by referring to at least one of the binary-coded
results OFF or ON of the first color component and the binary-coded results
for the second color component Further, the color printing apparatus of the
invention preferably includes a black dot generating means for replacing a
target pixel with a single black ink dot if the respective color components
of the target pixel have been binary-coded to ON (a dot is present). 



-As a result of the above arrangement, when achromatic gray data is
binary-coded, such data is made of a sub- stantially black dot, thereby
producing a well-gray balanced output Figure 1 is a block diagram showing a
first embodiment of the invention: Figure 2 is a diagram showing a second
embodiment of the invention using a pseudo-programming language: Figure 3
is a diagram showing a third embodiment of the invention using a
pseudo-programming language; Figure 4 is a diagram showing a Process 6 of
Figure 3 implemented by a different method; and Figures 5(a) to 5(c) are
diagrams showing examples of a weighting matrix of a minimum average error
method of 



the invention. Image processors and printing apparatuses of preferred
embodiments of the invention will be described in detail with reference to
the drawings. Figure 1 shows an image processor and a printing apparatus of
a first embodiment of the invention. In this em- bodiment, a color
component 1 is cyan (C). a color component 2 is magenta (M), and a color
component 3 is yellow (Y) and the respective color components of a target
pixel is binary-coded to ON (a dot is present) and OFF (a dot is absent).
The entire portion of Figure 1 refers to an example of a printing apparatus
of the invention, whereas the portion 



surrounded by a broken line refers only to an image processor of the
invention. Referring to Figure 1, a binary-coding algorithm used in this
embodiment will be described The following description refers to an example
in which a minimum average error method is employed as a basic
binary-coding method. In this embodiment, a dot is present (ON) when a
color component is binary-coded to a larger value, and a dot is absent
(OFF) when a color component is binary-coded to a smaller value.   



Process 1: A first color compcnent binary-ccding means 101 binary-codes the
color component C of a target pixel. The fol- lowing steps are taken when
the mean error minimizing method is used as a binary-coding technique: 1-1
The C data of the target pixel is corrected by a binary-coding error of
pixels neighboring the target pixel: 1-2 The corrected C data is
binary-coded by comparison with a first color component threshold. That is,
if the cor- rected C data is larger than the first color component
threshold, the dot is set to ON, whereas it smaller, the dot 



is set to OFF. 1-3  A binary-ccding error of the color component C caused
at the target pixel is calculated. Although the calculated error data is
not necessary in the process of binary-coding the target pixel, such data
is stored because such data is necessary at the time of binary-coding
non-binary-coded neighboring pixels. Process 2: A second clcrcomponent
threshold ccntrolling means 102 increases ordecreases the threshold for
binary-coding the second color component M in accordance with the
binary-coded result of the first color component C. Specifically. 



when the color component C is binary-coded to ON (a dot is present), the
threshold is decreased, whereas when the color component C is binary-coded
to OFF (a dot is absent), the threshold is increased. Process 3: A second
color component binary-coding means 103 binary-codes the color component M
using the threshold for binary-coding the second color component M
determined by the second color component threshold controlling means 102.
The following steps are taken based on the mean error minimizing method:
3-1  The color component M data of the target pixel is corrected by a
binary-coding error. 



3-2  The corrected M data is binary-coded by comparison with the threshold
of the color component M. That is. if the corrected M data is larger than
the threshold of the color component M, the corrected M data is
binary-coded to ON. whereas if smaller, the corrected M data is
binary-coded to OFF. 3-3. A binary-coding error caused at the target pixel
is calculated and stored. Process 4: A third colorcomponent threshold
controlling means 104 increases or decreases a threshold for binary-coding
the third color component Y in accordance with the binary-coded results of
the first color component C and the second 



color component M. Speciffcally if both C and M are binary-coded to ON, the
threshold is decreased, whereas if C or M is binary-coded to OFF, the
threshold is increased. Process 5: A third color component binary-coding
means 105 binary-codes the color component Y using the threshold for
binary-coding the third color component Y determined by the third color
component threshold controlling means 104 in a manner similar to that for
the M component in Process 3. When the mean error minimizing method is
used, the following steps are taken: 



5-1  The color component Y data of the target pixel is corrected by a
binary-coding error of the neighboring pixels. 5-2 The corrected Y data Is
binary-coded by comparison with the threshold of the color component Y.
That is, it the corrected Y data is larger than the threshold of the color
component Y. the corrected Y data is binary-coded to ON. whereas if
smaller, the corrected Y data is binary-coded to OFF. 5-3  A binary-coding
error of the color component Y caused at the target pixel is calculated and
stored.   



-5- The above describes the embodiment of the image processor of the
invention. The following processes are added to the operation of the
printing apparatus of the invention. Process 6: A black dot generating
means 106 simply sets a K dot to OFF when any one of C, M, Y components of
the target pixel is OFF. When the C, M, Y components of the target pixel
are binary-coded to ON, the black dot generating means 



106 replaces them with a K dot, i.e., the K dot is set to ON and the C, M.
Y dots, to OFF. Process 7: A dot'printing means 107 prints with inks in
accordance with the binary-coded results of the C, M, Y. and K dots
obtained in Process 6. Printing methods include a wire dot method, an ink
jet method, a thermal transfer method, an electrophotographic method, or
the like. To the third color component threshold controlling means 104 in
Process 4 of the invention, the following modified processes, Process 4A to
Process 4D, may be applied. 



Process 4A: The third colOr component threshold controlling means 104
decreases the threshold when the first color component C is binary-coded to
ON, or increases the threshold when C is binary-coded to OFF in accordance
with the binary- coded result of C. Process 4B: The third color component
threshold controlling means 104 decreases the threshold when the second
color com- ponent M is binary-coded to ON, or increases the threshold when
M is binary-coded to OFF in accordance with the 



binary-coded result of M. Process 4C: The third color component threshold
controlling means 104 decreases the threshold when C or M is binary-coded
to ON, or increases the threshold when both C and M are binary-coded to OFF
in accordance with the binary-coded results of C and M. Process 4D: The
third color component threshold controlling means 104 first decreases the
threshold when C is binary-coded 



to ON, or increases the threshold when C is binary-coded to OFF in
accordance with the binary-coded result of C. The third color component
threshold controlling means 104 then decreases the threshold when M is
binary-coded to ON, or increases the threshold when M is binary-coded to
OFF in accordance with the binary-coded result of M. The examples of
Process 4A and Process 48 only refer to the binary-coded result of
eitherthe first color component C or the second color component M at the
time of binary-coding the third color component Y. However, for reasons
that the first color component C and the second color component M have
already been made easy to be superposed up to Process 3 and that the number
of dots C is equal to the number of dots M in the case of gray data, the M
dot is 



most likely to be binary-coded to ON for a pixel whose C dot has been
binary-coded to ON up to Process 3, so that an advantage close to that
obtained by referring to both C and M can be obtained by referring only to
either one of them. For the same reasons, in the examples such as Process
4C and Process 4D, a similar advantage can be obtained if the original
image data is gray. In the case of Process 4D, the threshold for
binary-coding the third color component becomes: a minimum value if both C
and M are binary-coded to ON; a maximum value if both C and M are
binary-coded to OFF; and 



a mean value if either C or M is binary-coded to ON. Thus, the threshold
varies in three to four levels. In Process 4A. inter alla, both the second
color component threshold controlling means and the third color com- ponent
threshold controlling means refer only to the binary-coded result of the
first color component C. Therefore, it can be said that the image processor
of the invention can be implemented with a simple design for the reasons
that it    



is not necessary to store the binar/-ccded result of the second color
component M and that second color componen threshold controlling means and
the third color component threshold controlling means are of the same
constructicn etc. With respect to Process 1 to Process 5 acove, Process 1,
Process 3, and Process 5 are portions shared in common with the existing
mean error minimizing method, whereas the second color component threshold
controlling means 102. portions of Process 2 and Process 4 involving the
third color component threshold controlling means 104 are material to the
invention. These threshold controlling means contribute to increasing the
probability of dots being su- 



perposed. The principle of such process will be described below. Generally,
in an ordered dither method, a minimum average error method, or the like
which involve the binary- coding process by comparison with thresholds, the
probability.of a binary-coded result being ON increases if the binauy-
coding threshold is decreased, whereas the probability of a binary-coded
result being OFF decreases if the binary- coding threshold is increased.
Therefore, when the threshold for binary-coding M is increased or decreased
in accord- ance with the binary-coded result of C as in this embodiment,
the probability of M being binary-coded to ON is increased if the
binary-coded result of C is ON, whereas the probability of M being
binary-coded to OFF is increased if the binary- 



coded result of C is OFF. As a result, the C dot and the M dot are easy to
superpose. In addition, at the time of binary- coding Y. the Y dot can be
made easy to be superposed on the C and M dots by decreasing the threshold
for binary- coding Y only when the binary-coded results of M and C are CN.
That is, by changing the threshold for binary-coding the second color in
accordance with the binary-coded result of the first color, the probability
of the first colorbeing superposed upon the secondcolorcan be increased
ordecreased. Furthermore, by changing the threshold for binary-coding the
third color in accordance with the binary-coded result of the first color
or the binary-coded result of the second color, the probability of the
first color being superposed upon 



the second color can also be increased. Since the invention is designed to
artificially make the dots formed of the three colors C, M, and Y easy to
be superposed one upon another on the basis of this principle, the
probability of the three color dots being binary-coded to ON so that they
can be superposed on a single pixel is increased. Thus, in the case of gray
original image data in which the numbers of dots C, M, and Y are almost
equal to one another, if the threshold has been increased or decreased
sufficiently, the majority of pixels fall within two kinds: pixels in which
all three colors C, M, Y are set to ON, ia., the dots to be replaced with
K, and pixels in which all the three colors are binary-coded to OFF, i.e..
the white dots. This means that there are few cases where the three colors
are not superposed on a single 



dot. In other words, there will be no case where dots of various colors
appear in a gray area. Further, while an example in which the mean error
minimizing method is used as the binary-coding technique has been described
with respect to the first embodiment, other binary-coding techniques such
as an ordered dither method, a multi-level division quantization method, or
the like may be employed to binary-code the first color component 1 in
Process 1. Still further, to binary-code the second color component and the
third color component in Process 3 and Process 5, the advantage of the
superposition probability control mechanism of the invention can be
obtained by any binary- 



coding techniques as long as the such techniques include the binary-coding
process based on the comparison with thresholds. However, since the
ordinary ordered dither method or the like changes the output image density
to an appreciable degree when the thresholds are simply increased or
decreased, special measures may, in some cases, be taken. If the mean error
minimizing method according to this embodiment or the adaptive algorithm
for spatial grayscate or the like are used as the binary-coding technique,
correction is made at the time a next pixel is binary-coded in order to
eliminate the error caused at the time a target pixel is binary-coded. As a
result, if some changes are made in thresholds. 



no objectionable fluctuations in the output image density will be
encountered. Figure 2 is a diagram illustrative of a second embodiment of
the invention, in which the first embodiment is further specified by using
a pseud-programming language. The second embodiment is designed to
binary-code the respective color components of image data either 0 or 255,
the image data consisting of three colors, C, M, and Y and having a total
of 256 tone levels (from 0 to 255). In the second embodiment, operations
corresponding to Process 1 to Process 6 in the first embodiment of Figure 1
are descnbed using a pseudo-programming language similar to the C
programming language. While operations (+, 



-, =, =, >, &&. etc.), if else sentences for conditional branches, function
calls. and the like are similar to C, declarations of constants, variables,
functions, etc., are not particularly made nor are they limited. The
meanings of the variables and functions used are as follows: dataC, dataM,
dataY        The C, M, Y data of a target pixel. correct C. correct M,
correct Y  The corrected data of C, M, Y of a target pixel. result_C.
result M. resultY  The binary-coded result data of C. M. Y of a target
pixel.  



-7 - (continued) result-K                    The binary-coded result data
of K of a target pixel. slsh-C. slshM, slsh_Y      The thresholds at the
time the color components C, M, Y are binary-coded. sish-baseM, sishbaseY
The basic threshold values of the color components M, Y. 



sishaddM. slshaddY      The increases in threshold of the color components
M, Y. slshsubM. sishsubY      The decreases in threshold of the color
components M, Y. err_C, err_M. errY         The binary-coding errors of C,
M. Y of a target pixel error sum CO,             The functions for
calculating corrections of the color components C. M. Y of a error._sum MO,
target pixel. errorsumY() Further slsh-C, slshbaseM, slsh-base-Y. slshadd
M, slshadd_Y, slshsubM, slshsub.Y are constants. 



The values taken by such constants in the second embodiment are: slshC =
slsh_.baseM = slshbaseY = 127. slshaddM = slsh_addY = 26, and slshsub_M =
sishsubY = 26. The function errorsum_CO in Process 1 of Figure 2 calculates
a correction of the color component C data. This data correcting process is
usually performed by the mean error minimizing method. A weighted mean of
the binary- coding errors of the color components C caused at already
binary-coded neighboring pixels is calculated. 



Let it be assumed that the binary-coding error of a pixel above a target
pixel by y and left to the target pixel by x is E(xy). a weight thereof is
W(x y). and the pixel above the target pixel (y > 0) and a pixel to the
left of the target pixel and on the same line as the target pixel (y = 0
and x .c 0) have already been binary-coded. When a weighting matrix such as
shown in Figure 5(a) is used in this case, W(-1.0) = W(0.1) = 2 W(-2.0) =
W(-1,1) = W(1,1) W(0,2) = I A general equation for calculating a weighted
mean of the errors is: 



(M E(xy)W(xy)) / [err] W(xy). However, a combination of x y, which is the
object of the summation operation, is considered only where W is defined.
Specifically, the function error-sumAO calculates (2-E(-1,0)+2.E(0.1
)+E(-2,0)+E(-1 .1 )+E(1 .1)-)+E(0,2)y (2+2+1+1+1+1) for the color component
C. and the calculated value is added to renew the calculation. The function
error_sum_ M() in Process 3 calculates the same thing for the color
component M. 



The first color component binary-coding threshold slshC in Process 1
usually uses a value between two values that could be the binary-coded
results. A value 127 is used in this embodiment. The corrected C color
component data correct_C is binary-coded to either 0 or 255 by comparison
with the threshold slshC to obtain the binary-coded result data resultC. An
error err_C is a binary-coding error of the color component C caused by
binary-coding the target pixel. This binary-coding error is referred to by
the function error_s_umC() of Process 1 when a next pixel is binary- coded,
and is therefore stored for such next binary-coding operation. Process 2 is
the operation of increasing or decreasing the threshold for the second
color component M performed 



by the second color component threshold controlling means. When the
binary-coded result of the color component C is 0 relative to slsh_base_M,
which is the basic threshold value for the color component M, slsh_add_M is
added. whereas when the binary-coded result of the color component C is
255. slshsubM is subtracted. Since in the second    embodiment 



slsh_base_M= 127 slsh_add_M = 25 slsh_sub_M = 25, the threshold slsh_M for
the second color component M is: 127 + 25 = 152 when the binary-coded
result of the color component C is 0, and 127 - 25 = 102 when the
binary-coded result of the color ccmpcnent'C is 255. The operation of
binary-coding the color component M in Process 3 is exactly the same
operation as in Prccess 



1 for the color component M, provided, however, that the threshold slsh_M
already processed in Process 2 is used. Process 4 is an operation of
increasing or decreasing the threshold for the third color component Y
performed by the third color component threshold controlling means. When
the binary-coded results of the color components C and M is 0 relative to
slshbaseY, which is the basic threshcld value for the color component Y,
slsh_add_Y, is added, whereas when the binary-coded result of the color
component C is 255, slsh_subY is subtracted The operation of binary-coding
the color component Y in Process 5 is exactly the same operation as in
Process 3 for the color component Y. 



Process 6 is a portion related to the printing apparatus of the invention
and generates result_K for an output to a printer having a black ink and
new resultC, result-M, result_Y based on the resultC, result_M, result_Y
already obtained by the image processor section of the invention up to
Process 5. A detailed description of the final step of actually printing
dots will be omitted. In the second embodiment, the threshold increases or
decreases slsh_add_M, sish_sub_M and slsh_add_Y, sish_sub_Y are all set to
25. This means a 10% threshold increase or decrease relative to the maximum
threshold of image data, which is 255. When a gray tone image, ie. an image
in which the values of the three primary color 



components C, M, Y are equal to one another has been binary-coded, dots in
which all the three colors C, M, Y have been superposed stand for 99% or
more with a scanty 10% threshold increase or decrease. This means that the
number of pixels in which only one color or two out of C, M, Y are
binary-coded to ON accounts for only as small as 1% or less. Besides, the
larger the threshold increase is. the more effective the superposition
control becomes. Therefore, an appropriate threshold increase or decrease
may be set through an evaluation of what value is best fora binary-coding
technique or the like to be adopted. Further, it is not necessary to make
all the values sish_add_M, slsh_subM, sish_add_Y, slsh subY equal as in 



this embodiment In the case of this embodiment, such a setting as
slsh_add_M = 40 slsh_sub_M = 0 is acceptable, imposing few problems.
Basically as iong as .slsh_add_M [err] slsh_sub_M is satisfied, the
increase or decrease may take a positive, zero, or negative value. The
reasons is that, in the case where the advantage of the binary-coding error
correction by the mean error minimizing method is obtained as in this 



embodiment, what affects the probability of dots being binary-coded to ON
largely is not the magnitude of a threshold in absolute terms, but the
magnitude of a threshold in relative terms with respect to a neighboring
pixel. While a comparison with the image data is made after the threshold
increasing or decreasing operation has been completed in this embodiment,
this comparison is logically equivalent to performing the operation of
increasing or decreasing a magnitude In an opposite sign on the image data
side with the threshold fixed. Therefore, either operation may be
performed. For example, in Process 2, the threshold Is increased as slsh_M
= sish_base_M + slsh_add_M. 



and then in (Process 31, a comparison is made with the image data such as
if(correct_M > slshM). It only this comparison portion ls highlighted, it
is written as if(correctM > sish _base_M + slsh_add_M). This portion can
further be rewritten as if (correct_M - slsh_add_M > sish_base_M)  



so that an increase or decrease is made on the data side with the threshold
fixed. While the basic threshold values slsh_base_M and slsh_base_Y are
constants in the above description, they may be variables that vary
systematically or at random in accordance with the position of a pixel.
While the mean error minimizing method has been taken as an example in the
above embodiment, the adaptive algorithm for spatial grayscale may be a
substitute since the adaptive algorithm for spatial grayscale is
principally 



equivalent to the mean error minimizing method. In this case, while a
correction of data to be calculated by the function error._sum_M() in
Process 3 is expressed as being a sum of errors diffused from neighboring
pixels in terms of the adaptive algorithm for spatial grayscale, both are
substantially the same. The operations 1-1 to 1-3 in Process 1 of the first
embodiment can be described in terms of the adaptive algorithm for spatial
grayscale as follows: Process 1: 1-1'  The corrected C data is binary-coded
by comparison with the. threshold for the color component C. That is, if
the corrected C data is larger than the threshold for the color component
C, the corrected C data is binary- 



coded to ON, whereas if smaller, the corrected C data is binary-coded to
OFF. 1-2   A binary-coding error of the color component C caused at the
target pixel is calculated. 1-3   The binary-coding error data is
distributed (error-diffused) to non-binary-coded neighboring pixels. The
adaptive algorithm for spatial grayscale starts the error diffusing
operation for non-binary-coded neighboring pixels such as in 1-3' at the
time the binary-coding error for the target pixel has been calculated.
Therefore, once the binary- coding operation for a next target pixel has
been started, the corrected data, i.e., error-diff used data, is ready even
without the process of calculating the sum of errors such as in 1-1 in
Process 1. 



While the example shown in Figure 5(a) is used as the weighting matrix of
the mean error minimizing method in the above embodiment, matrices such as
shown in Figures 5(b) and 5(c) may also be used. Examples are also con-
templated in which a different weighting matrix is used per color
component, or a plurality of weighting matrices are prepared for
binary-coding a single color component so that such a plurality of
weighting matrices are selected at random. While C is assigned to the first
color component, M to the second color component, and Y to the third color
com- ponent in the above embodiments, the assignment of the color
components may be arbitrary. 



Figure 3 shows a third embodiment of the invention. Similar to the
embodiment of Figure 2, the third embodiment is also described in a
pseudo-programming language similar to the C language. While C, M, Y
components, which are the primary colors of subtractive color mixture, are
used in the embodiments of Figures 1 and 2, red (R), green (G), and blue
(B), which are the primary colors of additive color mixture, are assigned
as the first color component, the second color component and the third
color component in this embodiment. There will now be described examples in
which such color components R. G, and B are binary-coded. While the color
components are binary-coded to either 0 or 255 by dividing the original
image data into 256 tone levels from 0 



to 255 in the second embodiment, the number of tone levels is not limited
to a particular value in this embodiment. That is, the original image data
takes a real value from 0 to 1, and such real value is binary-coded to 0 (a
dot is OFF) or to 1 (a dot is ON). However, a negative pixel in this
embodiment is a positive pixel in the second embodiment: Le., when all the
dots R. G. B are binary-coded to ON, the pixel becomes white (highlighted),
whereas when all the dots are binary-coded to OFF, the pixel becomes black.
The meanings of variables and functions of the third embodiment are as
follows: data_R, data_G, data_B       The R, G. B data of a target pixel. 



correct_R, correct_G, correctB  The corrected data of R. G. B of a target
pixel. result_R, result_G, result_B  The binary-coded result data of R. G,
B of a target pixel. slsh_R, slsh_G, slsh_B      The thresholds at the time
the color components R, G. B are binary-coded. slsh_base_G, slsh_base_B
The basic threshold values of the color components G. B. slsh_add_G.
slsh_add_B       The increases in threshold of the color components G. B.
slsh_sub_G, slsh_sub_B       The decreases in threshold of the color
components G. B. err_R, err_G. err_B          The binary-coding errors of
R, G, B of a target pixel. 



-10- (continued) error_sum_R().              The functions for calculating
corrections of the color components R, G. B of a error_sum_G()
target pixel. 



error_sum_B() result-K                    The binary-ccded result data of K
of a target pixel. Further, slsh_R, slsh_base_G, slsh_base_B. slsh_add_G,
slsh_add_B, slsh_sub_G slsh_sub_B are constants, whose values are: slsh_R =
slsh_base_G = slsh_base_B = 0.5. sish_add_G = sish_add_B = 0.1. slsh_sub_G
= 0.2. and 



sish_sub_B = 0 in this embodiment. Since most of the variables and
functions for _C, _M, _Y in Figure 2 are only substituted by those for _R,
_G, _B, and since the operation of the image processor section in Process 1
to Process 5 is similar if only C, M, Y are substituted by R, G, B, a
further description thereof will be omitted. As for the portion related to
the printing apparatus in Process 6. a negative-positive conversion process
for converting the binary-coded results of R. G. B to those of C, M, Y is
required in the third embodiment. Specifically, what makes the third
embodiment different from the embodiment of 



Figure 2 is that the process step of obtaining C, M, Y by reversing the
binary-coded results of R, G, B is inserted in the initial part. Figure 4
is a rewritten version of Process 6 of Figure 3. The results obtained by
this version is the same. The process of Figure 4 does not involve the step
of expressly performing the R, G, B to C, M, Y converting operation
initially as shown in Figure 3, but detects an event in which all C, M, Y
dots are binary-coded to ON under a conditional expression: (result R=0 &&
result G==[err] && result B=[err]). 



While embodiments implemented by the pseudo-prograrmming language similar
to the C language have been presented in Figures 2 to 4, this is only for
the purpose of indicating the data processing contents. These embodiments
can be implemented by hardware as well. As described above, the image
processor of the invention is characterized as allowing all the dots of
three color components to be made easy to be superposed only by performing
a simple operation such as a threshold increasing or decreasing operation
by the second color component threshold controlling means and the third
color component thresholdcntrolling means. Asa result, in thecase of
binary-coding gray data, an output consisting only of substantially 



two kinds of pixels. a pixel for which all the three color dots are
binary-coded to ON and a pixel for which no color dots are binary-coded to
ON, can be obtained. This feature contributes to producing a
high-definition output image with less defective gray balance compared with
a case where gray dots consist of a variety of color dots. The threshold
controlling means of the image processor of the invention is characterized
as referring to the binary- coded results of the already binary-coded color
components only. Therefore, it is not necessary to wait for all the color
data of a target pixel to be ready. This feature contributes to receiving
the respective color component data in any sequence. e.g., pixel
sequential, line sequential, or screen sequential. efC., flexibly. Since
the capacity of the binary- 



coded data is largely reduced compared with that of the original image
data, this is advaritageous in saving storage capacity. Particularly, since
the design such that the third color component threshold controlling means
refers only to the binary-coded data of the first color component can
dispense with referring to the binary-coded result of the second color
component, such design is advantageous in a screen sequential system or the
like. The printing apparatus of the invention according to a preferred
aspect is characterized as including, in addition to the image processor of
the invention, the black dot generating means that replaces a dot whose
color components C, M, Y have been binary-coded to ON with a black-ink dot.
Therefore, the gray data is outputted in the black ink, 



thereby allowing further improved gray balance to be maintained. What is
more advantageous is that no further com- plicated binary-coding process is
required to be added therefor.    Claims 1. lmage processor for use in an
operation of binary-coding respective color components of half-tone color
image 



data comprising or consisting of three color components, comprising: a
first color component binary-coding means (101) for binary-coding a first
color component: a second color component binary-coding means (103) for
binary-coding a second color component; a second color component threshold
controlling means (102) tor the second color component binary-coding means
(103), the second color component threshold controlling means (102)
increasing or decreasing a sec- ond color component binary-coding threshold
in accordance with a binary-coded result. OFF or ON, of the first color
component; 



a third color component binary-coding means (105) for binary-coding a third
color component and a third color component threshold controlling means
(104) for the third color component binary-coding means (105). the third
colr component threshold controlling means (104) increasing ordecreasinga
third color com- ponent binary-coding threshold by referring to at leastcne
of the binary-coded results. OFF or ON, of the first, color component and
the binary-coded results for the second color component 2. The image
processor according to claim 1 wherein said third color component threshold
controlling means (104) refers particularly to a binary-coded result of
said first color component, and increases or decreases a threshold 



for said third color component in accordance with only a binary-coded
result OFF or ON of said first color compo- nent. 3. The image processor
according to claim 1 or 2, wherein at least one of said second color
component binary-coding means (103) and said third color component
binary-coding means (105) operates in accordance with one of a minimum
average error method and an error diffusion. 4. A printing apparatus for
printing dots using inks of at least three primary colors comprising an
image processor of any one of the preceding claims. 



S. A printing apparatus for printing dots using inks of four colors
including three primary colors and black comprising: an image processor
comprising: a first color component binary-coding means (101) for
binary-coding a first color component; a second color component
binary-coding (103) means for binary-coding a seeond color component; a
second color component threshold controlling means (102) for the second
color Component binary-coding means (103), the second calr compent
threshold controlling means (102) increasing or decreasing, re- spectively,
a second color component binary-coding threshold in accordance with a
binary-coded result. OFF 



or ON. of the first color component; a third color component binary-coding
means (105) for binary-coding a third colr component; and a third color
component threshold controlling means (104) for the third color component
binary-COding means (105), the third color component threshold controfling
means (104) increasing or dearasin, respectively, a third color component
binary-coding threshold by referring to at least one 0f the binry-coded
results for the first coior component or for the second color component.
and in accordance with a binary-coded result. OFF or ON. for the referred
color component dot and 



a black dot generating means (106) for replacing a target pixel with a
single black ink dot if all three color components of the target pixel have
been binary-coded to ON in a binary-coding operation performed by said
image processor. 6 The printing apparatus according to claim 5, wherein
said third color component threshold controlling means (104) refers
particularly to a binary-coded result of said frst color component. and
increases or decreases a threshold for said third color component in
accordance with only a binary-coded result OFF or ON. of said first color
com- ponent 



7. The image processor according to claim 5 or 6, wherein at least one of
said second colorcomponent binary-coding means (103) and said third color
component binary-coding means (105) operates in accordance with one of a
minimum average error method and an error diffusion.    














