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IMAGE PROCESSING APPARATUS

BACKGROUND OF THE INVENTION

The present inventioﬂ relates to an image processing
apparatus having the function to transform multigradation image
data into bigradation image data (binary-coding function) for
the purpose of reducing the quantity of data, outputting the
image data to a CRT display or a printer, and the like. More
particularly, the present invention relates to an image binary-
coding apparatus for binary-coding image data by using an error
diffusion method, and an image input appératus, an image
processing apparatus and an image output apparatus, each of
these apparatuses including the image binary-coding apparatus.

When multigradation image data is output to a printer
or a display apparatus that has"not the function of the pixel
basis gradation control or the quantity of data is reduced for
storage and data transmission, a binary-coding process for
reducing the number of gradations of each pixel to two
gradations is widely used. There are a variety of binary-
coding methods. Of these methods, the error diffusion method
is popular because it can produce the image of the bestl
quality.

The error diffusion method is based on ‘"error
diffusion” in which a quantitizing error caused during the
process of binary-coding a pixel is distributed to its

adjoining pixels that are not yet binary-coded, in accordance
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with their weights, without discarding the quantitizing error.
Accordingly, a mean value of the binary-coding errors in a
local image area is extremely small. The quality of the image
produced by the error diffusion method is much higher than that
by the systematic difher method in which the binary-coding
error is discarded. The error diffusion method produces an
image of high resolution and is capable of realizing a
continuous gradation reproduction. For the conventional method
using the error diffusion method, reference is made to
Published Unexamined Japanese Patent Application No. Hei. 1-
284173, entitled "IMAGE PROCESSING METHOD AND APPARATUS FOR
EXECUTING THE SAME".

In the distribution of the errors by the error
diffusion method, a means describing "how to specify the
adjoining pixels to which the egfors are distributed and how to
weight these specified adjoining pixels" islreferred to as an
"error diffusion matrix". The number of adjoining pixels to
which the error is diffused is referred to as "matrix size".
Some examples of the error diffusion matrices of the type in
which the adjoining pixels are under a target pixel are shown
in Figs. 5(a) to 5(e). The matrix‘sizes of these error
diffusion matrices are 2, 4, 7, 10, and 13, respectively. When
the error diffusion matrix shown in Fig. 5(b) is used, a
binary-coding error caused in the target pixel is quartered
with an eqhal weight. These divided errors are respectively

added to the gradation image data of its adjoining four pixels
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not yet binary-coded, a right pixel, a left under pixel, an
under pixel, and a right under pixel.

In the error diffusion method, it is necessary td
distribute the binary-coding error caused in the target pixel
to its adjoining pixels not yet binary-coded by using any of
the error diffusion matrices as shown in Figs. 5(a) to 5(e).
Therefore, the number of processing steps is remarkably
increased when comparing with the systematic dither method.
The time for the processing is also increased. The processing
time and the number of processing steps are both increased as
the size of the error diffusion matrix becomes large. Where a
high processing speed is required, it is preferable to use the
error diffusion matrix of small size.

Let us consider the error diffusion method from the
standpoint of image gquality. " In a case where the error
diffusion matrix of small size is used for reducing the
processing time, an error diffusion area is small. In this
case, 1f a density of distributed dots that are formed by the
binary-coding process is low, "a distribution of dots is not
uniform, dots are nonuniformly strung out, and the quality of
the resultant image is poor". For examﬁle, when original image
data of such a low density that after it is binary-coded, the
ratio of the black dots to all of the dots is 10 % or less, is
binary-coded by using the error diffusion matrix of small size
(the error diffusion area is small), as shown in Fig. 5(a) or
5(b), the result of binary-coding the image data is as shown in

-
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Fig. 8(a). As shown, black dots are strung out while being
nonuniformly spaced. The resultant image quality is poor. By
using the large error diffusion matrix of large size (which

provides a large error diffusion area) as shown in Fig. 5(e),

the image quality is improved as shown in Fig. 8(b). However,

when the error diffusion matrix of large size is used, the
processing guantity and the processing time are increased as
described before. "Thus, the conventional error diffusion
method cannot satisfy both the requirements for the image

gquality and the processing quantity/time concurrently.

SUMMARY OF THE INVENTION

The present invention has been made in view of the
above circumstances and has an object to provide an image
processing apparatus which c;n binary-code multigradation
image, while securing a good dot dispersion even if a dot
density is low, and a high image quality without increasing the
processing quantity and time.

According to the present invention, an image processing
apparatus comprises a binary-coding apparatus for transforming
multigradation image data into bigradation image data
consisting of only two gradations of a first Qradatioﬁ value
and a second gradation value, which comprises: binary-coding
means for binary-coding a target pixel into the first gradation
value or the second gradation value; error diffusion means for

diffusing a binary-coding error caused during the process of
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binary-coding the target pixel, to its adjoining pixels not yet
binary-coded; and error diffusion matrix select means for
selecting one of error diffusion matrices used by the error
diffusion means, in accordance with the original image
gradation data value of the target pixel and the binary-coded
result of the target pixel, wherein, when the binary-coded
result of the target pixel is the first gradation value, the
error diffusion matrix select means selects an error diffusion
matrix of large size when the original image gradation data
value is greatly different from the first gradation value and
approximates to the second gradation value whereby the binary-
coding error is diffused to a broader area.

In the description to follow, a pixel to be binary-
coded is referred to as a target pixel. The process for
binary-coding the target pixel Qill be described hereinafter.

The binary-coding means compares the correction data
value of the target pixel with the threshold value, binary-
codes the target pixel to the first gradation value or the
second gradation value on the basis of the comparison result,
and produces the binary-coded result. The correction data is
formed by adding binary-coding erro&s delivered from the
binary-coded pixels adjoining to the target pixel to the
original image gradation data of the target pixel. More
specifically, the binary-coding is carried out in the following

way.
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It is assumed that first gradation value < second

gradation value. On this assumption,

if correction data > threshold, binary-coding result

first gradation, and

if correction data 2 threshold, binary-coding result
second gradation.

If correction data = threshold, the binary-coding result may be
the first gradation value or the second gfadation value.

The error diffusion means calculates a binary-coding
error, viz., the difference between the correction data value
and the binary-coding result. That is,

Binary-coding error = corrxection data - binary-coding
result.

The error diffusion means distributes the calculated
error to the adjoining nof;yet-binary-coded pixels in
accordance with the weights that are defined by the error
diffusion matrix. At this time, the error diffusion matrix

select means selects a error diffusion matrxix of larger size

.when either of the following two conditions a) and b) holds,

while referring to the binary-coding result of the taxrget pixel

and the original image gradation data value, thereby realizing

the error diffusion to a broader area.

a) Binary-coding result = first gradation value, and
original image gradation data value & second gradation
value.

b) Binary-coding result = second gradation, and

-
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original image gradat;on data value s first gradation

value.

A first point of.the present invention is that a good
dot dispersion property and the binary-coding result of high
image quality are secured by merely using the error diffusion
matrix of large size only when the condition a) or b) holds.
When the error diffusion matrix of large size is selected under
the condition a), the dots binary-coded to the first gradation
are uniformly distributed. When the error diffusion matrix of
large size is selected under the condition b), the dots binary-
coded to the second gradation are uniformly distributed.

A second point of the present invention is that the
conditions a) and b) take place at an extremely small

probability. For the condition a), for example, when the

- original image gradation data is approximate to the second

gradation value, the bihary—coded result will also be the
second gradation value at a high probability, while it will be
the first gradation value at a low probability. Therefore, use
of the error diffusion matrix of large size takes place at an
extremely small probability. In most cases, the error
diffusion matrix of small size is used, so that the processing

quantity and time are minimized.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig} 1 is a block diagram showing a first embodiment of

the present invention,
R —
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Figs. 2(a) and 2(b) are block diagrams showing an
application of the present invention in which the present
invention is applied to a system including a scanner,
réspectively,

5 Figs. 3(a) and 3(b) are block diagrams showing another
application of the present invention in which the present
invention 1is applied to a system including a printer,
respectively,

Figs. 4(a) to 4(e) are tables showing examples of the

10 error diffusion matrix select conditions according to the
present invention,

Figs. 5(a) to 5(b) are diagrams showing examples of the
error diffusion matrices used in the invention,

Fig. 6 is a graph showxng a variation of a large matrix

15 select probability with respect to a matrix select point,

Fig. 7 is a diagram showing a target pixel and its
adjoining pixels, viz., binary-coded pixels and not-yet-binary-
coded pixels,

Figs. 8(a) and 8(b) are diagrams showing states of

20 diffused black dots in an image area of low density,
respectively, and .

Fig. 9 is a flowchart showing a flow of the binary-

coding process by the first embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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The preferred embodiments of an image processing
apparatus according to the present invention will be described
in detail with reference -to the accompanying drawings.

Fig. 1 is a block diagram showing a first embodiment of
the present invention. In the figure, an error diffusion
binary-coding means 20 receives and binary-codes original image

gradation data data (i, i) from a gradation image data output

means 10, and outputs the binary-coding result result (i, j) to
a binary image data output means 30. In the above denotation,
i and j indicate integers. The data denoted as data (i, J)
indicates the data of the pixel located at the i-th position as
counted downward from a start pixel and the j-th position as
counted to the right from the same. In Fig. 1, the error
diffusion binéry-coding means 20 is a key portion of the image
processing apparatus of the pre;ént invention. The embodiment
of the present invention to be described hereinafter is
specified as follows.

a) Original image gradation data used in the
embodiment is data of 256 gradations in the range £from 0
(white) to 255 (black). The pixel density becomes higher as
the gradation value becomes larger. .

b) The original image gradation data is binary-coded
to 0 or 255 by the error diffusion method.

c) For the binary-coding scan sequence, the main
scan direction means the direction of the binary-coding scan in

which the binary-coding proceeds from left to right. The sub
I
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scan direction means the direction of the binary-coding scan in

which the binary-coding proceeds from top to bottom.

More specifically, the process of binary-coding the

" data of all the pixels of one frame starts from a start pixel

positioned at the upper 1left corner on the screen and
progresses in the main scan direction, one element at a time,
in sequential order. When the binary-coding process reaches
the pixel positioned at the right end, the binary-coding of all
the pixels of one line is completed. Then, the process of
binary-coding shifts to the lower line by one pixel in the sub
scan direction and the binary-coding is conducted from the left
end pixel to the right end pixel to complete the binary-coding
of all the pixels of the second line. 1In this way, the binary-
coding is done for all the pixels of one frame.

The pixel, which is lééated at the i-th position as
counted downwaxrd from the start pixel and the j-th position as.
counted to fhe left from the same, is called a pixel of the row
i and the column j, and denoted as P[i, j]. Here, the start
pixel is expressed as P[0, 0]. It is assumed that the pixel
P[i, j] is a target pixel to be binary-coded. For the normal
pixels except the pixels located at éhe extreme ends of the
image, as shown in Fig. 7, the pixel (on the above line) just
above the target pixel and the pixel on the left side of the
target pixel on the same line are the binary-coded-pixels. The

pixel (on the under line) under the target pixel and the pixel
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on the right side of the target pixel on the same line are the
not-yet-binary-coded pixels.

In this embodiment, the "first gradation value" is 255,
and the "second gradation value" is 0. Further, in this
embodiment, only when the binary-coding result is the first
gradation value, the error diffusion matrix is switched to
another error diffusion matrix.

Now, the procedure of binary-coding the original image

gradation data data (i, j) of the pixel P[i, j}] that is carried

out by the error diffusion binary-coding means 20 (Fig. 1) will
be described with reference to Fig. 9 showing a flowchart. The
binary-coding procedure consists of five steps 1 to 5.
[Step 1]

The data correction means 101 reads a diffusidn error
accumulated value total_err (i;-j) out of the diffusion error
storing means 105, and adds it to the original image gradation

data data (i, j) that is received from the gradation image data

output means 10. As a result, the data correction means 101
produces correction data data_c (i,.j).

data_c (i, j) = data (i, j) + total_err (i, j)

The diffusion error accumulateé value total_err (i, j)
stored in the diffusion error storing means 105 indicateé the
total sum of the errors that are diffused to the target pixel
P[i, Jj] in a step 5 described later during the process of

binary-coding those pixels (those are already binary-coded and

This Sheet Has Been Replaced

LT T -

THIS Si




10

15

20

25

denoted as P[i-1l, j) and P[i, j-1]) adjoining to the target
pixel P[i,]].
[Step 2]

The binary-coding means 102 compares the correction
data data_c (i, j) of the target pixel that is received from
the data correction means 101 with the threshold value thresh,

and produces the binary-coding result result (i, j). Here,

If data_c (i, j) 2 thresh, result (i, j) = 255.
0.

If data_c (i, j) < thresh, result (i, j)
In this embodiment, thresh = 128.

The binary-coding result xresult (i, j), output from the

error diffusion binary-coding means 20, is also applied to the
binary image data output means 30. In this case, sometimes it

is output in the form of blnary data of 0 or 1. For example,

‘'when the result;le,1) = 255, it is replaced by "1".

[Step 3]
The error diffusion means 103 first calculates binary-

coding erxor err(i, Jj) using the.following equation:

err(i, j) = data_c (i, j) - result (i, j)
where data_c (i, j) : correction data
result (i, j) : binary—coding‘result
[Step 4] |

The error diffusion matrix select means 104 sets a
first gradation select point t_chgl to 32, and selects an error

diffusion matrix: matrix in the following manner.
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a) When result (i, j) = 0, the small matrix Mat_S is

selected.

b) When result (i, j) = 255,
if data (i, j) < t_chgl, the large matrix Mat_L
is selected, and
if data (i, j) > t_chgl, the small matrix Mat_S
is selected.

[Step 5]

The error diffusion means 103 distributes the binary-
coding error err(i, j) to the adjoining pixels, such as the
pixels P[i, j+1]. P[i+l, j], and P[i+l, j+1] in accordance with
thé weights of the error diffusion matrix. More specifically,
the diffusion error, derived from the target pixel P[i, j], is
added to the diffusion error accumulated values total_err (i,
j+1), total_err (i+l, j), and the like, each for one pixel,
that are stored in the diffusion error storing means 105.
Before starting the scan for binary-coding the pixels of the
present image, it is necessary to set the initial values of the
previous diffusion error accumulated values to 0.

In this embodiment, the small matrix Mat_S is the erxor
diffusion matrix shown in Fig. 5(b), and the large matrix Mat_L
is the error diffusion matrix shown in Fig. 5(d). When the
small matrix Mat_S is selected for the error diffusion matrix,
the total sum of the weights is 4. Then, the result of
multiplying the erxrr(i, j}) by the weight and dividing the

resultant product by 4 is the quantity of diffusion error to be
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diffused to the adjoining pixels. An actual error diffusing

process is carried out as given below.

- [Table 1]

total_erxr(i, j+1) total_err (i, j+l1) + erxr (i, j) * (1/4)

total err(i+l, j-1) = total err (i+l, j-1) + err (i, j) * (1/4)
total err(i+l, j) = total exxr (i+l, j+l) + err (i, j) * (1/4)

total err(i+l, j+l1) = total err (i+l, j+l) + erxr (i, j) * (1/4)

When the large matrix Mat_L is selected for the error
diffusion matrix, the total sum of the weights of the matrix of
Fig. 5(d) is 16. The error diffusing process is carried out as

given below.

[Table 2]

total_err (1, j*l) + exrx (i, j) * (3/16)

total_err(i, j+1)

total erxr(i, j+2) = total err (i, j+2) + err (i, j) * (1/16)
total err(i+l,j-2) = total_exrr (i+l, j-2) + erx (i, j) * (1/16)

total err(i+l,j-1) = total err (i+l, j-1) + err (i, j) * (2/16)

i

total_err(i+l, j) = total_exrr (i+l, j) + exx (i, j) * (3/16)

total_err(i+l,j+1) = total err (i+l, j+1) + err (i, j) * (2/16)

total exr (i+l, j+2) + exrr (i, j) * (1/16)

total_erxr(i+l, j+2)
total err(i+2,j-1) = total err (i+2, j-1) + err (i, j) * (1/16)
total_err(i+2, j) = total_err (i+2, j) + exx (i, j) * (1/16)

total erxr(i+2,j+l) = total_err (i+2, j+1) + err (i, j) * (1/16)

[
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The process of binary-coding the target pixel P[i, j]
and diffusing the resultant errors to its adjoining pixels is
completed when the procedural steps [Step 1] to [Step 5] have
been carried out. Then, the value j is incremented by one, and
the binary-coding process starts again, with a new target pixel
as the pixel located on the right side of the previous target
pixel. This binary-coding process is repeated for all the
pixels of one line. Thereafter, the value j is set to zero,
and the value i is incremented by one so that the left end
pixel on the next line becomes a new target pixel. The binary-
coding process is repeated again for all the pixels on the next
line. In this way, the data of one frame of the image is
binary-coded.

In the binary-coding procedure executed by the error
diffusion binary-coding means 20, the steps [Step 4] and [Step
5] are unique, while the remaining procedure are substantially
equal to the corresponding one of the conventional exror
diffusion method. In those steps, one of the two types of
erroxr diffusion matrices is selected under specific conditions
and the error diffusion is performed using the selected matrix.
The original image data and the binary-coding results define
the matrices as shown in Fig. 4(a).

The reason why this embodiment provides a good dot
diffusion will be described. The inventor of the present
Patent Application considerxred the “"mechanism uniformly
distributing black dots" in the error diffusion method and the

-
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reason why the mechanism is destroyed and the black dots are
strung out as shown in Fig. 8(a)". The "mechanism which
uniformly distributes black dots" in the error diffusion method
may be considered as follows.

1) In the error diffusion method, when a pixel is
binary~-coded into 255 (black dot), the binary-coding error
err(i, j) produced in the step [Step 3] is usually negative,
and the negative error is diffused to the adjoining not-yet-
binary-coded pixels in the step [Step 5].

2) The corrected data of the adjoining pixels which
have received the negative error are smallexr than the data of
those pixels before corrected. This fact makes it difficult to
binary-code the data of those pixels into 255 (black dot).

3) As a result, the_ black dots are uniformly
diffused in a separate fashion while being not strung out.

To uniformly diffuse the black dots, the distance
between the adjacent black dots must be increased as the
density becomes lower. If the gradation is 16, for example,
the ratio of black dots generated is 16/255 = 1/16. In other
words, one black dot pixel is generated every sixteen pixels:
The distance between the black dots is about four pixels in the
two-dimensional plane. When the error diffusion matrix as
shown in Fig. 5(b) is used, an error caused when a pixel is
binary-coded is not diffused directly to the pixels spaced from
a target pixel the distance of two pixels or more. For this

reason, the black dots are strung out while being spaced from
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each other the distance of about two pixels. There is such an
indirect diffusion effect that "from a pixel to which the error
has been diffused, the .error is further diffused to its
adjoining pixels.". Because of this indirect diffusion effect,
there is the possibility that the error is transferred to the
pixels outside the matrix. When the matrix is small, this
effect is also weak, however. In the case of the error
diffusion matrix of Fig. 5(b), no error is transferred from the
target pixel P[i, j] to the pixel P[i+l, j-2] even if the
indirect diffusion effect is present.

As a. consequence, it is thought that "the reason why
the black dots are strung out as shown in Fig. 8(a) in the
image area of low density"'is that "in the image area of low
density, although the distance between the adjacent black dots
must be increased, the error cannot be diffused up to the range
of the necessary dot-to-dot distance by the error diffusion
matrix of small size."

On the basis of the abdve considerations, it is
concluded that from the standpoint of "improvement of the
diffusion of black dots", it is not always necessary to usé the
error diffusion matrix of large size, and that

1) only the binary-coding error caused when the
pixel data is binary-coded into the black dot is diffused to a
broader area, while the binary-coding error when it is binary-
coded into the white dot is diffused to a range, not so

broader, and that
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2) in accordance with the dot-to-dot distance necessary
for securing a uniform diffusion of the dots, the size of the
matrix selected is larger as the density of the image area
becomes lower. In the image area of the middle and high
density, the error diffusion matrix of small size maj be used.

The imagg processing apparatus of the present
embodiment is designed on the basis of the above conclusions
and succeeds in remarkably improving the dot diffusion in the
image area of low density. In the image processing apparatus,
to select the error diffusion matrix, the matrix select point
t_chgl is set to 32. The large matrix Mat_L is selected only
when the original image gradation is set to a value of less
than 32 and the binary-coding result is 255 (black dot). 1In
other conditions, the small matrix Mat_S is selected.

In the present embodiﬁént, as described above, a
probability that the large matrix Mat_L is selected is very
small, and in most cases the small matrix Mat_S is selected.
The reason for this will be described. Usually, a probability
that the binary-coding result is 0 and a probability that it is
255 depend on the original image gradafion value data (i, j),
and are given below.

Probability that result (i, j) = O0: (255 - data

(1,3))/255

Probability that result (i, j) = 255: data (i, j)/255

_—
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Since the large matrix Mat L is selected under the conditions
that result (i, j) = 255 and data (i, j) < 32, a probability
that the large matrix Mat_L is selected is

data (i, j)/255 when data (i, j) is within the range of
0 to 32, and

0 when data (i, j) is within the range of 33 to 255.
Accordingly, when data (i, j) = 32, the large matrix Mat L is
selected at the highest probability. This probability is
32/255 (= 0.13). Thus, even in the worst case where the

original image data data (i, j) are all 32, the probability of

selecting the large matrix is 13 % or less. In a case where
the original image data values are uniformly distributed in the
range from 0 to 255, a probability that the large matrix is
selected is 1 % or less. The number of processing steps and
the processing time are nearly equal to those in the case where
the small matrix alone is used. A variation of the probability
of selecting the large matrix with respect to various values of
the first gradation select point t_chgl is shown in a graph of
Fig. 6. The formula for calculating the probability is given
by

t_chgl

£(k/255)/255

k=0

As the first gradation select point approaches to the
second gradation value (0 in this embodiment), the probability

of selecting the large matrix becomes small. This is
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advantageous in improvement of the processing speed. As seen
from the graph of Fig. 6, in a region where the first gradation
select point t_chgl is 127.5 (a mid value between the first and
second gradations) or less, the probability is about ten and
several % or less, and satisfactorily small. In a region where
the first gradation select point t_chgl exceeds 127.5, an
increasing rate of the large matrix select probability
gradually increases. Therefore, in a case that only one first
gradation select point is used as in this embodiment, it is
preferably set to 128 or less.

As seen from the foregoing description, the image
processing apparatus of the first embodiment outputs the
binary-coding result of high image quality and a good diffusion
of blaék dots, which are comparable with those achieved by the
image processor‘using only the"lérge matxix. The processing
time for the binary-coding is nearly equal to that by the image
processor using only the small matrix. The present embodiment
makes no improvement of the dispersion property of white dots
in an image area of high.density in particular. In the printer
system in which the output apparatus prints out dots by black
ink on a white paper, black dots in an image area of low
density spread to enlarge their areas and are likely to become
remarkable. On the other hand, white.dots in the image area of
high density tend to decrease their areas as the result of the
spread of its adjoining black dots. Accordingly, the white

dots scarcely become remarkable. From this fact, it is seen
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that the image quality can remarkably be improved by improving
only the dispersion property of black dots as in the present
embodiment.

A second embodiment of the present invention will be
described. A block diagram showing the arrangement of the
second embodiment is equal to that of the first embodiment
shown in Fig. 1. Hence, the block diagram of Fig. 1 will be
referred to in the description of the second embodiment. The
first embodiment is arranged so as to improve the dispersion
property of black dots in the image area of low density. The
second embodiment is arranged so as to improve the dispersion
property of white dots in the image area of high density,
addition té the black dots dispersion property in the low
density area. ~ To this end, a.second gradation select point 2
t_chg2 is ﬁsed in addition to the first gradation select point
1 t_chgl. The large matrix is used also when the binary-coding
result is 0 (white dot) in the image area of high density where

the  original image data data (i, i) 2 t chg2. In the second

embodiment, t_chg2 = 223. The mechanism to improve the white
dots dispersion property in the high density area is exactly
the same as that to improve the black dots dispersion property
if the logic for the black dots dispersion property is
reversed.

The second embodiment is different from the first

embodiment only in the step [Step 4]. The step [Step 4] in the
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first embodiment is replaced by a step [Step 4’'], in the second
embodiment.
[Step 4’ :

The error diffusion matrix select means 104 selects the
error diffusion matrix matrix in the following manner by using
the first gradation select point i t_chgl (set to 32 in this
embodiment) and the second gradation select point 2 t_chg2 (set
to 223 in this embodiment).

a) When result (i, j) = 255,

if data (i, j) £ t_chgl, the large matrix Mat L

is selected, and

if data (i, j) > t_chgl, the small matrix Mat_S
~is selected.

b) When result (i, j)

if data (i, j) 2 t_chg2, the large matrix Mat_L
is selected, and

if data (i, j) < t_chg2, the small matrix Mat_§S
is selected.

In this embodiment, the original image data and the
binary-coding results define the matrices as shown in Fig.
4(b). The reason why the number of the processing steps and
the processing time are slightly increased in this embodiment
is as described in the first embodiment. Thus, the second
embodiment improves the black dot dispersion property in the
low density area and the white dot dispersion property in the
high density area. Accordingly, the second embodiment further

-
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improves the image quality when comparing with the first
embodiment. |

A third embodiment of the present invention will next
be described. In the third embodiment, the large matrix for the
improvement of the black dots dispersion property is different
in construction from that for the improvement of the white dots
dispersion property, while in the second embodiment; the former
is the same as the latter. As already stated, in the printer
system, the black dots rather than white dots are noticed
usually. In the present embodiment, the error diffusion matrix
shown in Fig. 5(e), larger than the large matrix Mat_L, is used
for the large matrix for black dots. This matrix is referred
to as a huge matrix Mat_H. With the use of the huge matrix
Mat_H, the dispersion property of black dots in the low density
area is further improved. The first gradation select point
t_chgl for black dots is 32, equal to that in the second
embodiment, but the second gradation select point t_chg2 for
white dots is greatly increased from 223 to 239. With this,
the frequency of using the large matrix is reduced in orxder to
increase the processing speed. In the present embodiment, the
step [Step 4‘] in the second embodiment is replaced by the
following step [Step 4"]. [Step 4"] :

The error diffusion matrix select means 104 sets the
first gradation select point t_chgl to 32, and the second
gradation select point t_chg2 to 239, apd selects an erroxr

diffusion matrix matrix in the following manner.
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a) When result (i, j) = 255,
if data (i, j) £ t_chgl, the huge matrix Mat_H is
selected, and
if data (i, j) > t_chgl, the small matrix Mat_S
is selected.

b) When result (i, j)
if data (i, j) 2 t_chg2, the large matrix Mat L
is selected, and
if data (i, j) < t_chg2, the small matrix Mat_S

is selected.

In this embodiment, the original image data and the
binary-coding results define the matrices as shown in Fig.

4(c). When the huge matrix is selected, the error diffusion

process in the next step [Step 53 is different from that in the

second embodiment, as a matter of course. However, the basic
idea thereof is the same as that in the second embodiment, and
hence detailed description thereof is omitted here.

A fourth embodiment of the present invention will now
be described. 1In the fourth embodiment, the number of matrix
sizes is increased to three sizes, a small size, a large size,
and a huge size, in accordance with the'gradation of the
original image, in order to improve the black dot dispersion.
Further, the processing time and the image quality are
optimized. The construction of each of the error diffusion

matrices of small, large, and huge sizes is the same as that of

—_—
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-the third embodiment. In the fourth embodiment, the selection

of the matrix in the step [Step 4] is made as shown in Fig.
4(d).

A fifth embodiment of the present invention will be
described. In this embodiment, a medium matrix Mat M is
additionally used as one of the error diffusion matrices. Thus,
a more fine selection of the matrix is conducted. The error
diffusion matrix of Fig. 5(c) is used for the medium matrix
Mat_M. The matrix selection in the step [Step 4] is made as
shown in Fig. 4(e) in accordance with the data value of the
original image and the binary-coding result.

In the above-mentioned embodiments, the error diffusion
matrices of Figs. 5(b), 5(c), 5(d), and 5(e) are assigned to
the small, medium, large, and huge error diffusion matrices,
respectively. However, any error diffusion matrices may be
used if the matrix size order is sﬁitable.

The above-mentioned embodiments are arranged while
placing an emphasis on the improvement of the dispersion
propexty of black dots rather than white dots. When the
binary-coding result is the black dot, the erxor diffusion
matrix is fineiy switched. However, when the binary image data
output apparatus is a CRT display apparatus, white dots are
more market than black dots. In this case, the black and white
dots may be treated equally. Alternatively, the image

processing apparatus may be designed placing an emphasis on the
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white dots. In this case, when the binary-coding result is the
white dot, the error diffusion matrix is finely switched.

In the above-mentioned embodiments, the gradation data
corresponds to such a density that 0 of the gradation is
assigned to the white dot, and 255, to the black dot. However,
even for the gradation data corresponding to such brightness
that 0 is assigned to the black dot, and 255, to the white dot,
the basic idea is substantially equal to that of the former
embodiments except that the 1logic on black and white is
reversed.

The image processing apparatuss of the above-mentioned
embodiments handle monochromatic data. It is evident that the
technical idea of the present invention is applicable to color
data consisting of different color components. In this case,
the invention is applied to each color component. For full
color data consisting of three color components, R (red), G
(green), and B (blue) colors, the image processing apparatus of
the present invention is applied to each of these color

components. The matrix selecting method may be different every

. color component. For example, the matrix is switched at many

steps for the color components of R and G, as shown in Fig.
4(d). For the color component of B, which is less remarkable
than the color components of R and G, a matrix select pattexrn
as shown in Fig. 4(a) is used. |

In the above-mentioned embodiments, the threshold value

thresh wused in the step ([Step 2] is a fixed wvalue.
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Alternatively, the threshold value thresh may be varied

- depending on the pixel by adding systematic dither noise, which

varies at fixed periods depending on the pixel position, or a
proper quantity of random noise to the threshold value thresh.

In the binary-coding scan for binary-coding the
multigradation image data of one frame, the start pixel may be
set at any other position than the left upper corner of the
screen. The scanning direction may be changed every line such
that the pixels on the odd numbered line are scanned from the
left end to the right end, and the pixels on the even-numbered
line are scanned in the reverse direction, viz., from the right
end to the left end. 1In this case, the error diffusion matrix
must be reversed in use every line.

Any type of error diffusion method, except the process
of the step ([Step 4] that is essential to the present
invention, may be used for the present invention.

The error diffusion binary-coding means 20 may be
realized by software or a hardware designed exclusively for the
error diffusion binary-coding process.

Figs. 2 and 3 show specific illustrations of other
portions of the image processing apparatus than the error
diffusion binary-coding means 20 shown in Fig. 1. Fig. 2(a)
shows an image input apparatus including the error diffusion
binary-coding means 20. Fig. 3(a) shows an image output

apparatus including the error diffusion binary-coding means 20.
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Fig. 2(b) and 3(b) show computer apparatuss each including the
error diffusion binary-coding means 20.

Fig. 2(a) is an application of the present invention in
which the present invention is applied to an image input
apparatus. The error diffusion binary-coding means 20 is
contained in the scanner as an image input apparatus. In the
arrangement of the image input apparatus, a CCD sensor 202
corresponds to the gradation image data output means 10 in Fig.
1, and a computer 203 corresponds to the binary image data
output means 30 in Fig. 1. In the image input apparatus, the
CCD sensor 202 within a scanner 201 reads a reflection density
of each pixel in an original image, processes the read image
data for the digital-to-analog conversion and the correctioﬁ

for sensor characteristics, and outputs the thus processed

image data as gradation image data data (i, i) to the error
diffusion binary-coding means 20. . The error diffusion binary-
coding means 20 binary-codes the gradation image data. The

binary-coding result xesult (i, 4j) is transmitted, as the

output of the scanner 201, to the host computer 203 by way of
an interface, such as SCSI. The binary image data, received by
the computer 203, is displayed by a CRT display apparatus,
processed by an image processing software, such as a photo
retouch software, or stored into an external memory, such as a
hard disc. The error diffusion binary-coding means 20 may be
realized such that an error diffusion binary-coding program is

stored in a ROM, and a CPU contained in the scanner reads it

- 28 -
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out of the ROM and e#ecutes it. Alternatively, it may be
realized by a high speed processing hardware used only for the
error diffusion processing.

Fig. 2(b) shows another application of the present
invention in which a scanner driver contained in a host
computer includes the error diffusion binary-coding means 20.
A scanner 211 corresponds to the gradation image data output
means 10 in Fig. 1. A photo retouch software 214 corresponds
to the binary image data output means 30 in Fig. 1. In the
application, an image read command, for example, is executed in
the photo retouch software 214 running in a comphter 212, so
that the scanner 211 reads an image in response to the command.
The scanner 211 straightforwardly outputs the read gradation

image data data (i, j) to the computer 212, without binary-

coding the gradation image data. In the computer 212, a
scanner driver 213 containing the error diffusion binary-coding
means 20 binary-codes the received gradation data. The binary-

coding result result (i, j) is transferred to the photo retouch

software 214 running in the computer 212. Under control of the
photo rxetouch software 214, the binary-coding result is
displayed by the CRT display or further processed. Usually, a
printer driver is a kind of program executed by the CPU of the
host computer, and the error diffusion binary-coding means 20
is described in terms of software. The host computer may

contain a high speed processing hardware used exclusively for

//
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the error diffusion, and the printer driver may execute the
binary-coding processing at high speed by using the hardware.

Fig. 3(a) shows . still another -application of the
present invention in which the présent invention is applied to
an image output apparatus. The error diffusion binary-coding
means 20 is contained in a printer as an image outpuf
apparafus. In this application, a computer 301 corresponds to
the gradation image data output.means 10 in Fig. 1, and an ink
jet head 303 corresponds to the binary image data output means

30 in Fig. 1. The gradation image data data (i, j) output from

the computer 301 is binary-coded by the error diffusion binary-

coding means 20 in an ink jet printer 302. In accordance with

the binary-codigg result result (i, j), the ink jet head 303
projects ink droplets to a print sheet, thereby forming dots on
the sheet.

Fig. 3(b) shows yet another application of the present
invention in which a print driver in a host computer contains
the error diffusion binary-coding means 20. In this
application, a photo retouch software 312 corresponds to the
gradation image data output means 10 in Fig. 1, and a printer
314 corresponds to the binary image data output means 30 in
Fig. 1. A printer output command, for example, is executed in
the photo retouch software 311 running in a computer 212, so
that the photo retouch software 311 outputs the gradation image

data data (i, j) for transmission to a printer driver 313. The

printer driver 313 binary-codes the data data (i, ij) by using

R
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the error diffusion binary-coding means 20 contained therein,

and outputs the binary-coding result result (i, 7j) together
with a printer control command to a printer 314. In turn, the
printer 314 prints out a binary image on a print sheet.

As seen from the foregoing description, in the present
invention, an error diffusion matrix select means selects an
error diffusion matrix of proper matrix size in accordance with
the original image data value of a pixel to be binary-coded and
the binary-coding result. An error diffusion matrix of large
size is selected only when it is required. Therefore, a
binary-coding apparatus which is good in the dot dispersion
property, high in the processing speed, and good in the image
quality is realized. This good dot dispersion property
produced by the binary-coding apparatus is comparable with that
obtained by using only the error diffusion matrix of large
size. The processing time for producing the good dispersion
property is nearly equal to that when only the error diffusion

matrix of small size is used.
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WHAT IS CLAIMED IS:

1. An image processing apparatus comprising a binary-
coding processing apparatus for transforming multigradation
image data into bigradation image data formed of only two
gradations of a first gradation value and a second gradation
value, wherein said binary-coding processing apparatus
comprises:

binary-coding means for binary;coding a target pixel
into the first gradation value or the second gradation value;

error diffusion means for diffusing a binary-coding
error caused during a process of binary-coding said target
pixel, to its adjoining pixels not yet binary-coded;

a plurality of error diffusion matrices used when said
binary-coding error is diffuéed to said adjoining pixels not
yet binary-coded, said error diffusion matrices having
different sizes in which said diffusion is conducted;

error diffusion matrix select means for selecting one
of said plurality of error diffusion matrices used by said
error diffusion means, in accordance with an original image
gradation data value of said target pixel and a binary-coding
result of said target pixel;

wherein, when the binary-coding result of said target
pixel is the first gradation value, said error diffusion matrix
select means selects an error diffusion matrix of large size in
which the binary-coding error is diffused to a broader area, as

an original image gradation data value is greatly different

/_____4__._————
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from the first gradation value and approximates the second

gradation value.

2. The image processing apparatus according to claim
1, wherein said error diffusion matrix select means sets at
least one first gradation matrix select point to a value
between the first gradation value and the second gradation
value, when the binary-coding result of said target pixel is
the first gradation value and the original image gradation data
value is -between the first gradation matrix select point aﬁd
the second gradation value, said error diffusion matrix select
means selects an error diffusion matrix of larger size than an
error diffusion matrix used when the original image gradation
data value is between said first gradation value and said first

gradation matrix select point.

3. The image processing apparatus according to claim 2,
wherein the first gradation matrix select point is set to a
value between the second gradation value and a middle value of

the first and second gradation values.

4. The image processing apparatus according to claim 1,
2 or 3, wherein when the binary-coding result of said target
pixel 1is the second gradation value, said error diffusion
matrix select means selects an error diffusion matrix of large

size in which the binary-coding error is diffused to a broader

-
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area when the original image gradation data value is greatly
different from the second gradation value and approximates the

first gradation value.

5. The image processing apparatus according to claim 4,
wherein said error diffusion matrix select means sets at least
one second gradation matrix select.point to a value between the
first gradation value and the second gradation value, when the
binary-coding result of said target pixel is the second
gradation value and the original image gradation data value is
between the first gradation value and the second gradation
matrix select point, said error diffusion matrix select'means
selects an error diffusion matrix of larger size than an error
diffusion matrix used when the original image gradation data
value is between the second graaation matrix select point and

the second gradation value.

6. The image processing apparatus according to claim 5,
wherein the second gradation matrix select point is set to a
value between the first gradation value and a middle value of

the first and second gradation values.’
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ABSTRACT OF THE DISCLOSURE

In an image processing apparatus containing a binary-
coding apparatus for transforming multigradation image data
into bigradation image data formed of only two gradations of a
first gradation value and a second gradation value, the binary-
coding apparatus includes a binary-coding section for binary-
coding a target pixel into the first gradation wvalue or the
second gradation wvalue; an exrror diffusion section for
diffusing a binary-coding error caused during the process of
binary-coding the target pixel, to its adjoining pixels not yet
binary-coded; and an error diffusion matrix select section for
selecting one of error diffusion matrices used by the error
diffusion section, in accordance with an original image
gradation data value of the target pixel and a binary-coding
result of the target pixel. When the binary-coding result of
the target pixel is the first gradation value, the error
diffusion matrix select section selects an exror diffusion
matrix of large size when an original image gradation data
value is greatly different from the first gradation value and
approximates to the second gradation value, so that the binary-

coding error is diffused to a broader area.
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IMAGE PROCESSING APPARATUS

BACKGROUND OF THE INVENTION

The present invention relates to an image p;ocessing
apparatus having the function to transform multigradation image
data into bigradation image data (binary-coding function) for
the purpose of reducing the quantity of data, outputting the
image data to a CRT display or a printer, and the like. More
particularly, the present invention relates to an image binary-
coding apparatus for binary-coding image data by using an error
diffusion method, and ah image input appératus, an image
processing apparatus and an image output apparatus, each of
these apparatuses including the image binary-coding appératus.

When multigradation image data is output to a printer
or a display apparatus that has"not the function of the pixel
basis gradation control or the quantity of data is reduced for
storage and data transmission, a binary-coding process for
reducing the number of gradations of each pixel to two
gradations is widely used. There are a variety of binary-
coding methods. Of these methods, the error diffusion method
is popular because it can produce fﬁe image of the best
quality.

The error diffusion method 1is based on ‘"error
diffusion" in which a quantitizing error caused during the
process. of binary-coding a pixel is distributed to its

adjoining pixels that are not yet binary-coded, in accordance
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with their weights, without discarding the quantitizing error.
‘Accordingly, a mean value of the binary-coding errors in a
local image area is extremely small. The quality of the image
produced by the error diffusion method is much higher than that
by the systematic dither method in which the binary-coding
error is discarded. The error diffusion method produces an
image of high resolution and is capable of realizing a
continuous gradation reproduction. For the conventional method
using the error diffusion method, reference is made to
Published Unexamined Japanese Patent Application No. Hei. 1-
284173, entitled "IMAGE PROCESSING METHOD AND APPARATUS FOR
EXECUTING THE SAME".

In the distribution of the errors by the error
diffusion method, a means describing "how to specify the
adjoining pixels to which the egrors are distributed and how to
weight these specified adjoining pixels" is referred to as an
"error diffusion matrix". The number of adjoining pixels to
which the error is diffused is referred to as "matrix size".
Some examples of the error diffusion matrices of the type in
which the adjoining pixels are under a target pixel are shown
in Figs. 5(a) to 5(e). The matrix'sizes of these error
diffusion matrices are 2, 4, 7, 10, and 13, respectively. When
the error diffusion matrix shown in Fig. 5(b) is used, a
binary-coding error caused in the target pixel is quartered
with an equal weight. These divided errors are respectively

added to the gradation image data of its adjoining four pixels
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not yet binary-coded, a right pixel, a left undetr pixel, an
under pixel, and a right under pixel.

In the error diffusion method, it is necessary to
distribute the binary-coding error caused in the target pixel
to its adjoining pixels not yet binary-coded by using any of
the error diffusion matrices as shown in Figs. 5(a) to 5(e).
Therefore, the number of processing steps is remarkably
increased when compéring with the systematic dither method.
The time for the processing is also increased. The processing
time and the number of processing steps are both increased as
the size of the error diffusion matrix becomes large. Where a
high processing speed is required, it is preferable to use the
error diffusion matrix of small size.

Let us consider the error diffusion method from the
standpoint of image quality. ) In a case where the error
diffusion matrix of small size is used for reducing the
processing time, an error diffusion area is small. In this
case, if a density of distributed dots that are formed by the
binary-coding process is low, "a distribution of dots is not
uniform, dots are nonuniformly strung out, and the quality of
the resultant image is poor". For examéle, when original image
data of such a low density that after it is binary-coded, the
ratio of the black dots to all of the dots is 10 % or less, is
binary-coded by using the error diffusion matrix of small size
(the error diffusion area is small), as shown in Fig. 5(a) or

5(b), the result of binary-coding the image data is as shown in
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lFig. 8(a). As shown, black dots are strung out while being
nonuniformly spaced. The resultant image quality is poor. By
using the large error diffusion matrix of large size (which
provides a large error diffusion area) as shown in Fig. 5(e),
| the image quality is improved as shown in Fig. 8(b). However,
when the error diffusion matrix of large size is used, the
processing quantity and the processing time are increased as
described before. Thus, the conventional error diffusion
method cannot satisfy both the requirements for the image

guality and the processing quantity/time concurrently.

SUMMARY OF THE INVENTION

The present invention has been made in view of the
above circumstances and has an object to provide an image
processing apparatus which cén' binary-code multigradation
image, while securing a good dot dispersion even if a dot
density is low, and a high image quality without increasing the
processing quantity and time.

According to the presen£~invention, an image processing
apparatus comprises a binary-coding apparatus for transforming
multigradation image data into bigradation image data
consisting of only two gradations of a first gradation value
and a second gradation value, which comprises: binary-coding
means for binary-coding a target pixel into the first gradation
value or the second gradation value; error diffusion means for

diffusing a binary-coding error caused during the process of

LAGEQ&ﬁﬁ Stiee
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binary-coded; and error diffusion matrix select means for
selecting one of error diffusion matrices used by the error
diffusion means, in accordance with the original image
gradation data value of the target pixel and the binary-coded
result of the target pixel, wherein, when the binary-coded
result of the target pixel is the first gradation value, the
error diffusion matrix select means selects an error diffusion
matrix of large size when the original image gradation data .
value is greatly different from the first gradation value and
approximates to the second gradation value whereby the binary-
coding error is diffused to a broader area.

In the description to follow, a pixel to be binary-
coded is referred to as a target pixel. The process for
binary-coding the target pixel ;ill be described hereinafter.

The binary-coding means compares the correction data
value of the target pixel with the threshold value, binary-
codes the target pixel to the first gradation value or the
second gradation value on the basis of the comparison result,
and produces the binary-coded result. The correction data is
formed by adding binary-coding erro;s delivered from the
binary-coded pixels adjoining to the target pixel to the
original image gradation data of the target pixel. More
specifically, the binary-coding is carried out in the following

way .



It is assumed that first gradation value < second

gradation value. On this assumption,

if correction data > threshold, binary-coding result

first gradation, and

if correction data 2 threshold, binary-coding result
second gradation.

If correction data = threshold, the binary-coding result may be
the first gradation value or the second gradation value.

The error diffusion means calculates a binary-~coding
error, viz., the difference between the correction data value
and the binary-coding result. That is,

Binary-coding error = correction data - binary-coding
result.

The error diffusion means distributes the calculated
error to the adjoining nof;yet-binary-coded pixels in
accordance with the weights that are defined by the error
diffusion matrix. At this time, the error diffusion matrix
select means selects a error diffusion matrix of larger size
when either of the following two conditions a) and b) holds,
while referring td the binary-coding result of the target pixel
and the original image gradation data value, thereby realizing
the error diffusion to a broader area.

a) Binary-coding result = first gradation value, and
original image gradatioﬁ data value = second gradation
value.

b) Binary-coding result = second gradation, and
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original image gradation data value %“fi?gffgradation

value.

A first point of the present invéntion is that a good
dot dispersion property and the binary-coding result of high
image quality are secured by merely using the error diffusion
- matrix of large size only_when-the condition a) or b) holds.
When the error diffusion matrix of large size is éelected under
the condition a), the dots binary-coded to the first gradation
are uniformly distributed. When the error diffusion matrix of
large size is selected under the condition b), the dots binary-
coded to the second gradation are uniformly distributed.

A second point of the present invention is that the
conditions a) and b) take place at an extremely small
probability. For the condition a), for example, when the
original image gradation data is approximate to the second
gradation value, the binary-coded result will also be the
second gradation value at a high probability, while it will be
the first gradation value at a low probability. Therefore, use
of the error diffusion matrix of large size takes place at an
extremely small probability. In most cases, the errox
diffusion matrix of small size is used, so that the processing

quantity and time are minimized.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing a first embodiment of

the present invention,
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Figs. 2(a) and 2(b) are block diagrams ﬂghowing an
application of the present invention in which the present
invention is applied to a system including a scanner,
réspectively,

Figs. 3(a) and 3(b) are block diagrams showing another
application of the present invention in which the present
invention is applied to a system including a printer,
respectively,

Figs. 4(a) to 4(e) are tables showing examples of the
error diffusion matrix select conditions according to the
present invention, |

Figs. 5(a) to 5(b) are diagrams showing examples of the
error diffusion matrices used in the invention,

Fig. 6 is a graph showing a variation of a large matrix
select probability with respecé'fo a matrix select point,

Fig. 7 is a diagram showing a target pixel and its
adjoining pixels, viz., binary-coded pixels and'not—yet-binary-
coded pixels,

Figs. 8(a) and 8(b) are diagrams showing states of
diffused black dots in an image area of 1low density,
respect;vely, and '

Fig. 9 is a flowchart showing a flow of the binary-

coding process by the first embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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The preferred embodiments of an image processing
apparatus according to the present invention will be described
in detail with reference ‘to the accompanying drawings.

Fig. 1 is a block diagram showing a first embodiment of
the present invention. In the figure, an error diffusion
binary-coding means 20 receives and binary-codes original image

gradation data data (i, j) from a gradation image data output

means 10, and outputs the binary-coding result result (i, j) to
a binary image data output means 30. 1In the above denotation,
i and j indicate integers. The data denoted as data (i, j)
indicates the data of the pixel located at the i-th position as
counted downward from a start pixel and the j-th position as
counted to the right from the same. In Fig. 1, the error
diffusion binary-coding means 20 is a key portion of the image
processing apparatus of the pre;ent invention. The embodiment
of the present invention to be described hereinafter is
specified as follows.

a) Original image gradation data wused in the
embodiment is data of 256 gradations in the range from 0
(white) to 255 (black). The pixel density becomes higher as
the gradation value becomes larger. .

b) The original image gradation data is binary-coded
to 0 or 255 by the error diffusion method.

c) For the binary-coding scan sequence, the main
scan direction means the direction of the binary-coding scan in

which the binary-coding proceeds from left to right. The sub
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scan direction means the direction of the binary-coding scan in
which the binary-coding proceeds from top to bottom.

More specifically, the process of binary-coding the
data of all the pixels of one frame starts from a start pixel
positioned at the upper left corner on the screen and
progresses in the main scan direction, one element at a time,
in sequential order. When the binary-coding process reaches
the pixel positioned at the right end, thé binary-coding of all
the pixels of one line is completed. Then, the process of
binary-coding shifts to the lower line by one pixel in the sub
scan direction and the binary-coding is conducted from the left
end pixel to the ;ight end pixel to complete the binary-coding
of all the pixels of the second line. In this way, the binary-
coding is done for all the pixels of one frame.

The pixel, which is lééated at the i-th position as
counted downward from the start pixel and the j-th position as
counted to ﬁhe left from the same, is called a pixel.of the row
i and the column j, and denoted as P[i, j]. Here, the start
pixel is expressed as P[0, 0]. It is assumed that the pixel
P[i, j] is a target pixel to be binary-coded. For the normal
pixels except the pixels located at éhe extreme ends of the
image, as shown in Fig. 7, the pixel (on the above line) just
above the target pixel and the pixel on the left side of the
target pixel on the same line are the binary-coded-pixels. The

pixel (on the under line) under the target pixel and the pixel

1_

.
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oﬂ the right side of the target pixel on the same line are the
not-yet-binary-coded pixels.

In this embodiment, the "first gradation value" is 255,
and the "second gradation wvalue" is 0. Further, in this
embodiment, only when the binary-coding result is the first
gradation value, the error diffusion matrix is switched to
another error diffusion matrix.

Now, the procedure of binary-coding the original image
gradation data data (i, j) of the_pixel P[i, j] that is carried
out by the error diffusion binary-coding means 20 (Fig. 1) will
be described with reference to Fig. 9 showing a flowchart. The
binary-coding procedure consists of five steps 1 to 5.

[Step 1]

The data correction means 101 reads a diffusion error
accumulated value total_err (i;.j) out of the diffusion error
storing means 105, and adds it to the original image gradation
data data (i, j) that is received from the gradation image data
output means 10. As a result, the data correction means 101
produces correction data data_c (i, j).

data_c (i, j) = data (i, j) + total_err (i, j)

The diffusion error accumulate& value total_err (i, j)
stored in the diffusion error storing means 105 indicates the
total sum of the errors that are diffused to the target pixel
P[i, j] in a step 5 described later during the process of

binary-coding those pixels (those are already binary-coded and
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denoted as P[i-1l, j] and P[i, j-1]) adjoining to the target
pixel P[i,]].
[Step 2]

The binary-coding means 102 compares the correction
data data_c (i, j) of the target pixel that is received from

the data correction means 101 with the threshold value thresh,

and produces the binary-coding result result (i, j). Here,
If data_c (i, j) 2 thresh, result (i, j) = 255.
If data_c (i, j) < thresh, result (i, j) = 0.

In this embodiment, thresh = 128. |

The binary-coding result result (i, 1j), output from the

error diffusion binary-coding means 20, is also applied to the
binary image data output means 30. 1In this case, sometimes it
is output in the form of binary data of 0 or 1. For example,

when the result (i, j) = 255, it is replaced by "1".

[Step 3]

The error diffusion means 103 first calculates binary-
coding error err(i, j) using the following equation:

err(i, j) = data_c (i, j) - result (i, jJ)
where data_c (i, j) : correction data

result (i, j) : binary—coding‘result

[Step 4]

The error diffusion matrix select means 104 sets a
first gradation select point t_chgl to 32, and selects an error

diffusion matrix: matrix in the following manner.
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a) When result (i, j) = 0, the small ma%riwaatISwis
selected.
b) When result (i, j) = 255,
if data (i, j) s t_chgl, the large matrix Mat_L
is selected, and
if data (i, j) > t_chgl, the small matrix Mat_S
is selected.
[Step 5]

The eiror diffusion means 103 distributes the binary-
coding error err(i, j) to the adjoining pixels, such as the
pixels P{i, j+1]. P[i+l, j], and P[i+1l, j+1] in accordance with
the weights of the error diffusion matrix. More specifically,
the diffusion error, derived from the target pixel P[i, j], is
added to thé diffusion error accumulated values total_err (1,
j+1), total_err (i+l, j), and the like, each for one pixel,
that are stored in the diffusion error storing means 105.
Before starting the scan for binary-coding the pixels of the
present image, it is necessary to set the initial values of the
previous diffusion error accumulated values to 0.

In this embodiment, the small matrix Mat_S is the error
diffusion matrix shown in Fig. 5(b), and the large matrix Mat L
is the error diffusion matrix shown in Fig. 5(d). When the
small matrix Mat_S is selected for the error diffusion matrix,
the total sum of the weights is 4. Then, the result of
multiplying the err(i, j) by the weight and dividing the

resultant product by 4 is the quantity of diffusion error to be
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diffused to the adjoining pixels. An actual error diffusing
process is carried out as given below.

. [Table 1]

total_erxr(i, j+l1) = total_exrr (i, j+i) + err (i, j) * (1/4)

total err(i+l, j-1) = total err (i+l, j-1) + err (i, j) * (1/4)

total err(i+l, j) = total exrr (i+l, j+l) + err (i, j) * (1/4)

total_exr(i+l, j+1) total_err (i+l, j+l1) + exxr (i, j) * (1/4)

When the large matrix Mat_I. is selected for the error
diffusion matrix, the total sum of the weights of the matrix of
Fig. 5(d) is 16. The error diffusing process is carried out as

given below.

[Table 2]

total_err (i, j+1) + erxr (i, j) * (3/16)

total_err(i, j+1)

total_err(i, 3j+2) total_err (i, j+2) + err (i, j) * (1/16)
total err(i+l,j-2) = total_err (i+l, j-2) + err (i, j) * (1/16)
total err(i+l,j-1) = total err (i+l, j-1) + err (i, j) * (2/16)
total _err(i+l, j) = total_err (i+1, j)y + exx (i, j) * (3/16)
total err(i+l,j+l) = total_err (i+l, j+1) + err (i, j) * (2/16)
total err(i+l,j+2) = total err (i+l, j+2) + err (i, j) * (1/16)

total err(i+2,j-1) = total_err (i+2, j-1) + err (i, j) * (1/16)

total_err(i+2, j) total_erxr (i+2, j)y + exrr (i, j) * (1/16)

total_err(i+2,j+1)

total_err (i+2, j+l1) + exrxr (i, j) * (1/16)
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The process of binary-coding the target pixel P[i, j]
and diffusing the resultant errors to its adjoining pixels is
completed when the procedural steps [Step 1] to [Step 5] have
been carried oﬁt. Then, the value j is incremented by one, and
the binary-coding process starts again, &ith a new target pixel
as the pixel located on the right side of the previous target
pixel. This binary-coding process is repeated for all the
pixels of one line. Thereafter, the value j is set to zero,
and the value i is incremented by one so that the left end
pixel on the next line becomes a new target pixel. The binary-
coding process is repeated again for all the pixels on the next
line. In this way, the data of one frame of ﬁhe image is
binary-coded.

In the binary-coding procedure executed by the error
diffusion binary-coding means 20, the steps [Step 4] and [Step
5] are unique, while the remaining procedure are substantially
equal to the corresponding one of the conventional error
diffusion method. 1In those steps, one of the two types of
error diffusion matrices is selected under specific conditions
and the error diffusion is performed using the selected matrix.
The original image data and the binary-coding results define
the matrices as shown in Fig. 4(a).

The reason why this embodiment brovides a good dot
diffusion will be described. The inventor of the present
Patent Application considered +the “"mechanism uniformly

distributing black dots" in the error diffusion method and the
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reason why the mechanism is destroyed and the black dots are
strung out as shown in Fig. 8(a)". The "“mechanism which
uniformly distributes black dots" in the error diffusion method
may be considered as follows.

1) In the error diffusion method, when a pixel is
binary-coded into 255 (black dot), the binary-coding error
err(i, j) produced in the step [Step 3] is usually negative,
and the negative error is diffused to the adjoining not-yet-
binary-coded pixels in the step [Step 5].

2) The corrected data of the adjoining pixels which
have received the negative error are smaller than the data of
those pixels before corrected. This fact makes it difficult to
binary-code the data of those pixels into 255 (black dot).

3) As a result, the black dots are uniformly
diffused in a separate fashion while being not strung out.

To uniformly diffuse the black dots, the distance
between the adjacent black dots must be increased as the
density becomes lowexr. If the gradation is 16, for example,
the ratio of black dots generated is 16/255 = 1/16. 1In other
words, one black dot pixel is generated every sixteen pixelsl
The distance between the black dots is about four pixels in the
two-dimensional plane. When the error diffusion matrix as
shown in Fig. 5(b) is used, an error caused when a pixel is
binary-coded is not diffused directly to the pixels spaced from
a target pixel the distance of two pixels or more. For this

reason, the black dots are strung out while being spaced from
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each other the distance of about two pixels. There is such an

indirect diffusion effect that "from a pixel to which the error
has been diffused, the .error is further diffused to its
adjoining pixels.". Because of this indirect diffusion effect,
there is the possibility that the error is transferred to the
pixels outside the matrix. When the matrix is small, this
effect is also weak, however. In the case of the error
diffusion matrix of Fig. 5(b), no error is transferred from the
target pixel P[i, j] to the pixel P[i+l, j-2] even if the
indirect diffusion efféct is present.

As a. consequence, it is thought that "the reason why
the black dots are strung out as shown in Fig. 8(a) ‘in the
image area of low density" is that "in the image area of low
density, although the distance between the adjacent black dots
must be increased, the error cannot be diffused up to the range
of the necessary dot-to-dot distance by the error diffusion
matrix of small size."

On the basis of the above considerations, it is
concluded that from the standpoint of "improvement of the
diffusion of black dots", it is not always necessary to use the
error diffusion matrix of large size, and that

1) only the binary-coding error caused when the
pixel data is binary-coded into the black dot is diffused to a
broader area, while the binary-coding error when it is binary-
coded into the white dot is diffused to a range, not so

broader, and that
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2) in accordance with the dot-to-dot distance necessary
for securing a uniform diffusion of the dots, the size of the
matrix selected is larger as the density of the image area
becomes lower. In the image area of the middle and high
density, the error diffusion matrix of small size may be used.

The image processing apparatus of the present
embodiment is designed on the basis of the above conclusions
and succeeds in remarkably improving the dot diffusion in the
image area of low density. 1In the image processing apparatus,
to select the error diffusion matrix, the matrix select point
t_chgl is set to 32. The large matrix Mat_L is selected only
when the original image gradation is set to a value of less
than 32 and the binary-coding result is 255 (black dot). 1In
other conditions, the small matrix Mat_S is selected.

In the present embodiﬁent, as described above, a
probability that the large matrix Mat_ L is selected is very
small, and in most cases the small matrix Mat_S is selected.
The reason for this will be described. Usually, a probability
that the binary-coding result is 0 and a probability that it is
255 depend on the original image gradafion value data (i, j),
and are given below.

Probability that result (i, j) = 0: (255 - data

(i,3))/255

Probability that result (i, j) = 255: data (i, j)/255
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Since the large matrix Mat_L is selected under the conditions
that result (i, j) = 255 and data (i, j) S 32, a probability
that the large matrix Mat L is selected is

data (i, j)/255 when data.(i, j) is within the range of
0 to 32, and

0 when data (i, j) is within the range of 33 to 255.
Accordingly, when data (i, j) = 32, the large matrix Mat L is
selected at the highest probability. This probability is
32/255 (s 0.13). Thus, even in the worst case where the
original imége data data (i, i) are all 32, the probability of
selecting the large matrix is 13 % or less. In a case where
the original image data values are uniformly distributed in the
range from 0 to 255, a probability that the large matrix is
selected is 1 % or less. The number of processing steps and
the processing time are nearly equal to those in the case where
the small matrix alone is used. A variation of the probability
of selecting the large matrix with respect to various values of
the first gradation select point t_chgl is shown in a graph of
Fig. 6. The formula for calculating the probability is given
by

t_chgl

5(k/255)/255

k=0

As the first gradation select point approaches to the
second gradation value (0 in this embodiment), the probability

of selecting the large matrix becomes small. This is
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advantageous in improvement of the processing speed. As seen
from the graph of Fig. 6, in é region where the first gradation
select point t_chgl is 127.5 (a mid value between the first and
second gradations) or less, the probability is about ten and
several % or less, and satisfactorily small. In a region where
the first gradation select point t_chgl exceeds 127.5, an
increasing rate éf the large matrix select probability
gradually increases. Therefore, in a case that only one first
gradation select point is used as in this embodiment, it is
preferably set to 128 or less.

As seen from the foregoing description, the image
processing apparatus of the first embodiment outputs the
binary-coding result of high image quality and a good diffusion
of black dots, which are comparable with those achieved by the
image processor.using only thenlarge matrix. The processing
time for the binary-coding is nearly equal to that by the image
processor using only the small matrix. The present embodiment
makes no improvement of the dispersion property of white dots
in an image area of high density in particular. In the printer
system in which the output apparatus prints out dots by black
ink on a white paper, black dots in an image area of low
density spread to enlarge their areas and are likely to become
remarkable. On the other hand, white dots in the image area of
high density tend to decrease their areas as the result of the
- spread of its adjoining black dots. Accordingly, the white

dots scarcely become remarkable. From this fact, it is seen
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that the image quality can remarkably be improved ing

only the dispersion property of black dots as in the present
embodiment.

A second embodiment of the present invention will be
described. A block diagram showing the arrangement of the
second embodiment is equal to that of the first embodiment
shown in Fig. 1. Hence, the block diagram of Fig. 1 will be
referred to in the description of the second embodiment. The
first embodiment is arranged so as to improve the dispersion
propexrty of black dots in the image area of low density. The
second embodiment is arranged so as to improve the dispersion
property of white dots in the image area of high density,
addition to the black dots disperéion property in the low
-density area. To this end, a second gradation select point 2
t_chg2 is ﬁsed in addition to the first gradation select point
1 t_chgl. The large matrix is used also when the binary-coding
result is 0 (white dot) in the image area of high density where

the original image data data (i, j) 2 t_chg2. In the second

embodiment, t;chgz = 223. The mechanism to improve the white
dots dispersion property in the high density area is exactly
the same as that.to improve the black dots dispersion property
if the logic for the black dots dispersion property is
reversed.

The second embodiment is different from the first

embodiment only in the step [Step 4]. The step [Step 4] in the
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first embodiment is replaced by a step [Step 4'], Tmthe sécond

embodiment.
[Step 4'] :

The error diffusion matrix select means 104 selects the
error diffusion matrix matrix in the following manner by using
the first gradation select point 1 t_chgl (set to 32 in this
embodiment) and the second gradation select point 2 t_chg2 (set
to 223 in this embodiment).

a) When result (i, j) = 255,

if data (i, j) < t_chgl, the large matrix Mat_L
is selected, and

if data (i; j) > t_chgl, the small matrix Mat_S
is selected.

b) When result (i, j) = 0,

if data (i, j) 2 t_chg2, the large matrix Mat L.
is selected, and

if data (i, j) < t_chg2, the small matrix Mat_ S
is selected.

In this embodiment, the original image data and the
binary-coding results define the matrices as shown in Fig.
4(b). The reason why the number of the processing steps and
the processing time are slightly increased in this embodiment
is as described in the first embodiment. Thus, the second
embodiment improves the black dot dispersion property in the
low density area and the white dot dispersion property in the

high density area. Accordingly, the second embodiment further
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improves the image quality when comparing with the first
embodiment.

A third embodiment of the present invention will next
be described. In the third embodiment, the large matrix for the
improvement of the black dots dispersion property is different
in construction from that for the improvement of the white dots
dispersion property, while in the second embodiment, the former
is the same as the latter. As already stated, in the printer
system, the black dots rather than white dots are noticed
usually. In the present embodiment, the error diffusion matrix
shown in Fig. 5(e), larger than the large matrix Mat_L, is used
for the large matrix for black dots. .This matrix is referred
to as a huge matrix Mat H. With the use of the huge matrix
Mat_H, the dispersion property of black dots in the low density
area is further improved. The first gradation select point
t_chgl for black dots is 32, equal to that in the second
embodiment, but the second gradation select point t_chg2 for
white dots is greatly increased from 223 to 239. With this,
the frequency of using the large matrix is reduced in order to
increase the proceséing speed. In the present embodiment, the
step [Step 4') in the second embodiment is replaced by the
following step [Step 4"]. [Sfep 4"] ;

The error diffusion matrix select means 104 sets the
first gradation select point t_chgl to 32, and the second
gradation select point t_chg2 to 239, and selects an error

diffusion matrix matrix in the following manner.
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a)  When result (i, j) = 255,
if data (i, j) < t;chgl, the huge matrix Mat_H is
selected, and
if data (i, j) > t_chgl, the small matrix Mat_S
is selected.

b) When result (i, j) = 0,
if data (i, j) 2 t_chg2, the large matrix Mat_L
is selected, and
if data (i, j) < t_chg2, the small matrix Mat_S

is selected.

In this embodiment, the original image data and the
binary-coding results define the matrices as shown in Fig.
-4(c). When the huge matrix is selected, the error diffusion
process in the next step [Step 55 is different from that in the
second embodiment, as a matter of course; However, the basic
idea thereof is the same as that in the second embodiment, and
hence detailed description thereof is omitted here.

A fourth embodiment of the present invention will now
be described. In the fourth embodiment, the number of matrix
sizes is increased to three sizes, a small size, a large size,
and a huge size, in_ accordance with the gradation of the
original image, in order to improve the black dot dispersion.
Further, the processing time and the image quality are
optimized. The construction of each of the error diffusion

matrices of small, large, and huge sizes is the same as that of
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‘the third embodiment. In the fourth embodiment, the selection
of the matrix in the step [Step 4] is made as shown in Fig.
4(d5.

A fifth embodiment of the present invention will be
described. In this embodiment, a medium matrix Mat M is
additionally used as oﬁe of the error diffusion matrices. Thus,
a more fine selection of the matrix is conducted. The error
diffusion matrix of Fig. 5(c) is used for the medium matrix
Mat M. The matrix selection in the step [Step 4] is made as
shown in Fig. 4(e) in accordance with the data value of the
original image and the binary-coding result.

In the above-mentioned embodiments, the error diffusion
matrices of Figs. 5(b), 5(c), 5(d), and 5(e) are assigned to
the small, medium, large, and huge error diffusion matrices,
respectively. However, any error diffusion matrices may be
used if the matrix size order is suitable.

The above-mentioned embodiments are arranged- ﬁhile
placing an emphasis on the improvement of the dispersion
property of black dots rather than white dots. When the
binary-coding result is the black dot, the error diffusion
matrix is fineiy switched. However, when the binary image data
output apparatus is a CRT display apparatus, white dots are
more market than black dots. In this case, the black and white
dots may be treated equally. Alternatively, the image

processing apparatus may be designed placing an emphasis on the
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white dots. In this case, when the binary-coding result is the
white dot, the error diffusion matrix is finely switched.

In the above-mentioned embodiments, the gradation data
corresponds to such a density that 0 of the gradation is
assigned to the white dot, and 255, to the black dot. However,
even for the gradation data corresponding to such brightness
that 0 is assigned to the black dot, and 255, to the white dot,
the basic idea is substantially equal to that of the former
embodiments except that the logic on black and white is
reversed.

The image processing apparatuss of the above-mentioned
embodiments handle monochromatic data. It is evident that the
technical idea of the present invention is applicable to color
data consisting of different color components. In this case,
the invention is applied to each color component. For full
color data consisting of three color components, R (red), G
(green), and B (blue) colors, the image processing apparatus of
the present invention is applied to each of these color
components. The matrix selecting method may be different every
color component. For example, the matrix is switched at many
steps for the color components of R and G, as shown in Fig.
4(d). TFor the color component of B, which is less remarkable
than the color components of R and G, a matrix select pattern
as shown in Fig. 4(a) is used.

In the above-mentioned embodiments, the threshold value

thresh used in the step ([Step 2] is a fixed wvalue.
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Alternatively, the threshold value thresh may bé varied
depending on the pixel by adding systematic dither noise, which
varies at fixed periods depending on the pixel position, or a
proper quantity of random noise to the threshold value thresh.

In the binary-coding scan for binary-coding the
multigradation image data of one frame, the start pixel may be
set at any other position than the left upper corner of the
screen. The scanning direction may be changed every line such
that the pixels on the odd numbered line are scanned from the
left end to the right end, and the pixels on the even-numbered
line are scanned in the reverse direction, viz., from the right
end to the left end. In this cése, the error diffusion matrix
must be reversed in use every line.

Any type of error diffusion method, except the process
of the step [Step 4] that is essential to the present
invention, may be used for the present invention.

The error diffusion binary-coding means 20 may be
realized by software or a hardware designed exclusively for the
error diffusion binary-coding process.

Figs. 2 and 3 shOW'specific illustrations of other
portions of the image processing apparatus than the error
diffusion binary-coding means 20 shown in Fig. 1. Fig. 2(a)
shows an image input apparatus including the error diffusion
binary-coding means 20. Fig. 3(a) shows an image output

apparatus including the error diffusion binary-coding means 20.
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Fig. 2(b) and 3(b) show computer apparatuss each ificluding the
~error diffusion binary-coding means 20.

Fig. 2(a) is an appiication of the present invention in
which the present invention is applied to an image input
apparatus. The error diffusion binary-coding means 20 is
contained in the scanner as an image input apparatus. In the
arrangement of the image inpﬁt apparatus, a CCD sensor 202
corresponds to the grédation image data output means 10 in Fig.
1, and a computer 203 corresponds to the binary image data
output means 30 in Fig. 1. In the image input apparatus, the
CCD sensor 202 within a scanner 201 reads a reflection density
of each pikel in an original image, processes the read image
data for the digital-to-analog conversion and the correction
for sensor characteristics, and outputs the thus processed

image data as gradation image data data (i, j) to the error

diffusion binary-coding means 20. The error diffusion binary-
coding means 20 binary-codes the gradation image data. The

binary-coding result result (i, §) is transmitted, as the

output of the scanner 201, to the host computer 203 by way of
an interface, such as SCSI. The binary image data, received by
the computer 203, is displayed by a CRT display apparatus,
processed by an image processing software, such as a photo
retouch software, or stored into an external memory, such as a
hard disc. The error diffusion binary-coding means 20 may be
realized such that an error diffusion binary-coding program is

stored in a ROM, and a CPU contained in the scanner reads it
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out of the ROM and executes it.
realized by a high speed processing hardware used only for the
error diffusion processing.

Fig. 2(b) shows another application of the present
invention in which a scanner driver contained in a host
computer includes the error diffusion binary-coding means 20.
A scanner 211 corresponds to the gradation image data output
means 10 in Fig. 1. A photo retouch software 214 corresponds
- to the binary image data output means 30 in Fig. 1. In the
application, an image read command, for example, is executed in
the photo retouch software 214 running in a computer 212, so
that the scanner 211 reads an image in response to the command.
The scanner 211 straightforwardly outputs the read gradation

image data data (i, i) to the computer 212, without binary-

coding the gradation image .dafa. In the computer 212, a
scanner driver 213 containing the error diffusion binary-coding

means 20 binary-codes the received gradation data. The binary-

coding result result (i, j) is transferred to the photo retouch
software 214 running in the computer 212. Under control of the
photo retouch software 214, the binary-coding result is
displayed by the CRT display or further processed. Usually, a
printer driver is a kind of program executed by the CPU of the
host computer, and the error diffusion binary-coding means 20
is described in terms of software. The host computer may

contain a high speed processing hardware used exclusively for
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the error diffusion, and the printer driver may execute the
binary-coding processing at high speed by using the hardware.

Fig. 3(a) shows. still another application of the
present invention in which the present invention is applied to
an image output apparatus. The.error diffusion binary-coding
means 20 is contained in a printer as an image outpuf
apparaius. In this application, a computer 301 corresponds to
the gradation image data output means 10 in Fig. 1, and an ink
jet head 303 corresponds to the binary image data output means
30 in Fig. 1. The gradation image data data (i, j) output from
the computer 301 is binary-coded by the error diffusion binary-

coding means 20 in an ink jet printer 302. 1In accordance with

the binary-codipg result result (i, j), the ink jet head 303
projects ink droplets to a print sheet, thereby forming doﬁs on
the sheet.

Fig. 3(b) shows yet another application of the present
invention in which a print driver in a host computer contains
the error diffusion binary-coding means 20. In this
application, a photo retouch software 312 corresponds to the
gradation image data output means 10 in Fig. 1, and a printer
314 corresponds to the binary image data output means 30 in
Fig. 1. A printer output command, for example, is executed in
the photo retouch software 311 running in a.computer 212, so
that the photo retouch software 311 outputs the gradation image

data data (i, j) for transmission to a printer driver 313. The

printer driver 313 binary-codes the data data (i, j) by using

e
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the error diffusion binary-coding means 20 contained therein,

and outputs the binary-coding result result (i, j) together
with a printer control command to a printer 314. In turn, the
printer 314 prints out a binary image on a print sheet.

As seen from the foregoing description, in the present
invention, an error diffusion matrix select means selects an
error diffusion matrix of proper matrix size in accordance with
the original image data value of a pixel to be binary-coded and
the binary-coding result. An error diffusion matrix of large
size is selected only when it 1is required. Therefore, a
binary-coding apparatus which is good in the dot dispersion
property, high in the processing speed, and good in the image
quality is realized. This good dot dispersion property
produced by thé binary-coding apparatus is comparable with that
obtained by using only the error diffusion matrix of large
size. The processing time for producing the good dispersion
property is nearly equal to that when only the error diffusion

matrix of small size is used.
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WHAT IS CLAIMED IS:

1. An image processing apparatus comprising a binary-
coding processing apparatus for transforming multigradation
image data into bigradation image data formed of only two
gradations of a first gradation value and a second gradation
value, wherein said binary-coding processing apparatus
comprises:

binary-coding means for binary-coding a target pixel
into the first gradation value or the second gradation value;

error diffusion means for diffusing a binary-coding
error caused during a process of binary-coding said target
pixel, to its adjoining pixels not yet binary-coded;

a plurality.of error diffusion matrices used when said
binary-coding error is diffused to said adjoining pixels not
yet binary-coded, said error diffusion maﬁrices having
different sizes in which said diffusion is conducted;

error diffusioh matrix select means for selecting one
of said plurality of error diffusion matrices used by said
error diffusion means, in accordance with an original image
gradation data value of said target pixel and a binary-coding
result of said target pixel;

wherein, when the binary-coding result of said target
pixel is the first gradation value, said error diffusion matrix
select means selects an error diffusion matrix of large size in
which the binary-coding error is diffused to a broader area, as

an original image gradation data value is greatly different
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from the first gradation value and approximates the second

gradation value.

2. The image processing apparatus according to claim
1, wherein said error diffusion matrix select means sets at
leasf one first gradation matrix select point to a value
between the first gradation value and the second gradation
value, when the binary-coding result of said target pixel is
the first gradation value and the original image gradation data
value is between the first gradation matrix select point and
the second gradation value, said error diffusion matrix select
means selects an error diffusion matrix of larger size than an
error diffusion matrix used when the original image gradation
data value is between said first'gradation value and said first

gradation matrix select point.

- 3. The image processing apparatus according to claim 2,
wherein the first gradation matrix select point is set to a
value between the second gradation value and a middle value of

the first and second gradation values.

4. The image processing apparatus according to claim 1,
2 or 3, wherein when the binary-coding result of said target
pixel is the second gradation value, said error diffusion
matrix select means selects an error diffusion matrix 6f large

size in which the binary-coding error is diffused to a broader
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area when the original image gradation data vajue is greatly
different from the second gradation value and approximates the

first gradation value.

5. The image processing apparatus according to claim 4,
wherein said error diffusion matrix select means sets at least
one second gradation matrix select.point to a value between the
first gradation value and the second grédation value, when the
binary-coding result of said target pixel is the second
" gradation value and the original image gradation data value is
between the first gradation wvalue and the second gradation
matrix select point, said error diffusion matrix select means
selects an error diffusion matrix of larger size than an error
diffusion matrix used when the original image gradation data
value is between the second gradation matrix select point and

the second gradation value.

6. The image processing apparatus according to claim 5,
wherein the second gradation matrix select point is set to a
value between the first gradation value and a middle value of

the first and second gradation values.’
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IMAGE PROCESSING APPARATUS

ABSTRACT OF THE DISCLOSURE

In an image processing apparatus containing a binary-
coding apparatus for transforming multigradation image data
into bigradation image data formed of only two gradations of a
first gradation value and a second gradation value, the binary-
coding apparatus includes a binary-coding section for binary-
coding a target pixel into the first gradation wvalue oxr the
second gradation value; an error diffusion sectionl for
diffusing a binary-coding error caused during the process of
binary-coding the target pixel, to its adjoining pixels not yet
binary-coded; and an error diffusion matrix select section for
selecting one of error diffusion matrices used by the error
diffusion section, in accordance with an oxriginal image
gradation data value of the target pi#el and a binary-coding
result of the target pixel. When the binary-coding result of
the target pixel is the first gradation value, the error
diffusion matrix select section selects an error diffusion
matrix of large size when an original image gradation data
value is greatly different from the first gradation value and
approximates to the second gradation value, so that the binary-

coding error is diffused to a broader area.

FIGURE 1
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