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BACKGROUND OF THE INVENTION

5 Field of the Invention

The present invention relates to an image process-
ing apparatus for digitizing image data to binary values
or multi-levels and, more particularly, to an image
processing apparatus for half-tone processing input

10 1mage data.

Related Background Art

Hitherto, in image processing apparatuses such
as facsimile apparatus, digital copying machine, and
the like, an error diffusion method and an average density
15 approximating method have been proposed as a half-tone
processing system.

The former error diffusion method has been
disclosed in the literature by R. Floyd & L. Steinberg,
"AN ADAPTIVE ALGORITHM FOR SPATIAL GRAY SCALE", SID
20 75 DIGEST, pp 36 to 37. According to the error diffu-

sion method, multi-level image data of a target pixel
is binarized (converted into a highest density level
or a lowest density level) and a difference between
the binary level and the multi-value image data before
the binarization is added with a predetermined weight
% and the resultant data is added to the data of the pixel

near the target pixel.



#5 DI GEST, pp 36 to 37. According to the error diffu- 20 sion nethod,
multi-level imge data of a target pixel is binarized (converted into a
hi ghest density level or a |owest density level) and a difference between
the binary level and the nmulti-value image data before the binarization is
added with a predetermined weight 25 and the resultant data is added to the
data of the pixel near the target pixel. -2- The applicant of the
present invention has already filed U S. Patent Application S. N 137,439,
S. N 140,029, S. N 145,593, S. N 192,601, S. N 203,880, S. N 270, 809,
S. N 284;603, S. N TR0 dpplicant of the present invention has
alréady filed U.S. Patent Application S. N. 137,439,
S. N. 140,029, S. N. 145,593, S. N. 192,601, S. N.
.203,880, S. N. 270,809, S. N. 284,603, s. N. 289,017
5 and S. N. 319;057 as techniques for half-tone processing
image data by the error diffusion method.
On the other hand, as disclosed in Japanese
Unexamined Patent Publication (Kokai) No. 57-104369,
according to the latter average density approximating
10 method, the target pixel is binarized to black or white
by using the already binarized data of pixels near the
target pixel, the weighting average values with the
respective pixelé near the target pixel are obtained,
the average of the two average values is set to a
15 threshold value, and the image data of the target
pixel is binarized on the basis of the threshold
value. |
Since the above error diffusion method is of
the type in which the difference between the input image
00 data and the output image data is corrected, the densities
of the input image and the output image can be preserved,
so that an image having excellent resolution and gradation
can be provided.
However, in the error diffusion method, when
- the difference between the input image data and the

output image data is corrected, many two-dimensional

calculations must be executed, so that there is a



5 and S. N 319,057 as techniques for half-tone processing i mage data by
the error diffusion nethod. On the other hand, as disclosed in Japanese
Unexam ned Patent Publication (Kokai) No. 57-104369, according to the
| atter average density approxi mating 10 nethod, the target pixel is
bi nari zed to black or white by using-the-already binarized data of pixels
near the target pixel, the weighting average values with the respective -
pi xel s near the target pixel are obtained, the average of the two average
values is set to a 15 threshold value, and the image data of the target
pi xel i s1bi aaawbedkosuche thati a hhrtvareheeabekrdctdbueisSverg t he above
error diffusion nethod is of the type in which the difference between the
i nput i nage cdaipd izvad edhbecaupet of magredyt dargecproeesedngt bmodefdisi ti es 20
of the input image and the output inmage can be preserved, .
On the other hand, in the average density
approximating method, since the calculations are per-
5 formed by using the binary data after completion of

the binarization, a hardware construction can be

simplified and a high processing speed can be realized

because of a very small proceséing amount.

However, in the average density approximating
10 method, the target pixel is merely approximated to the

average value of the region including the target pixel

and is binarized. Therefore, there are drawbacks such

that the number of gradations is limited, a texture

of a low frequency which is peculiar to the image having

15 a gentle density change occurs, and the picture guality

deteriorates.

SUMMARY OF THE INVENTION

It is an object of the present invention to
20 eliminate the drawbacks of the conventional technigues
as mentioned above and to provide an image processing
apparatus in which an image having excellent gradation

and resolution can be obtained in a short time by a

simple hardware construction.

To accomplish the above object, an image
25

processing apparatus according to the invention comprises:

input means for inputting data of a target pixel;



so that an inmage having excellent resolution and gradati on can be provided.
However, in the error diffusion nmethod, when the difference between the

| nput i nage data and the 25 output inage data is corrected, many

t wo- di nensi onal cal cul ati ons nust be executed, so that there is a -3- 1
drawback such that a hardware constrdcdien is very conplicated because of a
very | arge processing anount. On the other hand, in the average density
approxi mati ng net hod, since the calculations are per- 5 formed by using the
bi nary data after conpletion of the binarization, a hardware construction
can be sijnplddicid aihg rdia@lis [FoC obTain itRean @a¥erage GRnisity value

of a predetermined region; digitizing means for digitizing
the data of the target pixel on the basis of the average
-density vaiue obtained by the calculating means; and
5 correcting means for correcting a diﬁference which
occurs upon digitization by the digitizing means.
Another object of the invention is to provide
an image processing apparatus in which an average density
value which was calculated from binarized data is set
10 to a threshold value and data of a target pixel is
binarized on the basis of the threshold value.
Still another object of the invention is to
provide an image processing apparatus in which when
a difference between the data of a target pixel and
15 the average density value is set to a prgdetermined
value or less, by correcting the difference, an image
having an excellent gradation can be reproduced.
Still another object of the invention is to”
provide an image processing apparatus in which when
20 a difference between the data of a target pixel and
the aQerage density value is set to a predetermined
value or more, the error is not corrected, so that the
resolution of a character portion can be improved.
The above and other objects and features of
25 the present invention will become apparent from the

following detailed description and the appended claims

with reference to the accompanying drawings.



‘because of a very snmall processing anbunt. However, in the average density
approximating 10 nethod, the target pixel is nerely approximted to the
average value of the region including the target pixel and is binarized.
Therefore, there are drawbacks such that the nunber of gradations is
limted, a texture of a | ow frequencywrich is peculiar to the inmage having
15 a gentle density change occurs, and the picture quality deteriorates.
SUMVARY OF THE INVENTION It is an object of the present invention to

el imnate the drawbacks of the conventional techniques 20 as nentioned
above and tBRPEPVDESCRIPT IGO0 THE SBRAMINGDar at us i n which an i mage havi ng
excel l ent gradation and resolution can be obtained in a short tinme by a

si npl e hardwar e conBigsictl cand Th aacendliaghamseshiwing objreettian i mage

level image, a binary image, and a weighting mask of
'each pixel:;
5 Figs. 2 and 15 are diagrams showing a difference
which occurs upon binarization:
Figs. 3, 13, 17A, and 17B are diagrams showing
examples of weighting masks;
Fig. 4 is a block diagraﬁ showing a construction
10 of an image processing apparatus in an embodiment;
Fig. 5 is a block diagram showing the details
of a binarizing circuit in the embodiment 1;
Fig. 6 is a diagram showing an example of a
table stored in an ROM 12 in Fig. 5:
15 Fig. 7 is a diagram showing the case where a
weighting mask 1 was converted into 6-bit data:
Figs. 8, 9, and 10 are block diagrams of
binarizing circuits of embpdiments in the case wher#
the binarizing circuit of Fig. 5 is partially modified;
20 Fig. 11 is a diagram showing an example of a
table stored in an ROM 100 iq Fig. 10:
Fig. 12 is a diagram for explaining the embodiment
4;
Figs. 16 and 18 are block diagrams showing the
details of the binarizing circuit in the embodiment
25 7

Fig. 19 is a block diagram showing a binarizing



25 pr.ocessi ng apparatus according to the invention conprises: input neans
for inputting data of a target pixel; -4- 1 calculating nmeans for

obtai ning an average density value of a predeterm ned region; digitizing
means for digitizing the data of the target pixel on the basis of the
average density val ue obtained by the &€atcul ati ng neans; and 5 correcting
means for correcting a difference which occurs upon digitization by the
digitizing means. Another object of the invention is to provide an image
processi ng apparatus in which an average density val ue which was cal cul at ed

from bi ngri zegcdakaois thet ekBoli@mantheeshol d val ue and data of a target
pi xel is binarized on the basis of the threshold val ue.

Fig. 20 is a diagram for explaining the embodiment
9; and
Fig. 21 is a block diagram showing binarizing

5 circuits in the embodiments 9 and 10.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of the present invention will be
described in detail hereinbelow with reference to the
10 drawings.

Embodiment 1

The principle of the present system will be
first described.
Fig. 1(11) is a diagram showing multi-level data

15 of each pixel of an input image.

In Fig. 1(1), £(i, j) denotes multi-level density
data of an input image at the position of a target pixel
to be binarized and is set to .a normalized value of™
0 to 1. On the other hand, the binarizing process has

20 already been finished at pixel positions above a broken
line. After the target pixel was binarized, the similar
processes are sequentially executed such that £(i, j+1),
f(i, j+2), ....

Fig. 1(2) is a diagram showing binary image

o5 data. B(i, j) denotes a density (having a value of

0 or 1) after the target pixel was binarized. The

portioh surrounded by a broken line relates to the



'Still- anot her object of the invention is to provide an inmage processing
apparatus in which when a difference between the data of a target pixel

t he average

density value is set to a predeterm ned 15 val ue or |ess,
correcting the difference,

by

an i mage having an excellent gradation can be

and

reproduced. Still another object of the€ imvention is to" provide an i mage

processi ng apparatus in which when a difference between the data of a

target pixe
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and the average density value is set to a predeterm ned val ue
or nore, the error is not corrected, so that the resolution of a character
portion qgan pixéehpiavadwhidie bédsvaeloeadytbheen dbjmat szeddwiiemt thes of t he

are used when the target pixel is binarized.

Fig. 1(3) is a diagram showing weighting masks.
R denotes an example of a weighting mask to obtain an
average density and is expressed by a matrix of a size
of 3 x 3. The weight at the position corresponding
to the target pixel is set to R(0, 0) and R(O0, -1) =
0 is used.

According to the system, the average densities
of the output images near the target pixel in the case
where the target pixel was binarized into either black
or white are set to ml(i, j) and mo(i, j) and are
obtained by the following equation.

2 1

my (i, J) =3 I, y&-1 R(X, ¥)-Bli-x, j-y) @

[ ad

(where, this equation relates to the case where B(i,

i) 1, that is, the target pixel is binarized to ~
black)
2 1
; . 1 . .

my(i, 3) =35 Ly yg_l R(x,y)*B(i-x, j-y) .--(:)
(where, this equation relates to the case where B{(i,
j) = 0, that is, the target pixel is binarized to
white)

S denotes the sum of weights R. For instance,

in the case of using the weighting mask 1 in Fig. 3,

S = 29. 1In the case of using the weighting mask 2,

- becone apparent fromthe 25 follow ng detailed
descri pti on tavgehepippbnitedordeessedy t Theserkirarized eixel odpbayi ng



+5- | -BRIEF DESCRI PTION OF THE DRAWNGS Figs. 1 and 14 are diagrans show ng
a multi- level inmage, a binary inmage, and a weighting nmask of each pixel; 5
Figs. 2 and 15 are di agranms showi ng a difference which occurs upon

bi nari zation; Figs. 3, 13, 17A, and 17B are di agrans show ng exanpl es of

wei ghting masks; Fig. 4 is a block diagfam showing a construction 10 of an
| mage processing apparatus in an enbodinent; Fig. 5 is a block diagram -
showi ng the details of a binarizing circuit in the enbodinent 1; Fig. 6 is
a di agram showi ng an exanple of a table stored in an ROM 12 in Fig. 5;

1 S = 58.
The multi-level density f(i,j) of the target
pixel is binarized by using the average densities my
.and mg is binarized by the following equations.
5 When £(i,j) + E(i,3j) > (my(i,3) + my(1,3))/2, |
B(i,j) = 1,
E(i,j+1) = £(4i,j) + E(1i,]) - ml(i,j)
When £(i,j) + E(i,j) £ (my(i,3) + my(i,3))/2,

B(i,j) = 0,

10 E(i,j+1) = £(i,3) + E(i,3) - mg(i,3) »

In the equation (:), E(i,j) denotes a difference
which occurs when a multi-level density £(i,j-1) of
the pixel (i,j-1) which is precedent to the target pixel
(i,j) by one pixel was binarized to a binary density
15 B(i,j-1). That .is, the process such that the input
pixel density f(i,j-l1) was binarized to 1 or 0 means
that the pixel (i,j-1) was approximated to either
ml(i,j-l) or mo(i,j-l) as an average density near the
pixel (i,j-1). In each case, the difference of £(i,j-1) -
20 my or £(i,j-1) - m0 occurs with the multi-level density
f(i,j-1) of the input image. Therefore, the value
corrected by adding the binary difference E(i,j) to
the target pixel £(i,j) is binarized, so that density
on the image after completion of the binarization can
25 bve completely preserved with respect to the whole

input image region. The present system has the maximum

feature with respect to a point that the processes are



15

Fig. 7 is a diagramshow ng the case where a weighting mask 1

was converted into 6-bit data; Figs. 8 9, and 10 are bl ock di agrans of
binarizing circuits of enmbodinents in the case where the binarizing circuit
of Fig. 5is partially nodified; Fig. 11 is a diagram show ng an exanpl e of
a 20 table stored in an ROM 100 in Fig.210; Fig. 12 is a diagramfor
expl ai ni ng the enbodi nent 4; Figs. 16 and 18 are bl ock diagrans show ng the
details of the binarizing circuit in the enbodinent 25 7; Fig. 19 is a

bl ock di agram showi ng a binari zi ng
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executed in consideration of such a binarization difference.
As compared with the above average density approximating

method, the half-tone reproducing capability is remarkably

improved.

In the equation (:), E(i, j+1) denotes a difference
which is distributed to the pixel (i, j+1) which is
subsequent to the target pixel (i,j) by one pixel.

As shown in Fig. 2, E(i,j+1) is set to a value which
is obtained by subtracting m, from £(i,j) + E(i,j) in
the case where f(i,j) + E(i,j) > (m1 + mo)/2.
E(i,j+1) is set to a value which is obtained by
subfracting m, from £(i,j) + E(i,j) in the case

where £(i,j) + E(i,j) £ (ml + mo)/z.

As mentioned above, the reason why in spite
of the fact that a processing amount in the case of
the average density preserving method in the embodiment
is extremely smaller than that in the error diffusion
method, the image reproducing capability which is equal
to or higher than that in the error diffusion method
can be obtained is because iﬁ spite of the fact that
the difference is merely corrected by using one pixel
adjacent to the target pixel, by obtaining the average
densities by using a plurality of data after completion
of the binarization, the effect similar to that in the
case of correcting by distributing the differences to
a plurality of pixels is equivalently obtained.

In terms of this point, it will be obviously



-6- l.circuit of the enbodinent 8, Fig. 20 is a diagramfor explaining the
enbodi nent 9; and Fig. 21 is a block diagram show ng binarizing 5 circuits
in the enbodinents 9 and 10. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS Enbodi nents of the present invention will be described in
detail hereinbelow wth reference to-thé 30 draw ngs. Enbodi nent 1 The

principle of the present systemw || be first described. Fig. 1(1) is a
di agram showi ng nulti-level data 15 of each pixel of an input inmage. In
Fig. 1(1), f(i, j) denotes nmulti-level density data of an input inmage at

t hle DOSL ti onude Ps oA eEndt Xte tabdiRe kiviard gt Byl tiys fifird:aintatniaigral i zed
vante o method does not consider the differences as in the
present system and the image reproducing capability
.of the present system is fairly better than that of
5 the average deﬁsity approximating method.
Fig. 4 is a block diagram of an image processing
apparatus showing an embodiment of the invention. An
input sensor unit A comprises a photoelectric converting
element such as a CCD or the like and a drive apparatus
10 for scanning the photoelectric converting element.
The input sensor unit A reads and scans an original.
The image data of the original which was read by the
input sensor unit A is successively transmitted to an
A/D converter B. The A/D converter B converts the
15 data of each pixel into 6-bit digital data, thereby
digitizing into the data having the gradations of 64
levels. Next, a shading correction and the like to
correct a sensitivity variation of the CCD sensor and
an illuminance variation by an illuminating light source
20 are executed by digital calculating processes in a
correction circuit C. Next, the corrected data is
sent to a binarization circuit D. In the binarization
circuit D, the 6-bit multi-level image data which was
iﬁput is digitized into the l1l-bit binary data by the
- foregoing system. A printer E is copstrugted by a

laser beam system or an ink jet system. On the basis

of the binary data sent from the binarization circuit



‘0O to-l. On the other hand, the binarizing process has already been finished
at pixel positions above a broken 20 line. After the target pixel was
bi nari zed, the simlar processes are sequentially executed such that f(i,

j+1), f(i, j+2),. Fig. 1(2) is a diagramshow ng binary inmage data. B(i, j)
denotes a density (having a value of -2310-or 1) after the target pixel was
bi nari zed. The portion surrounded by a broken line relates to the -7-

pi xel data which has already been binarized when the target pixel is
processed. Those binarized pixel data are used when the target pixel is
binari zed. D, the printer E on/off controls the dots and reproduces

an image onto a recording paper.
Fig. 5 is a block diagram showing the details
of the binarizing circuit D in Fig. 4.

5 In Fig. 5, reference numerals 1 and 2 denote
delay RAMs each for storing the binary data which was
binarized by an amount of one line; 3 to 7 and 11
indicate D F/F (D flip-flops) each for delaying the
binary data by one pixel; 8 an average density calcula-

10 tion ROM for calculating an average density of the
pixels around the target pixel and outputting a
threshold value; 9 a subtracter for calculating the
difference between the multi-level data of the target
pixel which was input and the threshold value; 10 a

15 comparator for comparing the threshold value which is
output from the ROM 8 with the multi-level data of the
target pixel; 11 the D F/F; 12 an ROM for calculating
difference data to be added to the multi-level data
which is input subsequently to the target pixel; and

13 an adder for adding the input data and the difference

20
data which is output from the ROM 12.

In the above construction, the comparator 10
outputs data B(i,j) of one-bit which was binarized on
the basis of the equation (:) to the D F/F 7 and the

o5 printer E. The binary data is input to the RAMs 2 and

1 for delaying every line. The binary data B(i-l,j+i)

which was delayed by one line by the RAM 2 and the



Fig. ‘1(3) is a diagram show ng wei ghting masks. 5 R denotes an exanpl e of

a weighting mask to obtain an average density and is expressed by a matrix
of a size of 3 x 3. The weight at the position corresponding to the target

pixel is set to RIQ 0) and RO, -1) = 0 is used. 10 According to
the system the average densities of tHe output inmages near the target

pi xel in the case where the target pixel was binarized into either black or
white are set to m (i, j) and nO(i, j) and are obtained by the follow ng

equation. (where, this equation relates to the case where B(i, j) =1, that
is, the tlargeinpryxefiats Blihaljjiel) twhbthckys (dbdapedtby stequbines rel ates
to the case where B(i, J) =0, that is, the target pixel is binarized to

white) S denbYethehBAMuh afeveutbut o toe ROMt8nce,
Further, the D F/F 3 outputs the binary data

B(i-2,j) to the ROM 8; the D F/F 4 outputs the B(i-2,

w

j-1): the D F/F 5 outputs the B(i-1,j): D F/F 6 outputs
the B(i-1,j-1); and the D F/F 7 outputs the B(i,j-1),
respectively, to the ROM 8.

As shown in Fig. 1, the binary data relates
to binary images of the peripheral pixel for the input
10 image f(i,j). If the binary images are connected to

input addresses in the ROM 8, the binary threshold

value can be obtained at a high speed because the

binary threshold value (ml(i,j) + mo(i,j))/z shown

in the equation (:) has previously been stored in the
15 ROM 8 on the basis of the equations (E) and (:).

The binary threshold value is input to the
subtracter 9 and comparator 10. On the other hand,
£(i,j) + E(i,j) is input from the D F/F 11 to the ~
subtracter 9 and comparator 10.

On the basis of those two inputs, the

20
subtracter 9 calculates the difference
£(1,3) + E(4,3) - (m(i,3) + my(i,3))/2
between both sides of the inequality in the equaiton
05 (:). The difference value is input to the ROM 12.

When the above equation is modified by using the

equations (:) to (:), we have



25 in the case of using the weighting mask 1 in Fig. 3, S = 29. In the case

of using the weighting mask 2, - 8 The nulti-level density f(i,j) of
the target pixel is binarized by using the average densities nferr] and
nerr]binarized by the follow ng equations. In the equation , E(i,])
denotes a difference which occurs wrentd multi-level density f(i,j-1) of
the pixel (i,j-1) which is precedent to thetarget pixel (i,j) by one pixel
was binarized to a binary density 15 B(i,j-1). That.is, the process such
that the input pixel density f(i,j-1) was binarized to 1 or 0O neans that

the pixal (i,j-1) wagiapprexemaied tomeiihgy m4LER{OI)pr m(i,j-1) as an
average density near the

= £(4,3) * E(5.3) -[my(i,3) + 55R(0,0)]

E(i,j+1) + %ER(O,O) (when B(i,j)=1)

I

E(i,j+1) - f%R(0,0) (when B(i,j) = 0) (:>

On the other hand, on the basis of the above
two inputs, the comparator 10 compares f(i,j) + E(i,3j)
and (ml(i,j) + mo(i,j))/z and outputs the binary data

10 B(i.3).

That is, in the ROM 12, the E(i,j+1) shown in
the equation (:) is calculated on the basis of the wvalue
of B(i,j) from the comparator 10 and £(i,j) + E(i,])

- (ml(i,j) + mo(i,j))/z from the subtracter 9.

15 In the above equation (:), since the weight
R(0,0) and s have already been known, by previously
calculating the difference E(i,j+1) from the average
density value and storing into the difference calculation

ROM 12, if the binary data B(i,j) and

20 £(1,3) + E(1,3) - (my(i,3) + my(i,3))/2
as the output of the subtracter 9 are input to the ROM
12, E(i,j+1l) can be obtained by the table conversion.
Fig. 6 shows an example of the table stored
05 in the ROM 12.

In the embodiment, since the weight mask 1

shown in Fig. 3 has been used, in order to normalize



pi xel- (i,j-1). In each case, the difference of f(i,j-1) 20 ml or f(i,j-1)
- nD occurs with the nulti-level density f(i,j-1) of the input inage.
Therefore, the value corrected by adding the binary difference E(i,j) to
the target pixel f(i,j) is binarized, so that density on the inage after
conpl etion of the binarization can 25 Bé conpletely preserved with respect
to the whole input inage region. The present system has the maxi num feature
wWith respect to a point that the processes are -9- 1 executed in
consi deration of such a binarization difference. As conpared with the above
aver age Hensto ythepéoxitatnage ndemsilty thevelks f(Q ore 63:prwhiich mpeapability
is remarkably inproved. 5 . In the equation J[err](i, j+l) denotes a
di ff erence actually input, the values obtained by the equations -

<:) and (:) are increased by 63 times and the resultant

value is stored as the value which was converted into

5 the 6-bit value into the average density calculation
ROM table. 1In this case, the weight mask 1 is set as
shown in Fig. 7.
The output

10
of the subtracter 9 is input as an absolute wvalue into

the ROM 12 and the positive/negative sign is determined
in accordance with the value of B(i,j). The difference
E(i,j+1) obtained by the ROM 12 is added to the input
image data f£(i,j+1) by the adder 13. The D F/F 11
1 delays the addition value by a period of time of the
data of one clock.
As mentioned above, the embodiment can be
easily realized by merely adding calculation ICs of
a few chips as compared with the average density
20 approximating method. Moreover, the gradations can
be extremely improved.
As mentioned above, according to the above
first embodiment, the average density is calculated
on the basis of the binary data and the binarization
25

is executed on the basis of the average density.

Thus, ‘a processing amount for binarization can be



Which' is distributed to the pixel (i, j+1) which is subsequent to the
target pixel (ij) by one pixel. As shown in Fig. 2, E(ij+l) is set to a

val ue which is obtained by subtracting m fromf(i,j) + E(ij) in 10 the
case where f(i,j) + E(i,j) > (merr]nfer]. E(i,j+l) is set to a value which
is obtained by subtracting nferJomf¢iftP * E(i,j) in the case where f(i,j)
+ E(i,j) [err] + nferr] As nentioned above, the reason why in spite of the
fact that a processing amount in the case of the average density preserving
met hod in the enbodinent is extrenely smaller than that in the error

di ffusi on nefaiodly tiesduembe riaprasiflidiiog ,c diebignada tilwinsh dag dgual to or

hi gher than that in the error diffusion nethod can be obtained is because
in spite of rémarkanly hmproved owliddrresicdad $heeddfifenencect ed by usi ng
one pixel adjacent to the target pixel, by obtaining the average

between the average density which is generated upon
binarization and the input multi-level data.

In thé embodiment, the binary difference E has

(3]

been distributed to only the next pixel and corrected
in the equation <:>. However, if the binary difference
E is distributed to a plurality of pixels in a manner
such that 3E(i,j+1)/4 is distributed to the pixel
10 (i,j+1) and E(i,j+1)/4 is distributed to the pixel
(i,j+2) in Fig. 1, even if the average processing
mask is small, the gradation reproducing capability
is improved.
The binary difference E can be also two-
15 dimensionally dist?ibuted to a plurality of pixels
near the target pixel at a predetermined distribution
ratio. 1In this case, although a hardware construction
is slightly complicated, the uniform image can be also
obtained with respect to the sub scanning direction
20 as well as in the main scanqing direction and the
reproducibility is improved.
In the case of two-dimensionally distributing
the binary difference E in two directions (one adjacent
pixel and one pixel existing under.the target pixel

by one line), the equation (:) is as follows.
25 '



densities by using a plurality of data after conpletion of the
bi nari zation, the effect simlar to that in the case of correcting by
distributing the differences to 25 a plurality of pixels is equivalently
obtained. In ternms of this point, it will be obviously - 10 - 1
under st ood that the above average densléy- approxi mati ng nmet hod does not
consider the differences as in the present system and the inage reproducing
capability of the present systemis fairly better than that of 5 the
average density approximating nmethod. Fig. 4 is a block diagram of an inmage
processi pg appar at usheRo#(1dg jan +eEadien{ mol it, he knmgiti,gn /Rn i Qput
sensor unit A conprises a photoelectric converting
B(i,j)=1

E (i,3+1) = 3[£(i,3) + B(1,3) - m(i,3)]

E2(1+1,3)

%[f(i,j) + E(1,3) - my(i,3)]

When £(1,3) + E(i,3) <lm(1,3) + my(i,3)}/72 ¢ @)
B(i,j)=0

N

E,(i,3+1) = E(i,3) + E(i,3) - mg(i,3)]

Nof b

where, E(i,j) = El(i,j) + Ez(i,j)

The difference transfer pixels are set to two
pixel positions which are neighboring to the target
pixel in two orthogo;al directions, that is, two points

15 of (i,j+1) and (i+l,j). The difference value [£(i,])
+ E(i,j) - m (i,j)] which is obtained in the embodiment
is divided into twé values of El(i,j+l) and E2(i+l,j)
and they are respectively added to the input density
. value, thereby executing the correction.
20 Fig. 8 is a block diagram of a binarizing
circuit in the case of two-dimensionally distributing
the binary difference E. 1In Fig. 8, the same parts
and elements as those in Fig. 5 are designated by the
same reference numerals and their descriptions are

25 omitted.

Reference numeral 14 denotes a distributor for



el enent such as a CCD or the like and a drive apparatus 10 for scanning
the photoelectric converting elenent. The input sensor unit A reads and
scans an original. The image data of the original which was read by the
i nput sensor unit A is successively transmtted to an A/D converter B. The
A/ D converter B converts the 15 data df? each pixel into 6-bit digital data,
thereby digitizing into the data having the gradations of 64 |evels. Next,
a shading correction and the like to correct a sensitivity variation of the
CCD sensor and an illum nance variation by an illumnating |light source O
are execut edibyrdibgkting theécbinmaérypgdpfbeceses Enwhicbhrwastsemtcircuit C
Next, the corrected data is sent to a binarization circuit D. In the
bi nari zat i ofiroinr thet ROM 8 Reistdi theyhaif| pertidnagénderdenhteh was i nput is
digitized into the 1-bit binarX data by the foregoing system A printer E
i s construcflégtpjbytesthem to the £(i,j+1) pixel and f(i+1,j) pixel.
Reference numeral 15 indicates an adder for
5 adding f(i+l,j) sent from the correction circuit C and
E2(i+1,j) sent from the distributor 14.
Reference numeral 16 represents an RAM for
delaying the data sent from the adder 15 by a period
of time corresponding to one line - one pixel. By
jo Dbroviding the RAM 16, the difference generated at the
previous line can be added to the target pixel f£(i,j).
As mentioned above, by two-dimensionally dis-
tributing the difference between the average density
which is generated upon binarization and the input
15 density, the regularity can be lightened as compared
with the case of distributing the difference to one
adjacenf pixel and the generation of a periodic pattern
can be prevented. On the other hand, even when an édge

portion of a character, a diagram, or the like is

reproduced, the directivity does not appear and the

20
edge portion can be clearly reproduced.
In the above embodiment, the weighting mask
1 shown in Fig. 3 has been used as a weighting mask
to obtain the average density. However, by enlarging
o5 a region to obtain the average density like a weighting

mask 2, the reproducibility of the gradations can be

also further improved and the reproducibility of the



Faser  beam systemor an ink jet system On the basis of the binary data
sent fromthe binarization circuit | D, the printer E on/off controls
the dots and reproduces an inmage onto a recording paper. Fig. 5 is a block
di agram showi ng the details of the binarizing circuit Din Fig. 4. 5
In Fig. 5 reference nunerals 1 and -2 I#enote del ay RAMs each for storing
the binary data which was binarized by an anount of one line; 3 to 7 and 11
indicate DF/F (D flip-flops) each for delaying the binary data by one
pi xel ; 8 an average density calcula- 10 tion ROMfor calculating an
average gensbiyiQtibheinEsehataoAunHitheisargguipedein amdchatacterng a
threshold value; 9 a subtracter for calculating the difference between the
mul ti-1evel ogaganall blkethar §dke is also improved. The weighting

mask is not limited to the above masks, but any mask

of a similar form can be also used.

5 On the other hand, although the weighting mask

has been set to increase as the pixel to be processed

is near the target pixel, its gradient and distribution

are not limited. Pixels at discrete positions which

are not neighboring can be also used.

10 In the embodiment, when the difference which

is distributed to peripheral pixels is obtained by the

error diffusion method, the inevitably dividing process

is unnecessary. The difference generated in such a

case is eliminated and the densities of the input image

15 and output image can be completely preserved.

Embodiment 2

In the embodiment 1, the value which was corrected
by adding the difference E(i,j) generated when the ~
previous pixel (i,j-1) of the target pixel (i,]j) is
20 binarized to f£(i,j) of the target pixel is compared

with the average density, thereby executing the

binarization. However, in the embodiment, the

difference E(i,j) is corrected upon calculation of

the average value when the target pixel is binarized,
os thereby executing the binarization.

That is, in the embodiment 2, ml(i,j) and mO(i,j)

obtained by the equations (1) and (:) in the embodiment



pi xel- whi ch was input and the threshold value; 10 a 15 conparator for
conparing the threshold value which is output fromthe ROM8 with the

mul ti-1| evel

calculating difference data to be added to the nulti-Ievel

data of the target pixel; 11 the D F/F;, 12 an ROM for

data which is

i nput subsequently to the target pixel19and 13 an adder for adding the
I nput data and the difference data which is output fromthe ROM 12.
above construction, the conparator 10 outputs data B(i,j) of one-bit

was binarized on the basis of the equation O

In the
whi ch

tothe DF/ F 7 and the

printer E. Thekd nasy gtfplilows\put to the RAMS 2 and 25 1 for del aying
The binary data B(i-Il,j+1) which was del ayed by one line by the
l .

every line.

'RAM 2 and t he -

10

15

20

25

2
R ¥ R Sew) - Bli 4
m'(1,3) = 5 gio y=-1 REX.¥)-B(i-X,3-¥) E(i,3)

(where, B(i,3) = 1) ... (5)
2 1

B(i-x.i-y) - E(i.]
=0 yE-1 R(x,y)-B(i-x,j-y) (i.3)

Wl

my ' (i.3)
(where, B(i,j) = 0) ... (6)

The multi-level density £(i,j) of the target

pixel is binarized by the following equations.

when £(i,3) > (m'(i,3) + my'(i,3))/2, B
B(i,3) = 1,
E(i,j+1) = £(i,3) + E(i,3) - mp'(4,3)
When £(i,3) < (my'(i,3) + mg'(1,3))/2
B(i,3) = 0,

E(i1j+1) = f(iaj) + E(i'j) - mo'(ilj) J

Fig. 9 is a block diagram of an image processing
apparatus which realizes the embodiment 2. -
In Fig. 9, reference numerals 1 to 12 indicate

the same component elements as those in the embodiment

1 and their descriptions are omitted. Reference numeral

20 denotes a subtracter to subtract the difference E(i,j])

generated at the previous pixel from the average density
value sent form the average density calculation ROM 8.

In the above construction, the threshold value (ml'(i,j)

+ mo'(i,j))/z obtained by correcting the binary difference

E by the subtracter 20 for the average density which



212 - 1 binary data B(i-2,j+1) which was del ayed by two |ines by the RAM
1 are output to the ROM8. Further, the D F/F 3 outputs the binary data
B(i-2,j) to the ROM.8; the D F/F 4 outputs the B(i-2, 5 j-1); the DF/ F 5
outputs the B(i-I,j); DFF 6 outputs the B(i-1,j-1); and the DF/ F 7
outputs the B(i,j-1), respectively, To?fhe ROM 8. As shown in Fig. 1, the
binary data relates to binary inages of the peripheral pixel for the input
10 image f(i,j). If the binary images are connected to i nput addresses in
the ROM 8, the binary threshold value can be obtained at a hi gh speed
because tihe wasnamtpiutr efdon dthealROM Bniligi input MO the) pRPEISKERF i n t he
equation O has previously been stored in the 15 ROM 8 on the basis of the
equati ons [ & rdndl dammarBtehildar y Onhthsh otherahaad.s thgpmultd gyel
subtracter 9 and conparator 10. On the ot her hand,

data f(i,j) of the input image is input to the subtracter

9 and comparator 10.

5 On the‘basis of those two inputs, the subtracter
9 calculates the difference
f(ilj) - (ml'(ilj) + mo'(ilj))/z
between both sides of the inequality in the equation

(:). When the above equation is modified by using the

10 equations (:) and (:), we have
£(1,9) - Imy'(i,3) - 35 R(0,0)]
= £(4,3) - [my'(4,3) + 5% R(0,0)]

E(i,j+1) + f% R(0,0) (when B(i,j) =1)

15 )

E(i,j+1) - 55 R(0,0) (when B(i,j) = 0)

On the other hand, the comparator 10 compares
£f(i,j) with (ml'(i,j) + mo'(i,j))/z and outputs the

binary data B(i,j).

20
In the above equation , since the weight
R(0, 0) and S have already been known, the binary
difference E(i,j+1) is derived by the ROM 12. The
difference E(i,j+1) is delayed by the D F/F 1l and is
05 input to the subtracter 20. By repeating the above

processes, the input multi-level data can be sequentially

binarized. Although the embodiments 1 and 2 have been



f(i,j) + E(i,j) is input fromthe DF/ F 11 to the subtracter 9 and
conparator 10. On the basis of those two inputs, the 20 subtracter 9

calculates the difference f(i,j) + E(i,j) - (nmferr]) + nferr]))/2 between
both sides of the inequality in the eg uai ton [err]The difference value is
I nput to the ROM 12. 25 Wen the abov ]equatlon I's nodified by using the
equations J[err] [err]e have - 13 - On the other hand, on the basis of
t he above two inputs, the conparator 10 conpares f(i,j) + E(i,j) and
(nﬂ(l,J) + mMerr])/2 and outputs the binary data

described with respect to the example in which the input

multi-level data is digitized into the binary data,

the invention can be also applied in the case of

digitizing into 3-value data or 4-value data.

5 Although the embodiments have been described

with respect to the case where the number of kinds of

the input data is set to one (one color), by setting

the input data to three colors of R, G, and B, the

invention can be also applied to a color image,

10 Embodiment 3

A modified example of the embodiment 1 will
now be described as an embodiment 3.

In the embodiment 3, when the data (f(i,j) +
E(i,j)) (Fig. 2) in which the difference was corrected

15 @as described in the embodiment 1 lies within a predeter-

mined range, the difference E(i,j+l) is corrected in
a manner such that E(i,j+1) = £(i,§) + E(i,j) - my(i,3)).
That is, when the difference E(i,j+1) upon binarization

of the next pixel is

20 £(i,3) + E(i,3) - my(i,3) < @ x R(0,0) ]

( o is a constant)
or __ \ ©
£(i,3) + E(i,3) - m(i,3) > o X R(0,0)

( o is a constant)
25

E(i,j+1) = 0 is set. s

In the cases other than the above case,



10 B(i,j). That is, in the ROM 12, the E(i,j+l) shown in the equation
[err]cal cul ated on the basis of the value of B(i,j) fromthe conparator 10
and f(i,j) + E(i,j) - (nferr]) + merr]))/2 fromthe subtracter 9. 15

In the above equation [err]since the weight R(Q 0) and S have al ready been
known, by previously cal culating the di4ference E(i,j+l) fromthe average
density value and storing into the difference calculation ROM 12, if the
bi nary data B(i,j) and 20 f(i,j) + E(i,j) - (nrferr] + nerr]))/2
as the output of the subtracter 9 are input to the ROM 12, E(i,j+l) can be
obt ai ned by the tabEéicom¥érsi&0i.iFi g.E6ishdbwe mp(exahple of the table
stored in the ROM 12. 25 In the enbodi nent, since the weight|msk 1 shown
in Fig. 3 has been used, in order tdWismdiizg) = 1)

or > ‘ID

E(irj+l) = f(i'j) + E(llj) = mo(irj)

{when B(i,j) = 0) J

[9)]

That is, the characteristic processes of the
present system are as follows. As shown in the equations
@and , in the comparison of the target pixel correc-
tion values and the average values my and m, upon binariza-

10 tion, if the target pixel correction value lies within
a predetermined (according to the value of ¢) region
(namely, the difference E(i,j+1l) lies within a pre-
determined region) in which it has a wvalue near the
selected average value my or mo, the difference between

15 the selected average value and the target pixel correction
value is assigned as the correction value upon binarization
of "the next pixel in accordance with the equation .
On the other hand, when such a difference is out of’
the predetermined region, that is, when the difference

between the target pixel correction wvalues m, and m

20 0

is sufficiently large, the correction value is set to
0 and the correction upon binarization of the next pixel
is not executed.

In other words, in the former case, the density
05 change of the image near the target pixel is small,

so that it is determined such that the image relates

to the image area having a half tone. Therefore, the



2141 to the 6-bit image density levels (0 to 63) which are actually
i nput, the values obtained by the equations [err]nd [err]re increased by 63
times and the resultant value is stored as the value which was converted
into 5 the 6-bit value into the average density calculation ROMtable. In
this case, the weight mask 1 is set -ad3shown in Fig. 7. The output f(i,j) +
E(i,j) - (mi(i,j) + nferr])/2 10 of the subtracter 9 is input as an
absol ute value into the ROM 12 and the positive/negative sign is determ ned
in accordance with the value of B(i,j). The difference E(i,j+l) obtained by
t he ROM 12 dsffedenicé obéteeemptiie image density and the average
density value generated by binarizing is corrected by
the next pixel, thereby enabling the gentle density
change of the image to be false half-tone processed
5 with a high fidelity. Namely, the gradations can be
improved. On the other hand, in the latter case, it
is determined that the edge portion of a character,
a diagram, or the like, namely, the target pixel density
contrarily suddenly changes as compared with the density
10 of the image near the target pixel. Therefore, the
correction value is set to 0 for the pixel in such a
case and the deterioration in resolution due to the
preservation of the density is suppressed, thereby
binarizing and reproducing. Due to this, the
15 Tresolution in the edge portion can be improved.
As mentioned above, according to the characte-
ristic processing system of the third embodiment, in
the half-tone image region, the density is preserved
on the binary image by using the binary difference in
20 accordance with the image density change and in a
resolution image portion of a character or the like,
in order to prevent the fading of the image due to the
preservation of the density, the binary difference is
not corrected but is approximated to the average density

values m1 and mo.

Since the schematic circuit construction of

25

the embodiment 3 is similar to that shown in Fig. 4,



image ‘data f(i,j+l) by the adder 13. The D F/F 11 15 del ays the addition
val ue by a period of tine of the data of one clock. As nentioned above, the
enbodi ment can be easily realized by nmerely adding calculation ICs of a few
chi ps as conpared with the average density 20 approxi mati ng net hod.

Mor eover, the gradations can be extrénéﬂy'inproved. As mentioned above,
according to the above first enbodi nent, the average density is calcul ated
on the basis of the binary data and the binarization 25 is executed on the

basis of the average density. Thus, a processing anount for binarization
can be 1. i#Bs-description is omitted.

Fig. 10 is a block diagram showing the details
of the binarizing circuit D in the embodiment 3.
| In the diagram, the same parts and components

5 as those in Fig. 5 are designated by the same reference
numerals.

In Fig. 10, reference numerals 1 and 2 denote
the delay RAMs each for storing the binarized binary
data by an amount corresponding to one line: 3 to 7

10 and 11 indicate the D F/F (D flip-flops) each for
delaying the binary data by a period of time corres-
ponding to one line; 8 the average density calcqlation
ROM for calculating the average densities of the pixels
around a target pixel and for outputting a threshold

15 value; 9 a subtracter for calculating the difference
between the input multi-level data of the target pixel
and the threshold value; 10 the comparator for comparing
the threshold value which is output from the ROM 8 with
the multi-level data of the target pixel; 11 the D F/F:

o9 100 an ROM for calculating difference data to be added
to the multi-level data which is input next to the
target pixel; and 13 the adder for adding the input
data and the difference data which is output from the
ROM 100.

25 In the above construction, the comparator 10
outputs the data B(i,j) of one-bit which was binarized

on the basis of the equation <:> to the D F/F 7 and



| fairly reduced. In addition, the gradations can be renmarkably inproved

by correcting the difference between the average density which is generated
upon binarization and the input nulti-level data. 5 In the

enbodi ment, the binary difference E hagcbeen distributed to only the next

pi xel and corrected in the equation [efT]However, if the binary difference

Eis distributed to a plurality of pixels in a manner such that 3E(i,]j+l)/4
is distributed to the pixel 10 (i,j+l) and E(i,j+l)/4 is distributed to the
pixel (i,j+2) in Fig. 1, even if the average pr.ocessing mask is small, the

gradati oh r dRoRFEGT pabilhe PinanyGatfeds HPUWS K&r 1Fi Wence E can

be al so two-, 15 di_nensi.onal |y, dist.ributed tq.a plurali f_ pi S near the
target pixel? &% 1preé3(fé’t giaﬂﬁ ﬁ%g'aa(llﬁgr ieﬁ'ﬁﬁyoﬁﬁilrtlaegi 0. n :ftﬁﬁ%gyggs%l,a al t hough
a hardvare GaNStY UGN JricH WY e 1o/ il 1R WY flemapge can be

2 is output to the ROM 8. The binary data B(i-~2, j+1)

which was delayed by two lines by the RAM 1 is output

[9)]

to the ROM 8.

Further, the D F/F 3 outputs the B(i-2,j), the
D F/F 4 outputs the B(i-2,3j-1), the D F/F 35 outputs
the B(i-1,j), the D F/F 6 outputs the B(i-1,j-1), and

10 the D F/F 7 outputs the B(i,j-1), respectively, to the
ROM 8.

For the input image f(i,j), the binary data
relates to the binary images of the peripheral pixels
as shown in Fig. 1. 1If the binary images are connected

15 to input addresses in the ROM 8, the binary threshold
value can be obtained at a high speed because the binary
threshold value (ml(i,j) + mo(i,j))/2 shown in the
equation (:) has previously been stored in the ROM 8
on the basis of the equations <:> and <:>. |

The threshold value is input to the subtracter

20
9 and comparator 10. On the other hand, f£(i,j) +
E(i,j) is input from the D F/F 11 to the subtracter
9 and comparator 10.
On the basis of those two inputs, the subtracter
25 9 calculates the difference



bbtai‘ned with respect to the sub scanning direction as well as in the main
scanning direction and the 20 reproducibility is inproved. In the case of
two-di nensionally distributing the binary difference E in two directions
(one adj acent pixel and one pixel existing under the target pixel by one
l'ine), the equation is as foll ows2625 - 16 - The difference
transfer pixels are set to two pixel positions which are neighboring to the
target pixel in tw orthogonal directions, that is, two points 15 of
(i,j+l) and (i+l,j). The difference value [f(i,j) + E(i,j) - m(i,j)] which
| S obt ailned betvwden adiddisi®ids of the inequality in the equation

. When the above equation is modified by using the -
equations (:) and (:), we have

£(i,3) + E(1,3) -Im(i,3) - 5= R(0,0)]

= £(1,3) + E(1,3) -Imy(1,3) + == R(0,0)]

E(i,+1) + f% R(0,0) (when B(i,j) = 1)

= ®

E(i,j+1) - f% R(0,0) (when B(i,j) = 0)

10

On the other hand, on the basis of the above
. two inputs, the comparator 10 compares f(i,j) + E(i,J)
and (ml(i,j) + mo(i,j))/z and outputs the binary data
B(i,3j).
15 That is, in the ROM 100, the E(i,j+1) shown
in the equation @ or is calculated on the basis
of the value of B(i,j) from the comparator 10 and f(i,3j)
+ E(1,3) - (my(i,3) + My(i,3))/2 from the subtracter 0.
In the equation (:), since the weight R(0,0)
20 and S have already been known, the binary difference
E(i,j+1)'according to the equations <:> and (:) is
previously calculated and stored into the difference
calculation ROM 100. Due to this, the E(i,j+l1) is
obtained by the table conversion by inputting the

25 binary data B(i,j) and



is di'vided into two values of E (i,j+l) and E[err],j) and they are
y added to the input density val ue, thereby executing the

respectivel
correction.

in the case of two-dinensionally distributing the binary difference E

20 Fig. 8 is a block diagramof a binarizing circuit

In

Fig. 8 the sane parts and el ement s “a’t Rose i n Fig. 5 are designated by
the sanme reference nunerals and their descriptions are 25 omtted.
Ref erence nuneral 14 denotes a distributor for 17 - 1 distributing the
binary difference E which was sent fromthe ROM 12 into the half portions

in orded t@slian rauiput tdferthe suhtrgaten|9 ins@IthRINiL3. j) pixel .

Ref erence nuneral 15 indicates an adder for

10

15

20

25

Fig. 11 shows an example of the table stored
in the ROM 100.

In the embodiment, the weight mask 1 shown in
Fig. 3 has been used. Therefore, in order to normalize
to the image density levels (0 to 63) of six bits which
are actually input, the value obtained by the equations
(:) and (:) is increased by 63 times and the resultant
values are stored into the average density calculation
ROM table as the values which were converted into 6-
bit values. In this case, the weight mask 1 is set
as shown in Fig. 7.

Fig. 11 shows the table in the case where
¢ = 1 in the equation (:). When E(i,j+l1) is larger
than R(0,0) = 18, E(i,j+1) is set to 0.

The output £(i,j) + E(i,j) - (ml(i.j) +
mg(i,3))/2 of the subtracter 9 is input as an absolute
value into the ROM 100. The positive/negative sign’
is determined in accordance with the value of B(i,bj).

The difference E(i,j+1) obtained in the ROM
100 is added to the input image data f£(i,j+1) by the
adder 13. The D F/F 11 delays the addition value by
a period of time of one clock of the data.

As mentioned above, as compared with the-
average density approximating method, the embodiment
3 can be easily realized by merely adding calculation

ICs of a few chips.



5 adding f(i+l,j) sent fromthe correction circuit C and E[err],j) sent
fromthe distributor 14. Reference nuneral 16 represents an RAM for

del aying the data sent fromthe adder 15 by a period of tine corresponding
to one line - one pixel. By 10 providEgg the RAM 16, the difference
generated at the previous |line can be“ddded to the target pixel f(i,j). As
nment i oned above, by two-dinensionally dis- tributing the difference between
t he average density which is generated upon binarization and the input 15
density, the regularity can be lightened as conpared with the case of

di stributing the di¥ hes aRovRl] ASGRrdinge | tafdhe RIRRHS®ERS on of a
periodic pattern can be prevented. On the of her, hand, even when, an edge

portion of % ThdhetidVertt Rt R BieFaRe ARSI 26 ISR the
O WP P G A ) W] ey 00!
and the binarization is executed on fhe basis of the
5 average density, éo that a processing amount for bina-
rization can be remarkably reduced. Moreover, when
the difference between the average density which is
generated upon binarization and the input multi-level
data lies within a predetermined range, the difference
10 1s corrected, so that the half-tone process having the
excellent gradations can be executed.

Further, in the embodiment, when the difference
between the average density and the input multi-level
data is larger than the predetermined value, the difference

15 is not corrected. Thus, the deterioration in resolution
due to the preservation of the densities is prevented
and the edge portion can be clearly reproduced.

In the embodiment, the binary difference E has
beén distributed to only the next pixel and the correc-

20 tion has been executed in the equation <:>. However,
the binary difference E can be also two-dimensionally
distributed to a plurality of pixels near the target
pixel at a predetermined distribution ratio. In this
case, although a hardware construction is slightly
25 complicated, the uniform image can be also obtained

with respect to the sub scanning direction as well as

the main scanning direction and the reproducibility



1 shown in Fig. 3 has been used as a weighting nmask to obtain the average
density. However, by enlarging a region to obtain the average density like
a weighting mask 2, the reproducibility of the gradations can be al so
further inproved and the reproducibility of the - 18 - 1 resolution
information which is required in a thd?atter original or the like is also
I nproved. The weighting nask is not limted to the above nmasks, but any
mask of a simlar formcan be also used. 5 on the ot her hand,

al t hough the wei ghting mask has been set to increase as the pixel to be
processad iis negmravesi.t arget pixel, its gradient and distribution are not

limted. Pixels at discrete positions which are not neighboring can be al so
used. On the other hand, for instance, in Fig. .

if the binary difference E is distributed to a plurality
.of pixels in a manner such that 3E(i,j+1)/4 is distri-

5 buted to the pixel (i,j+1) and E(i,j+1)/4 is distributed
to the pixel (i,j+2), the reproducing capability of
the gradations is improved even if the average processing
mask is small.

On the other hand, although the weighting mask

10 is increased as the pixel is near the target pixel,

. its gradient and distribution are not limited. The
pixels existing at discrete positions which are not
-neighboring can be also used. '

On the other hand, the invention can be widely
15 used in image processing apparatuses such as facsimile
apparatus, copying machine, and the like.

Embodiment 4

In the embodiment 3, the binary difference E
has been divided to the cases shown by the equations
20 @ and and when the difference E is egual to or
larger than a predetermined value using the constant
o , the difference E is set to 0 and is not distributed
to the next pixel. However, the value of the constant
o can be also changed in accordance with the average
o5 density value or target pixel density value.

For instance, as shown in Fig. 12, if the wvalue

of o is set so as to decrease as the average density



10 - In the enbodi ment, when the difference which is distributed to
peri pheral pixels is obtained by the error diffusion nethod, the inevitably
di vidi ng process is unnecessary. The difference generated in such a case is
elimnated and the densities of the input inmge 15 and output image can be
conpl etely preserved. Enbodi nent 2 I'n30he enbodi nent 1, the val ue which was
corrected by adding the difference E(i,j) generated when the previous pixel
(i,j-1) of the target pixel (i,j) is 20 binarized to f(i,j) of the target
pi xel is conpared with the average density, thereby executing the

bi nari zat i ogpprEaENes , 0i ort hp snboeigentortimn b f ferelock Khayjycter
corrected upon cal cul ation of the average val ue when the target pixel is

bi nari zed, ihetkdywhiteubackotdend; nrarblank cphamckey sinjghe elagbodi nent

2, m(i,j) and m(ij) obtained by the equations _[err] . . and [err] in the
enbodi ment background, or the like can be more finely binarized. '

Embodiment 5

5 The following equation (:> is used in place
of the equation (:) in the embodiment 3.
In the case where
(my(i,3) + my(i,3))/2 <K, and ]
ml(ilj) <f(i'j) + E(ilj)

10 ©of L (:)

(ml(i.j) + mo(i,j))/2 > 1-K, and

my(i,3) > £(i,3) + E(4i,3) _
Where, K is a constant and if it is set to about
0or 1l (K=0, 1), the good result can be obtained.

15 According to the embodiment 5, by setting the
difference E to 0 in the case where the average density
value approached 0 or 1, the character portion can be
highly finely binarized in a manner similar to the =

embodiment 2.

In the embodiments 4 and 5, as shown in Fig.

20
10, if the output (ml(i,j) + mo(i.j))/Z of the average
density calculation ROM 8 is input in place of the
binary data B(i,j) to an address terminal of the
difference calculation ROM 100, those embodiments

25 can be easily realized by the table converting

processes based on the data which has previously

been written in a manner similar to the embodiment 3.



- 19 - 1 are set as follows. The nulti-level density f(ij) of the target

pi xel is binarized by the follow ng equations. 10 Fig. 9 is a block diagram
of an inmage processing apparatus which realizes the enbodinent 2. In Fig.

9, reference nunerals 1 to 12 indicate 20 the sane conponent el enents as
those in the enbodinment 1 and their desériptions are omtted. Reference
nunmeral 20 denotes a subtracter to subtract the difference E(i,j) generated
at the previous pixel fromthe average density value sent formthe average
density calculation ROM 8. In the above construction, the threshold val ue
(m1(ij) 25Embodiment 6 '

In the embodiment 3, the weighting mask'of the
matrix of 3 x 3 shown in Fig. 3 has been used. However,
generally, in order. to smoothly binarize the half-tone

5 portion, it is desirable to sét the weight R(0,0) of
the target pixel to a small value. In addition, as
the weight R(0,0) is small for a density change of the
data to be binarized, the edge portion shown by the
equation (:) can be accurately detected. Therefore,

10 in the case of using the weighting mask of 4 x 5 shown
in Fig. 14, R(0,0) in Fig. 3 in the embodiment 3 is
set to 8/28 = 0.29, while that in Fig. 13 is set to
11/96 = 0.11. Thus, the half-tone portion can be more
smoothly binarized and the edge portion of a character

15 portion or the like can be more finely binarized and
reproduced.

In the embodiments 3 to 6, the calculation of
the correction value E for preservation of all densities
during the processing has been executed by using the

average values mg and ml. However, for instance, the

20
discrimination or the like to see if the wvalue of E
is set to 0 or not in the edge portion or the like
can be realized by a well-known technique. For
example, a two-dimensional Laplacian is obtained

25 from the image data to be binarizéd, this value is

processed on the basis of the threshold wvalue, the

edge portion is determined on the basis of the result



+ nferr]1(i,j))/2 obtained by correcting the binary difference E by the
subtracter 20 for the average density which - 20 - 1 was output fromthe
ROM 8 is input to the subtracter 9 and conparator 10. On the other hand,
the nmulti-level data f(i,j) of the in image is input to the subtracter 9
and conparator 10. 5 On the basis of those two inputs, the '
subtracter 9 calculates the difference f(i,j) - (nferr]"(i,j) +

mMerr]"(ij))/2 between both sides of the inequality in the equation [err]

. Wien the above equation_is podified by using the_ 10 guations [err]
and [er}],°ﬁethﬁval€ﬁr%ﬂén6Fh%? ﬂﬁnﬂ?cghﬁ EB%%%P%}%rviguﬁoﬁﬁ3F8§ tee )

wth (nierrldy(h bL S E8TH{h Ehd/ 2a80%SHEREES B%en by this
method, the similar effect is derived. On the other
.hand, the edge portion is designated in a wide region
5 on the basis of a command obtained by an area designating
operation of the operator without switching the processes
every pixel and E can be also set to 0 in such a region.
In the above embodiments 1 to 6, assuming that
the average value when the target pixel was binarized
10 to 0 is set tom, and the average value when thg target
pixel was binarized to 1 is set to my. the data of the
target pixel is binarized by using (m1 + mo)/2 as a
threshold wvalue.
In the embodiment which will be explainéd
15 hereinlater, explanation will noﬁ be made with respect
to an example in the case where the average value of
the binary data (the data which has previously been
binarized before the target pixel) including no target
pixel is set to a threshold value and the data of the

target pixel is binarized.

20
Embodiment 7
The principle of the above system will be first
described.
Fig. 14(1) is a diagram showing a multi-level
25 density of each pixel of the input image.

In Fig. 14(1), £(i,j) denotes multi-level

density data of the input image at the position of



20 binary data B(i,j). In the above equation [err], since the weight R(OQ
0) and S have already been known, the binary difference E(i,j+l) is derived
by the ROM 12. The difference E(i,j+l) is delayed by the D F/F 11 and is 25
i nput to the subtracter 20. By repeating the above processes, the input

mul ti-Ilevel data can be sequentially'b?gafized. Al t hough the enbodi nents 1
and 2 have been 21 - described with respect to the exanple in which the
input multi-level data is digitized into the binary data, the invention can
be also applied in the case of digitizing into 3-value data or 4-val ue
data. 5 1 the tamigeftomgkretlhd&oe bigoHiimantigedapadpden sedstoi Be@oFMad izeshect

to the case where the nunber of kinds of . .
value of 0 to 1. On the other hand, the binarization

has already been finished at the pixel positions above
-a broken line. After the target pixel was binarized,
5 the similar binarization is sequentially executed in
a manner such that £(i,j+1), f(i,j+2), ceos
Fig. 14(2) is a diagram showing binary image
data. B(i,j) shows the density (having the value of
0 or 1) after the target pixel was binarized. The portion
10 surrounded by a broken line denote the pixel data which
has already been binarized upon processing of the target
pixel. Those pixel data are used to binarize the target
pixel.
Fig. 14(3) is a diagram showing weighting masks.
15 R denotes an example of the weighting mask to obtain
the average density and is expressed by a matrix of
a size of 3 x 3. The weight R(0,0) for the pixels
which are not binarized yet is used by setting such’
that R(0,0) = R(O0,-1) = O.
20 In the system, the weighted average density
of the binary images near the target pixel is set to

m(i,j) and is obtained by the following equation.

N

1
m(i,3) = (Eo JI; R(X,¥)-Bli-x,3-y) ... (13)

25 The target pixel f(i,j) is binarized by using

the average density m(i,j) and the binary correction

value E(i,j) which has already been assigned in



the input data is set to one (one color), by setting the input data to
three colors of RR G and B, the invention can be also applied to a col or
10 Enbodi nent 3 A nodified exanple of the enbodinent 1 will now be
descri bed as an enbodinent 3. In the enfpodi nent 3, when the data (f(i,j) +

i mage.

E(i,j)) (Fig. 2)

in which the difference was corrected 15 as described in

the enbodinent 1 lies within a predeter- m ned range, the di fference

E(i,j+l)

(ij)).

pi xel

That is
islin 2H

10

is corrected in a manner such that E(i,j+l) = f(ij) + E(ij) - m

he. di | bi
2o tAEhet Fith HRBCPERASEi huhBR0n D noglzation of Che nex

When f£(i,j) + E(i,j) > m(i,]),
B(i,j) = 1
E(i,j+1) = £(1,3j) + E(i,j) - m(i,])
When £(i,3) + E(1,3) £ m(1,3),
B(i,j) = 0
E(i,j+1) = £(4i,3) + E(i,j) - m(4i,3)
However,'when £(i,j) + E(i,j) = m(4i,j) = 1,

) /

Fig. 15 is a diagram showing the equation _ .

B(i,3)

In the equation . E{(i,j) denotes a difference

which is generated when the multi-level density £(i,j-

1) of the pixel which is precedent to the target pixel

(i,3) by one pixel, that is, of the pixel (i,j-1) was

15

binarized to the binary density B(i,j-1). Namely,

E(i,j) corresponds to the difference value between

the multi-level density £(i,j-1) and the average

density m{i,j-1) of the pixel near the target pixel.

By binariziﬁg the corrected value which is obtained

20

by adding the binary difference E(i,j) to the target

pixel £(i,j), the image density after completion of

the binarization can be completely preserved as an

average density in the whole input image region.

By executing the processes in consideration

25 of the binary difference, the reproducing capability

of the half tone is remarkably improved as compared

with that in the average density approximating method.



That is, the characteristic processes of the present systemare as follows.
As shown in the equations [err] and [err] , in the conparison of the
target pixel correc- tion values and the average values nferr] and nferr]
upon binariza- 10 tion, if the target psxel correction value lies within a
predeterm ned (according to the value of a) region (nanely, the difference
E(i,j+1) lies within a pre- determned region) in which it has a val ue near
the sel ected average value nferr] or nferr], the difference between 15 the

sel ected,average valhe +3Rdoher! Aaga! RhXeheCRELEELLAN '@ uegk§,3s3honed as

t he correéction val ue upon binarization of the next pixe n accoifdance with

the equati ogenh@itlel a @1flifeeecaiclewnidndisWagBtedblitaadebl ehenpexd out of
the predeterm ned region, that is, when the difference between the target

pi xel corre@yiiQy+1gl waschl isndokheed] behindf thei eath¥t! pigelr (hejgorrection
value is set to O and the correction upon binarization of the next pixel is
not execut ethy one pixel.

5 The reason why in spite of the fact that a
processing amount in the binarization system in the
embodiment is extremely smaller than that in the error
diffusion method, the image reproducing capability which
is equal to or higher than that in the error diffusion

10 method is obtained is because in spite of the fact that
the difference is merely corrected by one adjacent pixel,
by obtaining the average density by using a plurality
of data after completion of the binarization, the effect
similar to that in the case of distributing the difference

15 to a plurality of pixels and correcting is equivalently
obtained.

Since a schematic circuit construction in the
embodiment is similar to that shown in Fig. 4, its ~
description is omitted.

20 Fig. 16 is a block diagraﬁ showing the details

of the binarizing circuit D in the embodiment 7.

In Fig. 16, reference numerals 101 and 102
denote delay RAMs each for storing the binarized data
by an amount of one line; 103 to 107 and 111 indicate
o5 D F/F (D flip-flops) each for delaying the binary data

by a period of time of one pixel; 108 an average density

calculation ROM for calculating the average density of



In other words, in the forner case, the density change of the inmage near
the target pixel is small, so that it is determned such that the image
relates to the imge area having a half tone. Therefore, the -23 1
difference between the image density_apd the average density val ue
generated by binarizing is corrected by the next pixel, thereby enabling
the gentle density change of the image to be fal se half-tone processed 5
with a high fidelity. Nanely, the gradations can be inproved. On the other

hend, 4y b%tga%&ﬁﬁ%asephgepﬁéﬁfﬁgws bkl B E498 2R, 0.
o The Y 2PUShRY " UiReRe? B GUTPARE AU BukEedIRY bhe'dvllayl® 1 MROC
density as a threshold value when the data of the target
-pixel is binarized; 109 a subtracter for calculating
5 the difference between the input multi-level data of
the target'pixel and the threshold value which is output
from the ROM 108; 110 a comparator for comparing the
threshold value which is output from the ROM 108 with
the multi-level data of the target pixel:; and 112 an
j0 adder for adding the difference data which is output
from the subtracter 109 and the 6-bit multi-level
data sent from the correction circuit.
In the above construction, the comparator 110
outputs the 1l-bit data B(i,j) which was binarized on
15 the basis of the equation . The binary data is
input to the RAMs 102 and 101 for delaying it every
line. The binary data B(i-1,j+1) which was delayed
by one line by the RAM 102 is output to the ROM 108,
The binary data B(i-2,j+1l) which was delayed by two
20 lines by the RAM 101 is output to the ROM 108.
Further, the D F/F 103 outputs the B(i-2,j),
the D F/F 104 outputs the B(i-2,j-1), the D F/F’105
outputs the B(i-1,j), the D F/F 106 outputs the
B(i-1,j-1), and the D F/F 107 outputs the B(i,j-1),
05 respectively, to the ROM 108.

The binary data denote the binary images of

the peripheral pixels for the input image £(i,j) as



correction value is set to 0 for the pi xel in such a case and the
deterioration in resolution due to the preservation of the density is
suppressed, thereby binarizing and reproducing. Due to this, the 15
resolution in the edge portion can be jnproved. As nentioned above,
according to the characte- ristic procgssing systemof the third
enbodi nent, in the half-tone inmage region, the density is preserved on the
bi nary image by using the binary difference in 20 accordance with the image
density change and in _a resolution imge portion of a character or the
li ke, in!or&@BP¥poipr Ed@nt lthe ?XdFHQnSFtPHQ Fﬁﬁgﬁlﬂﬁ€Ytbm?ﬂﬁspFQServat|on
of the density, the binary difference no rected g i.mat ed
to the aver&&@uaeﬁgpfﬁsiﬁsv&Pué enﬁ@”rﬂ%gndi FfaréFﬁ é°Phgh§§Eéﬂ§F|c
ZIrCUIt Con%taggthgg % g%alne qe h%gth%Egh ec%gsghgﬁesggﬁgrﬁg Fi g.
zation threshold value m(i,j) shown in the equation
5 has previously been stored in the ROM 108 on the basis
of the equation (:).
The threshold value is input to the subtracter
109 and comparator 110. On the other hand, f£(i,j) +
E(i,j) is input from the D F/F 111 to the subtracter
10 109 and comparator 110.

On the basis of those two inputs, the subtracter

109 calculates the difference
£(i,3) + E(i,9) - m(i,3) e (@9

15 between both sides of the inequality in the equation .
that is, the difference between the average density
value m(i,j) and the input data.
On the other hand, the comparator 110 compa}es
£f(i,j) + E(i,j) and m(i,j) on the basis of the two_inputs

and outputs the binary data B(i,j). On the other hand,

20
on the basis of the equation (:>, the difference
E(i,j+1) which is output from the subtracter 109 is
added to the input image data f£(i,j+1) by the adder
112. The D F/F 111 delays the addition value by a
25 period of time of one clock of the data.

Fig. 17 shows examples of the weighting masks.

The weighting mask of Fig. 17A is used to obtain the



- 24°- its description is omitted. Fig. 10 is a block di agram show ng the
details of the binarizing circuit Din the enbodinment 3. In the diagram
the sane parts and conponents 5 as those in Fig. 5 are designated by the
sane reference nunerals. In Fig. 10, reference nunerals 1 and 2 denote the
del ay RAMs each for storing the binari3®d binary data by an anount
corresponding to one line; 3 to 7 10 and 11 indicate the D F/ F (D
flip-flops) each for delaying the binary data by a period of tine corres-
ponding to one line; 8 the average density cal cul ation ROM for cal cul ating
t he averpgeaderagel ealak flirempitkel biaaayndasat afgeevpnxplixahd.f or
outputting a threshold 15 value; 9 a subtracter for calculating the

di fference The weighting mask of Fig. 17B is used to obtain the '

average value from the binary data of twelve pixels.
In the embodiment, since the weighting mask shown in

Fig. 17A is used, in order to normalize to the image

w

density levels (0 to 63) of six bits which are actually
input, the values obtained by the equation (:) are
increased by 63 times and the resultant values are stored
into the average density calculation ROM table as the

10 Values which were converted into the 6-bit values.

As described above, according to the embodiment

7, the average density is calcualted by using only the
binary data which was binarized and the input multi-
level data is binarized by using the average density

15 @s a threshold value. Therefore, a processing amount
for binarization can be reduced as compared with that
in the average density approximating method. Moreover,
since the difference between the input multi-level aata
and the average density which is generated when the

input multi-level data was binarized is corrected the

20
gradations can be extremely improved.
In the embodiment, although the binary difference
E has been distributed to only the next pixel and corrected,
if the binary difference E is distributed to a plurality
25 of pixels in the main scanning direction in a manner

such that, for instance, in Fig. 14, 3E(i,j+1l)/4 is

distributed to the pixel (i,j+1) and E(i,j+1)/4 is



‘between the input multi-level data of the target pixel and the threshold
val ue; 10 the conparator for comparing the threshold value which is output
fromthe ROM8 with the multi-level data of the target pixel; 11 the D F/F;
20 100 an ROM for calculating difference data to be added to the
mul ti-level data which is input next™ t¥ the target pixel; and 13 the adder
for adding the input data and the difference data which is output fromthe
ROM 100. 25 In the above construction, the conparator 10 outputs
the data B(i,j) of one-bit which was binarized on the basis of the equation
[errr] lto thetDibbEed &ndthe pizsl. (rL.J_t*Ré.pithﬁt &ePECAUERBIpi nary data is
Rt R 13ty os tha hradnt18h3Y 189 5p20vet’ Soen WAL ANV data
the average processing mask is small.
Oon thé other hand, the binary difference E can
5 be also two-dimensionally distributed to a plurality
of pixels near the target pixel at a predetermined
distribution ratio in a manner similar to the case of
the error diffusion method. In this case, although
a hardware construction is slightly complicated, the
10 uniform image can be obtained in the sub scanning
direction as well as the main scanning direction and
the reproducibility is improved.
On the other hand, although.the weighting mask
has been increased as the pixel is close to the target
15 pixel, its gradient and distribution are not limited.
The pixels at the discrete positions which are not
neighboring can be also used.
In the embodiment 7, the weighting mask of a
matrix of 3 x 3 such as shown in an example of Fig.
20 17A has been used. However, generally, in order to
smoothly binarize the half-tone portion, it is
desirable to set the weight of the pixel adjacent
to the target pixel to a small value.
Therefore, in the case of using the weighting
25 matrix of a matrix of 3 x 5 shown in Fig. 17B, R(i-1,3)

and R{i,j-1) are set to 7/48 = 0.15 as compared with

5/21 = 0.24 in the matrix of Fig. 17A, so that the



B(i-1, j+l) which was del ayed by one line by the RAM 2 is output to the ROM
8. The binary data B(i-2, j+1) 5 which was delayed by two |ines by the RAM
1 is output to the ROM 8. Further, the D F/F 3 outputs the B(i-2,j), the D
F/IF 4 outputs the B(i-2,j-1), the D Fé; 5 outputs the B(i-l,j), the DF/ F 6
outputs the B(i-I,j-1), and 10 the D &7 outputs the B(i,j-1),
respectively, to the ROM 8. For the input imge f(i,j), the binary data
relates to the binary i mages of the peripheral pixels as shown in Fig. 1.

If the binary inmages are connected 15 to input addresses in the ROM 8, the
bi nary t hr eS¢ teRRUBOEAACBe CaBt REn&RogthaYhPdRaEhzed BREAHERTPARCE A nar y

t hreshol d val ue errr] (i, +.nferr](i,j)).2 sh in_th ti
has previously béngthL%démﬁogﬁg%ﬁEN%%hﬁhL%ﬁﬁugﬁg&gnggftﬁge:aﬁgfkgﬁs[Féil]
and [err] aéﬁ@§t§hEF%2%'%a%%ﬁ%ebé%n'Q %&i%%dtgg %Hgthaﬁt%éble.

However, such a calculation can be also realized even

5 by using seven'AND gates and a plurality of adders.
In this case, the processing speed can be further made
high. On the other hand, by assembling such a processing
circuit into a gate array or the like, a hardware scale
can be remarkably reduced.

10 In the embodiment, the correction has been per-
formed by directly adding the binary difference E(i,j)
to the target pixel densit? f(i,j). However, as shown
in Fig. 18, even when the difference E(i,j) is corrected
by subtracting it from the average density by using

15 2 subtracter 113, the similar effect can be also obtained.

Embodiment 9

The embodiment 8 relates to a partially modified
form of the embodiment 7.
That is, in the embodiment 8, the difference
20 E(i,j+1) when the next pixel is binarized is expressed
by the following equation. In the case where

|£(i,3) + E(i,3) - m(i,i)| > e,

(o is a constant) ees

E(i,j+1) = 0

95 In the cases other than the above case,

E(i,3+1) = £(1,3) + E(L,3) - m(1,3) ... (7)



20 9 'and conparator 10. On the other .hand, f(i,j) + E(i,j) is input from
the DF/F 11 to the subtracter 9 and conparator 10. On the basis of those

two inputs,

bet ween both sides of the inequality in the equation Wen the above

the subtracter 9 calculates the difference 25 - 26 -

1

equation is nodified by using the- equdkions [err] and [err] we have 10

On the other hand, on the basis of the above .two inputs, the conparator
conpares f(i,j) + E(i,j) and (merr](i,j) + merr](i,j))/2 and outputs the

bi nary data

1

10

15

20

25

Therefore, as shown in the equations and

(:),_in the comparison between the average density

m upon binarization and the corrected target pixel

density in which the difference was corrected, if the
corrected target pixel density lies within a predeter-
mined range of a value near the average density m (that
is, when the difference between the average density

m and the corrected target pixel density lies within

a predetermined range), the difference between the
corrected target pixel density and the average density
is assigned as a correction value when the next pixel
is binarized in accordance with the equation (:).

On the other hand, if it is out of the predetermined

range, that is, when the difference between the corrected

target pixel density and the average density is suffici-
ently large, the correction value is set to 0 and the
correction upon binarization of the next pixel is not
executed. Namely, in the case of correcting the
difference, the density change of the image near the
target pixel is small, so that it is determined that
such as image is in the image area having a half-tone.
Therefore, the difference between the image density
and the average density which occurs due to the
binarization is corrected by the next pixel, so

that the gentle density change of the image can be
false half-tone processed with a high fidelity.

That is, the gradations can be improved. On the

10



B(i,f). 15 That is, in the ROM 100, the E(i,j+l) shown in the

equati on [err] or [err] is calculated on the basis of the val ue of
B(i,j) fromthe conparator 10 and f(i,j) + E(i,j) - (ni(i,j) + M(i,j))/2
fromthe subtracter 0. In the equation , since the weight R(0,0 20 and
S have al ready been known, the binary‘d??férence E(i,j+l) according to the
equations [err] and [err] I's previously calculated and stored into the
di fference cal cul ation ROM 100. Due to this, the E(i,j+l) is obtained by
the table conversion by inputting the 25 binary data B(i,j) and -27 -

as an out put osherhbasdht Aiactbe gapst where Roml d2ffergncel1isnBes an exanpl e

of the table stored . . )
corrected, the edge portion in a character, a diagram,-

or the like, that is, the target pixel is contrarily

determined to be suddenly changed as compared with the
5 density of thé image near the target pixel. Thus, the

correction value is set to 0 for the pixel in such a

case and the deterioration in resolution due to the

preservation of the density is suppressed, thereby

binarizing and reproducing. Consequently, the resolu-
10 tion in the edge portion can be improved.

As mentioned above, according to the characte-
ristic processing system of the embodiment 8, in the
half-tone image area, the density is preserved on the
binary image by using the binary difference in

15 accordance with the image density change. 1In the
resolution image portion such as a character or the
like, in order to prevent the fading of the image due
to the preservation of the density, the correction of
the binary difference is not executed by the density

is approximated to the average density m.

20
Since a schematic circuit construction in
the embodiment 8 is similar to that shown in Fig. 4,
its description is omitted.
Fig. 19 is a block diagram showing the details
o5 of the binarizing circuit D in the embodiment 8.

In Fig. 19, the same parts and elements as

those shown in Fig. 16 are designated by the same



in the ROM 100. In the enbodi ment, the weight mask 1 shown in 5 Fig. 3 has
been used. Therefore, in order to normalize to the inmage density levels (O
to 63) of six bits which are actually input, the value obtained by the
equations [err] and [err] is increased by 63 tinmes and the resultant

val ues are stored into the average dedsity calculation 10 ROMtable as the
val ues which were converted into 6- bit values. In this case, the weight
mask 1-is set as shown in Fig. 7. Fig. 11 shows the table in the case where
[err] =1 in the equation [err] Wen E(i,j+l) is larger 15 than R(0,0) =
18, E(i,] +lJeferemte trouflerdbe and pthieixidegcripiony arg mifit{ed .+
mMerr](i,j))/2 of the subtracter 9 is input as an absolute value into the
ROM 100. The positiReferxence veunepal | blicdenotem i sorRAxAtRINCEORI th the

val ue of B(i,j). 20 The difference E(i,j+l)_ obtained in the ROM
comparing the difference between the multi-level data

of the target pixel which is sent frétm the subtracter

109 and the thfeshold value with a predetermined value

()}

( @). Reference numeral 116 indicates a selector for
selecting either 0 or an output of the subtracter 109
on the basis of a select signal from the comparator.
In Fig. 19, the comparator 110 outputs the
10 1-bit data B(i,j) which was binarized on the basis
of the equation . The binary data is input to the
RAMs 102 and 101 each for delaying it every line. The
binary data B(i-1l,j+1) which was delayed by one line
by the RAM 102 is output to the ROM 108. The binary
15 data B(i-2,j+1) which was delayed by two lines by the
RAM 101 is output to the ROM 108.
Further, the D F/F 103 outputs the B(i-2,j),
the D F/F 104 outputs the B(i-2,j-1), the D F/F 105
outputs the B(i-1l,j), the D F/F 106 outputs the B(i-1,

j-1), and the D F/F 107 outputs the B(i,j-1), respec-

20
tively, to the ROM 108.

As shown in Fig. 14, the binary data denotes
the binary images of the peripheral pixels for the
input image £(i,j). By connecting the binary images

o5 to input addresses in the ROM 108, the binarization

threshold value can be obtained at a high speed

because the binarization threshold value m(i,3j)



100 i's added to the input inmage data f(i,j+l) by the adder 13. The D F/F 11
del ays the addition value by a period of tine of one clock of the data. As
nmenti oned above, as conpared with the 25 average density approxi mating

met hod, the enbodi ment 3 can be easily realized by nerely adding
calculation ICs of a few chi ps. -~ 28 - As described above, according to
the enbodi nent 3 of the invention, the average density is calculated on the
basis of the data which has al ready been binarized and the binarization is
executed on the basis of the 5 averqge density, so that a processing anmount
for binar rés}zaﬁiaoimc'anebeqmem';mﬂxa r aisicerie v Monshy dpeemhe¥OXeR di fference

bet ween the average density which TS
in the ROM 108 on the basis of the equation (:).
The threshold value is input to the subtracter
109 and comparator 110. On the other hand, f(i,j) +

E(i,j) is input from the D F/F 11l to the subtracter

()]

109 and comparator 110.
On the basis of the two inputs, the subtracter

109 calculates the difference

E(i,3+1) = £(i,3) + B(i,3) - m(1,3) ...
between both sides of the inequality in the equation

(19) -

f(i,j) + E(i,j) with m(i,j) on the basis of the two

10

On the other hand, the comparator 110 compares

15 inputs and outputs the binary data B(i,j). On the
other hand, the difference E(i,j+1) which is output
from the subtracter 109 is input to the selector 116
and the comparator 115 on the basis of the equation’

19).

The comparator 115 compares the difference

20
E(i,j+1) with the constant o by the equation and
outputs the select signal to the selector 116 on the
basis of the result of the comparison.
As a result of the select signal sent from the
25 comparator 115, when the absolute value of the difference

E(i,j+1) is larger than o the selector 116 selects and

outputs E(i,j+1) = 0. If it is equal to or less than



generated upon binarization and the input nulti-level data lies within a
predeterm ned range, the difference 10 is corrected, so that the half-tone
process having the excellent gradations can be executed. Further, in the
enbodi ment, when the difference between the average density and the I nput

multi-level data is | arger than the pr‘b’%leterm ned val ue, the difference 15
I's not corrected. Thus, the deterioration in resolution due to the
preservation of the densities is prevented and the edge portion can be
clearly reproduced. In the enbodinent, the binary difference E has been
distributed dq ahey stelleatext 1li6xdiracdlyheedectecangdooutputiasbBeen
executed in the equation [err] . However, the binary difference E can be
al so two- di mertgiudnaignadi <ifr ithet sabtyagtprud@Pi-ty of pi xel s near the target
pi xel at a predeterm ned distribution ratio. In this case, although a

har dwar e const ructi dihe Sififieqience B odmg)i d& 8ddednhsoyfProrfPPhage can be
also Obtaln%%mge data f(i,j+1) by the adder 112. The D F/F 111

5 delays the addition value by a period of time of one
clock of the data.

In a manner similar to the above, by repeating
the above processes, the binarization is sequentially
executed.

10 The weighting mask shown in Fig. 17 is used.

As described above, according to the embodiment
8, the average density is calculated by using only the
binary data which was binarized and the input multi-
level data is binarized by using the average density

15 as a threshold value. Therefore, a processing amount
for binarization can be reduced as compared with that
in the average density approximating method. Moreover,
when the difference between the input multi-level data
which is generated upon binarization of the input multi-

level data and the average density lies within a pre-

20
determined range, the difference is corrected, so that
the gradations can be remarkably improved.
Further, in the embodiment, when the difference
between the average density and the input multi-level
25 data is larger than a predetermined value, the difference

is not corrected. Thus, the deterioration in resolution

due to the preservation of the density is prevented



‘Wi th'respect to the sub scanning direction as well as the main scanning
direction and the reproducibility - 29 - 1 is inproved. On the other
hand, for instance, in Fig. 1, if the binary difference E is distributed to
a plurality of pixels in a manner such that 3E(i,j+l)/4 is distri- 5 buted
to the pixel (i,j+) and E(ij+l)/4 is4f stributed to the pi xel (i,]j+2), the
reproducing capability of the gradations is inproved even if the average
processing mask is small. On the other hand, although the weighting nmask 10
is increased as the pixel is near the target pixel, .its gradient and

di stri but i candrehaoctdge npoetioTheapi kel clexily i repredultedset e positions

whi ch are not '

In the embodiment, the binary difference E has
been distributed to only the next pixel and corrected.
However, if the binary difference E is distributed to

5 a pluraltiy of pixels in the main scanning direction
in a manner such that, for instance, in Fig. 14,
3E(i,j+1)/4 is distributed to the pixel (i,j+1l) and
E(i,j+1)/4 is distributed to the pixel (i,j+2), the
reproducing capability of the gradations is improved
10 even if the average processing mask is small.

On the other hand, the binary difference can
be also two-dimensionally distributed to a plurality
of pixels near the target pixel at a predetermined
distribution fatio in a manner similar to the case of

15 the error diffusion method. In this case, although

a hardware construction is slightly complicated, the

uniform image can be obtained in the sub scanning

direction as well as the main scanning direction and
the reproducibility is improved.

20 On the other hand, although the weighting mask
has been increased as the pixel is close to the target
pixel, its gradient and distribution are not limited.
The pixels existing at the discrete positions which

are not neighboring can be also used.

Embodiment 9

25
In the embodiment 8, the binary difference E

has been divided into two cases shown by the equations



nei ghboring can be also used. On the other hand, the invention can be

wi dely 15 used in inmage processing apparatuses such as facsimle apparatus,
copyi ng machine, and the |ike. Enbodinent 4 In the enbodinent 3, the binary
di fference E has been divided to the cases shown by the equations 20 [err]
and [err] and when the difference E td €qual to or larger than a
predeterm ned val ue using the constant a , the difference Eis set to 0 and
is not distributed to the next pixel. However, the value of the constant a
can be al so nged i p~|ccordance with the average 25 density val ue or
target plxel nsAnd ueanq:dfhﬁfhs‘ﬂemdia%ffa%rmwﬁ iy mqpalixo idr t he val ue

of ais set so as to decrease_as the average densit
larger than a predetermined value using the constant

¢ , the difference E is set to 0 and is not distributed
to the next pixel. However, the value of the constant
5 O can be also changed in accordance with the average
density value or target pixel density value.
For instance, as shown in Fig. 20, if the value
of o is set to be reduced as the average density approaches
0 or 1, the edge portion of a black character in the
10 white background, a blank character in the black back-

ground, or the like can be more finely binarized.

Embodiment 10

The following equation can be also used

in place of the equation in the embodiment 8.

15 In the case where m(i,j) < k and 7

£(i,j) + e(4i,3) - m(i,3) > ¢
or m(i,j) > 1 - k and \

£(i,j) + E(i,j) - m(i,j) < -a, N

E(i,j+1) = 0 .

20 where, k is a constant and if k is set to about 0 or
1, the good result can be derived.

According to the embodiment, by setting the
difference E to 0 in the case where the average density
value approached 0 or 1, the character portion can be

o5 finely binarized in a manner similar to the embodiment

9.

As shown in Fig. 21, in the embodiments 9 and



: 30 - approaches 0 or 1, the edge portion of a black character in the
whi t e background, a blank character in the black background, or the |ike

can be nore finely binarized. Enbodinent 5 5 The foll ow ng
equation [err] 1is used in place of the equation in the enbodi nent 3.
In the case where Wiere, Kis a const&® -and if it is set to about 0 or 1
(K=0, 1), the good result can be obtained. 15 According to the

enbodi ment 5, by setting the difference Eto O in the case where the
average density val ue approached 0 or 1, the character portion can be

hi ghly finelg, bbmaimn@dtimgathannetp@tnm(bfjicpfrkh%nﬁﬁﬂﬁﬁiﬁt 2. 20

In the enbodi nents 4 and 5, as shown in Fig. if the output_ (nferr](i,j)

+ nferr] (i, ¢?9$2tbfC@h@“h@b%@@eR@¥n§9§yt%aﬁ%xﬁQQF ResFminal 1Byt in place
f th
© © a differencelcalculation ROM 120, those embodiments

can be easily realized by the table converting processes

5 based on the data which has previously been written.

Embodiment 11

In the embodiment 8, the weighting mask of a
matrix of 3 x 3 as shown in an example of Fig. l17A has
been used. However, generally, to smoothly binarize

10 the half-tone portion, it is desirable to set the
weight of the pixel adjacent to the target pixel to
a small value.

Therefore, in the case of using the weighting

mask of a matrix of 3 x 5 shown in Fig. 17B, R(i-1,3)

15 and R(i,j-1) in Fig. 17B are set to 7/48 = 0.15 while
those in Fig. 17A in the embodiment 8 are set to 5/21
= 0.24, so that the half-tone portion can be more
smoothly binarized and reproduced.

In the embodiment 8, the calculation of the

average density m has easily been realized by the ROM

20
table. However, such calculation can be also realized
by using seven AND gates and a plurality of adders.
In this case, the processing speed can be further
made high. On the other hand, by assembling such a
o5 processing circuit into a gate array or the like, a

hardware scale can be remarkably reduced.

In the embodiment, the average density m which



binary data B(ij) to an address terminal of the difference calcul ati on ROM
100, those enbodi nents 25 can be easily realized by the table converting
processes based on the data which has previously been witten in a manner
simlar to the enbodi ment 3. - 31-1 Enbodi nent 6 I n the enbodi nent
3, the weighting mask of the matrix-off23-x 3 shown in Fig. 3 has been used.
However, generally, in order. to snmoothly binarize the half-tone 5

portion, it is desirable to set the weight R(0,0) of the target pixel to a
small value. In addition, as the weight R(0,0) is small for a density
change df tie used i the WreseneEystem diitfe Yran ivgedHawth® t he equation

0O can be accurately detected. Therefore, .
calculation of the correction value E for preservation

of all densities during the processing. However, the
determination or the like to see if E is set to 0 or

not in the edge portion or the like can be also

[9)]

realized by the well-known technique. For instance,
a two-dimensional Laplacian is obtained from the image
data to be binarized, this value is processed to a
threshold value, the edge portion is discriminated on
jo ‘the basis of the result of the discrimination of such
. a threshold value process, and E is set to 0 in the
edge portion. The similar result is also obtained
even by such a method. On the other hand, the edge
portion is designated in a wide area on the basis of
15 2 command obtained by the area designating operation
by the operator without.switching the process every
pixel and E can be also set to 0 in such an area.
On the other hand, although the embodiment
has been described with respect to the case where the

number of kind of the input data is one (one color),

20
the invention can be also applied to a color image by
setting the input data to three colors of R, G, and
B.
As described above, according to the invention,
o5 an image having excellent gradation and resolution can

be obtained in a short time by a simple hardware

construction.



‘10 -in the case of using the weighting mask of 4 x 5 shown in Fig. 14,
R(0,0) in Fig. 3 in the enbodinent 3 is set to 8/28 = 0.29, while that in
Fig. 13 is set to 11/96 = 0.11. Thus, the half-tone portion can be nore
snoot hly binarized and the edge portion of a character 15 portion or the
i ke can be nore finely binarized andsoeproduced. In the enbodinents 3 to
6, the calculation of the correction value E for preservation of al
densities during the processing has been executed by using the 20 aver age
values nferr] and nferr]. However, for instance, the discrimnation or the

like tojsee i f the vl Yaedon® iiHveditibd Qs0hoROb ik tbhe tedggeportion or the
| i ke can be realized by a well-known techni que. For exanple, a

t wo- di mensigialgditiy by inen®at dulehahi oMol e icaRgendakaqgt 0 be binari zed,
this value is 5% processed on the basis of the threshold val ue, the
variations are possible within the spirit and scope

of the appended claims of the invention.

wn

Attention is drawn to concurrently filed related
application (EP-A- ), agents'
reference 2120530, which is incorporated herein by

reference and a copy of which is filed herewith.
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edge portion is determ ned on the basis of the result - 32 -1 of the
di scrimnation of such a threshold value processing, and Eis set to 0 in
t he edge portion. Even by this nmethod, the simlar effect is derived. On
the other hand, the edge portion is designated in a wide region 5 on the
basis of a command obtai ned by an area designating operation of the
operator w thout switching the processes every pixel and E can be al so set

to O in such a region. In the above odinents 1 to 6, assum ng that the
aver age val ue when the target pixel” binarized 10 to O is set to
nerr]and theaﬁg§£¥§§yalue when the target pixel was binarized to 1 is set
to nMerr], the d of" the target pixel is binarized by using (nferr] +

nMerr])/2 as a threshol d val ue.

1. An image processing apparatus comprising:
input means for inputting data of a target pixel;
5 calculating means for obtaining an average
density value of a predetermined region;
digitizing means for digitizing the data of the
target pixel on the basis of the average density
value obtained by the calculating means; and
10 correcting means for correcting a difference
‘which occurs when the digitization is executed by the

digitizing means.

2. An image processing apparatus comprising:
15 - input means for inputting data of a target
pixel;
calculating means for obtaining an average
density value of a predetermined region;
digitizing means for digitizing the data of the
20 target pixel on the basis of the average density value
obtained by the calcﬁlating means; and
correcting means for correcting a difference
which occurs ﬁpon said digitization when the
difference 1is equal to or less than a predetermined

25 value.

* [+ L M S *

6



In the enbodi ment which will be explained 15 hereinlater, explanation wll
now be made with respect to an exanple in the case where the average val ue
of the binary data (the data which has previously been binarized before the
target pixel) including no target pixel is set to a threshold value and the
data of the 20 target pixel is binarized. Enbodinent 7 The principle of the
above systemw ||l be first described. Fig. 14(1) is a diagramshow ng a

mul ti-level 25 density of each pixel ggf _the input image. In Fig. 14(1),
f(i,j) denotes nulti-level density data of the input inage at the position
of - 33 - 3. An apparatus according to claim 1 or claim 2,

wherein said calculating means calculates an average

density value m, of the predetermined region when the

data of the target pixel was digitized to 1 and an

5 average density value m, of the predetermined region

when the data of the target pixel was digitized to

0.

4. An apparatus according to claim 3, wherein
10 said calculating means calculates the average density
value of the predetermined region by using a

predetermined weighting mask.

5. An apparatus according to claim 3, wherein
15 said digitizing means binarizes the data of the target

pixel by using (m1 + mz)/2 as a threshold value.

6. An apparatus according to claim 5, wherein
said correcting means corrects the difference between

20 the data of the target pixel and m, when the

digitizing means digitized the data of the target

pixel to 1.

O



1 the target pixel to be binarized and is set to a nornalized value of O
to 1. On the other hand, the binarization has already been finished at the
pi xel positions above a broken line. After the target pixel was binarized,
5 the simlar binarization is sequentially executed in a manner such that
f(i,j+1), f(i,j+2),. Fig. 14(2) is a diagramshow ng binary imge dat a.
B(i,j) shows the density (having the value of 0 or 1) after the target

pi xel was binarized. The portion 10 Eg{rounded by a broken |ine denote the
pi xel data which has already been bi i"zed upon processing of the target
pi xel . Those pi xel daja ar,g us t o binar] targ Lxel . _Fi :14(3

I s a diagram show ng i glﬂr} nga %ﬂaéﬁ?st?‘slS aﬁéggtgg?'gs%gnsg?ghpsé nggﬁé'}l %

wei ghting mask t%@%ﬂé{%@/%{e@% Rt 2Rkl lﬁi@’f@&'@ﬁé%d Blét?re%t rix

of a size of 3 X _ for the pixels which are no
bi narized yet isgpsed dypsetds Nkrd/Cltarget pixel and m, when the

digitizing means digitized the data of the target

5 pixel to 0.

8. An apparatus according to claim 1 or claim 2,
wherein said input means inputs data to which
difference data which had been generated upon

10 digitization of a previous pixel was added to the data

of the target pixel.

9. An apparatus according to claim 1 or claim 2,

wherein said calculating means calculates an average

15 density value m from the data of the predetermined
regionlwhich has already been digitized before the

target pixel.

10. An apparatus according to claim 9, wherein

20 said calculating means comprises an ROM in which the
digitized data of the predetermined area is set to an
address value and which outputs the average density

value m.

Iy



that R(0,0) = R(Q-1) =0. 20 In the system the weighted average
density of the binary inmages near the target pixel is set to n(i,j) and is

obtai ned by the follow ng equation. 2 1 [err] 25 The target pixel
f(i,j) is binarized by using the average density n(ij) and the binary
correction value E(i,j) which has already been assigned in - 34 -
accordance with the follow ng equation. 10 Fig. 15 is a diagram
showi ng the equation In the equation Lerr] , E(i,j) denotes a difference
which is generated when the multi-lavet density f(i,j- 1) of the pixel

whi ch | ' i
's precedent tol&be tﬁﬁgeépBAéSLus according to claim 9, wherein

said digitizing means binarizes the data of the target
pixel by using the average density value m as a

threshold value.

12. An image processing apparatus comprisings:

input means for inputting data of a target
pixel;

calculating means for obtaining an average

10 density value of a predetermined region by using

binary data which has already been binarized with
respect to a pixel before the target pixel; and

binarizing means for binarizing the data of the
target pixel on.the basis of the average density value

15 obtained by the calculating means.

13. An apparatus according to claim 12, further
having correcting means for correcting a difference
which occurs when the binarization is executed by the

20 binarizing means.

14. An image processing apparatus comprising:
input means for inputting data of a target
pixel;
25 calculating means for obtaining an average

density value of a predetermined region by using data

L



(i,j) by one pixel, that is, of the pixel (i,j-1) was 15 bi nari zed to the

bi nary density B(i,j-1). Nanely, E(i,j) corresponds to the difference
val ue between the multi-level density f(i,j-1) and the average density
mii,j-1) of the pixel near the target pixel. By binarizing the corrected

val ue which i s obtained 20 by adding the binary difference E(i,]j) to the
target pixel f(i,]j), the inage density after conpletion of the binarization
can be conpletely preserved as an avegage density in the whole input image
regi on. By executing the processes in consideration 25 of the binary
di fference, thewhéphotde NGinapdakedi;ty of the half tone is remarkably
I nproved as conpared with that in the average density approxi mati ng net hod.
- 35 - binarizing means for binarizing the data of the
target pixel on the basis of the average density value
obtained by the calculating means; and
5 correcting means for correcting a difference
which occurs when the data of the target pixel was

binarized.

15. An image processing apparatus comprising:

10 input means for inputting data of a target

pixel;

calculating means for obtaining an average
density value of a predetermined region by using data
which was binarized;

15 binarizing means for binarizing the data of the
target pixel on the basis of the average density value
obtained by the calculating means; and

correcting means for correcting a difference
which occurs when the data of the target pixel was

20 digitized when the difference lies within a

predetermined value.
16. An apparatus according to any one of claims

12, 14 and 15, wherein said calculating means

25 calculates the average density value by using a

e



I On the other hand, in the equation [err] E(i,j+l) denotes a
difference which is dlstrlbuted to the pixel f(i,j+l) which is |ocated
behind the target pixel (i,j) by one pixel. 5 The reason why in
spite of the fact that a processing anount in the binarization systemin
the enbodinent is extrenely smaller than that in the error diffusion

nmet hod, the image reproducing capability which is equal to or higher than
that in the error diffusion 10 nethos is obtained is because in spite of
the fact that the difference is neFe § corrected by one adjacent pixel, by

obtai ning 1 he ayerang 4enSikyby A4Sk Rablkakh! ¥okndabReabtnEngR ot | on

of the binarizat?or S|n1 ar to t int case 0 I stributing

the difference 1%4iQm plurality of pixels and correcting is equivalently
obtained. Since aschematic circuit construction in the enbodinent is
simlar to that shown in Fig. 4, its

17. An apparatus according to claim 15, wherein
5 said binarizing means binarizes the data of the target
pixel by wusing the average density value as a

threshold wvalue.

18. An apparatus according to any one of claims

10 1, 13 and 14, wherein said correcting means corrects
the difference so as to improve gradation when the
difference which occurs upon said digitization or

binarization exists within a predetermined value.

15 19. An apparatus according to any one of claims
2, 15 and 18, wherein said correcting means does not
correct the difference so as to improve a resolution
when the difference which occurs upon digitization or
binarization is equal to or larger than the

20 predetermined value.

20. An image processing method or apparatus in

which the value of an optical characteristic of a

pixel is determined, and the characteristic of the

25 pixel is quantized using the determined value of the

optical characteristic, a correction value, and a



description is omtted. 20 Fig. 16 is a block diagram show ng the
details of the binarizing circuit Din the enbodinent 7. In Fig. 16,
reference nunerals 101 and 102 denote delay RAMs each for storing the

bi nari zed data by an anmount of one line; 103 to 107 and 111 indicate D F/ F
(D flip-flops) each for delaying the binary data 25 by a period of tinme of
one pi xel; 108 an average density cal culation ROMfor calculating the

aver age density of -3 -1 a prgseternined region fromthe binary data
of the pixels around the target pixXel?‘and for outputting the average
density as a threshold val ue en the datg of target: ni xed..

bi nari zed; 109 atléﬁ%?}?%:'c‘?er Yarial caux}cgt ia%lg el | Sy XFrok® the

quantization is used in the generation of the

correction value for use in the quantization of

another nearby pixel.

Iy



5 the difference between the input nmulti-Ievel
and the threshold value which is output fromthe ROM 108; 110 a conparator

for conparing the threshold val ue which is output

mul ti-1evel

ubtrac

-ha-

ler_108-and;+HE-6Nb)
circuit. Inthe=

T-0 ROM 108 with the
multi-level data of the target pixel; and 112 an /16" Sa8leterr fox a
di fference data which is output fromth

data sent fromthe correcﬂio

data of the target pixe

g the

construction, the conmparator 110 outputs the 1-bit data B(i,j)‘ﬁﬁTbh was
The binary data is

bi nari zed on 15

the basis of the equation [err]
i nput to the RAMs 102 and 101 for del

it
B(i-1,j+l) which was del ayed by one Iin!ﬁg; t

very |ine.

The binary data
e RAM 102 is output to the

ROM 108. The binary data B(i-2,j+1) which was del ayed by two 20 |ines by

the RAM 101 is output to the ROM 108. Further
B(i-2,j), the D F/F 104 outputs t(h® WLTE-LEVEL

f(i-2, j-1) f(i-2, j) f(i-2, j+1)

f(i-1, j-1) f(i-1,3) f(i-1, j+1)

FL-0 | fCni) | FCLiv)
i

T B2y | G2 n [ sGzien | ]
| BGLen | BGLD) | BGLaen |
! |
| s | BCniy | o
| |

’ L ]

(3) WEIGHTING MASK

R(2, 1) R(2, 0) R(2,-1)

R(1,1) R(1,0) R(1,-1)

R(0, 1) R(0, 0) R(0,-1)
I . R=R(0, -1) =0
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outputs the B(i-I,j), the DF/ F 106 outputs the B(i-l,j-1), and the D F/F
107 outputs the B(i,j-1), 25 respectively, to the ROM 108. The binary data
denote the binary images of the peripheral pixels_for the- ERpEtTTIIRgE
f(i,j) as - 37 -1 shown in Fi g 14. By corﬁlnept_l ng. the~bERENY| i mges
to input addresses in the ROM 108, g ar| zatlj oh 1 thf@&hb!’é val
obt ai ned at a hi gh speed because the nari- zat : value n(i,j)
shown in the equation S 5 has previously been stored in the ROM 108 on the
basis of the equation [err] . The threshol dBvalue is input to the
subtracter 109 and conmparator 110. On the Bher hand, f(i,j) + E(i,j) is
input fromthe D F/ F 111 to the subtracter, @5

~THRESHBL'

}—E(L j+1)
(2) f(i, j)+E(4, j) S (m14m0) /2

m0

f(i, j)+E(i, §)

(m1+m0) /2

FIG. 2

~THRESHOLD
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(1) (i, 3)+E(i, §) > (m1+m0) /2

m0

~ (m1+m0) /2

(i, §) +E(4, j)



10 109 and conparator 110. On the basis of those two inputs, the subtracter
109 calcul ates the difference f(i,j) + E(i,j) - m(ii,j) ... @15
bet ween both sides of the |nequaI|ty in the equati-onthai—i-s——t-he

di fference between the average density val ue n(i }ij j~@nd:tdve mpamd ta. On
t he ot her hand, the conparator 110 co 1?5 f(ijn + E(Ezp)eand nm(i,g) on
the basis of the two i nputs 20 and oum t he biYwary=dara=B{+37— On the
ot her hand, on the basis of the equation [err] , the difference E(i,]+l)
which is output fromthe subtracter 109 is added to the input inmage data
f(i,j+l) by the adder 112. The D F/F 111 del ays the addition value by a 25
period of time of one clock of the data. Fig. 17 shows exanples of the

wei ghti ng masks. The wei ghting mask of Fig. 17A is used to obtain the

T 13 |1
3 |5 {3
5 {8 |0 S=29

F/G 3 4 WEIGHTING MASK 1

11 3 5] 3| 1
31 5| 7] 5| 3
51 7|10 S=58
WEIGHTING MASK 2

3 FIG. 4

INPUT CORREC- BINARIZA-

SENSOR |+ A/D — TION —1 TION

UNIT CKT CKT | PRINTER
This Sheet Has Been R
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- 38 - 1 average value fromthe binary data of rseven pi xels. The wei ghting

mask of Fig. 17B is used to obtain the average ﬂa],ue?frﬁm - y data
of twelve pixels. In the enbodiment, since the pweightj mskszhevh in 5
Fig. 17A is used, in order to normal i ze to the rrege=derdsity | evels (0 to

63) of six bits which are actuall y inpgf17the val ues obtain he
equati on are increased by 63 times and the resultant values are
stored into the average d | cul ati on ROM tabl e as the ues
whi ch were converted into £ val ues. As descri bed abgl/e, aacc@rdi ng
to the enbodi mrent 7, the ensity i calcualted by usingpdnl § the
bi nary data which was bin d the igut multi- level dataZEs
bi nari zed by using the nsity 15 gs a threshol d val ye. &hefef ore,
a processi ng anount

12

11

\7

g f(i i)+ §)
@—
SUBTRACTER I
-
16 .
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¢ ~Limt (4, ) +m0 (i, )}
. o
COMP
Lo
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»
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for binarization can be reduced as conpared with that in the average
density approximating method. Moreover, since the difference between the
input multi-level data and the average density whseh==s—generated when the

20 input nulti-level data was blnarlzegéH? COFFEQtéHu‘hQTgT@QQEIQﬂS can be
h ‘

extrenely inproved. In the enbodinent, ough tlhe bi naryadiHferenge E has
been distributed to only the next pixel and correcteﬁ~*r%~Fhe;brnaty
difference Eis distributed to a plurality of pixels in the nmain scanning
direction in a manner 25 such that, for instance, in Fig. 14, 3E(i,j+1)/4
Is distributed to the pixel (i,j+1) and E(i,j+l)/4 is - 39 - distributed

to the pixel (i,j+2), the reproducing
FIG. 6

B&'j)
7 BIT B=1 B8=0
0 -9 +9
1 -8 +8
|
)
|
8 -1 +1
9 0 0
10 +1 -1
I |
£ (4, )4E (L, 5) - (1 (4, ) #m0(4,3)) /20 { | 4
(
26 +17 -17
27 +18 -18
28 +19 -19
- 29 +20 =20
l
. !
|
!
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capability of the gradations is i nproved even when the average processing
the binary difference E can 5 be al so
t wo- dlnen5|onally distributed to a plurality of pixels near the target

mask i s snal

pi xel

On the ot her

hand,

of the error diffusion nmethod.

In this
construction is slightly conplicated, @Mg§1
in the sub scanning direction as well
the reproducibility is inproved. On
mask has been increased as the pixel

at a predetermned distribution ratio in

gradient and distribution are not
posi tions which areWEQGHTWNG”MKSN qg can be al so used.ggyy dugsgybodlnent 7,

as the
hand,

an}gg to the

limted. The pixel

a th@qgh raThardwarne

ni f orgmkrageE: can BF

st ar—+0 t he case

obt ai ned
on and

al t hough the wei ghting

target 15 pixel, its

s at the discrete

the wei ghting mask of acmatyixaf x 3 such as shown_1n an exanpl e of Fig.
Pl 31 1 31 6] 4
3{ 5| 3 ——> | 6|10] s
1
5| 8 X 29 10|18
R(0.0)=18
ol
051
)
: . Mmi+m0
0 05 1.0 2
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20 17A has been used. However, generally, in order to snmoothly binarize
the half-tone portion, it is desirable to set the weight of the pixel

adj acent to the target pixel to a small value. Thererore=+R-the—tpse of
using the weighting 25 matrix of a matrix of 3 ix"S‘EshgvmhwnS PEgN 1178,
R(i-1,j) and R(i,j-1) are set to 7/48 50715 as |conpafed-#ER 5/ 21| = 0. 24

in the mtrix of Fig. 17A, so that the - 40 -"T halt-tone portion can be
snoot hly binari zed :gnd repr oducegh e—gnbodi nent, the cal cul ati on of
the average density=m has easily Qaé&idreal §zed by the ROM tab However,

such a cal cul ati on .dan bE 0 .IEZE% V¢ rvr—treitre 0 a\D gat es
and a plurality of &dd i S -c‘&gz e processi'myg ’ aph be
further made ot < + |
: — — (o s (& ]
— by [ ] o wJ
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high. On the other hand, by assenbling such a proce55| ng ci rcwt into a
gate array or the like, a hardware scale can be yced. 10
In the enbodi nent, the correction has been per- @E by .drsvesct:}qy [addi ng
the binary difference E(i,j) to the target pixel lty LR ) . wever,

as shown in Fig. 18, even when the dif&(? ce E(I,J) 1S CcOrree y
subtracting it fromthe densi t ﬁnum ng 15 a subtra 3, the

simlar effect can becal i ned. Enbodi nent 9 The enb rel ates
to a partially nodifie the enbodiment 7. That is, ifZhe
embodi nent 8, the diffeladee 2¢ E(i,j+1) WRen the next pixel |i& daipari zed
i s expressed by the fol I| &i quation. Ifi,the (‘ase| Wnerellf Y B E(i,j)
- mi,j)[err] > [errr], constant)#erzr E(i,] H1)
" ,
E R
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25 In the cases other than the above case, E(i,j+l) =f(i,j) + E(ij) -
mi,j) ... - 41 - 1 Therefore, as shown in the equations

and [err] , in the conparison between the averagiga TQS?ﬂﬁ_i,.[...)l.._.[U‘qp_'Oﬁ'-‘"z

bi nari zation and the corrected target pixel dens t{/'ti’ﬁﬁ:;%iﬁﬁ_ﬁgit%ﬁhﬂffer ence
was corrected, if the 5 corrected target pixel ity TEER i thif a
predeter- mned range of a val ue near ,ﬁ‘b7 average density m (that is, when
the difference between t hga density mand the corresgt i
density lies within a prede&errri Ea range), the difference
corrected target pixel derjsikty an the avéFage density is a
correction val ue when tla-_e réé ifkel is bimarized in accorda

equati on = =
o
ot
O
::~r% :
w| &
~ =) [ = hl'
\ 2 s
< —
: \

A
D F/F

A

I

17

16
B(i, j)
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g
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COMP
10
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On the other hand, if it is out of the predeterm ned range, that is, when
the difference between the corrected 1S target pi e#rgenskny _____ nd -1 qL

average density is suffici- ently large, the corrgction; value‘gs Setl to 0
and the correction upon binarization of the next pixel el e d.
Nanely, in the case of correcting the10yﬂUErence, the density change of the
I mge near the 20 target pixel is small, so that it is determ ned that such
as image is in the image area having a half-tone. Therefore, the difference
bet ween the image density and the average density which occurs due to the
bi nari zation is corrected by the next pixel, so that the gentle density
change of the inmage can be 25 false half-tone processed with a high

fidelity. That is, the gradations can be%ove7.701 t he

B
r e —
7 BIT B=1 B=0
0 -9 +9
| -8 +8
I
I
i
8 -1 +1
8 0 0
10 +1 -1
- :
| £ (i, 3)+E (4, §) - (m1 (4, j) +mO (i, j)) /2| i
'
’ 26 +17 -17
27 +18 -18
28 0 0
28 0 0
:
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|
]
'
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- 42 - 1 ot her
the edge portion in a
target pixe
with the 5

suppressed,
10
according to the char
the hal f-tone i mage a

hand,

char act er,

act e-
rea,

e

servat

ov

in such a ¢&

t ha

-ﬁD

|dn“6%-f

Tt}usm
ang,’

heudeBSLLl
t hereby binarizing and reproduci ng. Consequently,
tion in the edge portion can beud

t is, t
as conp
ﬁﬁﬂ

/i
the re

As nenti oned above,

e
ristic pMF{gsi n 45ystem of the enbodi nent 8, i
the densify I'S’ preserved on the binary inmage by

using the binary difference in 15 accordance with the inage density

change.

In the resol ution ina??)pﬂﬁ£+fglévgﬂ1fﬁi6% character or the

fGae2.5-0 | a2 | f-2, §+0)
f(i-1, j-1) f(i-1,3j) f(i-1, j+1)
Fai-n 4 f(ani) | f(niny |
I R J

E B(i-2,j-1) | B(i-2.3) | B(i-2 j+1)

1

|

o oBG-L -0 | B | BG1L gD

| S S
| By | BCag)

]

(3) WEIGHTING MASK

R(2,1) R(2,0) R(2,-1)
R(1,1) R(1,0) R(1,-1)
R(0,1) R(0, 0) R(0,-1)
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like, in order to prevent the fading of the inmge due to the preservation
of the density, the correction of the binary difference is not executed by
the density is approxi mated to the average density m Slnqg:g:§ggeﬁﬁfic
circuit construction in the enbodinent 8 is siml "haplshﬂm@uk Fig.

4, its descriptionis omtted. Fig. 22 ﬁ a block dl grgnbshemgng tH
details of the binarizing circuit D [’Z enbodi f b—ta=—Fg=—19, the
sanme parts and el enents as those shown in Fig. 16 are designated by the
sane 43 - reference nunerals and their desc&ptions are onitted.

Ref erence nuneral 115 denotes a conparator for x

THRSHOL

Fewm
(2) f(i,3)+E(i, j)sSm(i, j)

m(i, j)

(i, J)+E(4, j)

FIG. 15

THRESHOLD

et e e o e < >

E(L i+1)
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conparing the difference between the multi-level d f--the target pixel
which is sent fromthe subtracter 109 and the thre H%ﬂ@qvabpe,mrr
predeterm ned value ( a). Reference nuneral 116 i |catés.a*&ekﬁcffN
selecting either 0 or an output of the subtracter
sel ect signal fromthe conparator. In f t he conparator 110 out puts

the 10 1-bit data B(i,j) which was b| arlzed on-the basis of the equation
[err] . The binary data i —=mpotyto the RAMG 102 and- 101 wadmTor qel ayi ng
it every line. The binary gata B( ,J 1) which was del ayed\Qy aae I|i ne by
the RAM 102 is output to t 8. The binary 15 data B(Y-24s+1)] which
was del ayed by two |inegh M 101 is output to the ROV|10 Fyrt her,

the D F/F 103 outputs the BE@ER§], the D F/F 104 outputs the BE&-2]-1),

the D F/F 105 outputs the , the D F/F 106 outputs theé—Bfg—d

j-1), and the D F/F 107 s{Lhe—B@+ -1), respec-
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tively, to the ROM 108. As shown in Fig. 14, the binary data denotes the
bi nary i mages of the peripheral pixels for the ipput image f(i,j). By
connecting the binary inmages to i nput addresses $%F$*mt§13w 108, the

bi nari zation 25 threshol d val ue can be gbt ai ned athﬁ3&MgﬁF§ﬁéed:Q§gause t he
bi nari zation threshold value n(i,j) 14/ﬂ744 -1 omﬁ&ﬁhﬂﬂﬁ%ngN I on

has previously been stored in the ROM 108 on the bas Ie I on
[err] . The threshold value is input to the subtracter 109 & ar at or

110. On the other hand, f(i,j) +5 E(i,j) is input fromthe DF/ F 111 to
the subtracter 109 and conparator 110.

/211 3/21 1/

FIG 17A [3/21]5/21]3/21

5/21 0 0

1/48 | 3/48 | 5/48 | 3/48 | 1/48

FIG. 17B [/ |5/48 | 1/48 | 5728 | 3/28

5/48 | 7/48 0 0 0

FIG. 20
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On the basis of the two inputs, the subtracter 109 cal cuI ates the
difference E(i,j+l) =f(i,j) + E(i,]) - m(i,]) =" : o1 h si des
of the inequality in the equation O[err] On thg¢ B"[”ﬁeé I:lefncr\S BREN gbnpar at or
110 conpares f(i,j) + E(i,j) with n(i,j) on thg.hasi ERFAEHR two JI5 inputs
and outputs the binary data B(i,]). O1n5/11p ot her hand, the difference
E(i,j+l) which is output fromthe subtracter 109 is input to the selector
116 and t he conpar at gr—+%5

++5=-9n t he basis of the equation [ferrF
The conparator 115 c¢npares|tiie difference E(i,j+l) wth]|theccorjsyant a by
the equation [err] |d8d ouflfuts the select signal to thd s¢ectlgr 116 on
the basis of the resyIESBL |he conparison. As a result ofl ti® sdl ect signal
sent fromthe SEs T
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5 conparator 115, when the absolute value of the difference E(i,j+l) is
| arger than a the selector 116 selects and outputs E(i,j+l) =0 If it is
equal to or |ess than - 45 - | a, the § !S[Oer‘” N ;ﬁqlt y sel ects
and outputs the output signal of the subtract s JT;;.;: | nce
E(i,j+l) is added to the input image @f(l |+1\ "’andd_gr_t]_lz The D
F/IF 111 5 delays the addijtjon val ue peri od of t| me of qne_clock of
the data. In a manner sim ae above, by repeating tde
processes, the binarizatidnd entially executed. 10 \ & The
wei ghting mask shown i n<Filgg I used. As described above, ac@rdl ng to
t he enbodi nent bl - 34> -
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8, the average density is calculated by using only the binary data which
was binarized and the input nmulti- level data is binarized by using the
average density 15 as a threshold value. Th _ g anount
for binarization can be reduced as conpared withyjchazimHahBERN e} age
density approximating method. Moreover]/Men the di kkeranE® bet wken t he

I nput nulti-level data which is generated upon=bEmesrzattTomnm of the input
multi- 20 |evel data and the average density lies within a pre- determ ned
range, the difference TS corrected, so that the gradations can Be

remarkably i nmproved. Ffytheg, in the enbodi ment, when the diffe

ence
bet ween the average depsttyland the input multi-level data is | grger than a
pr edet er mi ned val ue, t@p dblferlence i s not}{ corrected. Thus, the
deterioration in resolutiongdug to the prgsgrvation of the densifty is
prevent ed -
| 5 g
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- 46 - 1 and the edge portion can be clearly reproduced. In the enbodinent
.the binary difference E has been distributed to only the parext

corrected. However, if the binary difference Eis distri UBEH-AQEN@NTaSHEET
pluraltiy of pixels in the nmain scanning direction i ;g Aer_such that

for instance, in Fi-g. 14, 3E(i,j+l)/4 is dlstrlbuted %@9 )

and E(i,j+l)/4 is distributed to the pixel L)1 +2), r E;

capablllty of the gradations is inproved 10 even if the a > esst

mask is small. On the other hand, thre 3% mary difference dan be al so

two-di nensional ly distributed to apadgmmadity of pixels near the target

pi xel at a predeterm ned dj st #;ﬁﬁﬁiﬁﬁéiﬁéiéégkﬁim ahner simlar to the case

of 15 the error diffusion é—arthough a hardware

construChees is mtéwihldd aviphgeapedcesding apparatus such as facsimile
apparatus or digital copying machine for digitizing image data

into two values or multi-values. The apparatus comprises: an
input device to input data of a target pixel to be digitized; a
calculating circuit to obtain an average density value of a
éredetermined region; a digitizing circuit such as a binarizing
circuit for digitizing or binarizing the target pixel data on the
basgis of the average density value obtained by the calculating
circuit; and a correction circuit to correct a difference which
occurs upon digitization by the digitizing circuit. The
calculating circuit calculates the average density value ml ofthe
predetermined region when the target pixel data was binarized to
1 and the average density value m2 of the predetermined region
when the target pixel data was binarized to 0 by using a
predetermined weighting mask. The digitizing circuit binarizes
the target poixel data by usinQ (ml + m2)/2 as a threshold value.
When the difference between the target pixel data and the average
density value is within a predetermined value, the difference is
corrected, so that an image of excellent gradation can be
reproduced. When it is equal to or larger than the predetermined
value, the difference is not corrected so that the resolution of
a character portion such as an edge portion can be improved.
(FIGURE 1)



uniforn1|nage can be obtained in the sub scanning direction as mell as the

:main scanning direction and the reproducibility is inpr

t he ot her hand, although the weighting mask has been in re&EQbItCEMiNTh&HEﬁTxe

is close to the target pixel, its gradient and distributfi
limted. The pixels existing at the discrete positions
nei ghboring can be" al so used. Enbodinent 9 25 In the e
binary difference E has been dividéd into two cases sho
- 47 - and and when the difference Eis equal to orllarger than a

al € not

Fra e

-ans

predet erm ned val ue using the constant

FIG. 1

(1) MULTI-LEVEL IMAGE
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a, the difference Eis set to 0 and is not distributed to the next pixel.
However, the value of the constant 5 a can be al so chang T
with the average density value or target pixel density val u&E MﬁEMENJt%‘T'ﬁfé,
as shown in Fig. 20, if the value of a is set to be reducqd |as the averag
density approaches 0 or 1, the ‘edge portion of a black chgrdct@ms MaRtH97 1
whi t e background, a bl ank character .in the black back- grdurd, or the lik
can be nore finely binarized. EmbodRnent 10 The fol | ow ng fed T
be al so used in place of the equation [err] in the enbddi nrent 8. 20
where, k is a constant and if k is set tgsabout 0 or 1, the good result can
be derived. According to the enbodinent, @y setting the difference Eto 0
in the case where the average density valgge approached 0 or 1, the
character portion can be finely binarize@in a manner simlar to the
enbodi nent =

4

(i, j+1)

~E

&

m0

f(4, j)+E(4, j)
(2) (i, ))+E(i. i) S (m14m0) /2

(m14m0) /2

FIG. 2

~THRESHOLD

it1)

~E (i,

I
e >

(1) f(4, i) +E(, 3)> (m14m0) /2

m0

" (m14m0) /2

(i, j) +E(4, j)



9. As shown in Fig. 21, in the enbodiments 9 and | 10, by inputting the
.output nm(i,j) of the average density cal cul ati on ROM 1 +-o—anh addlg
ternminal in a difference calcul ation ROM 120, those enbpdREPEACEMENN Egﬂ
easily realized by the table converting processes 5 bapep~on the data
which has previously been witten. Enbodi nent 11 in thejepbepk 187 the
wei ghting mask of a matrix of 3 x 3 as shown in an exanpl & of Fig. 17A haks
been used. However, generally, to snmgothly binarize 10 {hé-half—tore
portion, it is desirable to set the i ght of the pixel |adjacent to the
target pixel" to a small value. Therefore, in the case of~—usSimg the

wei ghti ng

1 13 |1
3 15 |3
5 18 |0 $=29

F/G 3 < WEIGHTING MASK 1

Tl 31 51 31 1
31 5y 71 5| 3
5{ 7(10 S=58
WEIGHTING MASK 2

FIG. 4

A 8 - D -
INPUT CORREC- BINARIZA- -
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mask of a matrix of 3 x 5 shown in Fig. 17B, R(i-1,j) 15 ‘nBEHﬂ@CEMEN$ SHRET
do-a-chi At 8

Fig. 17B are set to 7/48 = 0.15 while those in Fig. 17A i tre—erbothre
are set to 5/21 = 0.24, so that the half-tone portion canfbg 0t hl
off S FAR B30

su

bi nari zed and reproduced. In the enbodi nent 8, the cal cul at
average density mhas easily been realized by the ROMtabj el
cal cul ation can be also realized bys,using seven AND gates] and a plurality
of adders. In this case, the proceséing speed can be furt er—ade—kigh—n

h

the other hand, by asse | such a processing circuit iniQ.a._gate array
or the like, a hardwar e Egale cam be renarkably reduced¥ Ifn %ge gnbodi nment ,
the average density m &EQ / 49 - - \ r
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| is used in the present system has been used in the calfuLaiinn of fhe
correction value E for preservation of all densities durfi MEPLAGEMENTCSBERTNG.
However, the determ nation or the like to see if Eis sqt ifn
t he edge portion or the |like can be also realized by the Ipigggﬁn,

techni que. For instance, a two-dinensional Laplacian is jolytalrmne r%ﬂzt
i mage data to be binarized, this value is processed to 4 t
t he edge portion is discrimnated 05 10 the basis of thg result of the

di scrimnation of such a threshold val ue process, and E Ts—set—+t6—6-—4r-thé
edge portion. The simlar result is also.obtained even by such a nethod. On
the other hand, the edge portion is designated in a wde area on the basis
of 15 a conmmand obt ai ned by the area designating operation by the operator
wi t hout switching the process every pixel and E can be also set to O in
such an area. On the other hand, although the enbodi nent

FIG. 6
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has been described with respect to the case where the nunber of kind of the

I-nput data is one (one color), 20 the invention can be
color image by setting the input data to three colors o

LBEEMEN” SHEEE

descri bed above, according to the invention, an inmage hpv
gradation and resolution can 25 be obtained in a short
har dwar e constructi on. - 50 -1 The present

ng excel | ent

e Gy MARSTH9B| ¢

hvention is ngt

limted to the foregoing enbodi nents But nmany nodificat}o
are possible within the spirit and scope

ns and varilatlons

FIG. 7
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of "t he appended claims of the invention. 5 At RERLACEMENTE SHERT| t o
~concurrently filed related application EP—7A ),
agents' reference 2120530, which is incorporated her¢ih ng£§§§ el ahd a
copy of which is filed herewith. 10 15 20 25 - 51 1. An I frage
processi ng apparatus conprising: input neans for inptttln" gat-a—of—ea t ar get
pi xel; 5 cal cul ating neans., for obtaining an aver age
density val ue of a predetern ned reglgn
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digi.tizing means for digitizing the data of the tardekeopy I si's
of the average density val ue obtai ned by the cal cul J‘E@@@Qﬁ@? éo{'”rng)
correcting neans for correcting a difference i gh occurs when|the
digitization is executed by the digitizing means. 2§ An 0 BeldgbR (8%kcess| ng
apparatus conprising; 15 I nput neans for} ijnputting datga }of
target pixel; calculating neans for _obtaining n aver ag Sity
val ue of a predeterm ned_reqion; di gitﬁzi ng nmeans fér_digitizin he fata
of the 20 target @i xel on {he basis of the average depsity valjue
obt ai ned by the cal cul 3fichg nmegns; and correcting means for [cBrrefting a
di fference which occur3 '!‘.:"gon sai d diitization when | && qe
difference is equal to r‘:‘o) Ec than a pred'éterm ned 25 Y ;
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- 52 - 3. An apparatus according to claim1 or clai mj 2RERUAGEMENT SH{ERT

cal cul ati ng neans cal cul ates an average density valu
predet erm ned regi on when the data of the target pix¢l tp 1
and an 5 "average density value nferr] of the pifedeterm ne reEi)n
when the data of the target pixel was digitized to 0] 4
according to claim3, wherein 10 said calculating neans cal cul ateg the
average density value of the predetgrn1ned regi on by usT ng a
predet erm ned wei ghting maskes. An “apparatus accordigg M 3,
wherein 15 ~said digitiging ng bi nari zes the data of the,gar et pixel
by using (nferr] + nferr]){& as aF hreshokd val ue. .
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6. An appar at us
.corrects the difference between 20
and nml when
to 1. - b3 - 7.

An appar at us

target pixel and nD when

the target 5 pixel to 0. 8. Ansap
2, wherein said input neans inpaﬁs
whi ch had been generated upon 10

was added to the data

£ (4 §)4E (4, 3) - (nt (4, 3) 4m0 (1, 3)) /2 ;

the digitizing neans digitized the t
according to clfi
correcting nmeans corrects the difference between th
the digitizing neans

according to claim5, wherein said correcting _neans

t he dat a

"REPL

g SREETtFi xel

pi xel

m 5, wherein daijd

B MARPIT t He

itized the dgtd

paratus accorgding to claim1l orf claim
data to 'which . differenceld data
- digitization of a previous pixel

of
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of the target pixel. 9. An apparatus according to claim1l or claim2,
wherein said cal cul ati ng neans cal cul ates an aver age o) Tt al ue
m from the data of the predeterm ned regi on which Péﬁp%@§U>§géﬁr
digitized before the target pixel. 10. An apparatus| according to jcljaim
9, wherein 20 said cal cul ati ng neans conpri ses ROV % maARMIOEN | tihe
digitized data of 'the predeterm ned area is set to addr ess val ue jand
whi ch out puts the average density value m - 54 -] 1T An—apparatius
according to claim9, wherein said ﬂgitizing means i nari zes the datg of
the target pixel by using the average density value mas a

FIG. 14

(1) MULTI-LEVEL IMAGE
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threshold value. 5 12. An i mage processing apparatu
means for inputting data of a target pixel; calcula
obtaining an average 10 density value of a
by wusing binary data which has already been bi nar
pi xel before the target pixel; and binarizing neans

of the target pixel on the basis of the average denfi lﬂ
according to claijm 12,

obt ai ned by the cal cul ati ng nmeans. 123. An appar at us

p
e
f

edet er m ned

| 9 &MapsRICt

r binarizing

r

— 1
valh uc 1J

e ARG SHEEY |

i on
t a
he dat a

further having correcting neans for correcting a difTerence whi ch occurs

when the binarization is executed by the 20 bi nari zi ng neans.

14. An

i mage processi ng apparatus conpri sing: inpu§ nmeans for inputting data of. a

t ar get

THRS

~—E (i, j+1)
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m(i, j)

f(i, ) +E(4, j)

FIG. 15
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pi xel ; 25 calculating neans for obtaini rlg REPBACEMEAN e8ldkd

_denS|ty val ue of a predeterm ned regi on by using datla
bi nari zed; binarizing neans for binarizing the data |of

t pilxe
the basis of the average density val ue obtai ned by tihe Ql‘t&‘?“gt%ﬁ-i eq

—S5—=whrgh

was
| on
ns;
h

and 5 correcting neans for correcting ‘__d.L_f..f_e.c.e.nc.e—w.t.i d
occurs when the data of the target pixel was binarized. 15. An inage
processi ng apparatus conprising: 10 13 i nput mears—for—TTIput?
data of a -target pixel;.calculating  neans for obta‘il ning._._ar
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density value of a predeterm ned region by using dat
.15 bi narizing mneans. for binarizing the da
on the basis of the average density val ue obtained b
means; and correcting neans for correcting a differe

the data of the target pixel was 20 digitized
lies wthin a predeterm ned value. 16. An apparat
of claims 12, 14 and 5, wheregjn said calcu

calculates the average density vi@tue,K by using
mask from bi nary data of the predeterm ned region
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17. An apparatus according to claim 15, wherein 5 REQLACEMENET SHEETg
~nmeans binarizes the data of the target pixel by usijng—tie—averag
density value as a threshol d val ue. 18. An appalr at u @%gr@b?g tq any
one of clainms 10 1, 13 and 14, wherein said correcti ng“' Y cqrrects
the difference so as to inprove gradation when the diff jcdur s

upon said digitization or binarization exists within fa predeterm ned vgl ue.
15 19. An apparatus accordbng to any one of—ctairms—2—t5amd 18,
wherein said correcting neans does not correct the difference so as to

| nprove a resol ution he, di f f erence which occurs ugon di gijtiyzati on or

bi nari zati on S fo or larger than the 30 & {rtdeterm ned
val ue. 20. An image ng nethod or apparatus in w|i chgt hg/val ue of an
optical characterist| g@f=a pi xel is determ ned, and thj chglradqteristic of
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