| mege. Pt ocessor ‘And Printing Apparatus Descrlptlon The inventicon relates to
an i nage processor and a color printing apparatus to which the iimgge
processor is applled In the case of outputting full color imge data to
printing apparatuses "and di spl ays which do not provide tone control on a

pi xel basis, a binary-coding process is necessary to reduce the tone of the
col.pr conponents of a pixel to two |levels: the dot present |evel and the
dot absent level. An exanple of printing original inmage data will be

consi dered using a priIRAGRPRDRBEBLHS ABAbRIRARTRE! R¥pANRSSON! ¥

BACKGROUND OF THE INVENTION
The invention relates to an image processor and a color

printing apparatus to which the image processor is applied, the
5 .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.
In the case of outputtlng full color image data to
printing apparatuses and displays which do not provide tone
10 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
con51dered using a printing apparatus that can output dots only
15 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
20 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
25 and tone reproducibility. The minimum average error method
corrects the data value of a pixel to be binary-coded based oo
a weighted mean value of a quantization error caused in already
binary-coded plxels adjacent the pixel to be binary-coded. The
error diffusion method adds a quantization error caused at the
30 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
diffusien process is executed; the two techniques are
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"| n two tone | evels per color conmponent. The original inmage data consists of
t'hr ee "col or conponents. cyan (C), nmagenta (M, yellow (%), which are the
primary colors of inks. Each of the color conponents belonging to a pixel
can take a total of 256 tone levels fromO to 255. In such a case. the C
M Y. dots nust be binary-coded for each pixel of the inage data to
determ ne that such dots are to be printed (ON) or not  (OFF). Various

bi nary- codi ng techniques are avail able. A m ninum average error nethod and
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terns of res tone repr nlrrumaverage error
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vei ghted gl e @bcBn9HaNt igdd@N 4.3, pp. 36 (1975) and also in

Japanese Patent Unexamined Publication No. 284173/1989 ("IMAGE

5 . PROCESSOR AND APPARATUS"). - On the other hand, the minimum

average error method 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

10 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

15 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

20 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 oxrdinary

adaptive algorithm for spatial grayscale for color images

performs the error diffusing process on each color component

25 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

30 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
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~error..caused in already bi nary-coded pi xel s adj acent the pixel to be

bi nary-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 bi nary-coded by diffusion. What nmakes the former different from
the latter.is the timng at which the error diffusion process is executed;
the two techni ques are conpletely equi valent logically. The error diffusion
method is disclosed in "R Floyd et al., 1975 SID Intemati onal Synposi um
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almost equal probability of 1/8.

C Dot

M Dot

Y Dot

Colorxr

(1)

ON

ON

ON

BLACK

(2).

ON

ON

OFF

BLUE

(3)

ON

QFF

ON

GREEN

(4)

ON

OFF

OFF

CYAN

(5)

OFF

ON

ON

RED

(6)

OFF

ON

OFF

MAGENTA

OFF

OFF

ON

YELLOW

(8)

OFF

OFF

OFF

WHITE

Even if the original image data is achromatic gray, the

binary~coded results thereof are a set of pixels whose colors

15 are different. Hence, to adjust such a mixture of different
Although

each of the eight combinations is likely to appear at an equal

colors so as to be achromatic is quite difficult.

probability, such probabilities may be disturbed by variations,
so that a predetermined combination may appear at a larger
20 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

25 significant deterioration in image quality.
In the case of a printer capable of using black ink (X)
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,
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) To.apply the m ni num average error nethod or the error diffusion nethod to
t he binary-coding of a color imge, the error diffusion is perforned on a

col or conponent basis i ndependently. For exanple, the process of
bi nary-coding the col or conponent C is perforned i ndependently of the color

conponents M and Y. Therefore, whether the C dot

or the Y dot on a single pixel is random which neans that no control

provi ded to make the dot easy or difficult to be superposed,
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that the data consists of pixels of different colors cannot be
eliminated. Consequently, the problem of 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. 1In this case, tone
level data of the four color 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’ C-K

M’ =M - K

Y’/ Y - K
The C’, M’, Y¥’, K components are generated by the above

il

W

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 fhe UCR
process are binary-coded by error diffusion method or the like
to generate binary-coded dots of 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

S

or the |like.
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- another on a single pixel. However, as described above, the ordinary
adaptive algorithmfor spatial grayscale for color inmages perfornms the
errordi ffusi ng process on each col or conponent independently. Thus, how
dots are superposed cannot be conpletely controlled. In binary-coding
achromatic gray data of an internediate density, the three color dots are
super posed 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

Lo s ol 400 LRIECor2 LA Sl Or cHOLebPNIBLR G QiU O\ OF | O
al so may be presen exa ‘gray data In the tone 1 eve
an ori gi refay fegancs mzsﬁzsslngra@%c@%ﬂ%#@%ﬁ}é@%&h@rp@@ﬁp@ﬁ@m@lc@ |v| Y

i s binar Yle@q_@’thbhéraﬁrogé‘@é%éﬂné haldeagh orobeketaNBeNeati 98 Whidrde
bi nary-coded to ON i's al nost
However, this technique involves not only the
5 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
10 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 conventional
adaptive algorithm for spatial grayscale. To summarize,
15 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
20 that the respective color dots will be superposed using the
error diffusion method has been proposed in Japanese Patent
Unexamined Publication No. 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.
25 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
30 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. Accoxrding to such techhique, small color signal
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‘:1./2.- As shown in the followi ng table, total of eight conbinations of colors
are produced after the pixel based binary coding process at an al nost 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

components cannot be ON unless larger color signal components
are ON, making the ON dots easy to be superposed.

However, this technique involves the operation of
sorting the respective color data of a target pixel in

descending order. That is, the binary-coding process cannot be

wn

started unless all the color data of the target pixel are
ready, which is a problem. Thus, even if the image data per
color is to be received on a line basis or on a screen basis,
the binary-coding process cannot be started from receipt of the
10 color component, making it necessary for the received color
components to be stored until all the color data are ready.
From this arises the problem of reduced processing speed and a
requirement for larger storage. The object of the above-
mentioned publication No. 6948/1992 is only to improve the data
15 compression ratio, and the specification provides no method for

controlling gray balance.

SUMMARY OF THE INVENTION

The invention has been made in view of the above

circumstances. Accordingly, an object of the invention is to
20 provide an image processor and a color printing apparafus
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 '
25 (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
is applied to an image processor for binary-coding respective
color components of tone color image data consisting of three

30 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
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OFF ON OFF MAGENTA
OFF OFF ON YELLOW
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component threshold cdntrolling 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
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 substantially
black dot, thereby producing a well-gray balanced output. '

BRIEF DESCRIPTION OF THE DRAWINGS

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.
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"Even i-f the original inmage oata is achromatic gray, the binary-coded
results thereof are a set of pixels whose colors are different. Hence. to
adj ust such a mxture of dilferent colors so as to be achromatic is quite
difficult. Al though each of the eight conbinations is |likely to appear at
an equal probability, such probabilities may be disturbed by variations, so
that a predeterm ned conbi nati on may appear at a larger ratio than that of
anot her conbi nation, and this causes inconsistency in produced colors. The
human eye takes a shihghk e5t18QSHE Uelk OPrEFEARAY BRbARSRENEECE a portion
that should be gray TS colored to be non-achromatlic, tne msmatching is so
over enphasi zed t d7"fge BEREASEPEStARE PEIRBINEARPATYHIdeTaft y@f@rm®dat i on

in i mge iRlditents of the invention will be described in detail with

reference to the drawings.
5 Figure 1 shows an-image processor and a printing

apparatus of a first embodiment of the invention. 'In this
embodiment, 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

10 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 1line refers only to an image processor of the
invention.

15 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. 1In
this embodiment, a dot is present (ON) when a color component

20 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 component binary-coding means 101 binary-
codes the color component C of a target pixel. The following

25 steps are taken when the mean error minimizing method is used

as a binary-coding technique:

1-1 The C data of the tafget pixel is corrected by a
binary-coding error of pixels neighboring the target
pixel.

30 1-2 The corrected C data is binary-coded by comparison with
a first color component threshold. That is, if the

corrected C data is larger than the first color
component threshold, the dot is set to ON, whereas if
‘smaller, the dot is set to OFF.
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“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 Kink (C. M Y are OFF and only Kis ON). This contributes to

I nproving the density and gray bal ance of the black dots, but the problem
that the data consists of pixels of different colors cannot be eli m nated.
Consequently, the problen1o unmat ched gray bal ance is | eft unsolved. To

ok "SRR o Ao AU P A AL O R

the bl ack corrponéﬁt Rh?rd?ﬁﬁgrﬁé: CPlRﬂelY el tad or e MWW%OG’I%
calculated error data is not necessary in the process
of binary-coding the target pixel, such data is stored

5 because such data is necessary at the time of binary-
| coding non-binary-coded neighboring pixels.

Process 2:

A second color component threshold controlling means

102 increases or decreases the threshold for binary-coding the

10 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

15 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

20 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 errxor.

25 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

30 is binary-coded to OFF. .

3-3 A binary-coding error caused at the target pixel is
calculated and stored.
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“In this case, tone |level data of the four coior conmponents C, M, Y, and K

are generated by the UCR process based on the original

| mge tone data of

C, M Y conmponents, and the color conponents C, M Y, K are binary-coded
thereafter. The sinplest exanple of the UCR process is as follows. K =
(C MY =C- KM =MK=Y - K

10 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

15 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.

20 5-2 The corrected Y data is binary-coded by comparison with
the threshold of the color component Y. That is,.if
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

25 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.

The above describes the embodiment of the image
processor of the invention. The following processes are added

30 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
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Process 4:

A third color component 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. Specifically, 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:

M N
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The C., M, Y, K conponents are generated by the above algorithm where MN
(C, M Y) is the function for finding a mninumof the C M Y conponents.
Then, the C M Y. K values obtained by the UCR process are binary-coded by
error diffusion nethod or the like to generate binary-coded dots ot the
respective color conmponents C, M Y. KIn the case of using the Kink the
bi nary- coded results of C, M Y. Knmay be printed as they are, whereas in
t he case of using only the three color inks CC M Y. then the K dot is

repl aced DYathe %H%ﬁr%%ﬁ' HhPb1bRE bbES eﬁeﬂ?{;fngmé\én 10 rbBe @6k01 nal
I mage da |s achromati c he val ues of C e uéT oné anot her
Thus, af tbemt wetbCR K dot i.e., the K dot is set to ON and the C, M,

Y dots, to OFF.
| Process 7:

5 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.

10 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

15 104 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:

20 The third color component threshold controlling means
104 decreases the threshold when the second color componenf 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.

25 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.

30 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
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- process, all of the C, M Y conponents becone zero, |leaving only the K
conponent Therefore, the binary-coded results indicate that only the K dot
exi sts. This nmeans that the achromatic area consists only of black dots,

t her eby avoi ding generation of gray bal ance unmatchi ng and i nconsistency in
t he 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 conponent in

addi ti on ga%ﬁto'?l%nﬁé Mreérmr@%&mﬁolﬂhe%eﬁ@a&s ibe saahedetrh@es the

bi nary-co operatlon i1 ncreases IS a problem Since. the

bi nary- cmr@h@@@r avhen & the l?e‘r’?’aorrlf' o‘fcf‘*?%l E}H n%lﬂho@ r1RRECRFRR i(TRA udes

a nunmber tnreshold when M is binary-coded to OFF in accordance with the
binary-coded result of M.

5 The examples of Process 4A and Process 4B only refer to
the binary-coded result of either the 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

10 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

15 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

20 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.

25 Thus, the threshold varies in three to four levels.

In Process 4A, inter alia, both the second color
component threshold controlling means and the third color
component threshold controlling means refer only to the.binary-
coded result of the first color component C. Therefore, it can

30 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 binary-coded result of the second color

component M and that second color component threshold
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- of process steps and is conplicated, any increase in processing tine and
processi ng hardware such as a nenory is considered a substantial problem
These are the probl ens 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 neans that no control
I's provided to nake the dot easy or difficult to be superposed, or the
like. In contrast, a technique for increasing the probability that the

respecti Ve, 60011 804'S nidds benaupeidosed dsi Agh dhe L ditl f tgloongeg hod
has been proEosed_ln JP-A- 400 6948/ 1992 (- METHOD OF_ BI NARY- CODI NG COLOR
| MAGE*) . con rolling means are of the same construction, etc.

With respect to Process 1 to Process 5 above, Process

1, Process 3, and Process 5 are portions shared in common with

5 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

10 probability of dots being superposed. The principle of such
process will be described below.

Generally, in an ordered dither method, a minimum
average error method, or the 1like. which involve the binary-
coding process by comparison with thresholds, the probability

15 of a binary-coded result being ON increases if the binary-
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 accordance with

20 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

25 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 Clare ON.

That is, by changing the threshold for binary-coding

30 the second color in accordance with the binary-coded result of
the first color, the probability of the first color being
superposed upon the second color can be increased or decreased.
Furthermore, by changing the threshold for binary-coding the
third color in accordance with the binary-coded result of the

.
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- The object thereof is to allow binary-coded color inmage data to be
conpressed at a high conpression ratio. Therefore. a binary-coding

techni que is provided which is capable of making pixels of the respective
colors easy to be superposed. A sunmary of the concept this technique is as
foll ows. Binary-coded col or conponent signals of a target pixel are sorted
i n descendi ng order and binary-coded as sorted. If the binary-coded results
of the already binary-coded col or conponents are OFF, then the col or

Chat ¢ hoys Lamaoro B G ACeRFnay PotblchoPhlnuTh iat sRapRdEpIPTE Hhg =1
conponent Brebabblibe N thel ddrstaggéerclodbrg siupriPewRpbaRem $her seopnd
maki ng theoON-deks £8SY L@ PScreased. Since the invention is designed
to artificially make the dots formed of the three colors C, M,
5 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 egual

10 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,
i.e., 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.

15 This means that there are few cases where the three colors are
not superposed on a single dot. 1In 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 technigue has

20 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.

25 Still further, +to binary-code the second color
compeonent 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-

30 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,
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- super.posed. .

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

t ar get

10

15

20

25
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special measures may, in some cases, be taken. .If the mean
error minimizing method according to this embodiment or the
adaptive algorithm for spatial grayscale 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).

t he

or is

In the second embodiment, operations corresponding to

Process 1 to Process 6 in the first embodiment of Figure 1 are
described using a pseudo-programming language similar to the C
programming language. While operations (+, -, =, ==, >, &&,
etc.), if else sentences for conditional branches, function
calls, and the 1like are similar to C, declarations of
constants, wvariables, functions, etc., are not particularly
made nor are they limited. The meanings of the variables and

functions used are as follows:
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"started from col or conponent, making it necessary for the conponents to be
stored until all the color data are ready. Fromthis arises the probl em of
reduced processing and a requirenment for |arger storage. The object of the
above- nentioned JP-A-400 694811992 is only to inprove the data conpression
ratio, and the specification provides no nmethod for controlling gray

bal ance. The invention has been made in view of the above circunstances.
Accordingly, an object of the- |nvent|on i's to prOV|de an i mage processor
and a col HF ; :

mai nt ai ng eaeel tenaagaam b@é—aacg whi | e S&'ihbstyl ng tyheiaamdjﬂuaonsaﬁd@tt

pixel.
correct_C, correct_ M, | The corrected data of C, M, Y
correct_Y of a target pixel.

result_C, result M, résult_Y The binary-coded result data
of C, M, Y of a target pixel.

5 result X The binary-coded result data
of K of a target pixel.

slsh C, slsh M, slsh Y The thresholds at the time
the color components C, M, Y
are binary-coded.

slsh_base M, slsh base Y The basic threshold values of
the color components M, Y.

slsh_add M, slsh_add Y The increases in threshold of
the color components M, Y.

slsh_sub M, slsh_sub Y The decreases in threshold of
the color components M, Y.

10 : err_ C, err M, err Y The binary-coding errors of
C, M, Y of a target pixel.

error_sum C(), The functions for calculating
error_sum_ M(), corrections of the color
error sum_Y() components C, M, Y of a
target pixel.

Further, slsh _C, slsh_base M, slsh_base_Y, slsh add M,

15 'slsh_add_Y, slsh_sub M, slsh sub Y are constants. The values
taken by such constants in the second embodiment are:

slsh C = slsh_base M = slsh_base Y = 127,
slsh_add M = slsh_add_Y = 26, and
slsh _sub M = slsh_sub_Y = 26.

20 The function error sum C() 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

25 neighbofing pixels is calculated.

e+ ] 16 -
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"(1) am increase in the nunber of binary-coding process steps is mnimzed,
and (2) the processing can be initiated without waiting for all the col or
conponent data to be available. To achieve the above and ot her objects, the
i nvention provides an i mage processor according to independent claim1 and
a printing apparatus according to independent clains 4 or S. Further
advant ageous features, aspects and details of the invention are evident
fromthe dependent clains, the description and the drawi ngs. The invention

refers to an Iﬁa%ﬂorp@eﬁéoasgambag e funet boRa el - Qb&ﬁﬁ%} eedibrg ol or
hal f-tone jnage data so that the inmage data can be  outputied to ap aratuses

not havi iRyF%e |%Veo§s§6r88ﬁepéﬁﬁ%rw Xydtemett to the"target pixe
X is E(x,y), 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
5 pixel and on the same line as the target pixel (y = 0 and x <
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)
10 W(-2,0) W(-1,1) = W(1,1) = W(0,2) =1
A general equation for calculating a weighted mean of the

errors is:
(2 E(x,y)W(x,¥)) / B W(x,¥).
However, a combination of x, y, which is the object of the
15 summation operation, is considered only where W is defined.
Specifically, the function error_sum A() calculates
(2+E(-1,0)+2+E(0,1)+E(-2,0)+E(-1,1)+E(1,1)+E(0,2))/

(2+2+1+1+1+1)
for the color component C, and the calculated value is added to
20 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
slsh C in Process 1 usually uses a value between two values
that could be the binary-coded results. A value 127 is used in

25 this embodiment. The corrected C color component data
correct_C is binary-coded to either 0 or 255 by comparison with
the threshold slsh C to obtain the binary-coded result data
result_C. An error err_C is a binary-coding error of the color
component C caused by binary-coding the target pixel. This

30 binary-coding error is referred to by the ~ function
error_sum_C() 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

- 17 - —
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“According to a preferred aspect, the invention is applied to an inage
processor for binary-coding respective color conponents of tone col or imge
data consisting of three col or conponents. The image processor includes: a
first color conmponent binary-coding nmeans for binary-coding a first color
conponent, a second col or conponent binary-codi ng neans for binary-coding a
second col or conponent, a second col or conponent threshold controlling
means for the second col or conponent binary-coding means, the second col or
conponent s Ly &3 %&Pofoé‘é Oygéﬁérw ARARSH ET E45L P ﬂngeﬁég §i "GyReR LA

col or conponent bi nar hr esho In accor anc a binary-coded
resul t cﬁhl@@rzmpqﬁe@rm£$¢l%to%o¢@¢ cohponeprPoneRhi Edigof oretakibvhche

bi nary- cogi £ pREASK f Afh PERa] ¥ - 08l Bl Bc L BhF8sKOL QT vEPAROBSA the color
component M, slsh _add M is added, whereas when the binary-coded
5 result of the color component C is 255, slsh sub M is
subtracted. Since in the second embodiment
slsh_base M = 127

slsh_add M = 25
slsh sub M = 25,
10 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 component C is 255.

15 The operation of binary-coding the color component M in
Process 3 is exactly the same operation as in Process 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

20 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 slsh base_ Y, which is the basic threshold value for
the color component Y, slsh_add Y is added, whereas when the

25 binary-coded result of the color component C is 255, slsh _sub Y
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.

30 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 result_C, result_M,
result_Y based on the result_C, result M, result_ Y already

obtained by the image processor section of the invention up to
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"and a-third col or conponent threshold controlling neans for the third col or
conmponent bi nary-codi ng means, the third col or conponent threshold
controlling neans increasing or decreasing a third col or conmponent
bi nary-coding threshold by referring to at |east one of the binary-coded
results OFF or ON of the first color conmponent and the binary-coded results
for the second col or conponent Further, the color printing apparatus of the
i nvention preferably includes a bl ack dot generating means for replacing a

of the {HaeTot & have BEUR bRt ok 18 O aiet gk o8aRD) BF
actually printing dots wil be omitted.
In the second embodiment, the threshold increases or
decreases slsh_add_M, slsh_sub M and slsh_add_Y, slsh_sub Y are
5 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, i.e., 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
10 colors C, M, Y have been superposed stand for 99% or more with
a scanty 10% threshold increase or decfease. 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
15 effective the superposition control becomes. Therefore, an
appropriate threshold increase or decrease may be set through
an evaluation of what value is best for a binary-coding
technique or the like to be adopted.
_ Further, it is not necessary to make all the values
20 slsh_add M, slsh_sub M, slsh_add_Y, slsh_sub Y 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 long as
25 slsh _add M > 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
30 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.
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"-As a—result of the above arrangenent, when achronmatic gray data is

bi nary-coded, such data is nmade of a sub- stantially black dot, thereby
produci ng a wel |l -gray bal anced output Figure 1 is a bl ock di agram show ng a
Figure 2 is a diagram showi ng a second
Figure 3

first enbodi ment of the invention:
enbodi nent of the invention using a pseudo-progranmm ng | anguage:

Is a diagram showing a third enbodi nent of the invention using a

pseudo- programmi ng | anguage;

10

15

20

25

30
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creasing 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 = slsh base M + slsh_add M,
and then in [Process 3], a comparison is made with the image
data such as

if(correct M > slsh_M).
If only this comparison portion is highlighted, it is written
as

if (correct M > slsh base M + slsh_add M).
This portion can further be rewritten as

if(correct M - slsh_add_M > slsh_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

Figure 4 is a diagram showi ng a Process 6 of

Figure 3 inpl enenjieth by, acghph Ll 864 WEEHOQhea'l%a%'éJLHaQ% HR)md Qe ShELetr €
di agrams showi ng exanples of a weig tlng matrix of a M ni num aver age err or
met hod Ofthe threshold increasing or e
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"the tavention. |Inmage processors and printing apparatuses of preferred
enbodi nents of the invention will be described in detail wth reference to
the drawi ngs. Figure 1 shows an imge processor and a printing apparatus of
a first enmbodi nent of the invention. In this em bodinent, a color
conponent 1 is cyan (C). a color conponent 2 is magenta (M, and a col or
conponent 3 is yellow (Y) and the respective col or conponents of a target
pi xel is binary-coded to ON (a dot is present) and OFF (a dot is absent).

The entire pertifd ofr&t gufBodineher T B8 Q¥38PLBeAl id PrdHd Ngr apparat us
of the lnvggbkgge g@gégg%hﬁhgogogééggal grayscale as follows:
Process 17:
1-1- The corrected C data is binary-coded by comparison with
) the threshold for the colox 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 QFF.
10 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 grayscéle starts the error
15 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-diffused data, is ready even
20 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
25 5(c) may also be used. Examples are also contemplated 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. _
30 While C is assigned to the first color component, M to
the second color component, and Y to the third color component
in the above embodiments, the assignment of the color

components may be arbitrary.
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"surroedunded by a broken line refers only to an i mage processor of the

I nvention. Referring to Figure 1, a binary-coding algorithmused in this
enbodi ment will be described The follow ng description refers to an exanple
in which a m ninum average error nethod is enployed as a basic

bi nary-coding nethod. In this enbodinent, a dot is present (ON) when a
col or conponent is binary-coded to a |arger value, and a dot is absent
(OFF) when a col or conponent is binary-coded to a snaller val ue.

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
S 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
coﬁponent, and the third color component in this embodiment.
10 Thee 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
15 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; i.e., when all the dots R, G,
20 B are Dbinary-coded +to ON, +the ©pixel Dbecomes white
(highlighted), whereas when all the dots are binary—coded-to
OFF, the pixel becomes black.
The meanings of wvariables and functions of the third

embodiment are as follows:
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"Process 1: A first color conpcnent binary-ccding neans 101 bi nary-codes the
col or conponent C of a target pixel. The fol- | ow ng steps are taken when
the nean error mnimzing nethod is used as a binary-codi ng technique: 1-1
The C data of the target pixel is corrected by a binary-coding error of

pi xel s nei ghboring the target pixel: 1-2 The corrected C data is

bi nary-coded by conparison with a first col or conponent threshold. That is,
if the cor- rected C data is Iarger than the first color conponent

t hr eshol d A = - —=t-he—dot
data _R, data_G, data B The R, G, B data of a target
pixel.
correct_ R, correct_G, The corrected data of R, G, B
correct B of a target pixel.

result R, result_ G, result_B | The binary-coded result data
of R, G, B of a target pixel.

5 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 error_sum_R() The functions for calculating
' error_sum G(), corrections of the color
error_sum_ B() ' components R, G, B of a
target pixel.

result K The binary-coded result data
of K of a target pixel.

Further, slsh R, slsh_base G, slsh_base B, slsh_add G,
15 slsh_add_B, slsh_sub_G, slsh_sub B are constants, whose values

are:
slsh R = slsh base G = slsh base B = 0.5,

slsh_add G = slsh_add B = 0.1,
slsh_sub G = 0.2, and
20 slsh_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
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'is set- to OFF. 1-3 A binary-ccding error of the .color conponent C caused
at the target pixel is calculated. Al though the calculated error data is
not necessary in the process of binary-coding the target pixel, such data
I s stored because such data is necessary at the tinme of binary-coding
non- bi nary-coded nei ghboring pi xels. Process 2: A second cl crconponent
threshold ccntrolling means 102 i ncreases ordecreases the threshold for

bi nary-codi ng the second col or conponent M in accordance with the

bi nary- CCl5j:c-ocesesSUI t 1‘90 LlJﬂ'reocfelsrsSt Scois(?r A OanrentJ.fC 01§P§Cié,i C@I',l Yy 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
5 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 obtaihing C, M, Y by
reversing the binary-coded results of R, G, B is inserted in
10 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
15 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==¢ && result B==9).
While embodiments implemented by the pseudo-programming
20 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 processbr of the
25 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 threshold
30 controlling means. As a result, in the case 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
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when_the col or conponent Cis binary-coded to ON (a dot is present), the
threshold is decreased, whereas when the col or conponent C is binary-coded
to OFF (a dot is absent), the threshold is increased. Process 3: A second
col or conponent binary-codi ng neans 103 bi nary-codes the col or conponent M
using the threshold for binary-coding the second col or conponent M

determ ned by the second col or conponent threshold controlling neans 102.
The foll owi ng steps are taken based on the nean error mnimzing nethod:

S-1 The LoloacaTRangml; I 48 ARl e 16 SAARL iR whEnCOLEEUSLI
Y qra;]balance compared with a case where gray dots consist of a

variety of color dots.
The threshold controlling means of the image processor
5 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

10 sequence, e.g., pixel sequential, line sequential, or screen
sequential, etc., flexibly. Since the capacity of the binary-
coded data is largely reduced compared with that of the
original image data, this is advantageous in saving storage
capacity. Particularly, since the design such that the third

15 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.

20 The printing apparatus of the invention is
characterized as including, in addition to the image proceséor
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

25 in the black ink, thereby allowing further improved gray
balance to be maintained. What is more advantageous is that no
further complicated binary-coding process is required to be
added therefor.
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F ted Mdata is binary-coded by conparison with the threshold
gfzthzhgofgﬁrggnponent M That is. if the corrected Mdata is larger than
the threshold of the color conponent M the corrected Mdata is

bi nary-coded to ON. whereas if smaller, the corrected Mdata is o xe
bi nary-coded to OFF. 3-3. A binary-coding error caused at the targeldp

is calculated and stored. Process 4: A third col orconponent thresho .
controlling neans 104 increases or decreases a threshold for binary-coding

the third col or component Y in acconggnggﬁth t he binary-coded results of
the first color conmponent C and the s€

What is claimed is:

1 1. In an operation of binary-coding respective color
2 components of half-tone color image data consisting of three
3 color components, an image processor comprising:
4 a first color component binary-coding means for binary-
5 coding a first color component ;
6 a second color component binary-coding means for
7 binary-coding a second color component;
8 a second color component threshold controlling means
9 for the second color component binary-coding means, the second
10 color component threshold controlling means increasing or
11 decreasing a second color component binary-coding threshold in
12 accordance with a binary-coded result OFF or ON of the first
13 color component;
14 a third color component binary-coding means for binary-
15 coding a third color component; and
16 a third color component threshold controlling means for
17 the third color component binary-coding means, the third color
18 component threshold controlling means increasing or decreasing
19 a third color component binary-coding threshold by referring to
20 at least one of the binary-coded results OFF or ON of the first
21 color component and the binary-coded results for the second
22 color component.
1 2. The image processor according to claim 1, wherein
2 said third color component threshold controlling means refers
3 particularly to a binary-coded result of said first color
4 component, and increases or decreases a threshold for said
5 third color component in accordance with only a binary-coded
6 result OFF or ON of said first color component.
NNV
R OO
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-col or.-conponent M Speciffcally if both C and Mare binary-coded to ON, the
threshold is decreased, whereas if Cor Mis binary-coded to OFF, the
threshold is increased. Process 5: A third col or conmponent bi nary-coding
means 105 bi nary-codes the col or conponent Y using the threshold for

bi nary-coding the third col or conponent Y determ ned by the third col or
conponent threshold controlling neans 104 in a manner simlar to that for
the M conponent in Process 3. When the nean error minimzing nethod is

usgd, the follow §g stgpS; AL & FKECessor according to claim 1, wherein

2 at least one of said second color component binary-coding means
3 and said third color component binary-coding means operates in
4 accordance with one of a minimum average error method and an
5 error diffusion, -

1 4. The image processor according to claim 2, wherein

2 at least one of said second color component binary-coding means

3 and said third color component binary-coding means operates in

4 accordance with one of a minimum average error method and an

5 error diffusion.

1 5. A printing apparatus for printing dots using inks

2 of four colors including three primary colors and black,

3 comprisings:

4 an image processor comprising:

5 ' a first color component binary-coding means for

6 binary-coding a first color component;

7 a second color component binary-coding means

8 for binary-coding a second color component;

9 a second color component threshold controlling
10 means for the second color component binary-coding
11 means, the second color component threshold controlling
12 means increasing or decreasing a second color component
13 binary-coding threshold in accordance with a binary-
14 coded result OFF or ON of the first color component;
15 a third color component binary-coding means for
16 binary-coding a third color component; and
17 a third color component threshold controlling
18 means for the third color component binary-coding
19 means, the third color component threshold controlling
20 means increasing or decreasing a third color component
21 binary-coding threshold not only by referring to at
22 least one of the binary-coded results for the first
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5-1 “Fhe col or conponent Y data of the target pixel is corrected by a

bi nary-codi ng error of the neighboring pixels. 5-2 The corrected Y data Is
bi nary-coded by conparison with the threshold of the col or component Y.
That is, it the corrected Y data is |larger than the threshold of the color

conponent Y. the corrected Y data is binary-coded to ON. whereas if
the corrected Y data is binary-coded to OFF. 5-3 A binary-coding

Zp?gleg% the col or conponent Y caused at the target pixel is calculated and

st es ed. color component or for the second color component, but
24 also in accordance with only a binary-coded result OFF
25 or ON for the referred color component dot; and
26 a black dot generating means for replacing a target
27 pixel with a single black ink dot if all three color components
28 of the target pixel have been binary-coded to ON in a binary-
29 coding operation performed by said image processor.
1 6. The image proéessor according to claim 5, wherein
2 said third color component threshold controlling means refers
3 particularly to a binary-coded result of said first color
4 component, and increases or decreases a threshold for said
5 third color component in accordance with only a binary-coded
6 result OFF or ON of said first color component.
1 7. The image processor according to claim 5, wherein
2 at least one of said second color component binary-coding means
3 and said third color component binary-coding means operates in
4 accordance with one of a minimum average error method and an
5 error diffusion.
1 8. The image processor according to claim 6, wherein
2 at least one of said second color component binary-coding means
3 and said third color component binary-coding means operates in
4 accordance with one of a minimum average error method and an
5 error diffusion.

W
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-5- The above describes the enbodi nent of the inmage processor of the

I nvention. The foll ow ng processes are added to the operation of the
printing apparatus of the invention. Process 6: A black dot generating
means 106 sinply sets a K dot to OFF when any one of C, M Y conponents:- of
the target pixel is OFF. Wien the C, M Y conponents of the target pixel
are binary-coded to ON, the black dot generating neans

ABSTRACT OF THE DISCLOSURE
An image processor and a color printing apparatus to

.which the image processor is -applied, the image processor
having the function of binary-coding color tone image data so
5 that the image data can be cutputted to apparatuses not having
a pixel-based tone control system. 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,
0 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
15 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
20 color component binary-coding threshold not only by referr%ng
| to at least the binary-coded result of the first color
component or the binary-coded result of the second color
component, but also in accordance with only a binary-coded

result OFF or ON of the referred color component dot.
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-106 +-e
Y dot s,

fth a K dot,
to OFF. Process 7: A dot'printing nmeans 107 prints with inks in

i.e.; the K dot is set to ON and the C, M

accordamg§&wLLh the binary-coded results of the CC M Y. and K dots

‘obt ai ned
jet net
t he Iik.

Process 4 of

transfer

i n Przpess 6. Printing nethods include a wire dot nethod, an ink
her mal

Process 4D, may be applied.

nethod

e third color
the i nventi on, theqﬂg Iow

an el ect rophot ogr aphi ¢ met hod, or

L Ehrashold eqildhoht g.0Pa05, 404 L0

ng m) Ifie rocesses, I’OCGS ii\%

second color component threshold controlling
means

g 7 03 . second cclor component binary-coding means
o 104 third color component threshold controlling
- means
] 05 # third color component binary-coding means
706_: black dot gernerating reans
ﬁ 10 /. dot printing means
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"Process 4A:

decreases the threshol d when the first color

calgOg—conponent threshold control
conmpanent

- 104
T ed to

ON, or lncfﬁh%és the threshold when Cis b|nary coded to OFF in accordance

with the binar
t hr eshol d cont I

fENte

ﬂ
porent ~ @
I"nary- cqded to Ergata%’gozlggr{é%”\ms%’i’? the
result_C=25%;
else
result_C=0;

gﬁ S H&r‘ad: %f)(&ed P£ tpec %§

err_ C = correct C - resuit_C;

PROCESS M thresh t
2 (hsstslaigorontien ing Beens et
l'— Eﬁ‘%‘] - S
I TS ER A MATORIEHE

Pf[ resalt C =10 )
slsh_M = sish_base ¥ + slsh_add_¥;

else
sish_M = slsh_bzse M - sish_sub_M;

T rd col or conponent
ases %%% gp% when t he second
q}lncreéses the threshol d when

ases Qr decreases the
accordance with the .

— binary~coded result

of the color component C

PROCESS 37
=z &
correct_H = data ¥ + error_sea_M¥{);
i1{ correct M D sish M)

result_M = 255;
else

result M = 0;
err M = correct M - resuIL_M

™

blnary -coded the color component M

sish_ Y = sish_base_M + sish_add_Y;
else

slsh_M = sish_dise M ~ sish_sud Y;

PROCESS $1 ,binary-coded £im color component Y
‘——*[:Eé-ﬂm

correct_Y = data_ Y + error_sum Y{);
if{ correct_Y D sish Y )
result Y = 25%;
else
resejt Y = 0
err Y = correct Y - result_Y;

):FPDCESS ¢ ( Black. dof geum‘l“n means }euemfex Kdot
- ;L5L7—9—f17jqgyﬁ;Fiiﬁ,——yﬁfﬁ7ifﬁﬁ7—FZEﬁz

= 255 && resull M == 255 &% renlt Y == 255) {

lf( resvlt C=
resali_C
result K
resoft_Y

|1 LR { G |
N o oo
e

Uy - -
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Y, threshold controlling means increases or decreases a
@Cj\ss +1 (t hreshold for color co:%ponent Y in accordance with the

== ~— binary-coded results o
M the color componentsC
if{ resu)t_C == 0 8& result Y ==0) and M.



- binary- cogmlzt_%gf My_frocess 4C. The third color ¢ reshol d
control ling nmeans 104 decreases the threshold when T o oded
to. ON, or—f#eFprases the threshold when both C and M are binary- coded to OFF

in ac nge coded . ,results of C and M Process 4D. The
t hi rdcﬁ{g‘% e NG TEaRe PLBE T i st ‘decreases the

W ar
n@é_ﬂﬂ’&{% bflj] $E%I g %ong rol
t hreshol d Wnen C[Ts bi %og,l,it__ = dat2_R + error_sea R{):

if( correct_R > sish_R )
rasuli_R=I:

tlse
resaft_R=o0:

ecr_R = correct_2 ~ resaft_R;

G threshold controlling means increases or decreases the

([PQOCESS 21 threshold for color component G in accordance with the
(-5%s%#ﬁL—§E¢w~Eﬁ§§}R4944§4E§HE binary-coded result of

color component R

if{ resalt g == o )

slsh G = slsh_base G + slsh_add_G;
else

slsh_G = sish_base_G - slsh_sab_G:

(PROCESS3]

(FRocEEST

<;b1nary—coded e color component G
BRI oo- it

carrect_G

data G + error_sun G():

if{ correct G > slsh G)
resaft G =1;

else
resvli G = 0;

err_G = correct G —~ resat_G;

RoCESS 43 B threshold controlling means increases or decreases a

( (P . ! threshold for color compomnent B in accordance with the

(— (=€) _4‘ SUTSo binary-coded results
ﬁERﬁ§ﬁ?F%E%rtw—ﬁﬁif¥ﬂéﬁ€héﬁiﬁ#§ of the color compoments

11( fesult_R == 0 && resali G == 0 ) R and G

:
t

slsh_G = slsh_bise G + slsh 3dd_B;

else
sish G = slsh_dise G — sish_sud_B;

[fP(ZOCESS 53 (blnary ~coded th# color component B
— [EES5 ] \exH-Be-sEit—

correct B = data_B + error_suz_B();

if( correct B> sish B )
reselt B = I;

else
teseli_B = o0;

srr_B = correct B - resait_B;

Gﬁz&ess &3

resalt C =1 - resalt_R ;

resalt M =1 - resolt G

resalt_ Y =1 — resu[{_B ;

Pf( reselt C ==1 && resnli Mo==1 8% reatt Y == 1} |
result C =0 ¢
resalt_ M =4a ¢
reselt Y =19 ;
resalt K =1 ;

Jelse
teseit K =0 ¢
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to CN or__ExErEsesstheqreshol d when C is binary-coded 19 QEEA8)

‘accordance with the bi nary-coded result of C. The third color conponent

-t hr eshol
bi nary- coded
OFF i n accorga
ng ess 4A a
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rolling neans 104 hen decreases the threshold whe
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rst col or reopdnent ; C or the second col or conponent

ry- codi ngrtdvét th+ rnd; col or conponent Y. However, for

st col or cosmphufentt C and the second col or conponent

made easyesudt e= duper posed up to Process 3 and that

equal } teds¢ He nunber of dots Min the case of gray d
rese]t C =1 - result_R
rese]t M =1 - resuft G :
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most likely to be binary-coded to ON for a pixel whose C dot has been

bi nary-coded to ON up to Process 3, so that an advantage cl ose to that
obtained by referring to both C and M can be obtained by referring only to
ei ther one of them For the sane reasons, in the exanples such as Process
4C and Process 4D, a simlar advantage aan be obtained if the original

Il mge data is gray. In the case of Process 4D, the threshold for

bi nary-codi ng the thi m¥aGy PROCETSOREANDO PRINPINGAABPARKPMSVal ue if both C
and M are binary-coded to ON;, a maxinumvalue if both C and M are

bi nary-coded to OFF;, and

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 technigues 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
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a nean value if either Cor Mis binary-coded to ON. Thus, the threshold
varies in three to four levels. In Process 4A. inter alla, both the second
col or conponent threshold controlling means and the third color com ponent
threshold controlling means refer only Jo the binary-coded result of the
first color component C. Therefore, it can be said that the inage processor
of the invention can be inplenented with a sinple design for the reasons

that it completely equivalent logically. The error diffusion method is
disclosed in "R. Floyd et al., 1975 SID International Symposium
Digest of Technical papers, 4.3, pp. 36 (1975) and alsc in
Japanese Patent Unexamined Publication No. 284173/1989 ("IMAGE
PROCESSOR AND APPARATUS"). On the other hand, the minimum
average error method is disclosed in "J.F. Jarvice, C.N. Judice
and W.H. Ninke; Computer Graphics and Image Processing, Vol. S,
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. 1In 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 error diffusing 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
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IS not necessary to store the binar/-ccded result of the second col or
conponent M and that second col or conponen threshold controlling neans and
-the third col or conmponent threshold controlling neans are of the sane
constructicn etc. Wth respect to Pragess 1 to Process 5 acove, Process 1,
Process 3, and Process 5 are portions shared in common wth the existing
mean error mnimzing nmethod, whereas the second col or conponent threshol d
control | i ifptmeddd be2biperyi-codedf tBr ONess Zlmbét PLoOZessAst showal vimthene
third colg es cond rollipg neans e Rl t he
I nventi on.{ﬁ%?é&t@ﬁ%as%%’d ?’gh?rlol i ngl%régn?’ ﬁf‘laijtg%tn%rt%fr?%grlgggi n%ét he
probabi | i tprogiucest sabeengthe- pixel-based binary coding process at an

almost equal probability of 1/8.

BLACK
(2) ON ON OFF BLUE
(3) ON OFF ON GREEN
(4) ON OFF OFF CYAN
(5) OFF ON ON RED
(6) OFF ON OFF MAGENTA
(1) OFF OFF ON YELLOW
WHITE

Even if the original image data is achromatic gray, the
binary-coded results thereof are a set of pixels whose colors
are different. Hence, to adjust such a mixture of different
colors so as to be achromatic is quite difficult. Although
each of the eight combinations is likely to appear at an eqgual
probability, such probabilities may be disturbed by variations,
so that a predetermined combination may appear at a larger
ratio than that o¢f 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 gquality.

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 pixellconsisting only of K ink (C,
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per posed. The principle of such process will be described bel ow. GCenerally,
In an ordered dither nethod, a m ninum average error nethod, or the like
-whi ch invol ve the binary- coding process by conparison with thresholds, the
probability.of a binary-coded result bging 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.
Ther ef or eM, Wheare IQFR [anshieily Kol sbPNary- Thils ngontsbures cbe eimprovibng eased

in accordg ?Qféi‘-xé’!r.t atnfaeg%gasxlsaeedof% AcrCadts!, bk Ene &Rt

t he probaB bei n nary- coded is incréased if t
bi nary- coﬁbéFr%ﬂﬁnanﬁ Q9Q§}§3§ °Wh8#§&§stﬁ§ 5%5536?9Ft9°6?rﬁﬂﬁé¥%3t be

bi nary- coglethifatdd . i s coasegaedtily,t hehdi P¥dblem of unmatched gray
balance is left unsolved.

To obtain stable reproduction of an achromatic area, an
under color removal (UCR) technigue 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 color 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'=C-K
M’ =M - K
Y =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’, ¥’, K values obtained by the UCR
process are binary-coded by error diffusion method or the like
to generate binary-coded dots of the respective color
components C, M, Y, K. In the case of using the K ink, the
binary-coded results of C’, M’, ¥’, K may be printed as they
are, whereas in the case of using only the three color inks C,
M, Y, then the X 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’, ¥’ 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
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coded result of Cis OFF. As aresult, the C dot and the Mdot 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 Mand 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 firsonsists benby ofpdlaskddet®n therskyoasodddngagereiattom sefi

or decr ease t ; L 80; bj = | he
third col Oéiral ‘%&%ﬁﬁ%@ga\%}é th %Q?]hghg?#\%%%%mgu ?’ 51ce)f b?ﬁéxfggs gg% or
or the bi ndug t§Se g&ay arga baitngdeasdel uplodr pixgdspefbudriony cslots.

first color being yiRArd¥5e0tHPEN 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 prcoblems encountered by the conventional

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 Japanese Patent

Unexamined Publication No. 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

ervmris . LA Ceer ey
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‘the second col or can al so_be increased. Since the invention is designed to
artificialty make"the dots formed of the three colors C M and Y easy to
-be superposed one upon qpother on the basis of thi

pr obabi IThis $hegtfHas Been € col or dots being binaryfc

can be su si ngl e pi xel is6increased. e of gray
ori gi nal whi ch the nunbers of dotg | most
equal to one another, if the threshold has beenli ¢ased
sufficiently, the magjority of pixels fall within l'$ in which

all three colors CC M Y are set to ON, ia., the e replaged with

K, and pixels in which all the three colors are binary-coded TOGFF, i.e..
the whi t e SPFPONSRTSs GAAIRE (9O Hitkess claxger asekomheignd hecdiwerents or

are not super pMGemhaking HHWION dots easy to be superposed.

However, this technique involves the operation of
sorting the respective color data of a target pixel in
descending order. That is, the binary-coding process cannot be
started -unless all the color data of the target pixel are
ready, which is a problem. Thus, even if the image data per
color is to be received on a line basis or on a screen basis,
the binary-coding process cannot be started from receipt of the
color component, making it necessary for the received color
components to be stored until all the color data are ready.

~From this arises the problem of reduced processing speed and a
requirement for larger storage. The object of the above-
mentioned publication No. 6948/1992 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
5. Further advantageous features, aspects and details of the
invention are ' evident from the dependent claims, the
description and the drawings. The claims are intended to be
understood as a first non-limiting approach of defining the
invention in general terms.

The invention refers to an image processor having the
function of binary-coding color half-tone image data so that



dot. In other words, there will be no case where dots of various colors
appear in a gray area. Further, while an exanple in which the nean error
-minimzing nmethod is used as the binary-codi ng techni que has been descri bed
with respect to the first enbodi ment, other binary-coding techniques such
as an ordered dither nethod, a multi-Ilevel division quantization nethod, or
the i ke may be enployed to binary-code the first color conponent 1 in
Process 1. Still further, to binary-code the second col or conponent and the
third colqr coq$o Progess_3_and ocess 5, the advantage of the

i P
super positi®rp %%SQ%F%Pfa@O ero?“ﬁ%‘bﬁ%ﬁésﬁ?oﬁwaiwgﬁt i cAAvViRg 2
obt ai ned gixedmpasiethrbpne 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
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- coding techniques as long as the such techni ques include the binary-coding
process based on the conparison with thresholds. However, since the

_ordinary ordered dither method or the |ike changes the output imge density
to an appreci abl e degree when the thresholds are sinply increased or
decreased, special neasures may, in song cases, be taken. If the nean error
m nimzing nmethod according to this enbodi nent or the adaptive al gorithm
for spatial grayscate or the like are used as the binary-codi ng techni que,
correct i OrFIMPARRNE athrasheilde conteal lhing| means f9%) - theedecondr dmlam

el i m nat e ddupcidrt BANIY-RlodihG  hEEBnS, ! AHLt sRiceRld | olbRardeifthe AS 2

result, Iftﬁ¥és é%gﬂggﬁiégfiiggk;ééhérgéﬁiggégkg 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 compeonent and the binary-
coded results for the second color component.

Further, the color printing apparatus of the invention prereranly
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 substantially
black dot, thereby producing a well-gray balanced ocutput.

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.
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no objectionable fluctuations in the output image density will be
encountered. Figure 2 is a diagramillustrative of a second enbodi nent of
_the invention, in which the first enbodinment is further specified by using
a pseud- progranm ng | anguage. The secong enbodi nent is designed to
bi nary-code the respective col or conponents of inmage data either 0 or 255,
the inmage data consisting of three colors, C, M and Y and having a total
of 256 tone levels (fromO to 255). In the second enbodi nent, operations
corresponding to Process 1 to Process 6 in the first enbodinment of Figure 1
are descnbed usi Ngag9 RAKKRIANT and PFLnEi§dagersratrarst 8Lt preferred

Progranm gkbddikRee oMthé OREERELIGASWIY]1 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. 1In this
embodiment, 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 binaryéccded
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 1line 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. 1In
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 1l:

A first color component binary-coding means 101 binary-
codes the color component C of a target pixel. The following
steps are taken when the mean error minimizing method is used
as a binary-coding technigue:

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
corrected C data is larger than the first color
component threshold, the dot is set to ON, whereas if
smaller, the dot is set to OFF.
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-, =5, =, > && etc.), if else sentences for conditional branches, function
calls. and the like are simlar to C, declarations of constants, variables,
_functions, etc., are not particularly made nor are they limted. The

meani ngs of the variables and functions ysed are as follows: dataC, dataM
dat aY 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 resul tY, IR0 ey At de 32 2tbrCeddpoheile & 't
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 color component threshold controlling means
102 increases or decreases 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 & 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.
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-7 - (continued) result-K The binary-coded result data
of Kof a target pixel. slsh-C slshM slsh_Y The threshol ds at the
.time the color conponents C, M Y are binary-coded. sish-baseM sishbaseY
The basic threshol d val ues of the col or1 conponents M Y.

Process 4:

A third color component 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 coler component C and the second color component
M. Specifically, 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, if

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.

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 ﬁarget pixel are

| o oV 199
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" si shaddM sl shaddY The increases in threshold of the col or conponents

M Y. slshsubM sishsubY The decreases in threshold of the color
.conmponents M Y. err_C, err_M errY The bi nary-coding errors of C,
M Y of a target pixel error sum CO The functions for

cal culating corrections of the color c&nponents C. M Y of aerror._sum M)
target pixel. errorsun¥() Further slsh-C, slshbaseM slsh-base-Y. slshadd

M sl Sha% ﬂX'ryS lc%ta%l&b% 6&5@1’(@ b\iﬂ)@d%(ﬁnaéﬁggitxng 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 component 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
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The val ues taken by such constants in the second enbodi nent are: slshC =

sl sh_. baseM = sl shbaseY = 127. sl shaddM = sl sh_addY = 26, and sl shsub M =
-si shsubY = 26. The function errorsum CO in Process 1 of Figure 2 cal cul ates
a correction of the color conponent C data. This data correcting process is
usual |y performed by the nean error ninim3ing nethod. A weighted nean of
the binary- coding errors of the color conponents C caused at already

binary‘CO@%&pQﬁEﬁqumfg%Hgfgﬂébﬂé%éf&fﬂ&Eﬁéﬁhs 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 4B only refer to
the binary-coded result of either the 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 ¢an 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 alia, both the second color
component threshold controlling means and the third color
component 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 inventiqn can be
implemented with a simple design for the reasons that it is not
necessary to store the binary-coded result of the second color
component M and that second color component threshold

N1
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Let it be assuned that the binary-coding error of a pixel above a target

pi xel by y and left to the target pixel by x is E(xy). a weight thereof is
WX y). and the pixel above the target pixel (y > 0) and a pixel to the

|l eft of the target pixel and on the sane | ygie as the target pixel (y =0
and x .c 0) have already been binary-coded. Wen a meighting matri x such as
shown in Figure 5(a) is used in this case, W-1.0) WO0.1) =2 W-2.0) =

W1 1) =olhbebh ey Zhednt Adfifneha! GOHALTQB16Y EBhEABLE " ii Y e
controlling means are of the same construction, etc.

With respect to Process 1 to Process 5 above, Process
1, Process 3, and Process 5 are portions shared in common with
the existing mean error ninimizing 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 superposed. 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 binary-
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 accordance 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 ON.

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 color being
superposed upon the second color can be increased or decreased.
Furthermore, by changing the threshold for binary-coding the
third color in accordance with the binary-coded result of the
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(M E(xy)Wxy)) / [err] Wxy). However, a conbination of x y, which is the
obj ect of the sunmation operation, is considered only where Wis defined.
. Specifically, the function error-sumAO cal cul ates (2-E(-1,0)+2. E(0.1
)+E(-2,0)+E(-1 .1 )+E(1 .1)-)+E(0,2)y (2A%2+1+1+1+1) for the col or conponent
C. and the calcul ated value is added to renew the cal cul ati on. The function
error_sum_ M) in Process 3 calculates the sane thing for the col or

conponent gérst 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,
i.e., 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 a2 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 respéct to the first embodiment, other
binary-coding technigues 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. . o

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 deéreased,
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The first col or conmponent binary-coding threshold slshCin Process 1
usual |y uses a val ue between two val ues that could be the binary-coded
-results. A value 127 is used in this enbodi nent. The corrected C col or
conponent data correct_C is binary-coded to either 0 or 255 by conparison
with the threshold slshC to obtain the bi'hary-coded result data resultC. An
error err_Cis a binary-coding error of the col or conponent C caused by

bi nary-coding the target pixel. This binary-coding error is referred to by
t he funct SPACERROMERSHAES) ®AY PrivcEame GABASa hexitakelel iEf bther peagoded,

and is t hgepeber eititied P rmettedy n&ééo?&ﬂﬁ?}’téo‘i&t&% W ifdht PCceRs 2 is
t he operation of ingreasi %r decr easi.n he t hreshol fg[ t he secon
col or conﬂeﬁﬁﬁﬁvﬁlﬁgEPSFﬁEg or spatial grayscale or the like are use

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, 1if 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
described 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 te 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:

o i R T T TP
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by the second col or conponent threshold controlling neans. Wen the

bi nary-coded result of the color conponent Cis O relative to slsh_base M
which is the basic threshold value for the col or conponent M slsh add Mis
added. whereas when the binary-coded result of the color conponent Cis

255. sl shsubMis subtracted. Since in thd?’second enbodi ment
data_C, data_M, data_Y The C, M, Y data of a target
pixel.
corfect_c, correct_M, The corrected data of C, M, Y
correct_Y of a target pixel.

result_C, result M, result_ Y | The binary-coded result data
of C, M, Y of a target pixel.

result_K The binary-coded result data
of K of a target pixel.

slsh_C, slsh M, slsh Y The thresholds at the time
the color components C, M, Y
are binary-coded.

slsh_base_M, slsh_base Y - The basic threshold values of
the color components. M, Y.

slsh_add M, slsh_add_ Y The increases in threshold of
the color components M, Y.

slsh_sub_M, slsh_sub_ Y The decreases in threshold of
the color components M, Y.

err_C, err_ M, err Y The binary-coding errors of
C, M, Y of a target pixel.

error_sum_C() The functions for calculating

error_sum_M(), corrections of the color

error_sum_Y() components C, M, Y of a

target pixel. _

.
Further, slsh_C, slsh_base M, slsh base_ Y, slsh_add M,

slsh_add_Y, slsh_sub_M, slsh_sub_Y are constants. The values

taken by such constants in the second embodiment are:

slsh C = slsh _base M = slsh_base_ Y = 127,

slsh _add M = slsh _add_Y = 26, and

slsh_sub M = slsh _sub Y = 26.

The function error sum C() 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. i

!
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sl sh_base_ M= 127 sl sh_add_M = 25 slsh_sub_ M= 25, the threshold slsh_Mfor
the second col or conponent Mis: 127 + 25 = 152 when the bi nary- coded
-result of the color conponent Cis 0, and 127 - 25 = 102 when the

bi nary-coded result of the color ccnpcnegt' Cis 255. The operation of

bi nary-codi ng the col or conmponent Min Process 3 is exactly the sane
operation as in Prccess

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(x,y), 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 <
0) have already been binary-coded.

When a weighting matrix such as shown in Figure S(a) is used in
this case, '

W(-1,0) = wW(0,1) = 2

W(-2,0) = W(-1,1) = W(1,1) = W(0,2) =1
A general equation for calculating a weighted mean of the
errors is:

(Z E(x,7)W(x,y)) / T W(x.¥).

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_sum A() calculates

(2+E(~-1,0)+2-E(0,1)+E(~2,0)+E(~1,1)+E(1,1)+E(0,2))/
(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
slsh C 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 slsh_C to obtain the binary-coded result data
result_C. 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_sum_C() 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

This Sheet Has Been Rep I 01 NOV 1996

T




1 for the color conponent M provided, however, that the threshold slsh_M
al ready processed in Process 2 is used. Process 4 is an operation of
~increasing or decreasing the threshold for the third col or conponent Y
performed by the third col or conponent threshold controlling neans. Wen
t he binary-coded results of the color 83nponents Cand Mis O relative to
sl shbaseY, which is the basic threshcld value for the col or conponent Y,
sl sh_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
t he col orseepbRMOY somporert stireshokdcerytrabl LrGemeads at | Bheastha

Process 3fgdrjoddd OFe§@IPOHENERY - 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, slsh_sub M 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 component C is 255.
The operation of binary-coding the color component M in

Process 3 is exactly the same operation as in Process 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 resulis of the color components C and M is 0
relative to slsh_base_ Y, which is the basic threshold 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_sub_ Y
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 result_C, result_M,
result_Y based on the result C, result_M, result_Y already
obtained by the image processor section of the invention up to
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" 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
.newresultC, result-M result_Y based on the resultC, result M result_Y
al ready obtained by the inage processor, section of the invention up to
Process 5. A detail ed description of tH final step of actually printing
dots will be omtted. In the second enbodi nent, the threshold increases or

decreases_slsh add_ M sish su and sl sh add Y sish sub Y are all set to
25. This BEFESE 19% t hf‘es%‘l'ablt{ Seseriptdony cafe 4 afivalt oSter mdxi mum

;hresholdaatua&agep&aha;n@huahsl&;ZiSbémhﬁathqray tone inmge, ie. an inmage
In which the Valufﬁ %Bet@%égy Sl JERQHCO|the threshold increases or
decreases slsh_add M, slsh_sub_M and slsh_add_¥, slsh_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, i.e., 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 for a binary-coding
technique or the like to be adopted. .
Further, it is not necessary to make all the values
slsh_add M, slsh_sub_M, slsh_add_¥Y, slsh_sub_Y 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 long as
slsh_add M > 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.
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" conmponents 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%t hreshol d i ncrease or decrease. This neans that the

nunber of pixels in which only one color,or two out of CC M Y are
bi nary-coded to ON accounts for only as small as 1% or |ess. Besides, the
| arger the threshold increase is. the nore effective the superposition

control becones. erefore, an _appropr.iate threshold,increase_qr decrease
may be set througﬁyé;eeﬁaFﬁgPFGﬁsgp Fheudnage, 43ty b3 8F35r§§585ing
t echni quetbe ttherdshaeld oibheradsingd. ofudettieasiing sopetahionsdwms/ beemake

all the valieseshdh s3fdei s SleibediBlln S’ Sthfdelmnpilkslonlhs €948 331"
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 = slsh_base M + slsh_add_M,
and then in ([Process 3], a comparison is made with the image
data such as

if(correct M > slsh M).

If only this comparison portion is highlighted, it is written
as

if(correct_M > slsh_base M + slsh_add_M).

This portion can further be rewritten as

if(correct_M - slsh_add_M > slsh_base M)
so that an increase or decrease is made on the data side with
the threshold fixed.

While the basic threshold wvalues -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
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this enbodinment In the case of this enbodi nent, such a setting as
slsh_add M= 40 slsh sub M= 0 is acceptable, inposing few problens.
.Basically as iong as .slsh_add M[err] slsh sub Mis satisfied, the
i ncrease or decrease nay take a positie, zero, or negative value. The
reasons is that, in the case where the advantage of the binary-coding error
correction by the nean error mnimzing nethod is obtained as in this

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 thé 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-diffused data, is ready even
without the process of calculating the sum of errors such as in

l1-1 in Process 1.

While the éxample 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 contemplated 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 component
in the above embodiments, the assignment of the color
components may be arbitrary.
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" enbodi nent, what affects the probability of dots being binary-coded to ON

largely is not the magnitude of a threshold in absolute terns, but the

. magni tude of a threshold in relative terns with respect to a nei ghboring
pi xel . Wiile a conmparison with the imgge data is nmade after the threshold

I ncreasi ng or decreasing operation has been conpleted in this enbodi nent,

this conparison is logically equivalent to performng the operation of

i ncreasing or decreasing a magnitude In an opposite sign on the image data

erformed,  For oxLHLEC i BItEes Shithe SRS |2 | BOPCAREFAE sh_w
= si sh_baSémmlarseghthedembodiment 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.

Thee 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; i.e., 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 wvariables and functions of the third
embodiment are as follows:
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“and then in (Process 31, a conparison is made with the image data such as
if(correct_ M> slshM. It only this conparison portion |Is highlighted, it
.is witten as if(correctM> sish base M+ slsh add M. This portion can
further be rewitten as if (correct_M -1 sh _add M > sish _base M

e —
data_R, data_G, data_B The R, G, B data of a target
pixel.
correct_R, correct_G, The corrected data of R, G, B
correct_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.

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

result_K The binary-coded result data
_ of K of a target pixel.
o

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,
slsh_add G = slsh_add_B = 0.1,
slsh_sub G = 0.2, and
sish_;ub_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
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" so that an increase or decrease is made on the data side with the threshold
fixed. While the basic threshold val ues sl sh _base M and slsh base Y are
~constants in the above description, they may be variables that vary
systematically or at randomin accordasce with the position of a pixel.
Wil e the nean error mnimzing nmethod has been taken as an exanple in the
above enbodi nent, the adaptive algorithmfor spatial grayscale may be a
substitute since the adaptive algorithmfor spatial grayscale is
principal Igrocess 1 to Process S5 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==¢ && result B==¢).

While embodiments implemented by the pseudo-programming
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 threshold
controlling means. As a result, in the case 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
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“equivalent to the nmean error minimzing nmethod. In this case, while a
correction of data to be calculated by the function error. _sumM) in
~Process 3 is expressed as being a sumof errors diffused from nei ghboring
pixels in ternms of the adaptive al gorisghm for spatial grayscale, both are
substantially the same. The operations 1-1 to 1-3 in Process 1 of the first
enbodi nent can be described in terns of the adaptive algorithmfor spatial
grayscale as follows: Process 1: 1-1' The corrected C data is binary-coded
by conpar FSoRFieRirGea highesinf ih fuiort loatpuitoimegepehtht 1€ss Hefieqtivs f
the corregkgy¢ ballahael &ohphgl AR AhEaLL &bLé dgiay dbes cadmd i SomronRent

C, the corrected C_data i s binary-
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, etc., flexibly. Since the capacity of the binary-
coded data is largely reduced compared with that of the
original image data, this is advantageous 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 advantageocus 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 outpﬁtted
in the black ink, thereby allowing further improved gray
balance to be maintained. What is more advantageous is that no
further complicated binary-coding process is required to be
added therefor. -
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"coded to ON, whereas if smaller, the corrected C data is binary-coded to
OFF. 1-2 A binary-coding error of the col or conponent C caused at the
target pixel is calculated. 1-3 The binary-coding error data is

di stributed (error-diffused) to non-binary-coded nei ghboring pixels. The
adaptive algorithmfor spatial grayscal’d starts the error diffusing
operation for non-binary-coded nei ghboring pixels such as in 1-3" at the
time the binary-coding error for the target pixel has been cal cul at ed.
Therefore, once the binary- coding oggkgtion for a next target pixel has
been started, the corrected data, i.&*¥Pror-diff used data, is ready even
W t hout the process of calculating the sumof errors such as in 1-1 in
Process f. Image 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) for the second color component binary-coding
means (103), the second color component threshold
controlling means (102) 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 (105)
for binary-coding a third color coﬁponent; and

a third color component threshold controlling means
(104) for the third color component binary-coding means
(105), the third color component threshold controlling
means (104) 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.

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 i
color component.
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“Wiile the exanple shown in Figure 5(a) is used as the weighting matrix of
the mean error mnim zing nethod in the above enbodi nent, matrices such as
_shown in Figures 5(b) and 5(c) may al so be used. Exanples are al so con-
tenplated in which a different weighting ngtrix is used per color
conponent, or a plurality of weighting matrices are prepared for

bi nary-codi ng a single color conponent so that such a plurality of

wei ghting matrices are selected at random Wile Cis assigned to the first
col or conponent, Mto the second col or conponent, and Y to the third col or
com ponent in the above enbodi nents, the assignnment of the color

conponeng8s mMpMebgmagli Pradtkssor 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.

5. A printing apparatus for printing dots using inks of four
colors including three primary colors and black,
comprisings:

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 second color component;

a second color component threshold controlling
means (102) for the second color component binary-
coding means (103), the second color component
threshold controlling means (102) 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
(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 color component
threshold controlling means (104) increasing or
decreasing a third color component binary-coding
threshold not only by referring to at least one of

the binary-coded results for the _first color..
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" Figure 3 shows a third enbodi rent of the invention. Simlar to the

enbodi nent of Figure 2, the third enbodinment is also described in a

~ pseudo- progranm ng | anguage simlar to the C |language. Wile C M Y
conponents, which are the primary col s of subtractive color mxture, are
used in the enbodi nents of Figures 1 red (R, green (G, and blue
(B), which are the primary colors of addltlve color m xture, are assigned
as the first color conponent, the second col or conponent and the third

col or conponent |n this enbog# E There wi |l _now be descrlb eﬁg_ Ies in
whi ch such col or°UHARRNt 8F REOE, thRqSBCaRd SPﬁﬁFyCEHBQHenﬁhll MY 5% or
conponents are bimaagcoodedceowdichhemly & Rikaby-cbhdedi ngstbe OFFgioml

I mage data into gpbed ongnd eﬁ@éér;éé)r@c?lor component dot; and
a Dblack 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
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 component.

7. The image processor according to claim 5 or 6, 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.
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to 255 in the second enbodi nent, the nunber of tone levels is not limted
to a particular value in this enbodi nent. That is, the original inage data
‘takes a real value fromO to 1, and such real value is binary-coded to 0 (a
dot is OFF) or to 1 (a dot is ON). Howev®r 6 a negative pixel in this

enbodi nent is a positive pixel in thgggaeeed enbodinent: Le., when all the
dots R G B are binary-coded to ON, the pixel becones white (highlighted),
whereas when all the dots are binary-coded to OFF, the pjxel becones bl ack.
The meani ngs of vari abl esIMAGE PROCESQR ANR PRINEING APE odi nent are as
follows: data R data G data B The R, G B data of a target pixel

An image processor having the function of binary-coding color
tone image data so that the image data can be outputted to
apparatuses not having a pixel-based tone control system.
The image processor includes a first color component binary-
coding means (10l1) 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) for the second
color component binary-coding means, the second color
component threshold controlling means (102) 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 (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 color component threshold controlling means (104)
increasing or decreasing a third color component binary-
coding threshold not only be feferring to at least the
binary-coded result of the first color component or the
binary-coded result of the second color component, but also
in accordance with only a binary-coded result OFF or ON of
the referred color component dot. The image processor is
applied in a color printing apparatus.
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correct R correct_G correctB The corrected data of R G B of éhférget
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 tine

the col or conponents R, G B are binary-coded. slsh_base G—stsh-baseB

The basic threshol d val ues of the color conmponents G B. s| ®EPRAGEMENT SHEET
sl sh_add B The increases in thr¥hol d of the col or cpnpengnts G B
sl sh_sub_ G slsh sub B The decreases in threshold of}theqcol:0r: 4577

conponents G B. err_R err_G err_B The binary-cpding/errors of
R G Bof atarget plxel ppocESSOR AND PRINTING APFARATUS

ABSTRACT

An image processor having the function of binary-coding color
tone image data so that the image data can be outputted to
apparatuses not having a pixel-based tone control system.
The image processor includes 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) for the second
color component binary-coding means, the second color
component threshold controlling means (102) 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 (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 (103), the
third color component threshold controlling means (104)
increasing or decreasing a third color component binary-
coding threshold not only be feferring to at least the
binary-coded result of the £first color component or the
binary-coded result of the second color component, but also
in 'accordance with only a binary-coded result OFF or ON of
the referred color component dot. The image processor is
applied in a color printing apparatus.
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A

The functions for calculating

(continued) error_sumR().
corrections of the color conponents R

-10-
target pixel.
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error_sumB() result-K

. of a target pixel. Further,
sl sh_add_B, slsh_sub_G sl sh

sl sh_base G = sl sh _base B =

= 0.2. and

The bi nary-ccded result data of K
sl sh: R, slsh_base G slsh basﬂ“B"“s+sh~ada o
_sub_B are constants, whose val{uSFMaHeE it B BHRET
" 0.5. sish add G = sish_add_B 3

OPI"‘stsh»sub
I o]y ey

FIG. 2

— [PROCESS 1] BINARY-CODED THE COLOR COMPONENT C —
correct_C = data_C + error_sum_C();
if( correct_C > slsh_C )
result_C=255;
else
result_C=0;
err_C = correct_C - result_C:

—[PROCESS 2] M THRESHOLD CONTROLLING MEANS INCREASES OR —
 DECREASES THE THRESHOLD FOR COLOR COMPONENT
M _IN ACCORDANCE WITH THE BINARY-CODED RESULT

OF THE COLOR COMPONENT C

slsh_base_M + slsh_add_M;
slsh_base_M - slsh_sub_M;

if( result_C
slsh M =
else
slsh_ M =

——[PROCESS 3] BINARY-CODED THE COLOR COMPONENT M —
correct_M = data_M + error_sum_M();
if( correct_ M > slsh M)

result M = 255;
else
result_ M = 0;
err_M = correct_M - result_M;

——[PROCESS 4]
DECREASES A THRESHOLD FOR COLOR COMPONENT Y
IN ACCORDANCE WITH THE BINARY-CODED RESULTS
OF THE COLOR COHPONENTS C AND M

== 0 && result_ M ==0)

sish_tase ¥ + slsh_add_Y;

slsh_base_M - slsh_sub_Y;

if( result_C
sish_ M =
else
slsh_M =

Y THRESHOLD CONTROLLING MEANS INCREASES OR —

correct_Y = data_Y + error_sum_Y();
if( correct_Y > slsh_Y
result_Y = 255;
else
result_Y = 0;
err_Y = correct_Y - result_Y;

Il

— {PROCESS 6] BLACK DOT GENERATING MEANS GENERATES K DOT —
[ if result_C == 255 && result_M == 255 && reult_Y == 255) {
result C = 0 ;
result M = 0 ;
result Y =0 ;
result_K = 255 ;
} else .

—[PROCESS 5] BINARY-CODED COLOR COMPONENT ¥ — —-—— —-

result_K

[l

This Sheet Has Been Replaced
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sish_ sub B =0 in this enbodi nent.
~functions for _C, _M

Since nost of the variables and
_Yin Figure 2*are only substituted by .t hose -f-@f— R~

G _B, and since the operation of the inage processor sectigiy i n:RrodeSISERT

to Process 5is simlar if only C M Y are substituted byiR
be omtted. As for the ponti
the printing apparatus in Process 6.7 3 negati ve-positive conV

further description thereof wll

for converting the binary-coded | ts _of
required in the third enbodinenéaﬁégeciiﬁcally, what makes ithe third
odi'menT of

BINARY-CODED COLOR COMPONENT R
+ error_sum_R();

enbodi nent different fromthe e

— [PROCESS 1]
r;;rrect_R = data_R
if( correct_R > slsh_R)
result_R=1;
else
result_R=0;
err_R = correct_R - result_R:

r-oG’. ...Bi - susananany

on, jel-atedny o
er"on“br6§65$

R G Bto thos farSr Y15

—{PROCESS 2] G THRESHOLD CONTROLLING MEANS INCREASES OR —
DECREASES THE THRESHOLD FOR COLOR COMPONENT
G _IN ACCORDANCE WITH THE BINARY-CODED RESULT
OF ?OLOR COMPONENT R

sish_base_ﬁ + slsh_add_G;
slsh_G = slsh_base_G - slsh_sub_G;

if( result_R
slsh G =
else

—[PROCESS 3] BINARY-CODED COLOR COMPONENT G —
correct_G = data_G + error_sum_G{);
if( correct_G > slsh G )

result_ G = 1;
else

result_ G = 0;
err_G = correct_G - result_G:

—[PROCESS 4] B THRESHOLD CONTROLLING MEANS INCREASES OR —
DECREASES A THRESHOLD FOR COLOR COMPONENT B
IN ACCORDANCE WITH THE BINARY-CODED RESULTS

OF THE COLOR COM

if( result_R

slsh G =
else

slsh_G =

== ( && result_G ==
slsh_base_G + slsh_add_B;

slsh_base_G - slsh_sub_B;

PONENTS R AND 6

—[PROCESS 5] BINARY-CODED COL
if( correct B > slsh B )
result B = 1;
else
result B = 0;
err_B = correct_B - result_B;

correct_B = data_ B + error_sum_B();

OR COMPONENT B —

This Sheet Has B¢

(AN

———[PROCESS 6] BLACK DOT GENERA
result_ C =1 - result_R ; .
result M = 1 - result_G ;
result_ Y = 1 - result B ;.
if( result C == 1 && result_M =
result_C ;
result_M
1. resultlY
result K
} else
result K = 0 ;

9
13
.
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TING MEANS GENERATES K DOT —

=1 & reult Y == 1) {
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Firgure 2 is that the process step of obtaining CC M Y by ersing the-———
_binary-coded results of R G B is inserted in the initial Halés: FrgurglgT
is arewitten version of Process 6 of Figure 3. The result§ obtdi ned by
this version is the sane. The process of Figure 4 does no inv;%yv_'ef-the;,%t p
of expressly performing the R G Bto C, M Y convertingjoperation
initially as shown in Figure 3, but deét ects an event in whi CRATT C MY
dots are binary-coded to ON under a conditional expressiop: (result R=0 && .
result G==[err] && result B=[err]).
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on a pixel basis, a binary-coding precess is necessary to reduce the tone of the color ccmponenls of a pixel to two
levels: the dot prasent 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 calor component. The criginal image data consists of threa color components, cyan (C), magenta
(M), yellow (Y), which are the primary colors of inks. Each of the color components belonging 10 a pixel can taka 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 u'nage
data to determine that such dots are to be printed (ON) or not (OFF).

Various bmary-codmg 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 methed corrects the data value of a pixel to be binary-coded based on a weighted mean value of a quantization
arror caused in already binary-ccded 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 neighbering pixels that have not yet been binary-coded

_ by diffusion. What makes the former different frem 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 dxsclosed in "R. Floyd et al., 1975
SID International Symposium Digest of Technical papers, 4.3, pp. 36 (1975) and also in JP-A-128417/1988 ("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-ceding of a color image,
the error diffusion is performed en a color compenent basis independently. For example, the process of binary-cading
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 thal no control is provided to make
the dot easy or difflcult 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 superpesing the three color dots one upon

another on a single pixel. However, as described above, the ordinary adaptive algerithm for spatial grayscale for color
images performs the error diffusing process on each color compenent independently. Thus, how dets are superpesed
cannot be completely controlled. In binaty-cgding achrematic gray cata of an intermediate density, the three color dots
are superposed at random. That is, besides a dot preduced by superposing the three colors C, M, Y, an output including
a dot preduced by superpesing two colors out of the three, a single color dot, and a pixe! without calor 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 compenent dot will be binary-coded to ON is almost
172. As shown in the following table, total of eight combinations of colors are preduced after the pixel-based binary
coding process at an almest equal probability of 1/8.

M Dot }-I Y Dot | Colorx |
ON ON BLACK
ON OFF BLUE
OFF oN GREEN
OFF OFF CYAN
 ON ON RED
ON OFF MAGENTA
OFF ON YELLOW
OFF OFF WHITE
e — e I —
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In the case of a printer capable of using black ink (K) besides the three ccler inks, C, M, Y, a black pixel of case
(1) in which all the three color dats C, M, Y are binary-ccded to ON ¢an be replaced by a pixel consisting only of K ink
(C. M. Y are OFF and enly K is ON). This ¢entributes to impraving the density and gray balanca of the black dats, but
the prcbiem that the data censists of pixals of different cclers cannot be eliminated. Consequently, the preblem o
unmatched gray balance is left unsoived.
To cbtain stable reproduction of an achrematic area, an under coler removal (UCR) technique has been prepesed.
The UCA technique is designed to remcve the biack ccmpenent K frem the C, M, Y cemponents before binary-cocing.
In this case, tcne level cata of the feur ccler compcenents C', M, Y, and K are generated by the UCR prccess based
on the original image tcne data of C, M, Y compenents, and the coler compcnents C', M. Y', K are binary-ccded
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 compcnents are generated by the above algorithm, where MIN (C, M., Y) is the functicn for finding a
minimum of the C, M, Y compcnents,

Then, the C', M, Y", K values gbtained by the UCR process are binary-coded by error diffusion methed or the like
to generate binary-coded dots of the respectiva color compenents 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 thres 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 ene ancther. Thus, after the UCR
procass, 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 balancs unmatching and inconsistency in the produced color due to the gray area being
made up of pixels of various colors.

However, this technique involives not enly the additional UCR process, but aiso the binary-coding operation for the
K component in acdition to the C, M, Y components. Therefora, the scale of the binary-coding operation increases by
4/3, which is a problem. Sinca the binary-coding operation of the error diffusion method or the like includes a number
of process steps and is complicated, any increasa in processing time and processing hardware such as a memory is
considered a substantial problem,

These are the problems encountered by the conventicnal 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 probabillty that the respectiva color dots will be superposed using the
error diffusion method has been proposed in JP-A- 400 6§948/1992 ("METHOD OF BINARY-CODING COLOR IMAGE®).
The abject thereof is to allow binary-codad color image data to be compressed at a high compression ratio. Therafora,
a binary-coding technique is provided which is capable of making pixels of the respective colors easy tobe superposed.
A summary of the concapt this technique is as lollows.

Binary-coded color compenent signals of a target pixel are sorted in descanding order and binary-coded as sorted.
It the binary-coded results of the already binary-coded color components are OFF, then tha colar components thereaftar
in descending order are forced to be OFF, making sure that they cannot be ON. According to such technique, small
color signal camponants cannot be ON unless larger calor signal components are ON, making the ON dots easy to be
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for cantrolling gray balance.

The invention has been made in view of the above circumstances. Accordingly, an cbject of the-invention is to
provide an image processor and a color printing apparatus capable of producing an output that maintains excellent
gray balancs while.satistying 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 cther objects, the invention provides an image processor according to independent
claim 1 and a printing apparatus according to independent claims 4 or 5. Further advantageous features, aspects and
details of the invention are evident from the dependent claims, the description and the drawings.

The invention refers 10 an image processor having the function of binary-coding color half-tene image data so that
the image data can be outputted to apparatuses not having a pixel-based tone control system.

According o a preferred aspect, the invention is applied 1o an image processer far binary-ceding respective color
components of tone color image data consisting of three color components. The image processor includes: a first color
compenent binary-coding means for binary-cading a first color compenent, a second coler component binary-coding
means for binary-coding a second color component, a second color compenent threshold contrelling means for the
second color companent binary-ceding means, the second color component threshold controlling means increasing
or decreasing a secend eolor compenent binary-ceding threshold in accordance with a binary-coded result OFF or ON
of the first color component, a third color compenent binary-coding means for binary-ceding a third coler compenent,
and a third color component thresheld controlling means for the third coler compenent binary-coding means, the third

cclor compenent threshold contrelling means increasing or decreasing a third color compenent binary<oding threshold
by referring to at least ane of the binary-coded results OFF or ON of the first celer compenent and the binary-coded
results for the second color component.

Further, the coler printing apparatus of the invention preferably includes a black dot generating means for replacing
a target pixel with a single black ink dct if the respective color components of the target pixel have been binary-coded
1o ON (a dot is present).

As a result of the above arrangement, whert 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 bleck 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 pseude-programming language;
Figure 4 is a diagram showing a Pracess § of Figure 3 implemented by a different msthed; and

Figures 5(a) to 5(c) are diagrams showing examples of a weighting matrix of 2 minimum average error method of
the invention,

Image processors and printing apparatuses of preferred embodlments 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 embediment 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 compenents 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, abinary-coding algorithm used in this embodiment will be described. The following description
refers 10 an example in which a minimum average error method is employed as a basic binary-coding methad. 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.
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A first color compenant binary-cading means 101 binary-cedas tha caolor campenant C of a target pixel. The fal-
lowing steps ara taken when the mean errcr minimizing methcd is usad as a binary-ccding technique:

1-1  The C data of the target pixel is corracted by a binary-ccding arror of pixels neighboring the target gixel.

1-2 The carrected C data is binary-ccded by comparison with a first color compenent thresheld, That is, if tha cor-
rected C data is larger than thae first color ccmpenent threshald, the cet 1s setlo ON, whereas if smaller, the dot
is setto OFF.

1-3 A bihaﬁ/-ccding error of the color compenent C caused at the target pixel is calculated. Although the calculated
errcr data is not necassary in the precess of binary-ceding tha target pixel, such data is stored because such
data is necessary at the time of binary-ceding non-binary-coded neighboring pixels.

Process 2:

A secend coier ccmpenent threshold contrelling means 102 increases or decraases the thrashold for binary-ceding
the secend calor cemponent M in accordance with the binary-ceded result of the first color component C. Specifically,
when the color component C is binary-ccded to ON (a dot is prasent), the threshold is decreased, whereas when the
color compenent C is binary-coded to OFF (a dot is absent), the threshold is increased.

Process 3:

A seccnd cclor cemponent binary-ceding means 103 binary-cedes the color cempenent M using the thresheld for
binary-cedling the second color cempenent M detemmined by the secsnd color compenent thresheld centrolling means
102. The following steps are taken based on the mean error minimizing methed:

3-1 The cslor ccmgonent M data of the target pixel is cerrected by a binary-czcing emor.

3-2 The correcied M data is binary-ccded by comparisen with the threshcld of the celor coemponent M. That s, if the
correctec M data is larger than the threshold of the color compenent M, the corrected M data is binary-ceded to
ON, whereas if smaller, the corrected M data is binary-ccded to OFF.

3-3. A binary-coding error caused at the target pixel is calculated and stored.

Precess 4:

A third color compenent threshold cantrolling 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 companent M. Specifically, 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 compenent binary-coding means 105 binary-codes the color compenent Y using the threshold for
binary-coding the third color companent Y determined by the third color compenent threshold controlling means 104
in @ manner similar to that for the M component in Procass 3. When the mean error minimizing methed is used, the
following steps are takan:

§-1 The color component Y data of the target pixel is corracted by a binary-ceding error of the neighboring pixels.

§-2 The corrected Y data Is binary-coded by comparison with tha thrashold of the color component Y. That is, if the
corrected Y data is larger than the thrashold of the color component Y, the corrected Y data is binary-coded to
ON., whereas if smaller, the corracted Y data is binary-coded to OFF,

§-3 Abinary-coding error of the color component Y caused at the target pixel is calculated and stored.
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in accordance with a binary-coded result. OFF or ON, of the first color
corrponen?n;ocess 6:

A black dot generating means 106 simply sets a K dot to OFF when any one of C, M, Y ccmponenis of the target
pixel is OFF. When the C, M, Y compenents of the target pixel ara binary-coded to ON, the black dot generating means
106 replaces them with a K dot; i.e., the K dot is setto 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 metheds include a wire dot method, an ink jet method, a thermal transfer method, an
electrophotographic method, or the like.

To the third coler compenent threshold controlling means 104 in Process 4 of the invention, the following modified
processes, Process 4A to Process 40, may be applied.

Process 4A: Iy

The third color component threshold controlling means 104 decreases the threshold when the first coler component
C is binary-coded to ON, or increases the threshold when C is binaryccded to OFF in accordance with the binary-
coded result of C.

Praeesé 4B:

The third color component threshold controliing means 104 decreases the threshokd when the.secend 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-ceded result of M.

Process 4C:

The third color compenent threshold controlling means 104 decreases the threshold when Cor M is binary-coded
to ON, or increases the threshold when beth C and M are binary-coded to OFF in accordance with the binary-coded
results of Cand 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 accordancs with the binary-coded result of M,

The examples of Process 4A and Process 48 only refer to the binary-coded result of either the first color component
C or the second color companent 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 1o 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
becomnes:

a minimum value if both C and M are binafy-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 1o ON. Thus, the threshold varies in three to four levels.

In Process 4A, inter alia, both the second color component thrashold controlling means and the third color com-
ponent threshold controlling means refer only to the binary-coded result of the first color component C. Therelore, !t
can be said that the image processor of the invention can be implamented with a simple design for the reasons that
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threshold cantrolling means and the third color cempenant thresheld centrolling means are of the sama censtrugticn
ate.

With respact to Precess 110 Procass S abeve, Precass 1, Precass 3, and Prccess 3 are porticns shared inccmmen ¢
with the existing mean error minimizing methed, whareas the secsnd color cempenent thresheld ¢entroliing means
102, perticns f Precess 2 and Prccess 4 involving the third cclor camponent threshald centrolling means 104 are
material to the inventicn. These threshold contralling means centribute to increasing the prebability of dets being su-
perposed. The principle cf such prcecess will be described below. '

Generally, in an ordered dither methed, a minimum average error method, or the like which involve the binary-
ceding precass by cemparison with threshalds, the probability of a binary-ccded result being ON increases if the binary-
ccding thresheld is decreased, whersas the prebability of a binary-coded result being OFF decreases if the binary-
ccding threshald is increased. Theretore, when the thrasheld for binary-coding M is increased or decreased in accord-
ance with the binary-csded result cf C as in this embediment, the prebability of M being binary-ceded to ON is increased
if the binary-ccded result of C is ON, wheraas the probability of M being binary-ccded 1o OFF is increased if the binary-
ceded result of C is OFF. As a result, the C det and the M dot are 2asy to suparpose. In additicn, at the time of binary-
ccding Y, the Y et can be made easy to be superposed ¢n the C and M dots by decreasing the thresheld fer binary-
cccing Y only when the binary-ccded resuits of M and € are CN,

That is, by changing the threshceld for binary-coding the secend color in accordance with the binary-ccded resuit
of the first cler, the prebability of the first color being superposed ugen the secend color can be increased or decraasad.
Furthermare, by changing the threshcld for binary-ceding the third eslor in acsordance with the binary-ccded resuit of
the first coler or the binary-caced result of the seccnd coler, the prebaktility of the first csler being superpesed upen
the saccnd color can also be increasad. Since the inventicn is designed to artificially make the dets formed of the three
colors C, M, and Y easy to be superposed cne upen ancther cn the basis of this grincicle, the grekagility ¢f the three
calor dots being binary-ccded 10 ON so that they can be superpesed cn a single gixel is increasec. Thus, in the case
of gray eriginal image data in which the numbers of dots C, M, and Y are aimest equal to cne ancthey, if the thresheid
has been increased or decreased sufficiently, the majerity of pixels fall within two kinds: pixals in which all three ¢olers
C. M, Y are setto ON, Le., the dcts to be replaced with K, and pixels in which all the three calers ara binary-ceded to
OFF, i.2., the white dets. This means that there are few cases where the three cslors are not superpcsed on a single
dot. In other werds, there will be no case where dets of varicus colors appear in a gray area.

Further, while an example in which the mean error minimizing methcd is usad as the binary<ceding technique has
been dascribed with raspect to the first embodiment, other binary-ccding techniquas such as an crdereddither methed,
a muiti-level division quantization methcd, or the like may be employed to binary-ccde the first color compenent 1 in
Prccess 1.

Still further, to binary-ccde the second color component and the third color component in Process 3 and Precess
§, the acvantage of the superposition probability control mechanism of the invention can be cbtained by any binary-
coding techniques as long as the such techniques include the binary-ceding process based on the compariscn with
thrasholds. '

Howevaer, since the ordinary ordered dither methed or the like changes the output image density to an appreciable
degrae when the thresholds are simply increased or decraased, special measures may, in some cases, be taken. If
the mean error minimizing methed accarding te this embediment or the adaptive algorithm for spatial grayscale or the
Iike are used as the binary-ceding technique, correction is made at the time a next pixel is binary-coded in order to
eliminate the error causad at the time a target pixe! is binary-coded. As a result, it 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 compenents of image data either 0 or 255, the image data consisting of three colors, C, M, and Y and having 2
total of 256 tone fevels (from O to 255).

In the second embadiment, operations corresponding to Process 1 to Precess § in the first embodiment of Figure
1 are described using a pseudo-programming fanguage similar to the C programming language. While operations (+,
- =, ==, >, &4, etc), if alse sentencas for conditional branches, function calls. and the fike are similar to C, declarations

‘of constants, variables, functions, etc., are naot particularly mada nor are they fimited. The meanings of tha variables
and functions used ara as follows:

data_C, data_M, data_Y The C, M, Y data of a target pixel.
corract_C, correct_M, correct_Y | The corracted data of C, M, Y of a target pixel.
rasuit_C, rasult_M, resuit_Y The binary-coded rasult data of C, M. Y of a target pixel.
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sish_C, sish_M, sish_ The threshlds at the tima the color componants C, M, Y ara binary-coded.
sish_base_M, sish_base_Y The basic threshold values of tha color components M, Y,
slsh_add_M, sish_add_Y The increases in threshold of the color components M, Y.
slsh_sub_M, sish_sub_Y The decreases in threshold of the color compeonents M, Y.
arr_C, err_M, err Y The binary-coding errors of €, M, Y of alarget pixel.
error_sum_G(); * The functions for calculating corrections of the color components C, M, Yof a
‘error_sum_M(). target pixel. _
error_sum_Y/() o ) b

Further, sish_C, sish_base_M, sish_base_Y, sish_add_M, sish_add_Y, sish_sub_M, slsh_sub_Y are constants,
The values taken by such constants in the second embediment are:

sish_C = sish_base_M = sish_base_Y = 127,
sish_add_M = sish_add_Y = 26, and
sish_sub_M = sish_sub_Y = 26.

The function error_sum_C() in Precess 1 of Figure 2 calculates a correcticn of the color compeonent C data. This
data correcting process is usually performed by the mean error minimizing method. A weighted mean of the binary-
ceding 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 1o the target pixel by x
is E(x.), a weight therecf is W(x y), and the pixel above the target pixel (y > 0) and a pixel to the left of the target p:xel
and on the same line as the target pixel (y = 0 and x < 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) = 1

A general equation for caleulating a weighted mean of the errors is:

(Z ExyWx. )/ Z 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_sum_A() 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+141+1)

for the color companent 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 compenent M.

The first color component binary-cading threshold sish_C in Process 1 usually uses a value between two values
that could be the binary-coded resutts. A value 127 is used in this embediment. The corrected C color component data
correct_C is binary-coded to either O or 255 by comparison with the threshold sish_C to ebtain the binary-coded result
data result_C. 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_sum_C() 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 compenent M performed
by the second color component threshold controlling means. When the binary-coded result of the color component C
is O relative to sish_base_M, which is the basic threshoid value for the color component M, sish_add_M is acded,
whereas when the binary-coded result of the color component C is 255, sish_sub_M is subtracted. Since in the sacond

-
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the threshaold sish_M for the second eslor campenent M is:

127 + 25 = 152 when the binary-csded result ¢f the cofor ccmpenent C is 0, and
127 - 25 = 102 when the binary-ccded result of the celor,compenent'C is 255.

The cperaticn of binary-ceding the coler ccmpenent M in Procass 3 is exactly the same operation as'in Precess
1 for the coler cempenent M, previded, however, that the threshold sish_M already procassed in Process 2 is used,

Precess 4 is an cperaticn of increasing or decreasing the thresheld for the third cslor compenent Y performed by -
the third calcr cemgenent thrashald centrolling means. When the binary-c<ded results of the color components C and
M is O relative to sish_base_Y, which is the basic threshcid value fcr the cclor ccmgonent Y, sish_add_Y is acdded,
whereas when the binary-ccded resuit of the coler eccmpenent C is 255, sish_sub_Y is subtracted.

The cperaticn of binary-ceding the color campenent Y in Precass 5 is exactly the same cperaticn as in Precess
3 for the eslor ccmpenent Y.

Prccess 6 is a perticn related to the printing apparatus of the invention and generates result_K for an cutputto a
printer having a black ink and new result_C, result_M, resuft_Y based cn the result_C, result_M, result Y already
cbtained by the image precessor secticn of the inventicn up to Precess 5. A detailed descripticn of the final step of
actually printing dots will be omitted.

In the seccnd embediment, the thresheld increases or decreases sish_add_M, sish_sub_M and slsh_add_Y,
sish_sub_Y are all set to 25. This means a 10% threshcld increase or decrease relative to the maximum thresheld of
image cata, which is 255. When a gray tone image, Le., an image in which the values of the three primary caler
ccmpenents C, M, Y are equal to cne ancther has been binary-coded, dets in which all the three colers C, M, Y have
been supergosed stand for 83% or mere with a scanty 10% thresheld increase or decrease. This means that the number
of pixals in which only one color or two out of C, M, Y are binary-ceded to ON acccunts for only as small as 1% cr less.
Besides, the larger the threshold increase is, the more effective the superpositicn control becames. Therefcrs, an
appropriate thresheid increase or decrease may be set through an evaluaticn of what value is best for a binary-cading
technique or the like to be acopted.

Further, it is not necessary to maka all the values sish_acd_M, sish_sub_M, sish_add_Y, sish sub_Y equalasin
this embediment. In the case of this embediment, such a setting as

sish_add_M =40

sish_sub_M=0

is acceptable, impesing few problems. Basically, as iong as

-sish_add_M > sish_sub_M
is satisfied, the increase or decrease may take a positive, zero, or negative value. The reascns is that, in the case
where the advantage of the binary-ceding error correction by the mean error minimizing method is cbtained as in this
embodiment, what affects the probability of dots being binary-coded to ON largely is nct the magnitude of a thresheld
in absoluta tarms, but the magnituda of a threshold in relative terms with respect o a neighboring pixel.

While a comparison with the imaga data is made after the threshold increasing or decreasing operation has baen
completed in this embcdiment, this comparison is logically equivalent to performing the cperation of increasing of
decreasing a magnituda in an opposita sign on the image data side with the threshold fixed. Therafore, sither operatxon
may be performed. For example, in Process 2, the threshald is increasaed as

sish_M = sish_base_M + sish_add_M,

and then in [Procass 3], a comparison Is made with tha image data such as
if(correct_M > sish_M),

it only this comparison portion is highlightad, it is written as
if(corract _M > sish_base_M + sish_add_M).

This portion can further be rawrittan as
if (corract_M - sish_add_M > sish_basa_M)
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col or co O%mthﬂman arfpdminimizing method has been taken as an example in the above embodiment, the adaptive

Igorithm for spatial grayscale may be a substitute since the adaptive algorithm lor spatial grayscale is principatly

equivalent to the mean error minimizing method. In this case, while a correction of data o 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.
1-8'  The binary-cading error data is distributed (error-diffused) 1o 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 caiculated. Therefore, once the binary-
coding operation for a next target pixel has been started, the corrected data, i.e., error-diffused 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 embediment, 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-ceding a single color component so that such a plurality of weighting matrices are selected at
random.

While C is assigned to the first color compenent, 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 embediment of Figure 2, the third embodiment
is also described in a pseude-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; ie.,
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, correct_B | The corrected data of R, G, B of a target pixel.

result_R, result_G, result_B8 The binary-coded result data of R, G, B of a target pixel.

sish_R, sish_G, sish_B The thresholds at the time the color components R, G, B are binary-coded.
sish_base_G, sish_base_B The basic threshold values of the color compenents G, B.

sish_add_G. sish_add_B The increases in threshold of the color components G, B. .

sish_sub_G, sish_sub_B The decreases in threshold of the color components G, B.

err_R, err_G, err_B The binary-coding errors of A, G, B of a target pixel.




a bl ack dot generating neans (106) for replacing a target pixel-w th.a...
single black ink dot if all three color conponents of the { @rget: ni.xel ‘have
been binary-coded to ON in a binary-coding operation perfoyned-by- said -
i mage processor. 6 The printing apparatus according to clajnm5; wherei.n, g
said third col or conponent threshold contrphling means (104) refers™ - '
particularly to a binary-coded result of said frst col or cpbnperent—atre-—I
i ncreases or decreases a threshold for said third col or copponent in

accordance with only a binary-coded réSMPEE o QN of Sarmfirct—rot
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errar_sum_B()
result_K The binary-ccded rasult data cf K of a target pixal. )

Funther, sish_R, sish_base_G, sish_base_B, sIsh_add_G, slsh_acd_B, sish_sub_G sish_sub_8 ars ccnstants,
whesa vaiues are: )

sish_R = sish_base_G = sish_base_8 =0.5,
slsh_add_G = sish_acd_8=0.1,
sish_sub_G =90.2, and

sish_sub_8=0

in this embcdiment.

Since mast of the variables and functions for _C, _M, _Y in Figure 2 are cnly substituted by these fer _R, _G, _B,
and since the cperation of the image precessor section in Process 1 to Precess 5 is similar if only C, M, Y are substituted
by R, G, B, a funther description thereot will be cmitted. As for the gorticn related to the printing apparatus in Prcces.s
8, a negative-pcsitive conversion prceess for converting the binary-ceded results of R, G, B to these of C.' M, Yis
required in the third embodiment. Specifically, what makes the third embcdiment different frem the. e.mbcdxm?nt ct
Figure 2 is that the prccess step of abtaining C, M, Y by reversing the binary-ccded results of R, G, Bisinserted in the
initiat part.,

Figure 4 is a rewritten version of Prccess 6 of Figure 3. The results obtained by this versicn is the same. The
precess of Figure 4 does not invcive tha step of expressly performing the R, G, 8 to C. M, Y converting operaticn
inttially as shown in Figure 3, but detacts an eventin which all C, M, Y dets are tinary-ccded to ON under a cenditicnal
expressicn:

(result R==0 && result G==$ && result B==¢).

While embediments implemented by the pseudo-pregramming language similar to the C language have. been
presented in Figures 2 to 4, this is only for the purpese of incicating the data prccessing contents. These embediments
can be implemented by hardware as well.

As described above, the image precesscr of the inventicn is characterized as.allowing all the cots of three co.lor
components to be made easy to be superpased cnly by performing a simple operation such as a threshold increasing
or decreasing operation by the second color component thrashold controlling means and the third color compor?gnt
threshold controlling means. As a result, in the case 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 colf:r dots
are binary-coded to ON, can be obtained. This feature contributes to producinga 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 compenents 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 colar component data in any
sequence. a.g., pixel sequential, line sequential, or screen sequential, etc., flexibly. Since the capacity of the binary-
coded data is largely reduced compared with that of the original image data, this is advantageous in saving storage
capacity. Particularly, since the design such that the third color compenent threshold controlling means refers only to
the binary-ceded data of the first color component can dispense with referring to the binary-coded result of the second
color companent, such design is advantageous in a screen sequential system or the ike. ’ .

The printing apparatus of the invention according to a preferred aspect is characterized as including, in addition
to the image procassor of the invention, the black dot generating means that replaces a dot whose color compenents
C. M, Y have been binary-coded to ON with a black-ink dot. Therafors, 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 therelor.
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Claims e

1. Image processor for usa in an operation of binary-cading respactive color companants of half-tone color image
data cemprising or consisting of thrae calor companents, comprising:

a first color companent bfnary-ccding maeans (101) ler binary-coding a lirst color compeneant;

a sacond color compenant binary-cocing means (103) tor binary-coding a sacond celor companent, “
a sacond color component threshold ccntrolling means (102) for the second coler companant binary-coding
means (103), the second color compenent threshold controlling means (102) increasing or decraasing a sac-
end coler compenent binary-ceding thrashald in accordanca with a binary-coded result, OFF or ON, of the
first calor compenent; .
a third cslor cemgpenent binary-coding means (105) for binary~ceding a third cclor component; and :
a third color ccmponent threshold contraling means (104) for the third color component binary-ceding means
(105), the third calor component threshold controlling means (104) increasing or decreasinga third eolor come'
ponent binary-cading thresheld by referring to at least.cne of the binaty-caded results, OFF or ON, of the first,
color compenent and the binary-coded resuilts for the secend color compenent.

2. The image precessar accarding to claim 1 whaerein said third esicr ccmpenaent threshokd contreliing means (104) :
refers particularly 1o a binary-coded resutt of said first color compenent, and increases or decreases a threshold
for said third color compenent in accordance with only a binary<ccded result OFF or ON of said first color compe-
nent.

3. Theimage precessor aceerding to claim 1 or 2, wherein at least oene of said second coler compenent hifzary-ccding
means (103) and said third coler cempanent binary-cacding means (105) cperates in accerdance with one of a
minirmum average arror methed and an errer diffusion, '

4, A printing apparatus for printing dots using inks of at least three primary colors comprising an image precassar of
any cne of the precacing claims.

5. A printing apparatus for printing dets using inks of four colors including three primary colors and black, comprising:
an image processor eccmprising:

a first color component binary-coding means (101) for binary-coding a first color companent;

a second color component binary-coding (103) means for binary-ceding a second color companent;

a second calor companent threshold controlling means {102) for the sacond colar component binary-coding
means (103), the second color compenent threshold centrolling 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 color component; and

a third color component thrashold controiling means (104) for the third color component binary-coding means
(105), the third color component threshold controlling means (104) increasing or decreasing, respectively, a
third color component binary-coding threshold by referring to at least cne of the binary-coded results for the
first color component or for the second color component, and in accordance with a binary-coded result, OFF
or ON, for the refarrad color compenent det; and

a black dot generating means (106) for replacing a target pixel with a single black ink dot i all three color
components of the target pixal have been binary-coded to ON in a binary-cading operation performed by said
image procassor.

6. The printing apparatus according to claim 5, wi'lerein said third color component threshold controlling means (104)
refers particularly to a binary-coded result of said first color component, and increasas or decn'ases 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. Theimage processor according to claim 5 or 6, wherein at least cne of said second color component binary-coding

means (103) and said third color component binary-coding means (105) operates in accordance with one of &
minimum average error method and an error diffusion. '

Oy
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IMAGE PROCESSOR AND PRINTING APPARATUS

ABSTRACT

An image processor having the function of binary-coding color
tone image data so that the image data can be outputted to
apparatuses not having a pixel-based tone control system.
The image processor includes 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) for the second
.color component Dbinary-coding means, the second coler
component threshold controlling means (102) 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 (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 color component threshold controlling means (104)
increasing or decreasing a third color component binary-
coding threshold not only be feferring to at least the
binary-coded result of the first color component or the
binary-coded result of the second color component, but also
in accordance with only a binary-coded result OFF or ON of
the referred color component dot. The image processor is
applied in a color printing apparatus.

FIGURE 1




NOILVHHOINI ONILINIYd

3

ININOdHOD Y0100 1SHIA
. IN3INOJHOD Y0100 LSHId

ﬂawsfd
SNY3IH ONTLVHINID )
100 v ”uuv SNVIH ONIINIYd Sct,sF
oc—w F § 4 |
peaeonn T T ceeeveeocm ===~ JUYd SNLVUYAY YOSSIO0Ud FOVHI ----v-------- R EELE
m SNVIH ONIG0D-AUVNIE |, m
" ININOJHOD H0T0D QYIHL { '
' T ININOHOD Y000 GHIHL
" S04 !
T SNY3H L ININOJHOD H009 QUIHL 3HL m
“ ONITI0MINOD (TIOHSIUNL ONIQ0Q-AYYNIG Y04 QIOHSIHHL "
" ININOJNOD 100D QHIHL “
m w1} SNV3H ONIQ0D-AUYNIE |, o
" LNINOJHOD H0T0D AN0I3S |7 5 :
" T ININOJHOD Y0102 ONOJ3S !
" €0l “
m SNVIH ~_  LNINOHOD ¥0109 ONOJ3S 3HL m
" ONITI0HLNOD GTIOHSIUHL ONIQOJ-AYYNIS Y04 QIOHSIHHL “
" LNINOJHOD ¥0109 ONOI3S "
m o’ ] SNY3H ONIO0D-AYYNIA |, :



-2 -

FIG. 2

—[PROCESS 1] BINARY-CODED THE COLOR COMPONENT C —
correct_C = data_C + error_sum_C();
if( correct_C > slsh_C )
result_C=255;
else
result_C=0:
err_C = correct_C - result_C:

[PROCESS 2] M THRESHOLD CONTROLLING MEANS INCREASES OR —
. DECREASES THE THRESHOLD FOR COLOR COMPONENT
M IN ACCORDANCE WITH THE BINARY-CODED RESULT
OF THE COLOR COMPONENT C
if( result_C ==0)

) slsh_N = slsh_base_M + slsh_add M;
else .
slsh_M = slsh_base M - slsh_sub_N;

—[PROCESS 3] BINARY-CODED THE COLOR COMPONENT M —
correct_M = data_M + error_sum_M();
if( correct_M > slsh M )
result_M = 255:
else _
result_ M = 0;
err_M = correct_N - result_M:

DECREASES A THRESHOLD FOR COLOR COMPONENT Y
IN ACCORDANCE WITH THE BINARY-CODED RESULTS
OF THE COLOR COMPONENTS C AND M
if( result_C == 0 &% result_M ==0)
) slsh_M = slsh_base_M + slsh_add Y:
else )
slsh_M = slsh_base_M - slsh_sub_Y:

—(PROCESS 4] Y THRESHOLD CONTROLLING MEANS INCREASES OR —

—[PROCESS 5] BINARY-CODED COLOR COMPONENT Y —
correct_Y = data_Y + error_sum_Y();
if{ correct_Y > slsh Y )

result_Y = 255;
else

result Y = 0;
err_Y = correct_Y - result_Y:

--EPROCESS 6] BLACK DOT GENERATING MEANS GENERATES K DOT —
if( result_C == 255 &% result_M == 255 && reult_ Y == 255) {
result C =0 ;
result_ ¥ =0 ;
result Y = 0 :
result_K = 255 ;
} else

result K = 0 ;
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—— [PROCESS 1] BINARY-CODEJ COLOR CONMPONENT R
correct R = data_R + error_sum_R();
if( correct_R > slsh R )
result_R=1:
else
result_R=0;
err_R = correct_R - result_R:

— [PROCESS 2] G THRESHOLD CONTROLLING MEANS INCREASES OR —
OECREASES THE THRESHOLD FOR COLOR COMPONENT
G IN ACCORDANCE WITH THE BINARY-CODED RESULT
OF COLOR COMPONENT R
if( result R == 0
slsh_G = slsh_base_G + slsh_add_G;
else
slsh G = slsh _base_G - slsh_sub_G;

—[PROCESS 3] BINARY-CODED COLOR COMPONENT G —
correct G = data_G + error_sum_G();
if( correct_G > slsH G)

result G =
else

result_G = 0;
err_G = correct_G - result_G:

— [PROCESS 4] B THRESHOLD CONTROLLING MEANS INCREASES OR —
DECREASES A THRESHOLD FOR COLOR COMPONENT B
IN ACCORDANCE WITH THE BINARY-CODED RESULTS
OF THE COLOR COHPONENTS R AND G
if( result_R == 0 &% result 6 == 0 )
) slsh G = slsh _base_G + slsh _add_B;
else

slsh G = slsh_base G - slsh_sub_B;

— [PROCESS 5] BINARY-CODED COLOR COMPONENT B —
correct_B = data_B + error_sum_B():
if( correct B > slsh 8)
result B = 1;
else
result B =
err_B = correct B ~ result_B;

— [PROCESS 6] BLACK DOT GENERATING MEANS GENERATES K DOT —

result C =1 - result_R ;

result N = 1 - result G ;

result_Y = result_B ;

if( result 1 & result_M == 1 &% reult_Y == 1) {
result” :
result :
result_Y
result_K

else

result_K =

1
1
C
C
N

OO0
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(=]
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