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| MAGE PROCESSI NG APPARATUS BACKGRCUND COF. THE INVENTIO\,!F,T g genvent i on
rel ates to an image processing—apparatus outputting mutltigradation inage
—~data whi ch has beens con vertﬁsﬂeg;;&pmegradatlon 1.mage data capable of -

dlsplaylng hal f tdnes elates to inprovenment of an inage
processi ng -appar at us u5| “& S|on mét hod or a m ni num aver age

error nethod
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IMAGE PROCESSING APPARATUS

The invention relates to an image processing apparatus,

In the past, multigradation image data read using image -
input from a scanner or multigradation graphic image data
computed using a computer was reprcductively displayed by, for

example, a display or printer etc.; or such- %5 a facsimile machine or

D A d-cmw““""

copier. ‘At this time, as an image output apparatus, in the
.case of being used to reproductively display multigradation
image data there was no problem, but, for example, in the case
of using & printer apparatus or a display apparatus which did
not control the gradation of dot unitsg, it was necessary to

perform binary coding processing to reduce the number of
gradations of each pixel to 2 gradations.

Furthermore, in the case where the volume of the
afors-mentioned multigradation image data was reduced in order
to stors or transfer it, binatry coding processing was performedi
in the saﬁs way to reduce the number of gradations of each
pixel to 2.

There are mény typeé of techniques of binary coding,
but among them, one with an error diffusion method or an

equivalent minimum average error method is widely used as the
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I n_the past, nultlgradatlon |naggﬁggLa.read u5|ng an i nput fron1a scanner -
or .froma conputer was.rep%ﬁdu” |ver di spl ayed, for exanpl e, by

mul ti-gradation di spl a Si g & gg&aﬂhm simles and cOples Usi ng these as

| mage out put appar a- |vely di spl ay wnultigradation inmage
data posed no problem e case where a printer apparatus or a
di*'spl ay apparatus which ntroI the gradation of dot is used, it

was necessary to perforn1b|nary

one with superior picture quality. An error diffusion method or
a minimum average error method, having high resclution, has the
superior characteristic of the possibility of continuous
gradation reproduction.

In the above-mentioned error diffusion method, a
quantization exrxor occurring during binary coding of a pixel ie
diffused -and added to the adjacent non binary-coded pixsls., On

" the other hand, the minimum average error method 1s a method
whereby the weighted average value of a quantization exror
occurring in already binary-coded pixels amends the pixel data
value of the following target pixel. The exror diffusion method
and the minimum average error method are differsnt only with
respect to when the error diffusion operation is carried out,
so logically they are the same. Unexamined Japanese Patent
Publication No. Hei. 1-284173 is an example employing the errox
diffusion method.

However, in the previous image processing apparatus
utilizing the error diffusion method and the minimum average
error method, when converting multigradation image data to
bigradation image data there were the following problems:

First, black dot generation in the initial part of an
area of low density (an area with few black dots), and white
dot generation in the initial part of an arxea of high density
(an area with few white dots), was substantially delayed, with
the result that, in the worst case, the image was transformed.

Further, even after an area of low density and an area
of high.density were finished,.thera was the problem that a
phenomenon (tailing) developed, in which image data following

the finishing of an area of low density was deflected towards



- coding processing t 0 reduce—the—number—of gr adati.ons .of each pi xel to 2
~-gradati ons. Furthermor gﬂee{}ﬂgﬁgeﬂ§gplygt@re the vol une:of the afore-

mentioned nul tigradati s reduced in order to store or
transfer it, binary COdlﬂﬂm a'ﬂt was per- formed in the sanme way to
reduce the number of gra h pixel to 2. There are many types of
t echni ques of binary coding. i '

the high density side, and image data following the finishing
of an area of -high density was deflacted towards the low
density side.

| Considering the case of the first problem in a
bigradatiocnal print.e-r.-apparatus printing black ink dots on
vwhite paper, because the black dots got bigger due to ink
blurring, the white dots were difficult to distinguish because
of blurring from the surrounding black dots, and the result was
that former problem was especially noticeable in the low
density portion.

The afore-mentioned problems will be discussed in
detail using the drawings. Fig. 13 is an original image 100
displayed utilizing multiple gradations. Inside a high-density
square area 110 with a density gradation value of e.g. 252 (highest
value~- 255), there is a low density square area 120 with a
‘density gradation value of e.g. 3 (lowest demsity - 0).

Furthex, at the bottom right of the low density square
area 120 a 45 degree inclined straight line with a density
gradation value of e.g. 231 (slightly lower density than the 252
background density) is drawn.

In Fig.14 (A), in a previous technology utilizing an
error diffusion method, the original image 100 (shown in
Fig.13.) multigradation image data binary~coded image is shown.
.Furthex, in Fig.14 (B}, an outline diagram shows the position
of 14 (A). This binary-coded image'was obtained by a repeated
binary coding process, w:.th tha ‘upper 1eft hand corner pixel of

"oxiginal image 100 as the blnary coding startlng point; after

one line having heen binary coded in a rightwards direction,

it is moved to one pixel lower at the left-hand end and.



~duction. In the above

Anong them an error di ffusion met hod and an equi vaklgnt n ni mum aver age
error nmethod are widely used as the to produce supef¥or picture, quality.
Art error diffusion Ths EH ﬁﬂ‘ efum average error nethod, having high

resolution, has-the s eristic of continuous gradation repro-

r diffusion nethod, a quan- tization
error occurring during binary coding of a target is

the process is continued. In contrast to this, Fig. 12 1s an example of_ the
output in the case of ideal binary coding of the same original
imagé 100 by the image processing apparatus of the present
inventicn. If we compare the two, in Fig.l14 in the upper and
left~-hand portions ofuthe high density squaxe area 140 (Plsase
refer to Fig.l4 (B)) the generation of white dots was delayed;
further, in the upper and left-hand portions of the low density
square area 120 delay in the generation of black dots occurred.
That is, the above-mentioned first problem occurred in the
portions 140 and 142. Further, due to the influence of tailing
from the square-shaped low density area 120, one portion (132)
of straight line 130 in the bottom right-hand area 150
disappearsd. In this way, the above~mentioned later problem
occurred in area 150. |
Unaxamined Japaness Patent Application No. Hei.l-130945
proposed & solution to these problems. In the first embodiment
mentioned in this proposal, in the case of managing from 0-255
256 gradation input density data, where the input density data
was between 1 and 29, the threshold value changed randomly.
Where the input data was between 1-4, the threshold value was
-between 20-230, where the input data was between 5-14, the
threshold value was between 50-200 and where the input data was
between 15-23, the threshold value was between 100-150;: this is
.the range within which the threshold value changed randomly.
The random noise range was % 105 when the data was froem 1 - 4,
t 75 vhen the data was from 5 - 14 and t 25 when the aata was
from 15 - 29: the result was that a.large noise was added in a
low density area close to 0. However, the expected values of

the threshold values were all uniformally at 125. In such a way



di ffused and added to the proximl non bi nary coded -pj xel s. On the ot her
hand, the nini num average error nethod s a nmethod MhEreby the weighted
average value of a qumﬂsmma © for. occurring in previously

~ bi nary-coded pi xels a u alue of the follow ng target pixe
The error diffusion nlnun1average error nethod are

different only with respect to when the errof diffusion operation is
carried out. Logically they are the

the delay in dot generation was improved, because the case
‘developed wherein when the density was low the threshold value
bacame exceptionally small due to a J.arge threshold value
noise, and even in the transitional portion of an area of low
gradation density, pi&els binary coded to 255 developed.

Therefore, in the case of improving the first problem
by this methed, because there was exceptionally high noise"in
the area of low density, & low quality image resulted. Further,
in this brevious example a special structure called a
deteimining circuit was provided. Using this determining
circuit, in the case wherein, if upon examination of the binary
coding result of binary-coded. pizels surrcunding the targst
pixel there were already dots adjacent, a determining process
wherein the target pixels were not binary coded to the present
dots was carried out. It is considered that this improves the
above-mentiocned problems a little. " S

However, for that purpose, to refer to the binary
coding result of the surrounding 12 pixels, complicated
determining processing becams necessary, there were the
problems of increased processing time and still unsatisfactoxy
picture quality. In addition to this, in this related arxt the
improvement in the second problem was insufficient.

Still further, in the ’'Other Embodiments 1’ mentioned
in this related art, there are discrepancies in the way of
defining signal 410 and in Fig.l which shows the example, thus
it is difficult to correctly understand it.However, as it is
stated in the ralatéd art,"it has a ﬁhreshold valua sétting
function in the same way a2 in the above-mentioned embodiment,

mOreover'the gcale of the hardware is small’ it is conaidered
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exanpl e efphepjseg war: Pided €61 £hEi eRr&EhEDd. vARUEY ¢E: tite 3 TdW | U
| mage prgcesilt;g %xpc%aof:%til;:sgly, the ’'Other Embodiments 1’ mentioned in
this ralated art had _the game problems as 'First Embodiment’,
Further, as” other methods of improving the aforg-

mentioned first and second problems there are proposals such ag

the ‘Image Processing Apparatus’ of Unex;nmined Japanaese Patent
Application No. Hei.3-1122639, and the 'Image Forming Apparatus’

of Unexamined Japanese Patent Application No. Hei.4-126464 etc.

In this related‘art, an average density value was inferred by
referencing the result of binary coding of a plurality of

pixels surrounding the target pixels, and binar.y coding of the

target pixels was carried out with that as a threshold value,

However, in this methéd there were problems which are:

il

(1) It was necessary to reference the result of binary coding
of more than 10 surrounding pixels, so there was the problem
) that it took a long time for processing and a complicated.

processing circuit was necessary and/or

(2) In the edge portions where the data changed suddenly it
was inappropriate to use an ‘average density value from the
surrounding pixels, the result was the problem of incorract

binary coding being performed and noise being created.
The present invention takes into account this kind of previous problem and

provides an image processing apparatus according to independent claim 1.

Further advantageous features, aspects and details of the invention are

evident from the dependent claims, the description and the drawings. The

claims are intended to be understood as a first non-limiting approach of

defining the invention in general terms.

The invention provides an image processing apparatus
outputting multigradation image data changed into bigradation image data

capable of displaying half tones. In particular it relates,according to a

aspecty to an improvement of an image processing apparatus

specific
outputting multigradation image data changed into bigradation image data

capable of displaying half tones using an error diffusion method or a

minimum average error- method. - _
The invention provides for that purpose according to a preferred aspect of

the invention an image
processing apparatus, which can process multigradation image

data into binary-coded image data at high~speed without using

a8 complicated processing circuit and having no side effects
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utilizing the error diffusion nethod. and the m ni numaver- age error

met hod, when convert#fg nul tigradati on i mage data to::bi gradation i mage data
there were the followng problens: First, black dot generation in the
initial part of an area.of |ow density (an area with few black dots), and
white dot generation’in the initial part of an area of high density (an
area with few white dots), was substantially del ayed. As a

-involving picture deterioration, to solve problems guch as
delayed generation of dots in the initial portion of a low
density area and high density area, and tailing after finishing
an area of low / high density.

The pre;ent invention according to a preferred aspect provides an

image processing apparatus for converting multigradation image
data into bigradation image data made from only 2 gradations:

First .gradation value and Second gradation value (First
the apparatus preferigly also

includes an error
correction means outputting corrected pixel data (correctede.g. by

‘'gradation value < Second gradation value);

adding an error:diffused from the adjacent already binary-coded
pizels to the target pixel multigradation image data); a
advantageously the apparatus also comprises | ) :
threshold value setting means which sets & binary threshold
value based on the gradation value of the multigradation image

data of i + ‘pixels:the apparatus further may contain a binary
said target opixels; PP : coding means,

outputting said bigradation image data changed from said
corrected pixel data based on a set threshold value; wherein,
with said target pixel multigradation imege data gradation
value data, the median of the above-mentioned first gradation
value and second gradation value m and said threshold value
slsh, whereby preferably by said threshold value setting means, said binary
. coding threshold value slsh is set, corresponding to said target pixel
multigradation image data gradation value data, and satisfying
. at least one of the tolerance ranges shown in tha following
equations is satisfied:
in the case where the value of data is close to first gradation
value, data < slsh < (m+data)/2,

in the case where the value of
aata 15 close to second gradation value, (m+data)/2 s slsh <

data.

e

e
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. result, in the worst- case, the inmge mas transfornmed~ Further, even after
an area of Iom/den3|£y and an area of “high density ware flnlshed t here was
the probl emthat. a phenonenon (tailing) developed. In this case, the imge
data follow ng the conpletion of an area of |ow density was defl ected
towards the high density side, and inage data follow ng the conpl etion of
an area of high density was deflected towards the | ow density side.

Here, when said target pixel multigradation image data
.gradation value data is in the neighborhood of said first
gradation wvalua and second gradation value, said threshold
setting means can set said binary coding threshold value slsh
within said tolerance ranée.

Further, when said target pixel multigradation image
data gradation value data is in the neighborhood of said first
gradation value or second gradation vélue, said thresﬁold
setting means can set said binary ceding threshold value slsh

within said tolerance range,
According to a still further aspect of the invention(see especially claim

2), threshold value setting means
. based on said target pixel multigradation image data

gradation value data, sets said binary coding threshold value
slsh according to the following equation:
slsh = (data*(K-1)+m)/K,

prov;ded that X is a constant expressed by an integer greater

than 2,
According to a still further aspect of the invention (see e. g. claim 3)
threshold value setting means corresponding to said

target pixel multigradation image data gradation valus data,
sets said binary coding threshold value slsh step by step.

Yet according to a further aspect of the invention (see e.g. claim &),
threshold value setting means . based on said target
pixel multigradation image data gradation value data, sets said

.binary coding threshold value slsh according to the following
egquations:

when data < m-L1l, slsh = data+Ll,

when m-L1 < - data < m+L2, slsh = m,

when m+L2 < data, slsh = data-L.2

e
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~Consi der the case of the flrst problen1|n a blgradatponal ‘printer apparatus
printing black ink dets on white paper. Because the:bliack dots got bigger

due to ink blurring, the white dots were difficult to distinguish because

of blurring fromthe surrounding black dots. As a result, the first problem .
-was especially noticeable in the | ow density por- t|on The af ore-nenti oned
problenms will be discussed in detai

provided that L1, L2 are constants expressed by integers
between ¢ to m.

Yet accofding to a further aspect of the invention (see e.g. claim 5), the
binary coding means of Claims 1 - 4 adds random noise to the
set threshold value or said corrected pixel data and performs

'said binary coding processing on said corrected pixel 'data.

As per a further aspect of the invention (see e.g. claim 6), the error .

corzection means may include one or more of the following features: a
diffused error ~ S——— —— siakia _

gtorage portion to store the diffused error total value of each
_ pixel; an error diffusion portion which calculates the binary
coding_errcr of the corrected pixel data and binary coding
result, diffuses that binary' coding erxror to the non-
b;nary-codad pixels adjacent to the farget pixels uéing an
erroxr diffusion method, finds a new diffused error total value
"for sach pixel by adding the diffusion error from said target
plxels to the diffused error total valus of each pixel stored
in said diffused error storage portion and updates the diffused
exror total value of each pixel stored in said diffused error
storage portion; and preferably a data corxrection portion which calculates
gaid corrected pixzel data by adding the target pixel
multigradation image data and the target pixel diffused error
total value stored in said diffused error storége portion; and/or which
corrects the multigradation image aata of the target pixels
" using an error diffusion method and outputs it as corrected
pixel data. |
According to a further aspect of the invention (see e.g. claim 7) said

error correction means may include:

an error storage portion which stores each pixel error;

et Has Been Replaced .
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,using the drawings. FIG 13 is an original imge 100 .displ ayed utilizing

mul tipl e gradations.<inside a high-density square afied 110 with a density
“gradation value of 252 (highest value- 255);, there is a |low density square
"area 120 with a density gradation value of 3 (lowest density- 0). Further,
at the bottomright of the |ow density square area 120 a 45 degree inclined
straight line with a density grada- tion value of 231 (slightly Iower
density than the 252

an error diffusion portion which calculates the binary coding

~error of the corrected pixel data and binary coding result and
stores that binary coding error in said error storage porﬁion;
whereby preferably a data correction portion calculates said

corrected. pixel data e.g. I-JY finding an average error by reading the
binarf coding error of the adjacent pixels to the target pixels
stored in said error storage portion and applying a
predetermined weighting and adding this average error to the
target pixel multigradation data; and corrects target pixel
multigradation image data using e.g. a minimum average error mg;:hod
and outputs it as corrected pixel data.

According to a specific preferred embodiment of the invention
multigradation image data is input into the erroxr

correction means and the threshold value setting means. The
error corrsction means corrects the target pixel data by adding
the errxor diffused from the adjacent already binary-coded
pixels and outputs this as corrected pixel data. Said threshold
value setting means sets the binary coding threshold value
based on the target pixel multigradation image data gradations.
At this time, when the gradation value data of tha target pixel
multigradation image data takes a value at least close to the
first gradation value and second gradation value of the image
after binary coding, the binary coding threshold value slsh is
set within the range shown in the following equations: wﬁen
data is a value close to the first gradation value, theér ddta’
s s8lsh < (m+data)/2 when data is a value close to the second
grgdation value, (m+data)/2 < slsh < data, further, the
thresho}d value seiting_means, based on the set threshold
value, changes said corrected pixel data into bigradation image

data capable of displaying half tones composad of only the

This Sheet Has Been Replaced
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background density) is drawn. In FIG 14(A), in a prexjous technol ogy
utilizing an error diffusion method, the original in#&ye 100 (shown in FIG
13.) multigradation irage data binary-coded image is shown. Further, in
FIG 14(B), an outline diagramshows the position of 14(A). This

bi nary-code i mage was obtai ned by a repeated binary coding process, with
the upper left-hand corner pixel of original inmge 100 as the binary coding

first gradation value and the second gradntioﬂ value, and
outputs that data.

" In this way, in the present invention, when the
multigradation image data value is smﬁll, the threshold value
is small, when the.image data value is large, theathreshold
value is also large: in this way, by optimizing the binary
coding threshold value corresponding to the gradation value of
the targst piﬁel multigradation image data, the accumulation of

exxors accompanyihg binary coding can be eliminated and

generation " of target pixel dots can be satisfactorily performed.

Further, in an embédimen}: of the present invention, in the cass of
binary coding processing utilizing an error diffusjion method or
a minimum average error method being performed, even if the
binary coding threshold value was changed, it was confirmed
that the overall output density generally did not fluctuate,

As explained above, in the present dinvention, the
phenomenon of accumulation of a large number of errors in areas
of low density and areas of high density is aliminated and the
problems vf delay in the generation of dots in the beginning
portion of an area of low density and high density and tailing
etc.after finishing an ares of low density and an area of high
density (the development of which was caused by these arrors)

is esgsentially solved without any accompanying side effacts of

guality depletion.

Figure 1 is an outline explanatory diagram of the-imagé

processing system applied to the present invention;

. This Sheet Has Been Replaced |

e i




starting point; after one lLine is blnary coded by scanning to the right the
codi ng noves 'to one p}xel I'ower at the |eft-hand ‘B:lend and continues the

process. In contrast To FIG 14A FIG 12 is an exanple of the output in
t he case of |deal bi nary

Figure 2 is a function block diagram of an image
procéssing apparatus in which the image processing system shown
in Pig.l ie utilized;

Figure 3 is an explanatory diagram of an actual example
of a diffusion weighting matrix used in the embodiment;

Figure 4 is an explénatory'diagram showing thg o;iginal
image data used to find the average binary coding error and the
relationship with the average binary coding error
discovery arxea; .

Figure 5 is a diagram showing the relationship between
the gradation values of the original image data and the average
binary coding error;

Figure 6§ is a dlagram explaining how the average binary
coding error is generated in the firsf embodiment of the
present invention; .

Figure 7 is an explanatory diagram of the binary coding
threshold wvalue .with the average binary coding error
continuously at 0,

Figqure 8 1is an éxplanatcry_ diagram of another
embodiment of the threshold setting means utilized in the
present inventioﬁ;

Figure 9 is an explanatory diagram of another
embodiment o©f the threshold setting means utilized in the
present invention; |

Figqure 10 is an explanatory diagram of another
embodiment of the .threshold setting means utilized in the

present invention;

This Sheet Has Beeni Replaced
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coding of the sane original inmge 100 by the image pro*-ces%rﬁg~appapapus *
‘of the present inventi®@n. 1f we conpare the two, in Flcﬁmg§mé ﬂm -
“and | eft-hand portlons “of the hi gh density square area 1 ‘@r _
to FIG 14(B)) the generation of white dots was delayed
upper and |l eft-hand portions of the | ow density square a
the generation of black dots occurred. That is, the above- nentloned flrst
probl em occured in the portions 140 '

Figure 11 is an explanatory diagram of the hardware
construction of an example of the threshold setting means
utilized in the present invention; |

Figure 12 is an explanatory diagram of the binary
coding result used.in the image processing apparatus of the
present invention; _

Figure 13 is an explanatory diagram of the original
image used to obtain the Einary coding image showed in Figs,12
and 13; _

Figures 14(A) and 14(B) are an explanétory diagram of
a binary coding result obtained by a related art error
diffusion method;

Figure 15 is a complete ocutline explanatory diagram of
the image processing system incorporated within the image
processing apparatus of the present invention;

. Figure 16 is an explanatory diagram of another
embodiment of the system in Fig.l15;

Figure 17 4is an explanatory diagram of another
embodiment of the system in Fig.15; and

Figure 18 is a block diagram of an embodiment of an
image processing apparatus using a minimum average error'ﬁethod

in'correcting multigradation image data,

The preferred embodiments will be described with
reference accompanylng the drawlngs .
‘Overall Explanation of the System
In Fig.l the outline of a system utilizing an example of the image
processing ‘apparatus of the present invention 4is shown. |

Original image multigradation image data 200, output from image.

- 13 -



and'142 Furfher,'due to tﬁe i nfl uence of tailing fr mmssﬁuaﬁ@mﬁp

'Iom/den3|ty ar ea 120,jbne portion (132) of stralght #n g
ri ght-band area 150 di'sap- peared. In this way, the secoﬂm}! mgﬂwg red _
in area 150.  Unexam ned Japanese Patent Application No

proposed a solution to these problens. In the first enbodi nent nentloned

i n the case of nmanaging from

gradation data ocutput apparatus 10 is input to image processing

" apparatus 30. Image processing apparatus 30 chahqea the
gradient value of the input original image multigradation image
data 200 into 2 grqdatléns outputtable by.the binary image
output apparatus.zoiand outputs it. That is, the multigradation
image data 200 is corrected utilizing an error diffusion method
or a minimum average error method, it is changed into
bigradation image data 230 capable of displaying half tones
composed of only the first gradation value and second gradation
value and it is output. Bihary image output apparatus 20
reproduces and outputs the original image from the bigradation
image data output from image processing apparatus 30.

In the present embodiment said image gradation data
output apparatus 10 is formed utjilizing a computer, and this
computex is constructed in such a way that the multigradation
image data 200 stored in & hard disk or the liks is outpht tﬁ
image processing apparatus 30. Said multigradation image data
200 is represented as 256 gradation density data from 0 - 255,
still further, this image gradation data output apparatus 10
apart from this is good for outputting, for example, coﬁputer
graphic multigradation image data, and further, aparﬁifrom
computers, various meﬁns- for example scanners and video
cameras- can also be utilized. In addition, the image
processing apparatus 30 in this embodiment changes the iﬂéﬁt T
256 gradation image data by exror diffusion into bigradation
image data 230-comppsed of only 0 (white) and 255 (black}), and
outputs it. ﬁurtﬁar, binary image output apparatus 20 in the
present embodiment is constructed utilizihg a printer which

does not control the gradation of pixel units and, based on the

- 14 -



‘0 255 i nput den5|ty dat a, V\/nere t he input den5|ty data %(ﬁ HRJplﬁg]ﬂ

29, the threshol d valiie changed randomy. Mre specifi

i nput data was bet weeri 1-4, the threshol d val ue was bet. ere
the input data was between 5-14, the threshold val te mas 0 and
where the input data was between 15-29, the threshold val ue was betmeen
100-150. This is the range within which the threshold val ue changed
random y. The random noi se

input bigradation image data 230, it reproduces and outputs
original image data capaﬁle of displaying half tones. still
further, said binary iﬁage output apparatus 20 apart from
printers, may utilize displays, facsimile apparatus or digital
copier? depending con the situation. |

Actual System Example .

Said image processing apparatus 30 in the present
invention can be constructed equally effectively with the image
gradation data outpuf apparatus 10 and binary image output
apparatus 20 in separate units or integrated in one body if
necessaty. For example, as shown in Fig.15, in the case of
utilizing a host computer 12 as the image gradation data cutput
apparatus 10 and utilizing a printer 22 as the binary image.
output apparatus 20, it is suitable for the image processing
apparatus 30 of the present invention to be integrally
constructed within printer 22, ”

Further, as shown in Fig.l1l6, it is'alao suitaﬂle for
the image pr&cessing apparatus 30 of the present invention to
be integrally constructed within host computer 12, In this
case, host computer 12 is constructed including image gradation
file reading means 14, printer driver 16 and data output means
18.

' §till further, said printer driver 16 (including image
. processing apparatus 30 of the present invention which receives
multigradation image data 200 from image gradation file reading
means 14 and printer control command generating means l6a which
generates printer control commands based on the output of image
procesaing apparatus 30) is constructed in such a way ae to

control printer 22 based on the printer control commands

- 15 -



_range was 105 mhen the data was fron11 4, 75 when the-data was from 5-14

and 25 when the dat g:=was from 15-29; the result was: thatTHS$u¢ s Pagk Replagpds

added in a Iow1den5|ty area close to 0. However, the expec
thresh- old values were all uniformally at 125. In this ma

dot generation was inproved, because the case devel oped wherein

density was | ow the threshold val ue becane exceptionally snal
| arge threshol d val ue

T

due to a.

Yet further, as shown in Fig.l7, in the case where

gcanner 50 is utilized as image gradation data output apparatus

10 an& multigradation image data read by thls scanner 50 is

output as binary coded data to host computer 60, it i=s suitahlg

for the image procéésing apparatus 30 of the present invention

to be integrally constructed within scanner 50, In this case,

scanner 50 is constructed including image gradation data

reading portion 52 which reads images'optically, the image

processing apparatus 30 of the present invention which ocutputs

the read multigradation image data 200 as bigradation image

data 230 and binary coded data output portion 54 which outputs

the output bigradation image data 230 to the host computer.

still further, if necessary the image processing

apparatus 30 of the present invention can be integrally

constructed within apparatus other than those'mentioned above,. .

Fﬁrthermore, for the sake of ease of explanation, in

the following explanation the construction wherein the image

processing apparatus 30 of the present invention is constructed

with image gradation data output'apparatus 10 and binary imags

output apparatus 20 as separate units, as shown in 7ig.l1l, is

explained.

. Image Processzng Apparatus

In Fig.2 the function block diagram of said image

processing apparatus 30 is shown., The image processaing.

apparatus of the embodiment is constructed including optimum

threshold value settlng means 32, srror correction means 34 and

binary coding means 36. The data (1, 3) of plxel P (i, 3] in

line i, row 4 is input to said optimum threshold value satting

means 32 and error correction means 34 as the target pixel

.- 16 -
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noi se;,

Furt her,

circuit
of the

and even in the transitional portlon of an area of |OM/ radatlon
density, pixels blnary"boded to 255 devel oped. Therefor('é"h‘s
.'|nprOV|ng the first problemby this nethod, because ther

high noise in the area of |ow density, a Iom1quallty |na
in.thi's previous exanple a special structure called a detern1n|ng

aIIy

was provided. Using this determning circuit, if upon exam nation

bi nary coding result of
multigradation data 200. Said optimum threshold value setting

means 32 sets slsh (i, 3), used to binary-code the
multigfadation image data 200 of target pixel P (i, j],
correspondlng to the multigradation image data (i, }), based on
the following eguation:
slsh (1,]) = (data (i,3) * (K-1) + 128) / K . . . . . (1)
hers, X i8 a constanﬁ represented by an integer larger than 2,
Said error correction means 34 corrects the
multigradation image data 200 of target pixel P [i, i)
utilizing an error diffusion method based on the binary coding

exrror generated by the binary coding of the adjacent pixels and

outputs it as corrected pixel data ¢ (i, j) to the binary

coding means 3§.

Binary coding means 36 compares the input corrected
pixel data ¢ (i, j) of target pixel P [i, J} with the threshold
value slsh (i, j) and binary codes it, outputting the result of
this binary coding, result (i, j) as bigradation pixel data
230. That is, the corrected pixel data is blnary-coded and

‘output in the following way:

if data_c (i,3) > slgh (L,3), then result (i,3§) = 255
if data_c (4,3) < slsh {(i,3), then resuit (i.3) =0, . . (2)
The error correction means of said embodiment are
constructed including data correction means 38, exzor diffusion
means 40 and exror diffusion storage means 42. Said error
diffusion storage means 42 stores the total error diffusion
value total err {n, m) of each plxal of the original image.
The error diffusion means 40 first finds the blna*y
coding error err (1, J) from the binary coding result (i, j§)
and the correcteq data ¢ (i, i) in the following way:

.= 17 -



'.blnary coded plxels surroundlng the target pixel thereswere - 4 already

dots ‘adj acent, a detefpini ng process was enpl oyed to~géterm ne whether fﬁ‘
target pixels were to be binary coded. It is considered tTmmmwdﬂﬁsne

e abobet o =1 10 B e TR

ery (1 §) = data ¢ (i,j) « result (i,3) . . . .+ (3)

. Next, this binary coding error err (i, Jj) 1is diffused

to and divided among the adjacent non binary coded pixels P [m,
nl (P (i, 3 +i], Pfi + 1, j] etc.). Concretely speaking, the
diffused éart from the present target pixel P [i, }] is added
to the total error diffusion value total exx (h, m) of sach
pixel stored iﬁ the error diffusion storage'means 42. Now, an
error diffusion weighted matrix as in Fig.3 (a) is ussd. The
asterisk v in Fig.3 shows the target pixel., The total value of
the weighting is 16, and the binary coding error in the present
pixel (as a fraction of 16), corresponding to the position of
the pixel which is the object of the distribution, is added to.
total _err (m, n) after multiplication by the weighted value in
the fashion shown below: |

total err(i,j+1)-total'erz(i,j¥1)+err(i,j)*3/16

total err(i,j+2)=total erx(4,j+2)+exrx(i,3)/16

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

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

total  err(i+l,j)=total errx(i+l,q{)+err(i,j)*3/16

total err(i+l,j+l)=total erx(i+l,j+l)+erx(i,3)>2/1s

total err{i+l,j+2)=total err(i+l,j+2)+err(i,j)/16

total exr(i+2,j~l)=total err(i+2,j-1)+erx(i,j)/16

total err(i+2,j)=total err(i+2,j)+err(i,3)/16

total éri(i+2}j+1)-to£al err(i+2,j+1)+err(i,j)/16

D_.c . (4)
By the above process the error diffusion involved in
binary coding .of the target pixel is finished. The above

Process is repeated with each binary coding result ocutput from - - -

~ 18 -



.tio

processi ng becanme necessary, and there were the problens
processing tinme and unsatisfac- tory picture quality. | nmm%m’ﬂ
in this related art the inprovenent in the second proble
Still further, in the other enbodi nents nentioned in this

binary coding means 36. If neceasary, apart from this, Figs, 3
(b) and (c) can be utilized as examples of each type of such
error diffusion weighted matrices. '

Next, the multigradation image data (i, j) of target
pixel P (i, j) is input by data storage means 38, and the total
error diffusion value total err (i, j) corresponding to target
pixel P (i, j) is read from diffusion error storage means 42,
using this as a basis the target pixel P (i, J) multigradation
image data (i; J) is added and storage image data c (i, j) is
found. |

Binary coding of the whole image is carried out by

performing the following operation on all the pixels: data ¢

(£,3 = data (i,J) + total err (i,3) . . . . + (5)
Solution of First and Second Problenms

In this way, the image-piocessiny apparatus 30 of the
embodiment, using an error diffuéion method, translates the
input target pixel multigradation image data 200 into
bigradation image data 230 capable of displaying half tonss,
comprising gradation values 0 and 255, and outputs it,

The special characteristic of the image processing

apparatus 30 of the present embodiment is that the problem of

a large volume of binary coding errors accumulating in areas of

low dénsity and areas of high density is solved by utilizing

- --the optimum threshold value setting means 32, and the problémél i

of delay in the generation of dots in the beginning portioﬁs of

l¢w_and high density areas and talling after low and high -

density areas are finished caused by such an accumulation are

also solved.

- 19 -
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FIG 1 of the publlcaIFon whi ch shows the exanpl e, &5 ther
to correctly understahd. How ever, as it is stated in the
has a threshol d val ue setting functlon in the sane " way as
above- ment i oned enbodi nent, noreover the scale of the hardmare Is smal |’

it is considered that, as in the first enbodinment, a l'arge vol ume of n0|se
was added to the threshold value in the area

The following is an explanation of the reason why both

the above-mentioned first problem (delay in dot generaticn) and

, related art, there are dlscrepanC|es in the way of detlnlqgls hedd 18 iﬁkﬂi g

second problem (tailing) in the image procesaing apparatus of
the present invent;on are solved. The inventor of the present
invention first detezmznad the cause of the above-mentioned
first and second problems. In order to do this, in the image
processing apparatus shown in Fig.2, the optimum thresheld
value setting means 32 set the binary codlng threshold value at
128. Furthermore, as image data 200, image data was input with
all pixels having a uniform gradation value. Then the average
value of the binary coding error err (i, Jj) added to the
original image data by the above-mentioned Equation 5 was
checked.

To be precise, the optimum fhreshold value setting
means 32 was removed from the image processing apparatus of the
embodiment shown in Fig.2 and the binary coding threshold value
was fixed at roughly 128..Next, as shown in Fig.4, an orxiginal
image-lﬁo, 600 x 400 pixels in size- with all pixels of a
uniform gradation- was binary coded starting from the top
left-hand corner. Then, when the dot formation was considered
to have reached a stable condition, the average binary coding
error (the average value of the binary coding erxor err (i, j).
added to the original image data by Equation 5) of the 200 x
100 pixel area 170 in the bottom right-hand coxner was found.- -

However, the threshold valus was not completely fixed
at 128; with the object of avoiding the generation of a
specific, regular pattern, a small amount of random nolse was
added in the range plus / minus §. This noise was added to

avoid the regular generation of a pattern as the original data

o« 20 -



of low density. Accordingly, the other enbodinen ,tﬁon dinthis. ;
related art had the same problems as the first e g &, as :
ot her methods of inproving the aforenen- tioned fi pr obl ens
there are proposal.s such as the 'l nmage Processing Unexam ned
Japanese Patent Application No. Hei.3-112269, and the 'lnmage Form ing
+ Apparatus' of Unexam ned-Japanese Patent Application

o

in the casé of the presant example was computex-generated
artificial data.

Fig.5 shows the results of the above experiment
conducted on original image 160 with different gradation
values. From the experiment results we can clearly see that in
the original image 160, in the low density areas with a
gradation value 1 - 4, alsa high'density areas with a value of
251 -~ 254, the average blnary coding error didn’t become 0;.on
the contrary the absolute value even resached as high as 100,
The average binary céding error corresponded to the expected
values of error diffusion / accumulation volume in a stable
state. Because the error diffusion method was thought to be a
method of lowering the localized average value of the binary
coding error, the large size of the absolute value obtained in
this way was a deeply interesting diséovery,

From the experimentai data shown in Fig.5 it is
possible to analyze the generation mechanism of the previoﬁsly-
mentioned first and second problems in the following way: 1.

- In the case where the gradation values of the original
image 160 are 1 - B and 247 - 254;: close to 0 or 255, with the
threshold value fixed at around 128, before settling in g

_ condition.where dotgs are stably formgd, 8 large volume error
accumulation (with the absolute value of the averags binary
coding errorx reaching over 80) is necessary. Especilally with
original image data with gradation values of 1 - 4 and 251 -
254, it is necessary to accumulate a volume of erroras ovar 100
before ssattling in a condition where dots can be formed stably.

When the density values of the multigradation image data 200

- 21 -



No. Hei.4-126464, etc. In this related art—anaveragedensity val ue was
“inferred by referencigy the result of b'naﬁ¥s§ﬁghﬂ9 g%kklggyraJlty of -
pi xel s surroundi ng the target pixels, and bi ' wmm the target

pi xel s was carried out with the average as However, in
this nmethod there were the follow ng two pro mas necessary to
reference the result of binary coding of nore than 10 surroundlng pi xel s,
so there

are close to binary density values ¢ and 100, this error

~accumulation volume becomes large.
2. Error Accumulation Peried.

Fufther, in the case whera the image data density is
around 0, even wifhho binary coded only a few binary coding
errors develop. Due to this, a considerable amount of
accumulation time with diffusion and accumulation is necessary
to reach a value of around 80 - 100. Yet furthexr, in the case
where the image data density is around 255, in the same way, &
considerable amount of accumulation time with diffusion and
sccumulation is necessary to reach a value of around 80 - 100.
Moreover, the ;ccumnlation speed becomes slow when the image
data density values as binary coded density valuee are closs to
0 and 255. '

3. First Problem )

Dots are not formed during the period of error
accumulation up to when the accumulation volume has reached &
stable state. For this reason, as a large error accumulation
volume is necessary in order to form dots, moresover a
considerable amount of time becomes necessary to reach thé
necessary error accumulation volume, delay in dot generation

. develops. This is the cause of ths first problem.
4. Second Problem
~© As a larxge errxor accumulation volume 1s necessary.in
order to form dots, the surrounding image data is distorted by
the large volume of accumulated errors being aiffused as far as
the exterior area., This is the cause of the second problem; thé

previously-mentioned problem of ‘tailing’ occurs,

- 22 -



was -the problemthat it took a long tine for proce55|n and a conpllcated
processing circuit masfheeessary (2) I'n the bgundaLLQSLMheFe—%he dat a

changed suddenly, it wa$s inappropriate to use:a a.er e sity value from
i nary _
aﬁ“ ﬁﬁﬁ“lNVENTICN

the surroundi ng pixels. The result was the prob
As stated in the above 1 - 4, in the case where the

codi ng being perfornmed and noi se bei ng created.

image dat# density values as binary coded density values are
close to 0 and 255, the average binary coding error. takes an
unusually high absoclute value and the ‘'error accumulation‘
phenomenon develops.This ’error accumulation’ phenomenon is the
causse of.thé development of the first and second problems.
The optimum threshold value setting means 32 of the
present invention gets rid of this 'error accumulation’ primary
cause and is an essential solution to the first and second
problems. That is, it is a means wherein when the original
image data 200 is low density, the threshold value is gmall;
when it is high density the threshold §alue is large;
optimizing the binary coding threshold value correspon&ing to
the original image data 200 gets rid of the ‘error
accumulation’ itself, dot formation is possible with no "error
accumulation’, ' . |
Here, the question "Don’t the 255 (black dot) binary
coded pixels increase, and doesn’t the density rise
substantially if the threshold value of the law density area is
made small without regard to the result?". probably arises.
| Certainly, in an ordinary dither method where error diffusion
is not performed a changs in the threshold value leads to an
immediate_change in the density. However, when the inventor of
the_present invention checked this, .even if the threshold'Qélue
~ was changed in the error diffusion methed, the total: output
.density hardly changed.
That is, in the case where binary éoding was carried -

out with the threshold value fixed at 128, and the cases where

- 23 -



- The .present |nvent|on takes into account these klnds-gj . previous

problens for the purgose of obtaining an image procé$si ng apparatus (which
can process nmul tigradation image data into binary-codedThinShge Hasitean Rép
hi- gh-'speed mnthout usi.ng a conplicated processing CIrCUI1

[

binary coding was carried out with it fixed at 64 and 192, the

output -density hardly changed.
In the error diffusion method the binary coding error

is not discarded, because it is diffused to the adjacent non

binary-coded pixels., For example, even if the situation.

develops whereby a pixel previously binary coded to 0 is binary
coded to 255 because of the threshold value being made small,
a greater negative binary coding error than the absolute value
is created in the pixel. This is diffused to the adjacent non
binary-cpded pixels and it works in a lowering dirsction to
balance the adjacent pixel gradation level.

In Fig.6 the result of removing the ‘error
accuﬁulation' in the present embodiment is shown, That is,
Fig.6 is a figure clarifying what became of the average binary
codlng error found in the same way as in Fig.5, in the case
where the optimum threshold value setting means 32 of the
present embodiment was used; in addition to the case shown in
Fig.2, wherein the threshold value was fixed at 128, the result
of the case wherein value X of the present embodiment was 2, 4,
8 and = wgs plotted.

In the case wherain.K = @, slsh = data. However, in Fig.6, in
the same way as in Fig.5, a maximum i 6 smali volume of random

noise was added, From Fig.6 we can understand that, 1f K=2,

that is slsh = (data + 128) / 2, the average blna*y codin§
‘error is reduced to less than half - (at the maximum less than

- 50), with the result that the accumulated error volume is

ldc

Uil

greatly raduced. Furthermore, if K=4, the average binary coding

error is generally close to 0; when K=§, even in the case with
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‘no side effects invol ving picture deterloratlon) tQ~§oIve probl_ﬂﬁ,such as
del ayed generatlon gfy dots in the tnitial portion of a T6V765h5|ty area and
hi gh density area, #d taili ng after conpletion of an mfssﬁeediasBm/Rh?
density. In order to achieve the above-nentioned obj ect \"‘? nt

I rst

i nvention conprises an i mage processing apparatus for c
image data gradations of 1, 2 and 253, 254 (gradation values

mul tigradation i mage data into bigradation inage data a
gradation val ue and a second

extreﬁely closa to 0 or 255), it almost becomes zeXo.

Based on bi-gradation data output from image processing
apparatus 30 shown in Fig.l, actual printing using a printer
was performed, and an evaluation of the influence of the
previously-menticned second problem ‘tailing’ was conducted.
The result of this evaluation sxperiment was that it was
poseible to confirm that if the absblute value of the average
binary coding error is kept below. 50, the effect of tha
‘tailing’ of problem B i§ substantially alleviated. From this,
the value of X from the previcusly-mentioned Equation 1 is set
in a range of K=2 - ®; that is, the threshold value corresponds
to the image data gradation value,

when data <128, data < slsh < (128+data) / 2,

. when data >128, (128+da£a)-/ 2 £ slsh s data . . ., (6)
by setting this range the absolute value of the average binary
coding error can be rsinstated below 50, and the second problem
can be solved.

Next, an experiment was conducted to evaluate the
influence of the previously- mentioned first problem, dot
generation delay. The result of the evaluation experiment was
that it was possible to confirm that solving the slowness in
dot generation of the firs’t; problem also followed the reduction
cf the aveiage binary céding error. If X from the previously-
mentioned Equation 1 is made too large, the average binary
coding error exceeds 0, the signal is reversed, and an ‘over-
correction condition’ develops.

However in a subjective evaluation 'of. actual print

results, there were signs of the spsed of dot generatién
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gradati.on val ue (gradation value< second gradation value); an error

correction means forfQutputting corrected pixel data (corrected by addlng

an error diffused from surrounded previously binary- cdtiegh iH@eBseanﬂi“’
means

target  pixel nmultigra- dation imge data); a threshqld
whi ch sets a binary threshold val ue based on the gradat
mul tigradation i mage data of said target pixels; and a binary codlng neans
for outputting said bigradation inmge
accelerating up to a condition of slight over-correction, and
an inﬁeﬁsified printing effect developed, giving a desirable
print quality. In the :esul£ of the gubjective examination
sariously considering .the reproducibility of the slow
- dot-generating largest data area with the data values at 1, 2
" and 253, 254, a level range K = 8 - 24 was especially good,
with X = 16 being the optimum level. In Fig.7, the binary
coding threshold value with the average binary coding errox
continuously at 0 ig shown. The estimated value of this binary
coding threshold value was found by interpolative computatién
based on Fig.6.

If the optimum threshold value setting means of the
present embodiment are constructed by deciding the threshold
value from the original image data based on Fig.7, the expected
value of the ‘tailing’ of the previously-mentioned second
problem becomes 0, and the best optimum threshold value setting
means is realized.

In Fig.7, the characteristics diagrams for lines for
the cases whereby-the value of K (in Equation 1) is 2, 8 and o,
are simultanecusly depicted., We can understand from the
characteristic curve that in the case whereby the values of X is
set around K = B, this gives an .ideal approximate value for

~ making the average binary coding error 0. |
- Further, in the-ménner'previously stated, from the
point of improveﬁent of the delay in generation of dots in the
previocusly-mentioned first problem, there was the case wherein
when there was -the tendency for reversal of the signal
(over-correction condition) whera the average binary coding

error exceeded 0, a good subjective evaluation was obtained,
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‘ data,changéd from sai d corrécted pi xel data based OP—%he—se%—fhfeshﬁfd—
val ue; wherein, with sald target pixel nultigrada- tigf 'nq al B lnced -

i on

gradat i

val ue and second gradation value (n) and said threshol
‘threshol d val ue setting neans sets said binary coding t
corresponding to said target pixe

on value (data) t he medi an of the above-nenti ¢ Eﬁ

: asﬁ CEIL ﬁﬁc

val ue data, and satisfying at |east one of the

the optimum result was obtained when the approximation X = 1§
was used. Up to K = » there is a considerable edge intensifying

~ result in the data changing portion, this is also sufficiently

#aluable for the objective of using an image.

Further, in Fig;7, even though one made the optimum
threshold value 128 when the data values were 0 or 255, no
matter how wa made the threshold value, the great difference in
the result (when the data gradation value and binary coding
result values were equal) disappeared. Accordingly, even in the
optimum threshold value setting means of this embodiment, where
the data values are 0 or 255, it is satisfactory whichever way
the threshold value is set,

In this way, in the present embodiment, using aﬂ srror
diffusion method, multigradation image data 200 was converted
into bigradation image data 230 (capable of displaying half
tones) and output., Also, the previously mentioned first and

second problems could be fundamentally solved without any

_aqcompanying side effects of quality depletion by the binary

coding threshold value used in the binary coding processing
being set within the range of the previously mentioned Equation
sflbased on the gradation values of multigradation image data
200. '

Moreover, in 'the present embodiment, through the

setting method of the constant K in Equation 1 it was possible

to obtain a binary-coded output image with .desirahle

Characteristics.

Further, in the corrected data shown in Figs. 6 and 7,
there is an example of the case of exxor diffusion using the

error diffusion weighting matrix shown in Fig.3. In the cage of

- 27 -
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tol erance ranges shown in the follomnng equations:- rﬁ—%he-ease_mheLe*Lhe
val ue of data is closa to the first gradation val uej

--data[err]slsh[err](nﬁdata)/Z and in the case mhere‘t lsSe ; 545 o
close to the second gradation val ue, (nwdata)/2[err sI H
. when said target pixel nultigradation imge data gradat |s in

t he nei ghborhood of said first gradation value and second gradation val ue,
said threshold

using different weighting matrices, quantitatively speaking a
-glightly different result'ia obtained, but the gualitative
tendency generally doesn’t change. In this way, the present
invention is effective even in the case of utilizing a
different erxrox diffusion weighting matrix.

Comparison between the Present Invention and the Related Art

In the same way as the present invention, the ''Image
Processing Apparatus and Method of Same’ of Unexamined Japanesse
Patent Application ﬁo. Hei. 4-154370 changes the binary coding
threshold value corresponding to the gradation values of the
original image data 200, However, as the primary object of this
method was control of noise in character and line image
portions, by employing the process of 'if.the original image
density data is Jlarge, the corresponding binary coding
threshold value is made small’ this changes the threshold value
in a way exactly opposite to that of the present invention, and
there was generally no effect of improving the first and second
probiems. Further, for an example of a binary coding methoed
utilizing a minimum average error metﬁod it would also be
uséful to refer to Unexamined Japanese Patent Application No.
Hei. 4-154370.

Fig.12 is a diagram showing an output example of
original ‘picture image 100 of Fig.3 utilizing the image
processing apparatus 30 of the present invention as shown in. .
Fig.2. The cémplete solution of the dot generation delay
praoblem of FPig.14 and auch.problems as the disappearahce of the
cent;al portioﬁ-of'Straiqht'line 130 due to'tailing from low

density area 120 can be understood.
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settlng means can setsaid bi nary codlng t hreshol d vaLue stsh mnfhln one of
" said tol erance rangeg.:;Further, when said target pi X€l ﬁuggkgﬂadaﬁhuammahge :

"~ data gradation val ue data is in the nei ghbor hood of sald
val ue or second gradation value, said threshold setting %m&m ‘ ai d
bi nary coding threshold value sl sh within said tol erance * '
further, the invention of claim?2, wherein. the threshold val ue settlng

means of clalnB

In this way, the ideal solution of the firat and second
problems by the present invention is confirméd. Furthermore,
the ability of the present invention to soclve the first and
second problems without any damaging side effects is also
confirmed.

Other Embodiments of the Optimum Threshold Valua Sstting Means

In the previously mentioned embodiment the optimum
threshold value setting means 32 set the binary coding
threshold value based on Equation 1. The present invention is
not limited to this, depending on the situation it is also
posaible to employ other methods to set the binary coding
threshold value.

In Fig.8 another embodiment of optimum threshold value
setting means 32 is shown. The optimum threshold value setting
meang 32 of this embodiment- is constructed setting the
threshold value based on output data (i, j) as target pixel
multigradation data 200, as'shown in the following equations:
if 0 s data (4i,3j) < 128-Ll, sleh (i,J) = data (i,3)+L1,
if 128-L1 = data (i,]J) s 128 + L2, slsh (i,j) = 128,
if 128+L2 < data({i,3) $ 255, slsh (i,§) = data (i,3)-L2.. (7)
An appropriate value for L1, L2 is 0 - 64, but a range bétwaen
8 - 16 is optimum. Further, it is acceptable to set L1 and L2
at the same value, In this embodimén;, the case wherein the
data value is around 128, it deviatés ffoﬁ the range shown in
Eguation &: _

when data < 128, data < slsh g (128+data) / 2,

when data > 128, (128+data) / 2 < slsh s data
but the first and second problems to be solved by the present

invention became especially conspicuous in the case wherein
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1-3, based on said tar gét pi Xel mul tigradation i rragg.j_ati&ghad&ewwl ue
data, sets said binagy coding threshol d vaI ue - 6 sI sh accor di nlg Lo t he
fol | owi ng equation: sf'sh= (data*(K-1)+ s Sheet Has Been Repace

TR

data is of a value in 'the:neighborhood cf 0 and 255 (not
includ-i_ng 0 and 255). Consequently, Equation & does not nee'r.i to
be satisfied in all the data areas, it is enough if it is
satisfied in the case whersby data is of a value in the
neighborhood of -0 and 255. Therefore, according to the setting
of the binary coding threshold value ag shown in the previously
. mentioned Eguation 7, it is possible to salve the first and
second problems and to cbtain a satisfactory binary-coded image
in the same way as in the previously mentioned the first
embodiment . |
In Fig. 9 a further separate. embodiment of the optimum
threshold wvalus satt.ing means 32 is shown. In the optimum
threshold wvalue sgetting means 32 of the embodimént a binary
_coding threshold value ie set g:orresponding to the gradation
valﬁe of original image data 200 not continuously, but step by
step. Even this way, it 1s possible to solve the first and
seco;;d problems and to obtain a satisfactory binary-coded image
in the same way as the previously mentioned embodiment. Still
further, in Fig.10 yet another separate embodiment of the
optimum threshold value setting means 32 is shown. The optimum
threshold value setting means 32 of the embodiment is
constructed such that the optimum threshold value getting
operatmn, which is a charucteristlc of the present invention,
operates only in the low density area, That is, it is
constructed in such a fashion that in the case wherein the
threshold value of image data 200 is in the high density area,
the binary coding threshold value is fixed at 128; when the
image data 200 is at a value close to 0 on the low density area

side, the optimum threshqld value is set to satisfy the
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‘.prOV|ded that Kis a constant expressed by an |nteger greater than
Further, the inventiQn of claim3, wherein the threshondsShedtHSB;em

means of claim 1, coffesponding to said target pixel
data gradation value data, sets said binary coding thre

step by step. Yet further, the invention of claim4, wherel n t
ol d value setting neans of claim1, based on said target pi xel

previously mentioned Equation 6. For example, in a printing
apparatus with a laxge 'vdluma of dot blurring, because imolated
white dots in high density portions are generally lost, in high
dansity poz.;tions the first problem does not appear to be so
conspicuous from the beginning. For that reason the present
invention only imprevas the low density portions whexe the
first problem is easily noticeable. Further, in response to the
special characteristics of image output apparatus, it is
acceptable to construct it in the opposite way such that the
optimum threshold value setting operation of the present

invention works only in the high density area. In this way, in

iad
lﬂeEl-1

response to this output apparatus, it is enough to construct -

the optimum threshold value setting means 32 of the present -

invention to set the optimum threshold value only in the

necessary original image high density porticns.
Actual Example of the Threshold Value Setting Msans

In the optimum thresheld value setting means 32 in esach
of the previously mentioned embodiments, in oxder to set the
threshold value from the original image data, a construction

wherein calculation according to the previously mentioned

Equation 1 is carried out each time is acceptable,

accaptable is a construction wherein a - conversion table in

which the relationship between the original image data

gradation wvalues and threshold values has previocusly bsen,

stored is referenced. In Fig.ll an actual example is shown of
optimum threshold value setting means 32 constructed using a
ROM. 8-bit original image data ié input to the ROM address
buses A0 - A7, §-bit threshold values corresponding to these

are output from data buses DO - D7. Further, among the
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mul tigradation i mage gradation vallue data, sets sai,

- threshol d val ue sl skrgccording to the follow ing eq at

sl sh= data-L2 provided that L1, L2 are contant expressed

data<m L1, slsh= dat'@lLl when m Ll<data<m+L2, slsh= m ﬁ% : lm‘l
between 0 to m u

embodiments thers is the example wherein a small amount of
random noise is added to the binary coding threshold value get
bj the optimum threshold value setting means 32. In the case
wherein the original image data is exceptionaily systematic
data drawn by a computer etc., this is to protect against a
specific':egular pattern being formed by,éhe binary coding of
the error diffusion method. Consequently, in ‘the caze of a
natﬁral image wherein the original image data contains modsrate
unevenness, adding random noise in this way is unnecessarxy. As
a result of the addition of random noise it is possible that
the threshold value may deviate £rom the iange shown in
Equation 6, however it is good if the threshold value lies
within the range of Equation 6. .
Further, even if the noise is added to the or;ginal
image, not to the threshold value, the same result is obtained.
Qther Embodiments '
The present invention is still not limited to each of
the praviously msntioned embodiments, within the gcope of the
: present invsntion all types of different embodlments are-
possible. For example, in a previously mentioned embodiment the
case of density data wherein original image data became white
by 0, black by 255 was taken as an example and explained, but
neadless to say the present inventibn can be applied in the
same way in the case where there is brightnees data wherein the
original image data becomes black by 0 and white by 255.
Further, where the original image data takes values in
the range A - B (A > B), in the case where this is binary coded

into a or b (a < b), Equation 1 in the first Embodiment changes
thus:
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,Yef further, t he i nvention of cIa|n15 wherein the bIDer codi of
claims 1-4 adds rando#rhoise to the set' threshold v said corr%%fed
pi xel data and perforn® said binary coding processi nngEIQ,‘;&&IIﬂ“ m@d

pi xel data. Further, the invention of claim6, wherein,
correction nmeans of claims 1-5, including: a diffused e rtion
to store the diffused error total value of each plxel d|ffu5|on

portion which cal cul ates the binary

~8lsh (i,3) = (data (i,j)%(X-1)+(a+b)/2) / K . . (1)
and it is desirable if Equation 2 changes in this fashion:

if data €(i,3j) 2 slsh (1,3), then result (i,j) = a

if data C(i,3j) < slsh (i,3), theﬁ result (i,J) = b. (2)
Generally A = a and B = b, but in the case whersby the possible
outputtable density of the output apparatus differs greatly
from the range of the original image d&ta, there is an example
where A and a, B and b do not match, In'this case, with the
conditjional expression m = {(a + b) / 2 to set the threshold
valus oﬁ Equation 6, it becomes:

when data < m, data < slsh £ (m+data)/2 ,

when data > m, (mtdata)/2 < slsh < data . . (8).

Furthe:, in a previously mentioned embodiment the case
of original image data 200 being correctéd utilizing an error
diffugion method was taken as an example and explained, but the
present iﬁvention is not limited to that; a case wherein
correction is done utilizing an minimum average error method .
can also be applied,

In Fig.1B, an ideal embodiment of image processing
apparatus 30 utilizing an minimum average exrror method is
shown. Further, as the same reference marks are attached t; the
parts corresponding to those in the embodiment shown in Fig.2,
-that explanation has been omitted. In this embodiment erxor -
correction means 34 is constructed including data correction
means 38, error calculation means 44 and error storage means
46. Said error calculation means 44 is constructed in such a
way that it calculates the tarqet.pixel binary coding error
based on the previously mentioned Equation 3, and writes the

value to the address in error storage means 46 corresponding to

- 33 -
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codi ng error of fhe corrected pixel data and blnary~gpd1ng res

dlffuses
t hat - bi nary coding ghyor to the non binary- coded pi'xel s g@b@?@de e
target pixels using-an error -diffusion nethod, finds.a
total value for each pixel by adding the dlffu3|on error.
pi xels to the diffused error total value of each proxi nal red |n

said diffused error storage portion and updates the dlffused error ‘total .
val ue of each pixel stored in said diffused '

the target pixel. The result of this is that the binary coding

errors of binary;coded pixels are written and stored one by one
in the storage area corresponding to each pixel address of

error storage means 46. The multigradation image data (i, j) of

target pixel P [i, j] is input to data correction means 38 and

the errors of the already binary-coded pixels adjacent to this
target pixel P [i, 3j] are read from error storage means 46.
Next, the prescribed weighting is applied to the read error
data and the average'error is found, this average error is
added to the target pixel.hnltigradation_image data (i, j), and
this is output to the binary coding means 36 as corrected pixel
data ¢ (i, J).

Further, apart from this, as the construction i1s the same as -

.the previously mentioned first embodiment, that explanation is

omitted here. Also in this case, utilizing an minimum average
srror method, the same effect as ' that in the previously
mentioned first embodiment can be achieved,
idvantaggs cf The Invention |

As explained .abOQe, in the ©present -invention

multigradation image data is corracted by an error diffusion

mathod or a minimum average exror method. Moreover, the image

processing apparatus, by the provision‘of the threshold value
setting means which optimizes the threshold value based on the
gradation value of the target pixel image gradation value data,
has the advantage of being able to fundamentally solve the
development of the phenomenon of a large:  error  volume
accumulating in low density and high density arsas, and the
problems of delay in dot generation in beginning portions of

areas of low and high density and tailing after finishing areas

- 34 -
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error

error

storage portion;
corrected pixel data’by addi ng the target pixel nuIL1gqggghk
~and the target pixel™diffused error total val ue stored
storage portion; corrects the nultlgradatlon |nageUA
pi xel s using an error diffusion nmethod and outputs corre

of low and high density which are caused by the previously
mentioned error accumulation, without accompanying side effects
of quality depletion. Furthermore, because the threshold value
setting means of the present invention is xealized by a simple
construction wherein just & simple calculation is performed or
a comparison table is referenced, both speedy and satisfactory
image processing can be carried out without the need for a
complicated processing circuit. Still further, by varying the
threshold value set by the threshold value satting means of the
present invention, adjustment of the speed of dot generation is
possible and, depending on the situwation, by setting an
over-correction condition, a secondary advantage, for example

an edge intensification effect, can be obtained.

. - 35 -
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7 Further, the |nventupq of —Mhe+erﬂ-sald erro# correction means—of

ctainms 1-5, including:t,a@n erro .S oq PBen LLQR whi ch:st o“mmmm;m m,”
error; an error calculation po f ul ates the _ ,”
a Fodlng i CTL oW

error of the corrected pixel d

CLAIMS

1. An image processing apparatus, comprising an image
processing apparatus (30) for converting multigradation

5 image data into hngradatlon image data made from only 2
gradations: first gradation value and second gradation
value (first gradation value < second gradation value);
including an error correction means (34) outputting
corrected pixel data, preferably corrected by adding an

10 error diffused from the adjacent already binary-coded
pixels to the target pixel multigradation image data; a
threshold value setting means (32) which sets a binary
threshold wvalue based on the gradation wvalue of the
multigradation image data of said target pixels; and a

15 binary coding means (36), outputting said bigradation
image data changed from said corrected pixel data based
on the set threshold wvalue; wherein, with said target
pixel multigfadation image data gradation value data, the
median of the above mentioned first gradation value and

20 second gradation value m and said threshold wvalue slsh,
said threshold value setting means sets said binary
coding threshold value slsh, corresponding to said target
pixel multigradation image data gradation value data, and
preferably satisfying at 1least one of the tolerance

25 ranges shown in the following equations:

' in the case where the value of data is close to first
gradation value, data < slsh < (M + data) / 2, in the case
where the value of data is close to No. 2 gradation
value, (m + data) / 2 < slsh < data.

30 2. An image processing apparatus, wherein said threshold
value setting means (32) of Claim 1, based on said target
pixel multigradation image data gradation wvalue data,

sets said binary coding threshold value slsh according to
the following equation:

35 slsh = (data + (k - 1) + m) / K,

~3L -
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finding an aver ag: |ng the binary coding error tthe®pi xel s
proxi mte to the tored in said error :storage portlon and
appl yi ng a predet ernined wei ghting and Zadding this average error to t he
target pi xel nultlgradatlon data; corrects

~result and stores .that binar codlng ‘error in said error 0
data correction Tiiiﬁim dcul ates sai d correctigd d ﬂlﬂntlmu |IT| Ill

provided that K is a ‘constant expressed by an integer
greater than 2.
3. An image processing apparatus, wherein said threshold
value setting' means (32) of Claim 1, corresponding to
5 said target pixel multigradation image data gradation
value data, sets said binary coding threshold value slsh
step by step.
4. An imége processing apparatus, wherein said threshold
value setting means (32) of Claim 1, based on said target

10 pixel multigradation image data gradation value data,
sets said binary coding threshold value slsh according to
the following equations:
when data < m-Ll, slsh = data + L1,
when m - L1l < data <m + L2, slsh = m,

15 when m + L2 < data, slsh = data - L2
provided that L1, L2 are constants expressed by integers
between 0 - m.

5. An image processing apparatus, wherein the binary coding
means of Claims 1, 2, 3-and 4 adds random noise to the

20 set threshold value of said corrected pixel data and
performs said binary coding processing on said corrected
pixel data.

6. An image processing apparatus, wherein said error
correction means of Claims 1,2, 3, 4 and 5, including:

25 a diffused error storage portion (42) to store the
diffused error +total value of each . pixel; an error
diffusion portion (40) which calculates the binary coding
error of the corrected pixel data and binary coding
result, diffuses that binary coding error to the non

30 binary-coded pixels adjacent ﬁo the target pixels using
an error diffusion method, finds a new diffused error
total value for each pixel by adding the diffusion error
from said target pixels to the diffused error total value
of each pixel stored in said diffused error storage

35 portion and updates the diffused error total value of

each pixel stored in said diffused error storage portion;

—3%-
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target pixel

" method and out PULS SOk R TesReplaoedl data. Ml tigradat mﬁ i ﬁ data is i

into the error s and the threshol d val ue
The error correctlﬂﬁ cts the target pixet data
error diffused fr

10

15

20

Wﬂ—gf'adame data using an mni-_num average error

i

il

eady bBnary-coded plxels and outputs this
as corrected plxel data. Said threshold val ue

and a data correction portion (38) which calculates said
corrected pixel data by adding the target pixel
multigradation image data and the target pixel diffused
error total value stored in said diffused error storage
portion; _ .

corrects the multigradation image data of the target
pixels using an error diffusion method and outputs it as
corrected pixel data.

An image processing apparatus, wherein said ‘error
correction means of Claims 1, 2, 3, 4, and 5, including:
an error storage portion (46) which stores each pixel
error; an error diffusion portion which calculates the
binary coding error of the corrected pixel data and
binary coding result and stores that binary coding error
in said error storage portion; a data correction portion
(38) which calculates said corrected pixel data by
finding an average error by reading the binary coding
error of the adjacent pixels to the target pixels stored
in. said error storage portion and applying a
predetermined weighting and adding this average error to
the target pixel multigradation data; corrects target
pixel multigradation image data using a minimum average
error method and outputs it as corrected pixel data.

__'Sg -
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-setting nmeans sets t{e\blnary codi ng threshol d val ue .hased on the target
pi xel multigradation ‘xfrage data gradatlons At- this ¥gne, when the

gradation val ue data of the target pixel nultigradation tﬁas&em&@b@eda

value at least close to the first gradation value or a se

val ue of the inmage, the binary coding threshold val ue sls

the range shown in the foll ow ng equati ons: when data is va ue o

the first gradation value, then data[err]slsh[err]

ABSTRACT

An image processing apparatus (30), which can solve the

problems of delay in dot generating in beginning portions of

5 areas of low or high density and/or tailing after finishing

areas of low or high density and carry out speedy binary

coding image processing without accompanying side effects of

guality depletion and without the need to utilise a

complicated proceSsing circuit. It includes error correction

10 means (34) which corrects multigradation image data (200) and

outputé it, threshold error setting means (32) which sets a

binary coding threshold value based on the gradation value of

said target pixel multigradation image data (200) and binary

coding means (36) which, based on the set threshold wvalue,

15 converts the previously mentioned corrected pixel data into

the previously mentioned bigradation image data and outputs

it; the gradation value of the previously mentioned target

pixel multigradation image data being data, the median value

. of the previously mentioned first gradation value and second

20 gradation wvalue being h and the previously mentioned

threshold wvalue being slsh, the previously mentioned

threshold setting means (36), when the gradation value of the

previously mentioned target pixel multigradation image data

is in the neighbourhood of the previously mentioned first and

25 second gradation values, the binary coding threshold value is

set within the tolerance range shown in the following
equations:

when data < m, data £ slsh < (m + data) / 2,

when data > m, (m + data) / 2 £ slsh £ data.
30

_'Sq_.
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(m’rdat a)mkwmndeorgl%val ue cI o0se t6 the second gradation val ue, ”'S :
) érmdata)N@{@Prl}ppﬂmmon‘iﬁata Further, the thresh- ﬁ*d*‘val*uemans ;

bd orPwh&ikedo: Hi638hdaed val ue, changes sai d correchadnpiKas adedt O
bi gradati on i mage data capabl e of displaying half tone onl y
the first gradation value and the second gradation, val Emmﬁmnmtm ‘s t hat
data. In this way, in the present invention, when the , :

10 30 20
200 230 |

Image Gradation I | Image l Binary Image
Data Qutput . — Processing Data Qutput
Apparatus ' Apparatus , Apparatus
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sent
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fluctuate. As explseikedbsdpeerporatidne present invention,_the phe- nomenon
of accunul ati on ofNew EFapGrinefiiodr of errors in areas of:: Iow density and
areas of oﬁgg{] denﬂlt-‘yf'llls x@llﬁﬂﬁ‘f}r% and the problens of delay in the
generat i dots in the beginning portion of an area of | oW densi ty —and
high density and tailing after conpleting -an area of | Ohis SieaSiat BeeR REp

area of high density (the devel opment of V\/m ch was causemm 'I"" "”l”",

Average Binary Coding Error, of the Error Diffusion Method

in a Continuous State.
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by these errors):.is essentially solved w thout any acgonpa- ny| ng side S-/'s'
Sé:ﬂf@c’ﬁ&s%‘fc‘?i‘i?glf ?39 dépt etion. BRI EF DESCRI PTI ON OF THE DRAWNGS FIG 1 is

Hew &gt i o aﬁat oy "di agram of the inmge processing systemapplied to the
@ﬁ%é‘éﬁ? v %13 |l FIG 2 is a functional block diagramof an.inage pro-

~cessing appar at us in which the i mage processing systemshown in FIG 1 is
utilized: . This Sheet Has Been Replaced '
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FI GS 3(a) sfe‘i)co%goﬁﬂgﬁ&@t%ﬂ di agranms of actual exa,npl es of di ffusion Hb-‘
%h lNQ rggwrtp@pm ligrn the enbodinent; FIG 4 is: an expl anatory di agram :
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FIG 8 issaike¥ANas, di_agr am of anot her. enbodi nent _of the threshold IS

setting nRe&nsp ol (_.I nt"f)ﬂe present inven- tion; FI GF?EQ I s an expl anatory
di agr am obuariidas. gfliggent of the threshold settl_g_n:eanstou—kH%ed—rn
the present inven- tion; FIG 10 is an explanatory di a ram - tRQ Lced
enbodi nent of the threshol d setting neans utilized |nT m en
Fig.10
255 ——— , - .
1 e
[ //
/
192 Bttty Rkt ot 2
Vd -
L
) 128 e em = — =
SISh ,."f’/”
. //
. 64 Sl — =
’ |
-~ !
0 |
o 128 255
DATA (200)
Fig.11
/ —— AO DOP— N\
— Al Dl —
Original Image Data. ] x2 o2 — -
SRR : ﬁi : '8‘31- : Threshold Value,
—1AS DS —
— A8 D8 t—
\"*A? D7 |- /




tion;

. 9 FIG 11 is an expl anatory di agram of the hardware con-
of an exanplseisd Eppen Cores

£l structiop
BOI® setti ng nmeans utilized'fn the present

i nvention: New EP Applici:iion
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. Se1KO Epson Co £ . . . . .
FIG 12 is an expleang® Gmc_l_idheriﬁfgrﬁ%r* the binary coding result used in the lO/LS
- i mage processi ng Gppiidet s e63gihep present invention; FLGy 13 is an
expl anat %Ekl\édﬂ agram of the original inmage used to obtai-A-the-binary coding

i mage sh n FIGS. 12 and 14(A), 14(B); FIGS. 14(A) ﬁn ?ﬁfmirﬁfpﬁﬁ
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met hod,; Flf\ 15 is mseegg@gﬁég;qgo ?‘h’eonexpl anatory diagram of the image “([5 :
processi n§ §y'st1ém | RREeEHak aiRdsadgh bys t he | mage processi ng apparatus. of the

pr esent inxgm_i. on; FIG™ 16 is an explanatory di agram 6f another enbodi ment
of. the sys in FIG 15; FIG 17 is an expl anatory -di agram of anot her

enbodi ment: of the systemin FIG 15; and
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FIG. 18 is a bl ock diagram of an enbodi nent of an | mage processing lZ,[lb
apparat us useHP FesAmINmPraéage error nethod in cokfecting nultigradation -
i mage dat a. NeESE ORF THE PREFERRED EMBODI MENTS The preferred
enbodi ment s WFI TH1BMUeSRIBEY with refer- ence accompanying The draw ngs.
Overal | - Expl anati on of the System: ' eet Has Been Replaced !
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g #G 1ned e Rk & w?“ a syst em utilizi ng the inmage processing apparylus
18-t1e prg&@llﬁerglom—m shown. Oiginal imge mJI'H gradation image data
200, output from i nmage qradatlo ﬁ ;zg)ut put appar at us 10 is i nput to i mage
pr ocessi ng [appar at us 30. [1 Z ng apparatus- 30 changes the gradient
_val ue of tFeHosbG)Dmpmgrn i mage mul tigradation inage data 200 into 2

gradations {reproduc-ihl e: by the bi nary i mage out put appar ﬁ 60 and
outputs it. f f
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That I's, the rrultlgradatlon |mage data 200 i s corrected utilizing an eﬂilfﬂ

g izm on medeibol Bpsom Tinrponatiermver age error net hod,
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f;l;g Egéggﬁ&'lt:ﬁgﬁ: [ mage from t he: bi gradat i on i mage dat a\out put fromi mage
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appar at us” 10 is fornmed utilizing a corrputer
i n-such a way that the nul tj
in a hard disk or the |ike is output

data o
construc

Jgds

N9 SBBPAESt us 38.

i Image Gradation

Thi-s conput er

)

[ Data Output -
i Means
30
| Target Pixel Onginal Image
Data 200 data (i, j)
54
-
. 38
P | L
L-32 | |
Threshold Value . . | Data Correcnon :
Settmo Means { Me i
‘ 1
ThresholdValue Corrected Datz
2 Ish (i, ) data_c (i, )
36 S -
N |
. Binary Coding !4
: Means EE
: Error of Already
Ch . . Binary Coded Pixels
i Binary C oding Result Adjacent to Target
44 \ result (i, j) Pixel
i
: i
Error | i |
. Target Pixel Error j Error '/46
Calculation : |
{ Storage Means
Means ! :
; i |
30
l

h 4

Binary Image
Output Means

R ——

Iofts.

S

lgr,ada- tioninage data 200 stored

This Sheet Has Been Rep laced

I |||




to i -apparatus 30. Said nulti radatlen lna o data 200 |s &
repre ehq§§*§5% YrEEES i on s@nsi 1] o - :g rer:, ‘gh.
ikmage ggé??%ﬁ’dﬁwwiautpub“agggggﬁus 10 apart fmon1th S isr goodﬂfof ..... t
out pu Ehr  epearspl 4. 16 prpyt & dr aphi ¢ nul ti gradati on.i mage dm a: | Aparﬂ*
from D) wagmbuﬁgm@QQQd ..... r exanpl e scan- grers..and VIdeo aanﬁras~cah {

Tﬁr%?&ed;mgaiaﬂdugfgnd Lhé i mage proceSS|ng ‘apparatGs 30 in this
enbodi D&HE OF RECEIPT P .

IMAGE PROCESSING APPARATUS

The invention relates to an image processing apparatus.

In the past, multigradation image data read using
image input from a scanner or multigradation gréphic image
data computea usging a computer was reproductively displayed
by, for example, a display or printer etc.; or such as a
facsimile machine or copier. At this time, as an image output
apparatus, in the case of being used to reproductively display
multigradation -image data there was no problem, but, for
example, in the case of using a printer apparatus or a display
apparatus which did not control the gradation of dot units,
it was necessary to perform binary coding processing to reduce
the number of gradations of each pixel to 2 gradations.

Furthermore, in the case where the volume of the
afore-mentioned multigradation image data was reduced in order
to store or transfer it, binary coding processing was
performed in the same way to reduce the number of gradations
of each pixel to 2.

‘There are many types to techniques of binary coding,
but among them, one with an error.diffusion method of an
equivalent minimum average error method is widely used as the
one with superior picture quality. An error diffusion method
or a minimum average error method, having high resolution, has
the superior characteristic of the possibility of continuous

gradation reproduction.
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changes the input 256 gradatlon i mge data by error diffu- sion into
bi gradation i mage data 230 conposed of only 0 (white) a
‘outputs it. Further, binary image output apparatus 20 in {fzh %h&{ﬁa%%&nReplaced
embodi ment is construct ed utilizing a printer which does n

gradation of pixel units and, based on2he input bigradati ﬂ“l\mm‘
230, it reproduces and outputs original imge data in half

bi nary i mage out put apparatus 20,

In. the above-mentioned exrror diffusion method, a
quantizatibn error occurring during binary coding of a pixel
is diffused and added to the adjacent non binary-coded pixels.
On the other hand, the minimum average error method is a
method whereby the weighted average value of a quantization
error occurring in already binary-coded pixels amends the
pixel data value of the following target pixel. The error
diffusion method and the minimum average error method are

" different only with respect to when thg error diffusion
operation is carried out, so logically they are the same.
Unexamined Japanese Patent Publication No. Hei. 1-284173 is
an example employing the error diffusion method.

However, in the previous image processing apparatus
utilizing the error diffusion method and the minimum average
error method, when converting multigradation image data to
bigradation image data there were the following problems:

First, black dot generation in the initial part of
an area of low density (an area with few black dots), the
white dot generation in the initial part of an area of high
density (an area with few white dots), was substantially
delayed, with the result that, in the worst case, the image
was transformed.

Further, even after an area of low density and an
area of high density were finiéhed, there was the problem that

a phenomenon (tailing) developed, in which image data

REPLACEMENT SHRRT
19 SEP 1998




apart fromprinters, may utilize displays, facsinile app?}r_?_u_cﬂ_gl—ﬂ/
copi ers. Actual SystenlExaane The i nage processing apparatus 30 in the
present inven- tion can be constructed equal |y effecti vel yrnaiShdet Hds Bean
gradation data output apparatus 10 and bi nary inmage out put m?l

separate units or integrated in one body. For exanple, as- s
in the case of utilizing a host

following the finishing of an area .of low density ‘was
deflected towards the high density side, and image data
following the finishing of an area of l'iigh density was
deflected towards the low density side.

Considering the case of the first problem in a
bigradational printer apparatus printing black in dots on
white paper, because the black dots got bigger due to ink
blurring, the white dots were difficult to distinguish because
of blurring f.rom the surrounding black dots, and the result
was that former problem was especially noticeable in the low
density portion.

The afore-mentioned problems will be discussed in
det.ail using the drawings. Fig. 13 is an original image 100
displayed utilizing multiple gradations. Inside a high-
'density square area 110 with a density gradation value of e.g.
252 (highest value - 255), there is a low density square area
120 with a density gradation value of e.g. 3 (lowest density
- 0).

Further, at the bottom right of the low density
square area 120 a 45 degree inclined straight line with a
density gradation .value of e.g. 231 (slightly lower density
than the 252 background density) is drawn.

In Fig. 14 (A), in a previous technology utilizing
an error diffusion method, the original image 100 (shown in

Fig. 13.) multigradation image data binary-coded image is
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6onputer 12 as the image gradation data out put apparatgs—i@-and‘urrrrfﬁmj?T
printer 22 as the binary inmage output appa- ratus 20, it kfs SiebtRbB&n Reglaced -

the i mage processing apparatus 30 of the present invention AN Y
constructed within printer 22. Further, as showmn in FIG 1 ,ll
suitable for the image processi ng apparatus 30 of the prese o]

be integrally constructed within host conputer 12. In this case,

shown. Further, in Fig. 14 (B), an outline diagram shows the
position of 14 (A). This binary-coded image was obtained by
a repeated binary coding process, with the upper left-hand
corner pixel of original image 100 as the binary coding
starting point; after one line having been binary coded in a
rightwards direction, it is moved to one pixel lower at the
left-hand end and the process is continued. 1In contrast to
this, Fig. 12 is an example of the output in the case of ideal
binary coding of the same original image 100 by the image
processing apparatus of the present invention. If we compare
the two, in Fig. 14 in the upper and left-hand portions of the
high density square area 140 (Please refer to Fig. 14 (B)) the
generation of white dots was delayed; further, in the upper
and left-hand portions of the low density square area 120
delay in the generation of black dots occurred. That is, the
above-mentioned first problem occurred in the portions 140 and
142. Further, due to the influence of tailing from the
square-shaped low density area 120, one portion (132) of
straight 1line 130 in the bottom right-hand area 150
disappeared. 1In this way, the above-mentioned later problem
occurred in area 150.

Unexamined Japanese Patent Application No. Hei. 1-
130945 proposed a solution to these problems. In the first
embodiment mentioned in this proposal, in the case of managing

from 0-255 256 gradation input density data, where the input

C ey
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host conputer 12 is constructed including i mage gradation REPLA
SHEET file reading neans 14, printer drivver 16 and data out put nmeans 11ace(£n

addi ti on,

said printer driver 16 (including inmage pro heet Has Been Rep

: T

density data was between 1 and 29, the threshold value changed
randomly. Where the input data was between 1-4, the threshold
value was between 20-230, where the input data was between 5-
14, the threshold value was between 50-200 and where the input
data was between 15-29, the threshold value was between 100-
150; this is the range within which the threshold value
changed randomly. The random noise range was +105 when the
data was from 1 to 4, +75 when the data was from 5 to 14 and
+25 when the data was from 15 to 29; the result was that a
large noise was added in a low density area close to 0.
However, the expected values of the threshold values were all
uniformally at 125. In such a way the delay in dot generation
was improved, because the case developed wherein when the
density was low the threshold value became exceptionally small
due to a large threshold value noise, and even in the
transitional portion of én area of low gradation density,
pixels binary coded to 255 developed.

Therefore, in the case of improving the first
problem by this method, because there was exceptionally high
noigse in the area of low density, a low quality image
resulted. Further, in this previous example a special
structure called a determining circuit was provided. Using
this determining circuit, in the case wherein, if upon
examination of the binary éoding result of binary-coded pixels

surrounding the target pixel there were already dots adjacent,

19 SEP 1996
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cessing apparatus 30 of the present invention which receives nultigradation
I mge data 200 frominage gradation file readi ng neans 4—and—printet
control conmmand generating neans 16a which generates pri e %Q}lﬁe%Replaced
commands based on the output of inmage processing apparatdu -
structed in such a way as to control printer 22 based on t] ﬂummm
control commands. Mreover, as shown ith FIG 17, in the c er

a determining process wherein the target pixels were not
binary coded to the present dots was carried out. It is
considered that this improves the above-mentioned problems a
little.

However, for the purpose, to refer to the binary
coding result of the surrounding 12 pixels, complicated
determining processing became necessary, there were the
problems of increased processing time and still unsatisfactory
pictufe quality. In addition to this, in this related art the
improvement in the second problem was insufficient.

Still further, in the "Other Embodiments 1"
mentioned in this related art, there are discrepancies in the
way of defining signal 410 and in Fig. 1 which shows the
example, thus it is difficult to correctly understand it.
However, as it is stated in the related art, "it has a
threshold value setting function in the same way as in the
above-mentioned embodiment, moreover the scale of the hardware
is small" it is considered that in the same way as in the
first embodiment a large volume of noise was added to the
threshold value in the area of low density. Accordingly, the
"Other Embodiment 1" mentioned in this related art had the
same problemg as "First Embodiment"”.

Further, as other methods of improving the afore-
mentioned first and second problems there are proposals such

as the "Image Processing Apparatus" of Unexamined Japanese
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50 Is utilized as imge gradation data output apparatus 10 and
mul tigradation i mge data read by this scanner 50 is output as binary coded
data to host conputer 60, it is suitable for the imge prcothissSheenHasBa@iRephaéed

o) f
30 of the present inven- tion to be integrally constructed -
50. In this case, scanner 50 is constructed including inmge
readi ng portion 52 which reads inmages optically, the inage proce

apparatus 30 of the present invention

Patent Application No. Hei. 3-112269, and the "Image Forming
Apparatus" of Unexamined Japanese Patent Application No. Hei.
4-126464 etc. 1In this related art, an average density value
was inferred by referencing the result of binary coding of a
plurality of pixels surrounding the target pixels, and binary
coding of the target pixels was carried out with that as a
threshold value. However, in this method there was problems
which are:
(1) It was necessary to reference the result of binary
coding of more than 10 surrounding pixels, so there was the
problem that it took a long time for processing and a
complicated processing circuit was necessary and/or
(2) In the edge portions where the data changed suddenly
it was inappropriate to use an average density value from the
surrounding pixels, the result was the problem of incorrect
binary coding being performed and noise being created. The
present invention takes into account this kind of previous
problem and provides an image processing apparatus according
to independent claim 1. Further advantageous features,
aspects and details of the inﬂrention are evident from the
dependent claims, the description and the drawings. The
claims are intended to be understood as a first non-limiting
approach of defining the invention in general terms.

The invention provides an image processing apparatus

outputting multigradation image data changed into bigradation




whi ch out puts the read multigradation inmage data 200 as bigradation i mge
data 230 and binary coded data output portion 54 which outputs the output

bi gradation image data 230 to the host conputer. If necessar}ﬁs,ShéehmsBemelaced !

processi ng apparatus 30 of the present invention can be int eﬁlﬂl‘“m“l “l

constructed within appa- ratus other thgn those nentioned ab " |
sake of convenience, in the follow ng expl anati on, '

image data capable of displaying half tones. In particular
it relates, according to a specific aspect, to an improvement
of an image processing apparatus outputting multigradation
image data changed into bigradation image data capable of
displaying half tones using an error diffusion method or a
minimum average error method.

The invention provides for that purpose according
to a preferred aspect of the invention an image processing
apparatus, which can process multigradation image data into
binary-coded image data at high-speed without using a
complicated processing circuit and having no_side effects
involving picture deterioration, to solve problems such as
delayed generation of dots in the initial portion of a low
density area and high density area, and tailing after
finishing an area of low/high density.

The present invention according to a preferred
aspect provides an image processing apparatus for converting
multigradation image data into bigradation image data made
from only 2 gradations: First gradation value and Second
gradation value (First gradation wvalue < Second gradation
value); the apparatus preferably also includes an error
correction means outputting corrected pixel data (corrected
e.g. by adding an error diffused from the adjacent already
binary-coded pixels to the target pixel multigradation image

data) ; advantageously the apparatus also comprises a threshold

o e B e A P
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the construction wherein the inmage processing apparatus 30 of the present

invention is constructed with image gradation data output apparatus 10 and

bi nary i mage out put apparatus 20 as separate units, &8s NEERECce) s
Elﬁﬁ di agram

expl ai ned. I nmage Processing Apparatus In FIG 2, the f
value setting means which sets a binary threshold value based

of said inmage processing apparatus 30 i 9 shown. The in
apparatus of the enbodinent is constructed including opti-

—_

on the gradation value of the multigradation image data of
gaid target pixels; the apparatus further may contain a binary
coding means, outputting said bigradation image data changed
from said corrected pixel data based on a set threshold value;
wherein, with said target pixel multigradation image data
gradation value data, the median of the above-mentioned first
gradation value and second gradation value m and said
threshold value slsh, whereby preferably by said threshold
value setting means, said binary coding threshold value slsh
is set, corresponding to said target pixel multigradation
.image data gradation value data, and satisfying at least one
of the tolerance ranges shown in the following equations is
satisfied:

in the case where the value of data is close. to
first gradation value, data s slsh =< (m+data) /2,

in the case where the value of data is close to
second gradation value, (m+ data)/2 s slsh = data.

Here, when said target pixel multigradation image
. data gradation value data is in the neighborhood of said first
gradation value and second gradation value, said threshold
setting means can set said binary coding threshold value slsh
within said tolerance range.

Further, when said target pixel multigradation image

data gradation value data is in the neighborhood of said first
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ﬁumthreshol d value setting neans 32, error correction n;ea.ps—SAr—aﬁo“_Jm’_rTéT?’
codi ng nmeans 36. The data (i,j) of pixel P [i, j] in IlneF&, [ QW | BdeSRepALddL

to said optimumthreshold val ue setting nmeans 32 and erro “\m‘\ﬂmﬂmns

34 as the target pixel nultigradation data 200. Said opti

val ue setting nmeans 32 sets slsh (i, j)ioused to bi nary-%c :
mul tigradation i mage data 200 of target pixel P [i, j], corresponding to
the nultigradation image data (i, j),

gradation wvalue or second gradation value, said threshold
setting means can set said biﬁary coding threshold value slsh
wifhin said tolerance range.

According to a still further aspect of the invention
(see especially claim 2), threshold value setting means, based
on said target pixel multigradation image data gradation value
data, sets said binary coding threshold value slsh according
to the following equation:

slsh = (data*(K-a)+m) /K,
provided that K is a constant expressed by an integer greater
than 2. |

According to a still further aspect of the invention
(see e.g. claim 3), threshold value setting means
corresponding to said target pixel multigradation image data
gradation value data, sets said binary coding threshold value
slsh step by step.

Yet according to a further aspect of the invention
(see e.g. claim 4), threshold value setting means based on
said target pixel multigradation image data gradation value
data, sets said binary coding threshold value slsh according
to the following equations:

when data < m-L1, slsh = data+L1l,

when m-Ll < data < m+L2, slsh = m,

when m+L2 < data, slsh = data-L2

provided that L1, L2 are constants expressed by integers
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12 based on the follow ng equation: slsh (i,j)=(data (i,j)*(K—1)+1‘2 '
here, Kis a constant represented by an integer larger t ald errqaed
correction neans 34 corrects the multigradation "

.

between 0 to m.
Yet according to a further aspect of the invention
(see e.g. claim 5), the binary coding means of Claims 1 to 4
adds random noise to the set threshold'vaiue or said corrected
pixel data and performs said binary coding processing on said
corrected pixel data. |
As per a further aspect of the invention (see e.g.
claim 6), the error correction means may include one or more
of the following features: a diffused error storage portion
to store the diffused error total value of each pixel; an
error diffusion portion which calculates the binary coding
error of the corrected pixel data and binary coding result,
diffuses that binary coding error to the non binary-coded
pixels adjacent to the target pixels using an error diffusion
method, finds a new diffused error total value for each pixel
by adding the diffusion error from said target pixels to the
diffused error total value of each pixel stored in said
diffused error storage portion and updates the diffused error
total value of each pixel stored in said diffused error
storage portion; and preferably a data correction portion
which calculates said corrected pixel data by adding the
target pixel multigradation image data and the target pixel
diffused error total value stored in said diffused error
storage portion; and/or which corrects the multigradation

image data of the target pixels using an error diffusion
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fnage data 200 of target pixel P [i, j] utilizing an error diffusion method
based on the binary coding error generated by the binary céﬁi

adj acent pixels and outputs it as corrected pixel data c (i,
bi nary codi ng neans 36. Binary coding neans 36 conpares the

S

B

Replaced -

M.

pi xel data c (i, j) of target pixel P [12 j] with the threshold val ue sl sh
(i, j) and binary codes it, outputting the result of this binary coding,
resu[t (i, j) as bigradation pixel data 230.

method and outputs it as corrected pixel data.

According to a further aspect of the invention (see
e.g. claim 7) said error correction means may include:

an error storage portion which stores each pixel
error;

an error diffusion portion which calculates the
binary coding error of the corrected pixel data and binary
coding result and stores that binary coding error in said
error storage portion;

whereby preferably a data correction portion
calculates said corrected pixel data e.g. by finding an
average error by reading the binary coding error of the
adjacent pixels to the target pixels stored in said error
storage portion and applying a predetermined weighting and
adding this average error to the target pixel multigradation
data; and corrects target pixel multigradation image data
using e.g. a minimum average error method and outputs it as
corrected pixel data.

According to a specific preferred embodiment of the
invention multigradation image data is input into the error
correction means and the threshold value setting means. The

error correction means corrects the target pixel data by

adding the error diffused from the adjacent already binary-

coded pixels and outputs this as corrected pixelldata. Said

threshold value setting means sets the binary coding threshold

et
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The corrected pixel data is binary-coded and output in the—*f-crH—GW—ng_wa;L'\
I f data _c(i,j)[err]slsh(i,j), then a result (i,))=255if

- Th
data_c(i,j)<slsh(i,j),then result (i,j)=0, (2) The e“*mﬂﬂﬁm
means of said enbodiment is con- structed including data cor

38, error diffusion neans 40 and error x# ffusion storage ne
error diffusion storage neans 42 stores the total error dlffu5|on

value based on the target pixel multigradation image data
gradations. At this time, when the gradation value data of
the target pixel multigradation image data takes a value at
least close to the first gradation value and second gradation
value of-the image after binary coding, the binary coding
threshold value slsh is set within the range shown in the
following equations: when data is a value close to the first
gradation value, then data s slsh s (m+data)/2 when data is
a value close to the second gradation value, (m+data)/2 = slsh
< data, further, the threshold value setting means, based on
the set threshold value, changes said corrected pixel data
into bigradation image data capable of displaying half tones -
composed of only the first gradation'value and the second
gradation value, and outputs that data.

In this way, in the present invention, when the
multigradation image data value is small, the threshold value
is small, when the image data value is large, the threshold
value is also large: in this way, by optimizing the binary
coding threshold value corresponding to the gradation value
of the target pixel multigradation image data, the
accumulation of errors accompanying binary coding can be‘
eliminated and generation of target pixel dots can be
satisfactorily performed. Further, in an embodiment of the
present invention, in the case of binary coding processing

-utilizing an error diffusion method or a minimum average error
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val ue total err (n, m of each pixel of the original |nag__ﬁqhefeLLe%——————
di ffusion neans 40 first finds the binary coding error err. i, J) &h&gg

binary coding result (i, j) and the corrected data c (i, ’% i r““i‘““tg

following way: err(i,j)=data c(i,j)-result (i,j) Next, tm
error err (i, j) is diffused to and di vihded anDng the surr

bi nary coded pixels P[m n] (P [i, j+1], P [i+ 1, etc.). Concretely
speaki ng, the

method being performed, even if the binary coding threshold
value was changed, it was confirmed that the overall output
density generaliy did not fluctuate.

| As explained above, in the present invention, the
phenomenon of accumulation of a large number of errors in
areas of low density and areas of high density is eliminated
and the problems of delay in the generation of dots in the
beginning portion of an area of low density and high density
and tailing etc. after finishing an area of low density and
‘an area of high density (the development of which was caused
by these errors) is essentially solved without any
accompanying side effects of quality depletion.

Figure i is an outline explanatory diagram of the
image processing system applied to the present invention;

| ‘Figure 2 is a function block diagram of an image
processing apparatus in which the image processing system
shown in Fig. 1 is utilized;

Figure 3 is an explanatory diagram of an actual
example of a diffusion weighting matrix used in the
embodiment ;

Figure 4 is an explanatory diagram showing the
original image data used to find the average binary coding
error and the relationship with the average binary coding
error discovery area;

Figure 5 is a diagram showing the relationship
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aiffuse_d part fromthe present target pixel P [i, j] is added to the total
error diffusion value total err (n, m of each surroundi ngm;g)i;heaIHasBﬁ@nBdﬂalc@n1

the error diffusion storage neans [err] e O dlffus rl \mlﬁmmm\lx

as in FIG 3(a) is used. The asterisk * in FIG 3 shows 1

The total value of the weighting is 1635and the binary cod| g error 1n
present pixel (as a fraction of 16), corresponding to the position of the
pi xel which is the object of the distribution,

between the gradation values of the original image data and
the averége binary coding error;

Figure 6 is a diagram explaining how the average
binary coding error is generated in the first embodiment of
the present invention;

Figure 7 is an explanatory diagram of the binary
coding threshold value with the averége binary coding error
continuously at 0.

Figure 8 is an explanatory diagram of another
embodiment of the threshold setting means utilized in the
present invention; |

Figure 9 is an explanatory diagram of another
embodiment of the threshold setting means utilized in the
present invention;

Figure 10 is an explanatory diagram of another
embodiment of the threshold setting means utilized in the
present invention;

Figure 11 is an explanatory diagram of the hardware
construction of an example of the threshold setting means
utilized in the present invention;

Figure 12 is an explanatory diagram of the binary
coding result used in the image processing apparatus of the
present invention;

Figure 13 is an explanatory diagram of the original

image used to obtain the binary coding image showed in Figs.
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i's added to total _err (m n) after nultiplication by the weighted value in

t he fashi on shown bel ow 13 total err(ij+l)=total
err(i,j+l)+err(1J)*[err] total err(i,j+2)=total err(i,]+2)¥ias SheétHpsHBedOReplaced
: il
12 and 13;

Figures 14 (A) and 14 (B) are an explanatory diagram
of a binary coding result obtained by a related art error
diffusion method;

Figure 15 is a complete outline explanatory diagram
of the image processing syétem incorporated within the image
processing apparatus of the present invention;

Figure 16 is an explanatory diagram of another
embodiment of the system in Fig. 15;

Figure 17 is an explanatory diagram of another
embodiment of the system in Fig. 15; and

Figure 18 is a block diagram of an embodiment of an
image processing apparatus using a minimum average error
method in correcting multigradation image data.

The preferred embodiments will be described with

- reference accompanying the drawings.
Overall Explanation of the System

In Fig. 1 the outline of a system utilizing an
example of the image processing apparatus of the present
invention is shown. Original image multigradation image data
200, output from image gradation data output apparatus 10. is
input to image processing apparatus 30. Image processing
apparatus 30 changes the gradient value of the input original
image multigradation image data 200 into 2 gradations

outputtable by the binary image output apparatus 20 and
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tbtal err(i+1j-2)=total err(i+lj-2)+err(i,j)/16 total ert(i+1j-1)=total ”

err(i+lj-1)+err(i,j)*[err] total err(i+1j+2)=total err(.i hjs-SheetBasbesr IAcEE,
total err(i+2j-1)=total err(1+2j-1)+err(i,j)/ 16 total ér:?ﬂ ﬂhw \. :
err(i+2j)+err(i,j)/16 total err(i+2k+l)total err(i+2j+1)+el klii § r
(4) By the above process the error diffwuwsion involved in binary codi ng of
the target pixel is finished. The above

outpute it. That is, the multigradation image data 200 is
corrected utilizing an error diffusion method or a minimum
average error method, it is changed into bigradation image
data 230 capable of displaying half tones composed of only the
first'gradation value and second gradation value and it is
output. Binary image output apparatus 20 reproduces and
outputs the original image from the bigradation image data
output from image processing apﬁaratus 30.

In the present embodiment said image gradation data
output apparatus 10 is formed utilizing a computer, and this
computer is constructed in such a way that the multigradation
image data 200 stored in a hard disk or the like is output to
image processing apparatus 30. Said multigradation image data
200 is represented as 256 gradation density data from 0 to
255, Still further, this image gradation data output
apparatus 10 apart from this is good for outputting, for
example, computer graphic multigradation image data, and
further, apart from computers, various means- for example
scanners and video cameras- can also be utilized. In
addition, the image processing apparatus 30 in this embodiment
changes the input 256 gradation image data by error diffusion
into bigradation image data 230 composed of only 0 (white) and
255 (blackj, and outputs it. Further, binary image output
apparatus 20 in the present embodiment is constructed

utilizing a printer which does not control the gradation of

=1
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process I's repeated with each binary coding result outpuf-FFEm
coding neans 36. |f necessary, apart fromthis, FIGS. 3(bﬂhHEUwﬂﬁ$B&§§qﬂ§ﬁi

utilized as exanples of each type of such error diffusion
matrices. Next, the nultigradation imge data (i, j) of Itar ”ﬂl"
(i,j) is input to the data storage neansg38, and the t ot'al erro

value total err (i,j) corresponding to target pixel P (i, j) is read forom
di ffusion error storage nmeans 42. Using

pixel units and, based on the input bigradation image data
230, it reproduces and outputs original image data capable of
displaying half tones. Still further, said binary image
output apparatus 20 apart from printers, may utilize displays,
facsimile apparatus or digital copiers depending on the
situation.

Actual System Example

-Said image processing apparatus 30 in the present
invention can be constructed equally effectively with the
image gradation data output apparatus 10 and binary image
output apparatus 20 in separate units or integrated in one
body if necessary. For example, as shown in Fig. 15, in the
case of utilizing a host computer 12 as the image gradation
data output apparatus 10 and utilizing a printer 22 as the
binary image output apparatus 20, it is suitable for the image
processing apparatus 30 of the present invention to be
integrally constructed within printer 22.

Further, as shown in Fig. 16, it is also suitable
for the image processing apparatus 30 of the present invention
to be integrally constructed.within host cbmputer 12. 1In this
case, host computer 12 is eonstructed including image
gradation file reading means 14, printer driver 16 and data
output means 18.

Still further, said printer driver 16 (including

image processing apparatus 30 of the present invention which
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these inputs, data c(i,j) is found. Binary coding of the whole inmage is
carried out by perforning the follow ng operati on on al | Thigifhee HascHeen Raplaced

c(i,j)= data(i,j)+ total _err (i,]) (5) Sol ut) i | and
Second Problens In this way, the imge processing apparat | '

enbodi ment, using an error diffusion nmeykod, translates the |nput target
pi xel multigradation inmage data 200 into big-

receives multigradation image data 200 from image gradation
file reading means 14 and printer control command generating
means 1l6a which generates printer control comtﬁands based on
the output of image processing apparatus 30) is constructed
in such a way as to control printer 22 based on the printer
control commands.

Yet further, as shown in Fig. 17, in the case where
scanner 50 is utilized as image gradation data output
apparatus 10 and multigradation image data read by this
scanner 50 is output as binary coded data to host computer
60, it is suitable for the image processing apparatus 30 of
the present invention to be integrally consﬁructed within
scanner 50. In this case, scanner 50 is constructed including
image gradation data reading portion 52 which reads images
optically, the image processing apparatus 30 of the present
invention which outputs the read multigradation image data 200
as bigradation image data 230 and binary coded data output
portion 54 which outputs the output bigradation image data 230
to the host computer.

Still further, if necessary the image processing.
apparatus 30 of the present invention can be’ integrally
constructed within apparatus other than those ment:i;oned above.

Furthermore, for the sake of ease of explanation,
in the following explanation the construction wherein the

image processing apparatus 30 of the present invention is
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radati on | mage data 230 capabl e of displaying half tones, ‘C’O‘IT'p'H—S—i—Hg\
gradation values 0 and 255, and outputs it. ‘I he special Chaﬁéﬁ%&ih

the i mage processi ng appa- ratus 30 of the present enbodlnen “Ed
probl em of a | arge volunme of binary coding errors accumnul ati "’,]H, l ,

20

constructed with image gradation data output apparatus 10 and
binary image output apparatus 20 as separate units, as shown
in Fig. 1, is explained.

Image Processing Apparatus

In Fig. 2 the function block diagram of said image
processing apparatus 30 is shown. The image processing
apparatus of the embodiment is constructed including optimum
threshold value setting means 32, error correction means 34
and binary coding means 36. The data (i, j) of pixel'P [i,
j] in line i, row j is input fo gsaid optimum threshold value
setting means 32 and error correction means 34 as the target
pixel multigradation.data 200. . Said optimum threshold value
setting means 32 sets slsh (i, j), used to binary-code the
multigradation image data 200 of target pixel P [i, 3j],
corresponding to the multigradation image data (i, j), based
on the following equation:

slsh (i,j) = (data (i,3)*(X-1)+128)/K (1f
here, K is a constant represented by an integer larger than
2.

Said error correction means 34 corrects the
multigradation image data 200 of target pixel P [i, 3]
utilizing an error diffusion method based on the binary coding
error generated by the binary coding of the adjacent pixels
and outputs it as corrected pixel data ¢ (i, j) to the binary

coding means 36.
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14 of low density and areas of high density is solved by wtitizing—the -
opti mum threshol d val ue setting means 32, and the probl enstgf garaypd-Arlgifed

generation of dots in the beginning portions of low and hig ,
and tailing after I ow and high density areas are conpl eted qmﬂamunnﬂmm '
error accunmul ation are also solved. The2¥ollowing is an expl '
reason why both : :

Binary coding means 36 compares the input corrected
pixel data c (i, j) of target pixel P [i, Jj] with the
threshold value slsh (i, j) and binary codes it, outputting
the result of this binary coding, result (i, j) as bigradation
pixel data 230. That is, the corrected pixel data is binary-
coded and output in the folldwing way:

255

if data_c (i,j) > slsh (i,j), then result (i,j)

if data_c (i,j) < slsh (i,j), then result (i,3j) 0, (2)

The error correction means of said embodiment are
constructed including data correction means 38, error
diffusion means 40 and error diffusion storage means 42. Said
error diffusion storage means 42 stores the total error
diffusion value total err (n, m) of each pixel of the originél
image.

The error diffusion means 40 first finds the binary
coding error err (i, j) from the binary coding result (i, j)
and the corrected data ¢ (i, j) in the following way:

err (i,j) = data ¢ (i,j) - result (i,]) (3)

Next, this binary coding error err (i, 3Jj) is
.diffused to and divided among the adjacent non binary coded
pixels P [m, n] (P [i, § +1], P [i + 1, j] etc.). Concretely
speaking, the diffused part from the present target pixel P
[i, j]1 is added to the total error diffusion value total err
(n, m) of each pixel stored in the error diffusion storage

means 42. Now, an error diffusion weighted matrix as in Fig.
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t he above-nentioned first problem (delay in dot generatiomand second
problem (tailing) in the i mage processing appa- ratus of thﬁbﬂﬁ&$ﬁﬂﬂamkqmmai
knvention are solved. The inventor of the present |nvent|bn

determ ned the cause of the above- nentioned first and selco “!‘Iﬁj“ﬂ

order to do this, in the inmge processiag apparatus shown i

opti - nun1thresho|d val ue setting nmeans 32 set the binary coding threshold
val ue at 128. Furthernore, as: |nage data 200,

3 (a) is used. The asterisk * in Fig. 3 shows the target
pixel. The total value of the weighting is 16, and the binary
coding error in the present pixel (as a fraction of 16),
corresponding to the position of the pixel which is the object
of the distribution, is added to total err (m, n) after
multiplication by the weighted value in the fashion showﬁ
below:
total err(i,j+l)=total err(i,j+1l)+err(i,j)*3/16
total err(i,j+2)=total err(i,j+2)+err(i,j)/16
total err(i+l,j-2)=total err(i+l,j-2)+exrr(i,j)/16
total err(i+l,j-1)=total err(i+l,j-1)+err(i,j)*2/16
total err(i+l,j)=total err(i+l,j)+err(i,j)*3/16
total err(i+l,j+1)=total err(i+l,j+1)+err(i,j)*2/16
total err(i+l,j+2)=total err(i+1,j+2)+err(i,j)/16
total err(i+2,j-1)=total err(i+2,j-1l)+err(i,j)/16
total err(i+2,j)=total err(i+2,j)+err(i,j)/16
total err(i+2,j+1)=total err(i+2,j+1l)+err(i,j)/16
(4)
By the above process the error diffusion involved
in binary coding of the target pixel is finished. The above
process is repeated with each binary coding result output from
~ binary coding means 36. If necessary, apart from this, Figs.
3 (b) and (c) can be utilized as examples of each type of such
error diffusion weighted matrices. |

Next, the multigradation image data (i, j) of target
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fnage data was input with all pixels having a unlforn1gradat|on value. —Themr
t he average value of the binary coding error err (i, ) arhiicHeetBastBag

original imge data by the above-nentioned Equation 5 was pacp
precise, the optimum threshold value setting nmeans 32 was ﬁmﬂ m! l]h ;'
i mage processing apparatus of the enbodggent shown in FIG ar

coding thresh- old value was fixed at roughly 128. Next, as shown in FIG ;

pixel P (i, j) is input by data storage means 38, and the
total error diffusion value total err (i, j) corresponding to
target pixel P (i, j) is read from diffusion error storage
means 42, using this as a basis the target pixel P (i, jJ)
multigradation image data (i, j) is added and storage image
data ¢ (i, j) is found.

Binary coding of the whole image is carried out by
performing the following operation on all the pixels: data
c

(i, = data (i,j) + total_err (i,3)) ‘ (5)
Solution of First and Second Problems

In this way, the image processing apparatus 30 of
.the embodiment, using an error diffusion method, translates
the input target pixel multigradation image data 200 into
bigradation image data 230 capable of displaying half tones,
comprising gradation values 0 and 255, and outputs it.

The special characteristic of the image processing
apparatus 30 of the present embodiment is that the problem
of a large volume of binary coding errors accumulating in
areas of low density and areas of high density is solved by
utilizing the optimum threshold value setting means 32, and
the problems of delay in the generation of dots in the
beginning portions of low and high density areas and tailing
after low and ﬁigh density areas are finished caused by such

an accumulation are also solved.
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4, an original imge 160, 600x400 pixels in size, wth alITBi EI of a
uni form gradation, was binary coded starting fromthe top = B
Thenz mhen the dot fornmtion was consi dered to have reached

condition, the average binary coding error (the average val

coding error err (i, j) added to the orpginal inmage data by Equation 5)

the 200x100 pi xel area 170 in the bottomright-hand corner was found.

'of

The following is an explanation of the reason why

both the above-mentioned first problem (delay

generation) and second problem (tailing) in the

image

in dot

processing apparatus of the present invention are solved.

The inventor of the present invention first determined the

cause of the above-mentioned first and second problems.

In

order to do this, in the image processing apparatus shown in

Fig. 2, the optimum threshold value setting means 32 set the

binary coding threshold value at 128. Furthermore, as image

data 200, image data was input with all pixels having a .

uniform gradation value. Then the average value of the binary

coding error err (i, j) added to the original image data by

the above-mentioned Equation 5 was checked.

To be precise, the optimum threshold value setting

means 32 was removed from the image processing apparatus of

the embodiment shown in Fig. 2 and the binary coding threshold

value was fixed at roughly 128. Next, as shown in Fig. 4, an
original image 160, 600 x 400 pixels in size- with ail pixels
of é uniform gradation- was binary coded starting from the top
left-hand corner. Then, when the dot formation was considered
to have reached a stable condition, the average binary coding
error (the average value of the binary coding error err (i,
j) added to the original image data by Equation 5) of the 200

x 100 pixel area 170 in the bottom right-hand corner was

found.
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It is noted that the threshold value was not conpletely fix ttﬁﬁﬁkéﬁ&%ﬂwd- _

t he object of avoiding the generation of a specific, regula_m' Y
smal | amount of random noi se was added in the range plus/m nt‘ mﬁ' “ﬂl““
noi se was added to avoid the regular generation of a pattern J

ori gi nal

data which in the case of the peesent exanple, was com

puter-generated artificial data. FIG 5 shows the results of the above
experi nment con-

1.

However, the threshold value was not completely
fixed at 128; with the object of avoiding the generation of
a specific, regular pattern, a small amount of random noise
was added in the range plus/minus 6. This noise was added to
avoid the regular generation of a pattern as the original data
in the case of the present example was computer-generated
artificial data.

Fig. 5 shows the results of the above experiment
conducted on original image 160 with different gradation
values. From the experiment results we can clearly see that
in the original image 160, in the low density areas with a
gradation value 1 to 4, also high density areas with a value
of 251 to 254, the average binary coding error didn’t become
0; on the contrary the absolute value even reached as high as
100. The average binary coding error Eorresponded to the
expected values of error diffusion/accumulation volume in a
stable state. Because the error diffusion method was thought
to be a method of lowering the localized average value of the
binary coding error, the large size of the absolute value
obtained in this way was a deeply interesting discovery.

From the éxperimental data shown in Fig. 5 it is
po%ﬁible to analyze the generation mechanism of the

g;éviously-mentioned first and second problems in the

.following way:
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ducted on original image 160 with different gradation val-_ues Fron1thp

exper I ment

density areas with a value of 251-254, the average binary co

results we can clearly see that in the orlglnal I ma I n
the low density areas with a gradation value 1-4, and al so T emm”d
didn't become 0. On the contrary the als®l ute val ue even rea u

100. The average binary coding error corre-

In the case where the gradation values of the
original image 160 are 1 to 8 and 247 to 254; close to 0 or
255, with the threshold value fixed at around 128, before
setting in a condition where dots are stably formed, a large
volume error accumulation (with the absolute value of the
average binary coding error reaching over 80) is necessary.
Especially with original image data with gradation values of
1 to 4 and 251 to 254, it is necessary to accumulate a volume
of errors over 100 before setting in a condition where dots
can be formed stably. When the density values of the
multigradation image data 200 are close to binary density
values 0 and 100, this error accumulation volume becomes
large.

2. Error Accumulation Period.

Further, in the case where the image data density
is around 0, even with 0 binary coded only a few binary coding
errors develop. Due to this, a considerable amount of
accumulation tinie with diffusion and accumulation is necessary
to reacl} a value of around 80 to 100. Yet further, in the
case where the image data density is around 255, in the same
way, a considerable amount of accumulation time with diffusion
and accumulation is necessary to reach a value of around 80
to 100. Moreover, the accumulation speed becomes slow when
the image data density values as binary coded density values

are close to 0 and 255.
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15 sponded to the expected values of error diffusion/accumu- Tation volunme
in a stable state. Because the error diffusion nmethod was t ikisighiaé HaoBERlaced

met hod of Iomerlng the | ocalized average val ue of the b|nary
the large size of the absolute value obtained in this vvay vva lmm
I nteresting 27

3. First Problem

Dots are not formed during the period of error
accumulation up to when the accumulation volume has reached
a stable state. For this reason, as a large error
accumulation volume is necessary in order to form dots,
moreover a considerable amount of time becomes necessary to
reach the necessary error accumulation volume, delay in dot
generation develops. This is the cause of the first problem.
4. Second Problem

As a large error accumulation volume is necessary
in order to form dots, the surrounding image data is distorted
by the large volume of accumulated errors being diffused as
far as the exterior area. This is the cause of the second
problem; the previously-mentioned problem of "tailing" occurs.

As stated in the above 1 to 4, in the case where the
image data density values as binary coded density values are
close to 0 and 255, the average binary coding error takes an
unusually high absolute value and the "error accumulation"
phenomenon develops. This "error accumulation" phenomenon is
.the cause of the development of the first and second problems.

The optimum threshold value setting means 32 of the
present invention gets rid of this "error accumulation"
primary cause and is an essential solution to thé first and
second problems. That is, it is a means wherein when the

original image data 200 is low density, the threshold wvalue

| REZ’ A(,l,lvmm aﬁb
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di scovery. Fromthe experinmental data shown in FIG 5, it 7s

second problens in the following way. 1. In the case where t
val ues of the original inmge 160 are 1-8 and 247-254, (close

p055|ble to

anal yze the generation nmechani smof the previously- nenti onmdSheetEasﬁa\ﬁg

with the threshold value fixed at arounglgl28, before settlin
condition where dots are stably forned, a | arge volune error

il

is small; when it is high density the threshold value is
large; optimizing the binary coding threshold value
corresponding to the original image data 200 gets rid of the
"error accumulation" itself, dot formation is possible with
no "error accumulation".

Here, the question "Don’t the 255 (black dot) binary
coded pixels increase, and doesn’t the density rise
substantially if the threshold value of the low density area
is made small without regard to the result?" probably arises.
Certainly, in an ordinary dither method where error diffusion
is not performed, a change in the threshold value leads to an
immediate change in the density. However, when the inventor
of the present invention checked this, even if the thfeshold
value was changed in the error diffusion method, the total
output density hardly changed. |

That is, in the case where binary coding was carried
out with the threshold value fixed at 128, and the cases where
binary coding was carried out with it fixed at 64 and 192, the
output density hardly changed.

In the error diffusion method the binary coding
error is not discarded, because it is diffused to the adjacent
non binary-coded pixels. Fur example, even if the situation
develops whereby a pixel previously binary coded to 0 is
binary coded to 255 because of the threshold value being made

small, a greater negative binary coding error than the
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accunul ation (with the absol ute val ue of the average binary coding error

reaching over 80) is necessary. Especially with original image data with
gradation val ues of 1-4 and 251-254, it is necessary to ac’ﬂumlkaHEsEeen/Rﬂpueﬁ

of errors over 100 before settling in a condition mhere
stably. Wen the density values of the 2aultigrada- tion i ulmllml:mﬁllm
close to binary density values 0 and 100, this error accdrulation volune
becones | arge.

absolute value is created in the pixel. This is diffused to
the adjacent non binary-coded pixels and it works in a
lowering direction to balance the adjacent pixel gradation
level.

In Fig. 6 the result of removing the "error
accumulation" in the present embodiment is shown. That is,
Fig. 6 is a figure clarifying what became of the average
binary coding error found in the same way as in Fig. S, in the
case where the optimum threshold value setting means 32 of the
present embodiment was used; in addition to the case shown in
Fig. 2, wherein the threshold value was fixed at 128, the
result of the case wherein value K of the present embodiment
was 2, 4, 8 and » was plotted.

In the case wherein K = o, slsh = data. However,
in Fig. 6, in the same way as in Fig. 5, a maximum +6 small
volume of random noise was added. From Fig. 6 was can
understand that, if K=2, that is slsh = (data + 128)/2, the
average binary coding error is reduced to less than half (at
the maximum 1less than 50), with the result that the
accumulated error volume is greatly reduced. Furthermore, if
K=4, the average binary coding error is generally close to 0;
when K=8, even in the case with image data gradations of 1,
2 and 253, 254 (gradation.values extremely close to 0 or 255),
it almost becomes zero.

Based on bi-gradation data output from image
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2. Error Accumul ation Period. Further, in the case where-the-inage data :
density is around 0, even with O binary coded only a few hRafe 9.9 BLdAReplaced

errors develop. Due to this, a considerable anobunt of accu |
with diffusion and accumul ation is necessary to reach a yarﬁ JIHHM%I“I :
80-100. Yet further, in the case where g8be i mrage data denpsi
255, in the sanme way, a considerable anmount of accumulation tinme with
di f f usi on
processing apparatus 30 shown in Fig. 1, actual printing using
a printer was performed, and an evaluation of the influence
of the previously-mentioned second problem "tailing" was
conducted. The result of this evaluation experiment was that
it was possible to confirm that if the absolute value of the
average binary coding error is kept below 50, the effect of
the "tailing" of problem B is substantially alleviated. From
thig, the value of K from the previously-mentioned Equation
1 is set in a range of K=2 - »; that is, the threshold wvalue
corresponds to the image data gradation value,

when data < 128, data s slsh = (128+data)/2,

when data > 128, (128+data)/2 =< slsh = data (6)
by setting this range the absolute value of the average binary
coding error can be reinstated below 50, and the second
problem cén be solved.

Next, an experiment was conducted to evaluate the
influence of the previously-mentioned first problem, dot
generation delay. The result of the evaluation experiment
was that it was possible to confirm that solving the slowness
in dot generation of the first problem also followed the
reduction of the average binary coding error. If K from the
previously-mentioned Equation 1 is made too large, the average
binary coding error exceeds 0, the signal is reversed, and an

"over-correction condition" develops.

However in a subjective evaluation of actual print
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and accunul ation is necessary to reach a val ue of around

the accunul ati on speed becones slow when the i mage data de
hi nary coded density values are close to 0 and 255. 3. Firt

error

results, there were signs of the speed of dot generation
accelerating up to a condition of slight over-correction, and
an intensified printing effect developed, giving a desirable
print quality. In the result of the subjective examination
seriously considering the reproducibility of the slow dot-
generating largeét data area with the data values at 1, 2 and
253, 254, a level range K = 8 to 24 was especially good, with
K = 16 being the optimum level. In fig. 7, the binary coding
threshold value with the average binary coding error
conﬁinuously at 0 is shown. The estimated value of this
binary coding threshold value was found by interpolative
computation based on Fig. 6.

If the optimum threshold value setting means of the
present embodiment are constructed by deciding the threshold
value from the original image  data based on Fig. 7, the
expected value of thé "tailing" of the previously-mentioned
second problem becomes 0, and the best optimum threshold value
setting means is realized.

In Fig. 7, the characteristics diagrams for lines
for the cases whereby the value of K (in Equation 1) is 2, 8
and o, are simultaneously depicted. We can understand from
thé characteristic curve that in the case whereby the value
of K is set around K = 8, this gives an ideal approximate
value for making the average binary coding error 0.

Further, in the manner previously stated, from the
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are not formed during the period of error accunu- |ation up L n l
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volune is necessary in order to formdots. Mreover a con5|derable

of time becones necessary to reach the necessary error accu
delay in dot genera- tion develops. This is the cause of the
4. Second Problem As a. large error accunul ation volune is n

i

order to formdots, the surrounding i mBge data is distorted by the large

vol ume of accunul ated errors being diffused as

point of improvement of the delay in generation of dots in
the previously—menti@ned first problem, there was the case
wherein when there was the tendency for reversal of the signal
(over-correction condition) where the average binary coding
error exceeded 0, a good subjective evaluation was obtained,
the optimum result was obtained when the approximation k = 16
was used. Up to K = o there is a considerable edge
intensifying result in the data changing portion, this is also
sufficiently valuable for the objective of using an image.

Further, in Fig. 7, even though one made the optimum
threshold value 128 when the data values were 0 or 255, no
matter how we made the threshold value, the great difference'
in the result (when the data gradation value and binary coding
result values were equal) disappeared. Accordingly, even in
the optimum threshold value setting means of this embodiment,
where the data values are 0 or 255, it is satisfactory
whichever way the threshold value is set.

In this way, in the present embodiment, using an
error diffusion method, multigradation image data 200 was
converted into bigradation image data 230 (capable of
displaying half tones) and output. Also, the previously
mentioned first and. second problems could be fundamentally
solved without any accompanying side effects of quality
depletion by the binary coding threshold value used in the

binary coding processing being set within the range of the
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close to 0 and 255,

i6 far as the exterior area. This is the cause of the second probrem—the—
previously-mentioned problemof "tailing . As stated above,This¥hiehBasBoGReplaced

where the inmage data density values as binary coded density

- MY

4

previously'mentioned.Equatién 6, based on the gradation values
of multigradation image data 200.

Moreover, in the present embodiment, through the
setting method of the constant K in Equation 1 it was possible
to obtain a binary-coded output image with desirable
characteristics.

Further, in the corrected data shown in Figs. 6 and
7, there is an example o6f the case of error diffusion using
the error diffusion weighting matrix shown in Fig. 3. 1In the
case of using different weighting matrices, quantita;ively
speaking a slightly different result is obtained, but the
qualitative tendency generally doesn’t change. In this way,
the present invention is effective even in the case of
utilizing a different error diffusion weighting matrix.
Comparison between the Present Invention and the Related Axrt

In the same way as the present invention, the "Image
Processing Apparatus and Method of Same" of Unexamined
Japanese Patent Application No. Hei. 4-154370 changes the
binary coding threshold value corresponding to the gradation
~-values of the original image'data 200. However, as the
primary object of this method was control of noise in
character and line image.portions, by employing the process
of "if the original image density data is large, the
corresponding binary coding threshold value is made small®

this changes the threshold value in a way exactly opposite to
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t he average bi nary coding error takes an unusually hlgh absofUTé‘VéTUE_Eﬁa_*—
the "error accunul ati on' phenonenon devel ops. This 'error aegyﬂu&&h{bmnmwh“

phenomenon is the cause of the devel opnent of the first and
probl ens. The optlnun1threshold val ue setting neans 32 of th
invention gets rid of this "error accurdd ation' pri- mary cau 1S an

essential solution to the first and second problens. It is a neans wherein.
when the original inage

that of the present invention, and there was generally no
effect of improving the first and second problems. Further,
for an example of a bihary coding method utilizing a minimum
average error method it would also be useful to refer to
Unexamined Japanese Patent Application No. Hei. 4-154370.

Fig. 12 is a diagram showing an output example of
original picture image 100 of Fig. 3 wutilizing the image
processing apparatus 30 of the present invention as shown in
Fig. 2. The complete solution of the dot generation delay
problem of Fig. 14 and such problems as the disappearance of
the central portion of straight line 130 due to tailing from
low density area 120 can be understood.

In this way, the ideal solution of the first and
second problems by the present invention is confirmed.
Furthermore, the ability of the present invention to solve
the first and second problems without any damaging side
effects is aiso confirmed.

Other Embodiments of the Optimum Threshold Value Setting Means

In the previously mentioned embodiment the optimum
threshold value setting means 32 set the binary coding
threshold value based on Equation 1. The present invention
is not limited to this, depending on the situation it is also
possible to employ other methods to set the binary coding
threshold value.

In Fig. 8 another embodiment of optimum threshold
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data 200 is low density, the threshold value is small; when—it—s h?gh-
density the threshold value is large. Optimzing the binary ¢ndsig yasBeen Replaced

t hreshol d val ue corresponding to the original inmage data 200
the "error accunulation' itself, dot formation is possible-w amﬂﬂ U
accunul ation'. Here, the question "Don'gsthe 255 (bl ack dot) bk

pi xel s i ncrease, and doesn't the density rise substan- tially if the
threshol d value of the | ow density area is nade

value setting means 32 is shown. The optimum threshold value
setting means 32 of this embodiment is constructed setting the
threshold value based on output data (i, j) as target pixel
multigradation data 200, as shown in the following equations:
if 0 s data (i,j) < 128-L1, slsh (i,j) = data (i,3j)+L1,
if 128-L1 o data (i,j) = 128 + L2, slsh (i,j) = 128,
if 128+L2 < data (i,j) s 255, slsh (i,j) = data (i,3j)-L2
(7)

An appropriate value for Ll, L2 is 0 to 64, but a
range between 8 - 16 is optimum. Further, it is 'acceptable
to set Ll and L2 at the same value. In this embodiment, the
case wherein the data value is around 128, it deviates from
the range shown in Equation 6:

when data < 128, data = slsh = (128+data)/2,

~when data > 128, (128+data)/2 s slsh = data
but the first and second problems to be solved by the present
invention became especially conspicuous in the case wherein
data is of a value in the neighborhood of 0 and 255 (not
including 0 and 255). Consequently, Equation 6 does not need
to be satisfied in all the data areas, it is enough if it is
satisfied in the case whereby data is of a.value in the
neighborhood of 0 and 255. Therefore, according to the
setting of the binary coding threshold value as shown in the
previocusly mentioned Equation 7, it is possible to solve the

first and second problems and to obtain a satisfactory binary-
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smal |l without regard to the result?" probably arises. Cer- tainly, 1n an
ordinary dither nmethod where error diffusion is not perfornethis $hest HayRpen Replaced
t.he threshol d value | eads to an i medi ate change in the densi q
~when the inven- tor of the present invention checked this, ev Mllmmfl I”II'
thresh- old value was changed in the erngr diffusion nethod, t

out put density hardly changed. That is, in the case where binary codi ng was
carried out

coded image in the same way as in the previously mentioned the
first embodiment.

In Fig. 9 a further separate embodiment of the
optimum threshold value setting meé.ns 32 is shown. In the
optimum threshold value setting means 32 of the embodiment
a binary coding threshold value is set corresponding to the
gradation value of original image data 200 not continuously,
but step by step. Even this way, it is possible to solve the
first and second. problems and to obtain a satisfactory binary-
coded image in the same way as the previously mentioned
embodiment. Still further, in Fig. 10 yet another separate
embodiment of the optimum threshold value setting means 32 is
shown. The optimum threshold value setting means 32 of the
embodiment is constructed such that the optimum threshold
value setting operation, which is a characteristic of the
present invention, operates only in the low density area.
That is, it is constructed in such a fashion that in the case
wherein the threshold value of image data 200 is in the high
density area, the binary coding threshold value is fixed at
128; when the image data 200 is at a value close to 0 on the
low density area side, the optimum threshold value is set to
satisfy the previously mentioned Equation 6. For example, in
a printing apparatus with a large volume of dot blurring,
because isolated white cots in high density portions are

generally lost, in high density portions the first problem
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with the threshol d val ue fixed at 128, and the cases where biﬁﬁé

was carried

changed. In the error diffusion nethod the binary coding error

di scarded. Rather, it is diffused to the adjacent non bi.nary- co Eﬂ”"”l—l”!

For exanpl e,

out with it fixed at 64 and 192, the out put densit4
[

even if the situation deveBgps whereby a pixel previously

bi nary coded to 0 is binary coded to 255 because of the threshold val ue
bei ng made small, a

does not appear to be so conspicuous from the beginning. For
that reason the present invention only improves the Ilow
denéity'portions where the first problenlis_easily'noticeable.
Further, in response to the special characteristics of image
output apparatus, it is acceptable to comstruct it in the
opposite way such that the optimum threshold value setting
oberation of the present invention works only in the high
density area. In this way, in response to this output
apparatus, it is enough to construct the optimum threshold
value setting means 32 of the present invention to set the
optimum threshold wvalue only in the necessary original image
high density portions. “
Actual Example of the Threshold Value'Setting Means

In the optimum threshold value setting means 32 in
each of the previously mentioned embodiments, in order to set
the threshold wvalue from the original image data, a
construction wherein calculation according to the previously
mentioned Equation 1 is carried out each time is acceptable,
also acceptable is a construction wherein a conversion table

in which the relationship between the original image data

gradation values and threshold values has previously been

stored is referenced. In Fig. 11 an actual example is shown
of optimum threshold value setting means 32 constructed using
a ROM, 8-bit original image data is input to the ROM address

buses A0 to A7, 8-bit threshold values corresponding to these
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works in a lowering direction to bal ance the adjacent pixel
level. In FIG 6 the result of renobving the "error accunul at
present enbodiment is shown. That is, FB& 6 is a figure clarifying what

becane of the average binary coding error found in the sane way as in FIG
5. In the case where

greater negative binary coding error than the absol ute val b te
the pixel. This is diffused to the adjacent non bi nary-code mfiﬁ%agﬁﬁm ced
[

are output from data buses DO to D7. Further, among the
embodiments there is the example wherein a small amount of
random noise is added to the binary coding threshold value set
by the optimum threshold value setting means 32. In the case
wherein the original image data is exceptionally systematic
data drawn by a computer etc., this is to protect against a
gpecific regular pattern being formed by the binary coding of
the error diffusion method. Consequently, in the case of a
natural image wherein the original image data contains
moderate unevenness, adding random noise in this way is
unnecessary. As a result of the addition of random noise it
is possible that the threshold value may deviate from the
range shown in Equation 6, however it is good if the threshold
value lies within the range of Equation 6.

Further, even if the noise is added to the original
image, not to the threshold wvalue, the same result is
obtained.

Other Embodiments

The present invention is still not limited to each
of the previously mentioned embodiments, within the scope of
the present invention all types of different embodiments are
possible. For example, in a previously mentioned embodiment
the case of density data wherein original image data became
white by 0, black by 255 was taken as an example and

explained, but needless. to say the present invention can be
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the optinum threshol d val ue setting neans 32 of the preseﬁ%—endaedwe«n%—was—
used, the results for different values of K 17 in equatigp. 4

present enbodi nent was plotted. In the case where K= [err], ]II mlmemhﬁ eplaced

However, in FIG 6, in lﬂ'l“"l

applied in the same way in the case where there is brightness

39

data wherein the original image data becomes black by 0 and
white by 255.

Further, where the original image data takes values
in the range A to B (A > B), in the case where this is binary
coded into a or b (a < b), Equation 1 in the first Embodiment
changes thus:

slsh (i,j) = (data (i,j)*(K-1)+(a-b)/2)/K (1)
and it is desirable if Equation 2 changes in this fashion:

if data C(i,j) = slsh (i,j), then result (i,]) a

if data C(i,j) < sish (i,j), then result (i,j) =Db (2)
Generally A = a and B = b, but in the case whereby the
possible outputtable density of the output apparatus differs
greatly from the range of the original image data, there is
an example where A and a, B and b do not match. In this éase,
with the conditional expression m = (a+b)/2 to set the
threshold value of Equation 6, it becomes:

when data < m, data = slsh s (m+data)/2,

when data > m, (m+data)/2 s slsh = data (8).

Further, in a previously mentioned embodiment the
case of original image data 200 being corrected utilizing an
error diffusion method was taken as an example and explained,
but the present invention is not limited to that; a case
wherein correction is done utilizing a minimum average error

method can also be applied.
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the same way as in FIG 5, a maximum 6 small vol une of rando

m nol se wasS

added to the threshold value determined by Equation (1). FriusshtétasBedErdpAted

understand that, if K=2, that is slsh= (data+ 128)/2, the av
coding error is reduced to less than half (at the maxi mumle
with the result that the accunul ated er4@r volune is greatly
Furthernore, if K=4, the average binary coding error is bene
0; when K=8, even in the

MRS

rally close to

In.Fig. 18, an ideal embodiment of image processing

apparatus 30 utilizing a minimum average error method is

shown. Further, as the same reference marks are

attached to

the parts corresponding to those in the embodiment shown in

Fig. 2, that explanation has been omitted. In this embodiment

error correction means 34 is constructed including data

correction means 38, error calculation means 44 and error

storage means 46. Said error calculation means 44 is

constructed in such a way that it calculates the target pixel

binary coding error based on the previously mentioned Equation

3, and writes the value to the address in error storage means

46 corresponding to the target pixel. The result of this is

that the binary coding errors of binary-coded

pixels are

written and stored one by one in the storage area

corresponding to each pixel address of error stofage means 46.

The multigradation image data (i, j) of target pixel P [i, j]

is input to data correction means 38 and the errors of the

already binary-coded pixels adjacent to this target pixel P

[i, j] are read from error storage means 46.

Next, the

prescribed weighting is applied to the read error data and the

.average error is found, this average error is added to the

target pixel multigradation image data (i, Jj).

and this is

output to the binary coding means 36 as corrected pixel data

c (i, 3).

Further, apart from this, as the construction is the
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case wth image data gradations of 1, 2 and 253, 254 (grad&%%eﬂ—vakueg—————
extrenely close to 0 or 255), the average binary coding error aI S

becomes zero. Based on bi-gradation data output frominmage P anﬂmmd
apparatus 30 shown in FIG I, actual printing using a print
perfornmed, and an eval uation of the in#ltuence of the previou

second problem'tailing’ was con- ducted. The result of thIS evaluatlon
experiment was that it

same as the previously mentioned first embodiment, thét
explanation is omitted here. Also in this case, utilizing a
minimum average error method, the same effect as that in the
previously mentioned first embodiment can be achieved.
Advantages of The Invention

As explained above, in the present invention
multigradation image data is corrected by an error diffusion
method or a minimum average error method. Moreover, the image
processing apparatus, by the provision of the threshold value
getting means which optimizes the threshold value base on the
gradation value of the target pixel image gradation value
data, has the advantage of being able to fundamentally solve
the development of the phenomenon of a large error volume
accumulating in low density and high density areas, and the
problems of delay in dot generation in beginning portions of
areas of low and high density and tailing after finishing
areas of low and high density which are caused by the
previously'mentioned error accumulation, without accompanying
side effects of quality depletion. Furthermore, because the
threshold value setting means of the present invention is
realized by a simple construction wherein just a simple
calculation is performed or a comparison table is referenced,
both speedy and satisfactory image processing can be carried
out without the need for a complicated processing circuit.

Still further, by varying the threshold value set by the
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was possible to confirmthat if the absolute value of the aMQLQQE‘QLDEEX_____Q
coding error is kept below 50, the effect of the 'tailing of problem
substantially alleviated. Fromthis, the value of K fromt heThlsSheetHasBeenReplaced
previously-nentioned Equation 1 is set in a range of K=2 to [;

words, the threshold val ue corresponds tgpthe i mage data grad mHmm
when data<128, data[err]slsh[err](128+data)/2, when data>128,
(128+data)/2[err]slsh[err]data - (6)

threshold value setting means of the present invention,
adjustment 6f the speed of dot generation is possible and,
depending on the situation, by setting an over-correction
condition, a secondary advantage, for example an edge

intensification effect, can be obtained.
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by setting this range_the absolute value of the average binary

can be reinstated below 50, and the second probl em can be solv
experi nent was condbisSheet HapBasyRenlpsede t he i nfl u- ence of the pr
mentioned first probl eration delay. The result of the

Wy

ror

i

eval uati on experine was passible to confirmthat solving the

sl owness in dot generation of the first problemalso followed the reduc-

CLAIMS

1. An image processing apparatus, comprising an

image processing apparatus (30) for converting multigradation

image data into bigradation image data made from only 2

gradations: first gradation value and second gradation value

(first gradation value < second gradation value);

including

an error correction means (34) outputting corrected pixel

data, preferably corrected by adding an error diffused from

the adjacent already binary-coded pixels to the target pixel

multigradation image data; a threshold value setting means

(32) which sets a binary threshold value based on the

gradation value of the multigradation image data of said

target pixels; and a binary'coding'meané (36), outputting said

bigradation image data changed from said corrected pixel data

based on the set threshold value; wherein, with said target

pixel multigradation image data gradation value data,

the

median of the above mentioned first gradation value and second

gradation value m and said threshold value slsh,

said

threshold value setting means sets said binary coding

threshold wvalue slsh, corresponding to said target pixel

multigradation image data gradation value data, and preferably

satisfying at least one of the tolerance ranges shown in the

following equations:

in the case where the value of data is close to first

gradation value, data s slsh = (M+data)/2, in the case where
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tion of the average—brﬁaFy—eed+ng_eJror If Kfromthe previ

Equation 1 is nade tg ha[ e t he average bi nary codi ng erroﬂm Bm‘“)m—ﬂ |“‘
the signal is reversef (g dcorrection condition'

However in a .subjecti !ﬂﬂﬂ B' of actual print results, there were

signs of .the speed -of n ‘acgel erating up to a condition of

slight over-correction, and an intensified printing effect devel oped,
giving a de5|rable print quality. In

the value of data is close to No. 2 gradation value,
(m+data) /2 s slsh = data.

2. An image processing apparatus, wherein said
threshold value setting means (32) of Claim 1, based on said
target pixel multigradation image data gradation valug data,
sets said binary coding threshold value slsh according to the
followihg equation:

glsh = (data+(k-1)+m) /K,

provided that K is a constant expressed by a integer
greater than 2.

3. An image processing apparatus, wherein said
threshold value setting means (32) of Claim 1, corresponding
to said target pixel multigradation image data gradation value
data, sets said binary coding threshold value slsh step by
step.

4. An image processing apparatus, wherein said
threshold value setting means (32) of Claim 1, based on said
target pixel multigradation image data gradation value data,
sets said binary coding threshold value slsh according to the
following equations:

when data < m-L1l, slsh = data + L1,

When m - L1 < data < m + L2, slsh =

when m + L2 < data, slsh = data - L2
provided that L1, L2 are constants expressed by integers

between 0 - m.
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t he subj ecti ve—examnation-considering the reproducibility of
dot - generati ng arga
K= 8-24 was especi
t-he bi nar

FIG 7,

111 e

5. An image processing apparatus, wherein the

binary coding means of Claims 1, 2, 3 and 4 adds random noise
to the set threshold value of said corrected pixel data and
performs said binary coding processing on said corrected pixel
data. |

6. An image processing apparatus, wherein said
error correction means of Claims 1, 2, 3, 4 and 5, including:

a diffused error storage portion (42) to store the
diffused exrror total value of each pixel; an error diffusion
portion (40) which calculates the binary coding error of the
corrected pixel data and binary coding result, diffuses that
binary coding error to the non binary-coded pixels adjacent
to the target pixels using an error diffusion method, finds
a new diffused erfor total value for each pixel by adding the
diffusion error from said target pixels to the diffused error
total value of each pixel stored in said diffused error
storage portion and updates the diffused error total value of
each pixel stored in said diffused error storage portion; and

a data correction portion (38) which calculates said corrected

. pixel data by adding the target pixel multigradation image

data and the target pixel diffused error total value stored
in said diffused error storage portion;

corrects the multigradation image data of the target
pixels using an error diffusion method and outputs it as

corrected pixel data.
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0 is shown. The e%ﬁ#MtﬂdsyegAkle of this binary coding thresh

f.ound by interpola imteepl based on FI.G 6. If the optds mam

t hreshol d val ue sef ﬂ ‘the present enbodi nent are constructed by
deciding the thres romtheggiginal inmage data based on FIG
7, the expected-value of the "tailing' of the previously-nentioned

codi ng threshol d val ue With—the-average bi nary coding error 3“""”2"”'“"*“['
M S ,

i

7. An image processing apparatus, wherein said
error correction means of Claims 1, 2, 3, 4, and 5, ingluding:

an error storage portion (46) which stores each
pixel error; an error diffusion portion which calculates the
binary coding errdr of the corrected pixel data and binary
coding result and stores that binary coding error in said
error storage portion; a data correction portion (38) which
calculates said corrected pixel data by finding an average
error by reading the binary coding error of the adjacent
pixels to the target pixels stored in said error storage
portion and applying a predetermined weighting and adding this
average exror to the target pixel multigradation data;
corrects target pixel multigradation image data using a
minimum average error method and outputs it as corrected pixel

data.
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second probl em becones 0, and the best optinumt hreshol d val ue setti ng
nmeans is realized. In FIG 7, the characteristics diagra
t he cases whereby the val ue of K (in Equation 1) is 2, 8 and, S%rerthas@&ﬂzeplaced

depicted. W can understand fromthe characteristic curve t
whereby the value of Kis set around K=48, this gives an |de ““ﬁ\“ \
val ue for nmaking the average binary coding error O.

IMAGE PROCESSING APPARATUS
ABSTRACT

An image processing apparatus (30), which can solve
the problems of delay in dot generating in beginning portions
of areas of low or high density and/or tailing after finishing
areas of low or high density and carry out speedy binary
coding image processing without accompanying side effects of
quality depletion and without the need to utilize a
complicated processing circuit. It includes error correction
means (34) which corrects multigradation image data (200) and
outputs it, threshold error setting means (32) which sets a
binary coding threshold value based on the gradation value of
said target pixel multigradation image data (200) and binary
coding meaﬁs (36) which, based on the set threshold wvalue,
converts the previously mentioned corrected pixel data into
the previously mentioned bigradation image data and outputs
it; the gradation value of the previously mentioned.target
pixel multigradation image data being data, the median value
of the previously mentioned first gradation value and second
gradation value being m and the previously mentioned threshold
value being slish, the previously mentioned threshold setting
means (36), when the gradation value of the previously
mentioned target pixel multigradation image data is in the
neighborhood of the previously mentioned first and second

-gradation wvalues, the binary coding threshold value is set
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Further, in the manner previously stated, fromthe point of inprovenent of
t he delay in generation of dots in the preV|oust ment i on@d shdet FEds B ®Rp1£RA

t.here was the case wherein when there was the tendency for he
signal (over-correction condition) where the average binar m my lﬂml
exceeded 0, a good subjective eval uati oigwas obt ai ned. The

was obt ai ned when K=16 was used. Up to K= [err], there:is a considerable
edge intensifying -

within the tolerance range shown in the following equations:
when data < m, data s slsh = (m+data)/2,

when data > m, (m+<_iata)/2 < slsh < data.

FIGURE 2
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result in the data changing portion, this is also suf fi centty—valuable for
t he objective of using an image. Further, in FIG 7, evenﬁl}g_gﬁje 'wg made
sk oeen Beplaced

ik

k )

t.he optinmumt hrg,s__h‘Q_Ld..,.\taLu?é‘—Elﬁ when the data val ues were a
- matter how we 1ENT val ue, the great differen ggﬁlr
: U I I

di sappeared. Ag¢c rd‘i‘ agéélp 1@%ent i the optimum threshol d val ue setti ng neans

(when the data nd binary coding result, va
of this
3
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enbodi nent, where the data values are 0 or 255, it is satisfactory
whi chever way the threshold value is set. In this way, in the present :
enbodi nent, using an error diffusion method, nultlgradatloﬁhdémaﬂﬂgﬁe Ph“d'
con- verted into bigradation inmage data 230 (capabl e of dISp

tones) and output. Also, the previously nmentioned first and

coul d be fundanentally sol ved w thout dhy acconpanyi ng side effe
qgqual ity depletion.

CtS O

FIG. 2

~10
TMAGE
GRADATION DATA
OUTPUT MEANS
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IMAGE DATA 200 data (i, j)
l Yy /\,3 4 .
~ 32 . 38
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Y ERROR 42
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This is achieved by the binary coding threshold value used in the binary
codi ng processing being set wwthin the range of the previously nentioned
Equation 6, based on the gradation values of nultigradation inmage data 200.
19 This Sheet Has Been Replaced .

; (VAW

FIG. 5

AVERAGE BINARY CODING ERROR OF THE ERROR
DIFFUSION METHOD IN A CONTINUOUS STATE.
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128 |
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(200x100 PIXEL AVERAGE).

AVERAGE BINARY CODING ERROR

GRADATION VALUE OF ORIGINAL IMAGE DATA 200 (DATA).
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Moreover, in the present enbodi nent, through the setting nethod of the
constant Kin Equation 1 it was possible to obtain a binary-coded out put
irmage with desirable charac- teristics. Further, in the corrected data
shown in FIGS. 6 and 7, there is an exanpl e of the case of “er+or di ffusion
using the error dlffu5|on wei ghting matrix shown in FlI G Tigs gl the case—of

using different weighting matrices, quwt'tat'\/é'y speak- //III/]]IIiI/////’/I//Cii;CCd

FIG. 6

AVERAGE BINARY CODING ERROR OF THE ERROR
- DIFFUSION METHOD IN A CONTINUOUS STATE.
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ing a slightly different result is obtained, but the qualitative—terdency _
general |y doesn't change. In this way, the present inventparis etfective

even in the case of utilizing a different error diffusion TFio e (L Replaced .
Conpari son between the Present Invention and the Rel ated ' HHm .
way as the present invention, the 'lInmage Processing Appara : of
Same' of Unexam ned

FIG. 7

THRESHOLD VALUE WITH THE AVERAGE BINARY
CODING ERROR AT 0. :
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:Japanese Pat ent Application No. Hei. 4-154370 changes the binary—<coti-ng—

threshol d val ue corresponding to the grada- tion val uegpod.t;
i mage data 200. However, as the primary object of this M

riginal
as been qdol
of noise in character and line inmge portions, it enplo m of
e |

C:
"if the original image density data is large, the corr E
coding threshold value is made snmall'. §This changes the threshold value in
a way exactly opposite to that of the

FIG. 8
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present invention, and there was generally no effect of inproving the first
and second problens. Further, for an exanple of a binary_coding method
utilizing a mninmum average error nmethod it would al so be useful to refer
to Unexam ned Japanese Patent Application No. Hei. 4-15437This SheatHasBren ced
di agram showi ng an out put exanple of original picture inmage ﬂmﬂ I I ;
utilizing the i mage 7 .
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"processi ng apparatus 30 of the present invention as shown in FIG 2. The
conpl ete solution of the dot generation delay problemof FIG 14 and such
_probl ens as the di sappearance of the central portion—of straight [ine 130
due to tailing fromlow density area 120 can be unders&gpgmaumskahkqma

the ideal solution of the first and sgcond pr obl ens by

invention is confirmed. Further- noreY-the ability of t)—lmmﬂ ntion

to solve the first
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émd second probl ens w thout any damagi ng side effects is =~ 20 also

confirmed. O her Enbodi nents of the Optimum Threshol d Value-Setting Means _
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in the previously mentioned enbodi ment, the optinumthreshold value setting—
nmeans 32 set the binary coding threshol d val ue based on EqualﬂuﬂSheétHaJi%%uRe lace

present invention is not limted to this. Depending on the sit

al so possible to enploy other nmethods to set the binary codin m&’ﬂ'ﬂﬁuﬂmﬂ,
value. In FIG 8 another enbodi nent 03 opti mum t hreshold v]al u

nmeans 32 i s shown. The optinumthresh pd

REPLACEMENT SHEET
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val ue setting means 32 of this embodiment is constructed setting the

t hreshol d val ue based on output data (i,j) as target pi xel—ﬁﬁl—{—kgmdau—on\
data 200, as shown in the fol- |low ng equations: if O[err]daf
(i,j)<128-L1, slsh(i,j)=data (i,j)+L1, if 128-Li[err]data (i, (,n

eet H
slsh(i,j)=128, if 128+ L2<data(i,j)[err]255, slsh(i,j)= data "‘H ]ﬁﬁﬁﬁﬁ’

An appropriate value for L1, L2 is O-6f4 but arange betvveen

FIG. 14 B
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wherein data is of a value in the nei ghbor hood of 0 and 255 (not:including
0 and 255). Consequently, Equation 6 does not need to be satisfied inall

the data areas, it is enough if it is satisfied in the-eaSE‘mheréBy “data is
of a value in the nei ghbor hood of 0 and 255. Therefore, aggQihettAgs Been Rdplaced

setting of the binary coding threshold value as shown in t
mentioned Equation 7, it is possiblef8o solve the first. an ‘“““
and to obtain a satlsfactory

FIG. 17
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“bi nary-coded image in the sanme way as in the previously nentioned the first
“enbodinent. In FIG 8, a further separate enbodi nent of —the-oepttum—21—
.threshol d val ue setting means 32 is shown. In the opti MIMyisspeet Has Beon Replaced
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t hreshol d val ue setting neans 3% of jhe enbodi ment a binary coding

threshold value is set corresponding, to the gradation val ue of‘ﬁﬁ%ﬁﬂﬂﬂﬁ

i mmge data 200 not continuously, but step by step. Even this way, it is
possible to solve the first and second problem and to obtain a

satisfactory binary-coded image in theggane way as the preéeviously nmentioned -
embodi - nment. Still further, in FIG 10 yet another separ ghiesiRpitasiBeen RBMced

of the optimum threshold value setting neans 32 is ,Ill"“l"l l“'""

—ABSTRACT

An image processing apparatus (30) including error correction
means (34) which corrects multigradation image data (200) and
outputs it, threshold error setting means (32) which sets a
binary coding threshold value based on the gradation value of
said target pixel multigradation image data (200) and binary
coding means (36) which, bésed on the set threshold value,
converts the previously mentioned corrected pixel data

into the previously mentioned bigradation image data and outputs
it; the gradation value of the previously mentioned target pixel
multigradation image being data, the median value of the first
gradation value and second gradation value being m and the
previously mentioned threshold value being slsh, the previously

mentioned threshold setting means (36).
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IMAGE PROCESSING APPARATUS

BACKGROUND OF THE INVENTION

The invention relates to an image processing apparatus
outputting multigradation image data which has been con-
verted inito bigradation image data capable of displaying half

_tones. In particular it relates to improvement of an image
pmmsmg apparatus using an error diffusion method or a
minimum average error method.

In the past, multigradation image data read using an :nput
from a scanner or from a computer was reproductively

~ displayed, for example, by multigradation displays, printers,
facsimiles and copies. Using these as image output appara-
tus to reproductively display mmiltigradation image data
posednopmblem. However, in the case where a printer
apparatus or a display apparatus which does not control the
gradation of dot is used, it was necessary to perform binary
coding processing to reduce the number of gradations of
each pixel to 2 gradations. -

Fimhermore,mthecasewhexethevolumeofthe afore- .
mentioned multigradation image data was reduced in order
to store or transfer it, binary coding processing was per-
formed in the same way to reduce the number of gradations
of each pixel to 2.

There are many types of techniques of binary coding.
Among them, an error diffusion method and an equivalent
minimum average error method are widely used as the to
produce superior picture, quality. Art error diffusion method
oramimmumavetageermrmethnd,havmghlghmoluuon,
has the supedior characteristic of continuous gradation repro-
duction. .

In the above-mentioned error diffusion method, a quan-
tization error occurring during binary coding of a target is
diffused and added to the proximal non binary-coded pixels.

On the other hand, the minimum average error method is a

method whereby the we1ghted average value of a quantiza- REPLAGEMENT SHEET
tion error occurring in previously binary-coded pixels 20 DEC 1997
amends the data value of the following target pixel. The

emor diffusion method and the minimum average error
method are different only with respect to when the error

diffusion operation is carried out. Logically they are the
same. Unexamined Japanese Patent Publication No. Hei.



area side, the optimumthreshold value is set to satisfy the previ ously

menti oned Equation 6. For exanple, in a printing appar
“vol une -of dot blurring, because isolated white dots m%&@#‘xwm&‘ﬁ

does not appear to be so conspi cuous. For that reason
only inproves the | ow density portions where the first

21pe &t 1997V

oblemis easi

portions are generally lost, in high density portions pF first problz
nt
»

Iy

noti ceable. Further in response to the
2

1-284173 is an example employing the error diffusion
method.

However, in the previous image processing apparatus
utilizing the error diffusion method and the minimum aver-
age error method, when converting mmltigradation image
data to bigradation image data there were the following
problems: -

First, black dot generation in the initial part of an area of
low density (an area with few black dots), and white dot
generation in the initial part of an area of high density (an
area with few white dots), was substantially delayed. As a
result, in the worst case, the image was transformed.

Further, even after an area of low density and an area of
bigh density were finished, there was the problem that a
phenomenon (tailing) developed. In this case, the image data
following the completion of an area of low density was
deflected towards the high density side, and image data
following the completion of an area of high density was
deflected towards the low density side.

Consider the case of the first problem in a bxgmdauonal
prnter apparatus printing black ink dots on white paper.
Because the black dots got bigger due to ink blurring, the:
white dots were difficult to distinguish because of blurring
from the sumrounding black dots. As a result, the first
problem was especially noticeable in the low density por-
tion.

The afore-mentioned pmblems wﬂl be discussed in detail
using the drawings. FIG. 13 is an original image 100
displayed utilizing multiple gradations. Inside a high-density
square area 110 with a density gradation value of 252
(highest value- 255), there is a low density square area 120
with a density gradation value of 3 (lowest density- 0).

Further, at the bottom right of the low density square area
120 a 45 degree inclined straight line with a density grada-
tion value of 231 (slightly lower density than the 252
background density) is drawn.

In FIG. 14(A), in a previous technology utilizing an error
diffusion method, the original image 100 (shown in FIG.
13.) multigradation image data binary-coded image is
shown. Further, in FIG. 14(B), an outline diagram shows the
position of 14(A). This binary-coded image was obtained by
a repeated binary coding process, with the upper left-hand
comer pixel of original image 100 as the binary coding
starting point; after one line is binary coded by scanning to
the right the coding moves to one pixel lower at the left-hand



speti al characteristics of imge output apparatus, it i
construct it in the opposite way such that the optinum
settingsoperation of the present invention work only in
area. In this way, in response to this output apparatus
construct the optinumthreshold value setting neans 32
I nvention to set the optimumthreshold value only in th
i mage hi gh density portions. 3

S.accept able—t-g=——
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end and continues the process. In contrast to FIG. 14A, FIG.

12 is an example of the output in the case of ideal binary
coding of the same original image 100 by the image pro-
cessing apparatus of the present invention. If we compare
the two, in FIG. 14 in the upper and left-hand portions of the
high density square area 140, (Please refer to FIG. 14(B)) the
generation of white dots was delayed. Further, in the upper
and left-hand portions of the low density square area 120,
delay in the generation of black dots accurred. That is, the
above-mentioned first problem occurred in the portions 140
and 142. Further, due to the influence of tailing from the
square-shaped low deasity arca 120, one portion (132) of
straight line 130 in the bottom right-hand area 150 disap-
peared. In this way, the second problem occurred in area

150.

Unexamined Japanese Patent Application No. Hei.l-

130945 proposed a solution to these problems. In

the first

embodiment mentioned, in the case of managing from
0-255 input density data, where the input density data was
between 1 and 29, the threshold value changed randomly.
More specifically, where the input data was between 14, the
threshold value was between 20-230, where the input data
was between 5-14, the threshold value was between 50-200°
and where the input data was between 15-29, the threshold
value was between 100-150. This is the range within which
the threshold value changed randomly. The random noise
range was * 105 when the data was from 1-4, + 75 when the
datawas&om5-14andt25whenthedatawasﬁom 15-29;
the result was that a large noise was added in a low density
area close to 0. However, the expected values of the thresh-
old values were all uniformally at 125. In this way the delay
in dot generation was improved, because the case developed
wherein when the density was low the threshold value
became exceptionally small due to a large threshold value
noise, and even in the transitional portion of an ares of low
gradation density, pixels binary coded to 255 developed.
Therefore, in the case of improving the first problem by
this method, because there was exceptionally high noise in
the area of low density, a low quality image resulted.
Further, in this previous example a special structure called a
determmmg circuit was provided. Using this determining
circuit, if upon examination of the binary coding result of
binary-coded pixels surrounding the target pixel there were



Actual Exanple of the Threshold Value Setting Means In
threshol d value setting nmeans 32 in each of the previo
“ enbodi prents, in order to set the threshold value fromth '
data, a construction wherein cal culation according to
mentioned Equation 1 is carried out each tinme is accep
acceptable is a construction mhereh1ehconversion t abl
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already dots adjacent, a determining process was employed
to determine whether the target pixels werc to be binary
coded. It is considered that this improves the above-men-
tioned problems a little.

However, in the above process, it is necessary to refer to
the binary coding result of the surrounding 12 pixels.
Complicated processing became necessary, and there were
the problems of increased processing time and unsatisfac-
tory picture quality. In addition to this, in this related art the
improvement in the second problem was insufficient.

Still further, in the other embodiments mentioned in this
related art, there are discrepancies in the way of defining &
signal 410. FIG. 1 of the publication, which shows the
example, is therefore difficult to correctly understand. How-
ever, as it is stated in the related art, ‘it has a threshold value

 setting function in the same way as in the above-mentioned
embodiment, moreover the scale of the hardware is small’,
it is considered that, as in the first embodiment, a large
volume of noise was added to the threshold value in the area
of low density. Accordingly, the other embodiments men-
tioned in this related art had the same problems as the first
embodiment.

Further, as other methods of improving the aforemen-
tioned first and second problems there are proposals such as
the ‘Image Processing Apparatus’ of Unexamined Japanese
Patent Application No. Hei.3-112269, and the ‘Image Form-
ing Apparatus’ of Unexamined Japanese Patent Application
No. Hei.4-126464, etc. In this related art, an average density
value was inferred by referencing the result of binary coding
of a plurality of pixels surrounding the target pixels, and
binary coding of the target pixels was carried out with the
average as a threshold value. However, in this method there
were the following two problems:

(1) It was necessary to reference the result of binary
coding of more than 10 surrounding pixels, so there
was the problem that it took a long time for processing
and a complicated processing circuit was necessary.

(2) In the boundaries where the data changed suddenly, it
was inappropriate to use an average density value from
the surrounding pixels. The result was the problem of
incorrect binary coding being performed and noise
being created.

SUMMARY OF THE INVENTION
The present invention takes into account these kinds of
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prevmus problems for the purpose of obtaining an image
processing apparatus (which can process multigradation
image data into binary-coded unage data at high-speed
without using a complicated processing circuit and having
no side effects involving picture deterioration) to solve
problems such as delayed generation of dots in the initial
portion of a low density area and high density area, and
tailing after completion of an area of low/high density. In
order to achieve the above-mentioned objective, the present
invention comprises an image processing apparatus for
converting multigradation image data into bigradation
image data and uses a first gradation value and a second
gradation value (gradation value< second gradation value);
an error correction means for outputting corrected pixel data

. (corrected by adding an error diffused from surrounded

previously binary-coded pixels to the target pixel multigra-
dation image data); a threshold value setting means which
sets a binary threshold value based on the gradation value of
the muitigradation image data of said target pixels; and a
binary coding means for outputting said bigradation image
data changed from said corrected pixel data based on the set
threshold value; wherein, with said target pixel multigrada-
tion image data gradation value (data), the median of the

above-mentioned first gradation value and second gradation
value (m) and said threshold value (slsh), said threshold
value setting means sets said binary coding threshold value
slsh, corresponding to said target pixel multigradation image

data gradation value data, and satisfying at least one of the

tolerance ranges shown in the following equations:

in the case where the value of data is close to the first
gradation value, datasSslshsS(midata)2, and in the
case where the value of data is close to the second
gradation value, (m+data)/2=slsh=data.

Here, when said target pixel multigradation image data
gradation value data is in the neighborhood of said first
gradation value and second gradation value, said threshold
setting means can set said binary coding threshold value sish
within one of said tolerance ranges.

Further, when said target pixel multigradation image data
gradation value data is in the neighborhood of said first
gradation value or second gradation value, said threshold
setting means can set said binary coding threshold value sish
within said tolerance range. Still further, the invention of
claim 2, wherein the threshold value setting means of claims
1-3, based on said target pixel multigradation image data
gradation value data, sets said binary coding threshold value

nd



22°using a ROM 8-bit original inmage data is input to the ROM address buses
.AO- A7, 8-bit threshold val ues corresponding to these are output from data
buses DO-D7. Further, anong the enbodinents there is the exanple wherein a

smal | amount of random noi se is added to the binary co R%@MP e
set by the optimumthreshold val ue setti ng means 32. | rh
the original inage data is
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slsh according to the following equation:
sleh= (data*(K~1)+m)IK,

provided that K is a constant expressed by an integer greater
than 2. Further, the invention of claim 3, wherein the
threshold value setting means of claim 1, corresponding to
said target pixel multigradation image data gradation value
data, sets said binary coding threshold value sish step by
step.

Yet further, the invention of claim 4, wherein the thresh-
old value setting means of claim 1, based on said target pixel
multigradation image data gradation value data, sets said
binary coding threshold value slsh according to the follow-
ing equations:

when data<m—L1, sish= data+L1,

when m-Ll<data<m+L2, sish=m,

when m+L2< data, sish= data—L2

provided that L1, L2 are constants expressed by integers
between O to m.

Yet further, the invention of claim §, wheremthebmary
coding means of claims 1-4 adds random noise to the set
threshold value or said comected pixel data and performs
said binary coding processing on said corrected pixel data.

Further, the invention of claim 6, wherein said error
correction means of claims 1-8, including: a diffused error
storage portion to store the diffused error total value of each
pixel; an error diffusion portion which calculates the binary
coding error of the corrected pixel data and binary coding
result, diffuses that binary coding error to the non binary-
coded pixels proximate to the target pixels using an error
diffusion method, finds a new diffused error total value for
each pixel by adding the diffusion error from said target
pixels to the diffused error total value of each proximal pixel
stored in said diffused error storage portion and updates the
diffused error total value of each pixel stored in said diffused
error storage portion; and a data correction portion which
wlculatessmdconechedpxxeldatabyaddmgﬂmﬁmetp:xel
multigradation image data and the target pixel diffused error
total value stored in said diffused error storage portion;
corrects the multigradation image data of the target pixels
t‘;:it:g an error diffusion method and outputs corrected pixel



exceptional ly systematic data drawn by a conputer etc.,
~agai nst a specific regular pattern being fornmed by the

‘the error diffusion nmethod. Conse- quently,
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wherein the original inmage data contains noderate unevenfes$s, adding ran
noise in this way i s unnecessary. As a result of the additiod GbfBE&4g8mMm

noise it is possible that the threshold val ue may devi at

shown in Equation 6, however it isy

romthe range

Ho

Further, the invention of claim 7, wherein said error
correction means of claims 1-§, including:

an error storage portion which stares each pixel error;
an error calculation portion which calculates the binary
coding error of the corrected pixel data and binary coding
result and stores that binary coding error in said error storage
portion; :

a data correction portion which calculates said corrected
pixel data by finding an average error by reading the
binary coding error of the pixels proximate to the target
pixels stored in said error storage portion and applying
a predetermined weighting and adding this average
error to the target pixel multigradation data; corrects
target pixel multigradation image data using an mini-
mum average error method and outpats corrected pixel
data,

Multigradation image data is input into the ervor cosrec-
tion means and the threshold value setting means. The error
correction means corrects the target pixel data by adding the
error diffused from proximal already binary-coded pixels
and outputs this as corrected pixel data. Said threshold value
setting means scts the binary coding threshold value based
on the target pixel multigradation image data gradations. At
this time, when the gradation value data of the target pixel
multigradation image data takes a value at least close to the
first gradation value or a second gradation value of the
image, the binary coding threshold value sish is set within
the range shown in the following equations: when data is a
value close to the first gradation value, then dataSsish=
(m+data)/2, when data is a value close to the second
gradation value, (m-+data)/2SslshSdata: Further, the thresh-
old value setting means, based on the set threshold value,
changes said corrected pixel data into bigradation image
data capable of displaying half tones composed of only the
first gradation value and the second gradation value, and
outputs that data.

In this way, in the present invention, when the multigra-
dation image data value is small, the threshold value is
small, when the image data value is large, the threshold
value is also large. In this way, by optimizing the binary
coding threshold value corresponding to the gradation value
of the target pixel multigradation image data, the accumu-
lation of errors accompanying binary coding can be elimi-
nated and generation of target pixel dots can be satisfactorily
performed. Further, in the present invention, in the case of
binary coding processing utilizing an error diffusion method




good if the threshold value lies within the range of f fﬁ\l EnTther e
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or 2 minimum average error method being performed, even
if the binary coding threshold value was changed, it was
confirmed that the overall output density generally did not
floctuate. .

As explained above, in the present invention, the phe-
nomenon of accumulation of a large numpcr.of errors in
areas of low density and areas of high density 18 ehngnated
and the problems of delay in the generation of dots in the
beginning portion of an area of low density and Iu_gh density
and tailing after completing an area of low density and an
area of high density (the development of which was cansed
by these errors) is essentially solved without any accompa-
nying side effects of quality depletion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.lisanouﬂineexplanatm'ydiagramof'theimage
processing system applied to the present invention;

FIG. 2 is a functional block diagram of an image pro-
cessing apparatus in which the image processing system
shown in FIG. 1 is utilized;

.FIGS. 3(a){(c) are explanatory diagrams of actual
examples of diffusion weighting matrices used in the
embodiment;

FIG. 4 is an explanatory diagram showing the original
image data used to find the average binary coding error and
the relationship with the average binary coding error dis-
covery area;

FIG. 5 is a diagram showing the relationship between the
gradation values of the original image data and the average

FIG. 6 is a diagram explaining how the average binary
coding error is generated in the first embodiment of the
present invention;

FIG. 7 is an explanatory diagram of the binary coding
threshold value with the average binary coding error con-
tingously at 0.

FIG. 8 is an explanatory diagram of another embodiment
of the threshold setting means utilized in the present inven-
tion;

FIG. 9 is an explanatory diagram of another embodiment
of the threshold setting means utilized in the present inven-
tion; .

FIG. 10 is an explanatory diagram of another embodiment
of the threshold setting means utilized in the present inven-
tion; .
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FIG. 11 is an explanatory diagram of the hardware con-
struction of an example of the threshold setting means
utilized in the present invention;

FIG. 12 is an explanatory diagram of the binary coding
result used in the image processing apparatus of the present
invention; _

FIG. 13 is an explanatory diagram of the original image
used to obtain the binary coding image showed in FIGS. 12
and 14(A), 14(B);

FIGS. 14(A) and 14(B) are explanatory diagrams of a
binary coding result obtained by a related art error diffusion
.method;

FIG. 15 is a complete outline explanatory diagram of the
image processing system incorporated within the image
processing apparatus of the present invention;

FIG. 16 is an explanatory diagram of another embodiment
of the system in FIG. 15;

FIG. 17 is an explanatory diagram of another embodiment
of the system in FIG. 15; and

FIG. 18 is a block diagram of an embodiment of an image
processing apparatus using a minimum average €rror
method in cormrecting multigradation image data.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The preferred embodiments will be described with refer-
~ ence accompanying the drawings.

Overall Explanation of the System

In FIG. 1, the outline of a system utilizing the image
processing apparatus of the present invention is shown.
Original image multigradation image data 200, ontput from
xmagegradauondataoutputappamnwmxsmpmmxmage
processing apparatus 30. Image processmg apparatus 30

“ changes the gradtent value of the input original image
multigradation i image data 200 into 2 gradations reproduc—
ible by the binary image output apparatus 20 and outputs it.
That is, the multigradation image data 200 is corrected
utilizing an error diffusion method or a minimum average

error method, it is changed into bigradation image data 230
capable of displaying half tones composed of only the first
gradation value and second gradation value and is output.
Binary image output apparatus 20 reproduces and outputs



range A-B (A>B),

:Equation 1 in the first Enbodi nent changes thus: slsh(i,j)3
(i,j)*(K-1)+(a+b)/2)/K and it is desirable if Equation 2 chal
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then result (i,j)=b (2)
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the original image from the bigradation image data output
from image processing apparatus 30.

In the present embodiment said image gradation data
output apparatus 10 is formed utilizing a computer. This
computer is constructed in such a way that the multigrada-
tion image data 200 stored in a hard disk or the like is output
to image processing apparatus 30. Said multigradation
image data 200 is represented as 256 gradation density data
from 0-253. Still further, this image gradation data output
apparatos 10 apart from this is good for outputting, for
example, computer graphic multigradation image data.
Apart from computers, various means,—for example scan-
ners and video cameras—can also be utilized. In addition,
the image processing apparatus 3¢ in this embodiment
changes the input 256 gradation image data by error diffu-
sion into bigradation image data 230 composed of only O
(white) and 255 (black), and outputs it. Further, binary
image output apparatus 20 in the present embodiment is
constructed utilizing a printer which does not control the
gradation of pixel units and, based on the input bigradation
image data 230, it reproduces and outputs original image
data in half tones. The binary image output apparatus 20,
apart from printers, may utilize displays, facsimile apparatus
or digital copiers. :

Actual System Example

The image processing apparatus 30 in the present inven-
tion can be constructed equally effectively with the image
gradation data output apparatus 10 and binary image output
apparatus 20 in separate units or integrated in one body. For
example, as shown in FIG. 15, in the case of utilizing a host
computer 12 as the image gradation data output apparatus 10
and utilizing a printer 22 as the binary image output appa-
ratus 20, it is suitable for the image processing apparatus 30
of the present invention to be integrally constructed within
printer 22

Further, as shown in FIG. 16, it is also suitable for the
image processing apparatus 30 of the present invention to be
integrally constructed within host computer 12. In this case,
host computer 12 is constructed including imaee eradation
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file reading means 14, printer driver 16 and data output
means 18.

In addition, said printer driver 16 (including image pro-
cessing apparatus 30 of the present invention which receives
multigradation image data 200 from image gradation file
reading means 14 and printer control command generating
means 16z which generates printer control commands based
on the output of image processing apparatus 30) is con-

- structed in such a way as 1o control printer 22 based on the

printer control commands.

Moreover, as shown in FIG. 17, in the case where scanner
50 is utilized as image gradation data ontput apparatus 10
and multigradation image data read by this scanner 50 is
output as binary coded data to host computer 60, it is suitable
for the image processing apparatus 30 of the present inven-
tion to be integrally coustructed within scanner 50. In this
case, scanner 50 is constructed including image gradation
data reading portion 52 which reads images optically, the
image processing apparatus 30 of the present invention
which outputs the read multigradation image data 200 as
bigradation image data 230 and binary coded data output
portion 54 which outputs the output bigradation image data
230 to the host computer.

If necessary, the image processing apparatus 30 of the
present invention can be integrally constructed within appa-
ratus other than those mentioned above.

For the sake of convenience, in the following explanation,
the construction wherein the image processing apparatus 30
of the present invention is constructed with image gradation
data output apparatus 10 and binary image output apparatus
20 as separate units, as shown in FIG. 1, is explained.

Image Processing Apparatus

In FIG. 2, the function block diagram of said image
processing apparatus 30 is shown. The image processing
apparatus of the embodiment is constructed including opti-
mum threshold value setting means 32, error correction

means 34 and binary coding means 36. The data @, i) of pixel

P [i, j] in linc i, row j is input to said optimum threshold
value setting means 32 and error correction means 34 as the
target pixel multigradation data 200. Said optimum thresh-
old value setting means 32 sets slsh (i, j), used to binary-
code the multigradation image data 200 of target pixel P [i,
jl, corresponding to the multigradation image data @, ),
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based on the following equation:
sish (ijy=(data (E/)*(K-1)+128)K (1)

here, K is a constant represented by an integer larger than 2.

Said error correction means 34 cormrects the multigradation
image data 200 of target pixel P [i, j] utilizing an error
diffusion method based on the binary coding error generated
by the binary coding of the adjacent pixels and outputs it as
corrected pixel data ¢ (i, j) to the binary coding means 36.

Binary coding means 36 compares the input corrected
pixel data c (i, j) of target pixel P [i, j] with the threshold
value slsh (i, j) and binary codes it, outputting the result of
this binary coding, result (i, j) as bigradation pixel data 230.
The corrected pixel data is binary-coded and output in the
following way:

if data__c(ij)2slsh(i,f), thea result (i)=255
if data_ c(ij)<slsh(ij), then result (=0, (v

The error correction means of said embodiment is con-
structed including data correction means 38, error diffusion
means 40 and error diffusion storage means 42. Said etror
diffusion storage means 42 stores the total emror diffusion
value total err (n, m) of each pixel of the original image.

The error diffusion means 40 first finds the binary coding
error err (i, j) from the binary coding result (i, j) and the
comrected data ¢ (i, j) in the following way:

err(ijy=data c(i,j)-result (1)) G

Next, this binary coding error err (i, j) is diffused to and
divided among the surrounding non binary coded pixels P
[m, n} (P [i, j+1], P [+ 1, j] etc.). Concretely speaking, the
diffused part from the present target pixel P [i, j] is added to
the total error diffusion value total err (n, m) of each
surrounding pixel stored in the error diffusion storage means
%2 An error diffusion weighted matrix as in FIG. 3(a) is
used. The asterisk * in FIG. 3 shows the target pixel. The
total value of the weighting is 16, and the binary coding etror;
in theptcsentpixel (as a fraction of 16), corresponding to the:
posmon of the pixel which is the object of the distribution,
is added to total _err (m, n) after multiplication by the
weighted value in the fashion shown below:
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total exx(ij+1)=total err(ij+ 1) ren(i,/)*¥is

total en(i f+2)=total en(ij+2Hen(i}16

total emr(i+1 j~2)=total err(i+1 j-2)+ent(i, V16

total err(i+1j~I)=total eri(iel j~1)+en(i)* e

total enr(ée] f)=total exx(ét] fHentiy* Ve

total en(i+1 j+1)=total ex(i+1 j+1)er(ij)*¥is

total exc(i+-1 j+2)=total err(i+1 j+2)en(i )16

total en(§+2,j-1)=total er(i+2,j-1)+err(ijN16

total exx(i2p=toml enH2 ) rea(ii16

total err(i+2,j+1)=total er(i+2j+1)+en(i,N16 @

By the above process the error diffusion involved in

binary coding of the target pixel is finished. The above
process is repeated with each binary coding result output
from binary coding means 36. If necessary, apart from this,

FIGS. 3(b) and (c) can be utilized as examples ofeachtype'

of such error diffusion weighted matrices.

Next, the multigradation image data (i, j) of target pixel P
(i, j) is input to the data storage means 38, and the total error
diffusion value total err (i, j) corresponding to target pixel P
@, j) is read from diffusion error storage means 42. Using
these inputs, data c(i, j) is found.

Binary coding of the whole image is carried out by
performing the following operation on all the pixels:

data c(ij)= data ({j)}+ toial_ecx (ij) (s)
Solmiox_l of First and Second Problems

In this way, the image processing apparatus 30 of the
embodiment, using an error diffusion method, translates the
input target pixel multigradation image data 200 into big-
radation image data 230 capable of displaying half tones,
comprising gradation values 0 and 255, and outputs it.

The special characteristic of the image processing appa-
ratus 30 of the present embodiment is that the problem of a

large volume of binary coding errors accumulating in areas -
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.away that it calculates the target pixel binary coding er ,
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of low density and areas of high density is solved by
utilizing the optimum threshold value setting means 32, and
the problems of delay in the generation of dots in the
beginning portions of low and high density areas and tailing
after low and high density areas are completed caused by
such error accumulation are also solved.

The following is an explanation of the reason why both

the above-mentioned first problem (delay in dot generation)
and second problem (tailing) in the image processing appa-
ratus of the present invention are solved. The inventor of the
present invention first determined the cause of the above-
mentioned first and second problems. In order to do this, in
the image processing apparatus shown in FIG. 2, the opti-
mum threshold value setting means 32 set the binary coding
threshold value at 128. Furthermore, as image data 200,
image data was input with all pixels having a uniform
gradation value. Then the average value of the binary coding
error err (i, j) added to the original image data by the
above-mentioned Equation § was checked.
" To be precise, the optimum threshald value setting means
32 was removed from the image processing apparatus of the
embodiment shown in FIG. 2 and the binary coding thresh-
old value was fixed at roughly 128. Next, as shown in FIG.
4, an original image 160, 600x400 pixels in size, with all
pixels of a uniform gradation, was binary coded starting
from the top left-hand corner. Then, when the dot formation
was considered to have reached a stable condition, the
average binary coding error (the average value of the binary
coding error err (i, j) added to the original image data by
Equation 5) of the 200x100 pixel area 170 in the bottom
right-hand comer was found.

It is noted that the threshold value was not completely
fixed at 128. With the object of avoiding the generation of
'a specific, regular pattern, a small amount of random noise
was added in the range plus/minus 6. This noise was added
to avoid the regular generation of a pattern as the original
data which in the case of the present example, was com-
puter-generated artificial data.

FIG. 5 shows the results of the above experiment con-
ducted on original image 160 with different gradation val-
ues. From the experiment results we can clearly see that in
the original image 160, in the low density areas with a
gradation value 1-4, and also in the high density areas with
a value of 251-254, the average binary coding error didn’t
become 0. On the contrary the absolute value even reached
as high as 100. The average binary coding error corre-
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sponded to the expected values of error diffusion/accumu-
lation volume in a stable state. Becanse the error diffusion
method was thought to be a method of lowering the localized
average value of the binary coding error, the large size of the
absolute value obtained in this way was a deeply interesting:
discovery.

From the experimental data shown in FIG. §, it is possible
to analyze the.generation mechanism of the previously-
mentioned first and second problems in the following way.

1. In the case where the gradation values of the original
image 160 are 1-8 and 247-254, (close to 0 or 255) with the
threshold value fixed at around 128, before settling in a
condition where dots are stably formed, alarge volume error
accumulation (with the absolute value of the average binary
coding error reaching over 80) is necessary. Especially with
original image data with gradation values of 1-4 and
251254, it is necessary to accumulate a volume of errors
over 100 before settling in a condition where dots can be
formed stably. When the density values of the multigrada-
tion image data 200 are close to binary density values 0 and
100, this error accumulation volume becomes large.

2. Error Accumulation Period.

Further, in the case where the image data density is around
0, even with 0 binary coded only a few binary coding errors
develop. Due to this, a considerable amount of accumulation
time with diffusion and accumulation is necessary to reach
a value of around 80-100. Yet further, in the case where the
image data density is around 255, in the same way, a
considerable amount of accumulation time with diffusion
and accumulation is necessary to reach a value of around
80-100. Moreover, the accumulation speed becomes slow
when the image data density values as binary coded density
values are close to 0 and 255. _

3. First Problem

- Dots are not formed during the period of error accumu-
lation up to when the accumulation volume has reached a
stable state. For this reason, a large error accumulation
volume is necessary in order to form dots. Moreover a
considerable amount of time becomes necessary to reach the

necessary error accumulation volume, delay in dot genera- .

tion develops. This is the cause of the first problem.

4. Second Problem

As a large error accumulation volume is necessary in
order to form dots, the surrounding image data is distorted
by the large yolume of accumulated errors being diffused as
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far as the exterior area. This is the cause of the second
problem, the previously-mentioned problem of ‘tailing’.

As stated above, in the case where the image data density
values as binary coded density values are close to 0 and 255,
the average binary coding error takes an unusually high
absolute value and the ‘error accumnulation’ phenomenon
develops.This ‘error accumulation’ phenomenon is the cause
of the development of the first and second problems.

The optimum threshold value setting means 32 of the
present invention gets rid of this ‘error accumulation’ pri-
mary cause and is an essential solution to the first and second
problems. It is a means wherein when the original image
data 200 is low density, the threshold value is small; when
it is high density the threshold value is large. Optimizing the
binary coding threshold value corresponding to the original
image data 200 gets rid of the ‘error accumulation’ itself, dot
formation is possible with no ‘error accumulation’.

Here, the question “Don’t the 255 (black dot) binary
coded pixels-increase, and doesn’t the density rise sabstan-
tially if the threshold value of the low density area is made
small without regard to the resuit?’ probably arises. Cer-
tainly, in an ordinary dither method where error diffusion is
not performed, a change in the threshold value leads to an
immediate change in the density. However, when the inven-
tor of the presemuwennoncheckedﬁns, even if the thresh-
old value was changed in the error diffusion method, the
total output density hardly changed.

That is, in the case where binary coding was carried out
with the threshold value fixed at 128, and the cases where
binary coding was carried out with it fixed at 64 and 192 the
output density hardly changed.

In the error diffusion method the binary coding error is not
discarded. Rather, it is diffused to the adjacent non binary-
coded pixels. For example, even if the situation develops
whereby a pixel previously binary coded to 0 is binary coded
to 255 because of the threshold value being made small, a
greater negative binary coding error than the absolute value
is created in the pixel. This is diffused to the adjacent non
binary-coded pixels and it works in a lowering direction to
balance the adjacent pixel gradation level, :

In FIG. 6 the result of removing the ‘error accumulation’
in the present embodiment is shown. That is, FIG. 6 is a
figure clarifying what became of the average binary coding
e:rorfoundmthesamewayasmFIG 5. In the case where
the optimum threshold value setting means 32 of the present
embodiment was used, the resuits for different values of K




REPLACEMENT SHEET 24 Advant ages of The Invention As expl ai R’EELA@EM‘ENT' SHEEF

present invention nultigrada- tion image data is correcte
di f fusi ®n nethod or a mi ni num average error nethod. Moreoye
processi ng apparatus, by the provision of the threshold val Je

dairer+o6f

2'0"DECTIER

17

in equation (1) of the present embodiment was plotted.

In the case where K= oo, slsh= data. However, in FIG. 6, in
the same way as in FIG. §, 2 maximum +6 small volume of
random noise was added to the threshold value determined
by Equation (1). From FIG. 6 we can understand that, if
K=2, that is sish= (data+ 128)/2, the average binary coding
error is reduced to less than half (at the maximum less than
50), with the result that the accumulated error volume is
greatly reduced. Furthermore, if K=4, the average binary
coding error is generally close to 0; when K=8, even in the
case with image data gradations of 1, 2 and 253, 254
(gradation values extremely close to 0 or 255), the average
binary coding error almost becomes zero.

~ Based on bi-gradation data output from image processing
apparatus 30 shown in FIG. 1, actual printing using a printer
was performed, and an evaluation of the influence of the
previously-mentioned second problem ‘tailing’ was con-
ducted. The result of this evaluation experiment was that it
was possible to confirm that if the absolute value of the
average binary coding error is kept below 50, the effect of
the ‘tailing’ of problem B is substantially alleviated. From
this, the value of K from the previously-mentioned Equation
1 is set in a range of K=2 to <=, In other words, the threshold
value corresponds to the image data gradation value,

when data<128, dataSsish=(128+data)/2,
when data>128, (128+data)/2Ssish=data ©

by setting this range the absolute value of the average binary

coding error can be reinstated below 50, and the second

problem can be solved.

Next, an experiment was conducted to evaluate the influ-
ence of the previously- mentioned first problem, dot gen-
eration delay. The result of the evaluation experiment was
that it was possible to confirm that solving the slowness in
_dot generation of the first problem also followed the reduc-
tion of the average binary coding error. If K from the
previously-mentioned Equation 1 is made too large, the

average binary coding error exceeds 0, the signal is reversed,

and an ‘over-correction condition’ develops.
However in a subjective evaluation of actual print resuits,

there were signs of the speed of dot generation accelerating .

up to a condition of slight over-correction, and an intensified
printing effect developed, giving a desirable print quality. In
the subjective examination considering the reproducibility
of the slow dot-generating area with the data values at 1, 2

and 253, 254, the range of K= 8-24 was especially good, -
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with K= 16 being the optimum level. In FIG. 7, the binary
coding threshold value with the average binary coding error
continuously at 0 is shown. The estimated value of this
binary coding threshold value was found by interpolative
computation based on FIG. 6.

If the optimum threshold value setting means of the
present embodiment are constructed by deciding the thresh-
old value from the original image data based on FIG. 7, the
expected value of the ‘tailing’ of the previously-mentioned
second problem becomes 0, and the best optimum threshold
value setting means is realized. .

In FIG. 7, the characteristics diagrams for lines for the
cases whereby the value of K (in Equation 1) is 2, 8 and o,
are depicted. We can understand from the characteristic
curve that in the case whereby the value of K is set around
K= 8, this gives an ideal approximate value for making the
average binary coding error 0. -

Further, in the manner previously stated, from the point of
improvement of the delay in generation of dots in the
previously-mentioned first problem, there was the case

.wherein when there was the tendency for reversal of the
signal (over-correction condition) where the average binary
coding error exceeded 0, a good subjective evaluation was
obtained. The optimum result was obtained when K=16 was
used. Up to K= oo, there is a considerable edge intensifying
result in the data changing portion, this is also sufficiently
valuable for the objective of using an image.

Further, in FIG. 7, even though we made the optimum
threshold value 128 when the data values were 0 or 255, no
matter how we made the threshold value, the great difference

/in the result (when the data gradation value and binary

soding result values were equal) disappeared. Accordingly,
‘even in the optimum threshold value setting means of this
embodiment, where the data values are 0 or 255, it is
satisfactory whichever way the threshold value is set.

In this way, in the present embodiment, using an error
diffusion method, muitigradation image data 200 was con-
verted into bigradation image data 230 (capable of display-
ing half tones) and output. Also, the previously mentioned
first and second problems could be fundamentally solved
without any accompanying side effects of quality depletion.
This is achieved by the binary coding threshold value used .
in the binary coding processing being set within the range of :
the previously meationed Equation 6, based on the gradation
values of multigradation image data 200.



previ ously nmentioned error accunul ati on, w thout accom ( o) f
Furt hernore, because the threshol CW%EM S EET

of quality depletion.
nmeans of the present invention is realized by a sinple ¢
just a sinple calculation is perforned or a conparison t
Bot h speedy and satisfactory inmage processing can be carrijed out wt
the need for a conplicated processing circuit. Still funther; by vary+n

the threshol d

orjstructi on

ahl @ sDEEfg

hel ej

ﬂ%[}te .

19

Moreover, in the present embodiment, through the setting
method of the constant K in Equation 1 it was possible to
obtain a binary-coded output image with desirable charac-
teristics. :

Further, in the corrected data shown in FIGS. 6 and 7,
there is an example of the case of error diffusion using the
error diffusion weighting matrix shown in FIG. 3. In the case
of using different weighting matrices, quantitatively speak-
ing a slightly different result is obtained, but the qualitative
tendency generally doesn’t change. In this way, the present
invention is effective even in the case of utilizing a different
error diffusion weighting matrix.

Comparison between the Present Invention and the
' Related Azt '

In the same way as the present invention, the ‘Image
Processing Apparatus and Method of Same’ of Unexamined
Japanese Patent Application No. Hei. 4-154370 changes the
binary coding threshold value corresponding to the grada-
tion values of the original image data 200. However, as the

primary object of this method was control of noise in

character and line image portions, it employed the process of
‘if the original image density data is large, the corresponding
binary coding threshold value is made small’. This changes

the threshold value in a way exactly opposite to that of the.

present invention, and there was generally no effect of
improving the first and second problems. Further, for an
example of a binary coding method utilizing a minimum
average error method it would also be useful to refer to
Unexamined Japanese Patent Application No. Hei.
4-154370.

FIG. 12 is a diagram showing an output example of
original picture image 100 of FIG. 3 utilizing the image
processing apparatus 30 of the present invention as shown in
FIG. 2. The complete solution of the dot generation delay
problem of FIG. 14 and such problems as the disappearance
of the central portion of straight lirie 130 due to tailing from
low density area 120 can be understood.

In this way, the ideal solution of the first and second
problems by the present invention is confirmed. Further-
more, the ability of the present invention to solve the first
and second problems without any damaging side effects is




value set by the threshold val ue setting neans of the present invention,
.adj ustment of the speed of dot generation is possible g—eh fhe
situati‘fon, by setting an over-correction condition, a gﬁﬁ

for exanple an edge intensification effect, can be obt gi fed.
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also confirmed.

Other Embodiments of the Optimum Threshold
Value Setting Means

In the previously mentioned embodiment, the optimum
threshold value setting means 32 set the binary coding
threshold value based on Equation 1. The present invention
is not limited to this. Depending on the situation, it is also
possible to employ other methods to set the binary coding
threshold value.

In FIG. 8 another embodiment of optimum threshold
value setting means 32 is shown. The optimum threshold
value setting means 32 of this embodiment is constructed
setting the threshold value based on output data (i, j) as
target pixel mulngradauon data 200, as shown in the fol-
lowing equations:

if O=data (4)<128-L1, slsh(i,)=data (L L1,
if 128-L1Sdata ()S128+L2, slsh(;,)=128,
if 128+12< data(i,)S 255, slsh(i )= data G)-L2 m

An appropriate value for L1, 1.2 is 064, but arange between
8-16 is optimmm. Farther, it is acceptable to set L1 and 12
at the same value. In this embodiment, the case wherein the
data value is around 128, 1tdeviawsfromthemngeshown
in Equation 6: '

when data<i28, dataSylsh=(128+data)/2,
when data>128, (128+data)2SsishSdata

but the first and second prablems to be solvedbythepresent
invention became especially conspicuous in the case
wherein data is of a value in the neighborhood of 0 and 255
(not including 0 and 255). Consequently, Equation 6 does
not need to be satisfied in all the data areas, it is enough if
it is satisfied in the case whereby data is of a value in the
neighborhood of O and 255. Therefore, according to the
sctting of the binary coding threshold value as shown in the
previously mentioned Equation 7, it is possible to solve the
first and second problems and to obtain a sati
binary-coded image in the same way as in the previously
mentioned the first embodiment.

In FIG. 8, a further separate embodiment of the optimum
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threshold value setting means 32 is shown. In the optimum
threshold value setting means 32 of the embodiment a binary

coding threshold value is set corresponding to the gradation

value of original image data 200 not continuously, but step
by step. Even this way, it is possible to solve the first and
second problems and to obtain a satisfactory binary-coded
image in the same way as the previously mentioned embodi-
ment.. Still further, in FIG. 10 yet another separate embodi-
ment of the optimum threshold value setting means 32 is
shown. The optimum threshold value setting means 32 of the
embodiment is constructed such that the optimum threshold
value setting operation, which is a characteristic of the
present invention, operates only in the low density area. That
is, it is constructed in such a fashion that in the case wherein
the threghold value of image data 208 is in the high density
area, the binary coding threshold value is fixed at 128; when
the image data 200 is at a value close to 0 on the low density
area side, the optimum threshold value is set to satisfy the
previously mentioned Equation 6. For example, in a printing
apparatus with a large volome of dot blurring, because
isolated white dots in high density portions are generally
lost, in high density portions the first problem does not
appear to be so conspicuous. For that reason the present

' invention only improves the low density portions where the

first problem is easily noticeable. Further, in response to the
special characteristics of image output apparatus, it is
acceptable to construct it in the opposite way such that the
optimum threshold value setting operation of the present
invention works only in the high densuy area. In this way,
in response to this ontput apparatus, it is enough to construct
the opnmum threshold value setting means 32 of the present
invention to set the optimum threshold value only in the
necessary original image high density portions.
Actual Example of the Threshold Value Setung
Means

In the optimum threshold value setting means 32 in each
of the previously mentioned embodiments, in order to set the
threshold value from the original image data, a construction
wherein calculatior according to the previously mentioned
Equation 1 is carried out each time is acceptable. Also
acceptable is a construction wherein a conversion table in
which the relationship between the original image data
gradation values and threshold values has previously been
stored is referenced. In FIG. 11 an actual example is shown
of optimum threshold value setting means 32 constructed
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using 2 ROM. 8-bit original image data is input to the ROM
address buses A0-A7, 8-bit threshold values corresponding
to these are output from data buses D0-D7. Further, among
the embodiments there is the example wherein a small
amount of random noise is added to the binary coding
threshold value set by the optimum threshold value setting
means 32. In the case wherein the original image data is
exceptionally systematic data drawn by a computer etc., this
is to protect against a specific regular pattern being formed
by the binary coding of the error diffusion method. Conse-
quently, in the case of a natural image wherein the original
image data contains moderate unevenness, adding random
noise in this way is unnecessary. As a result of the addition
of random noise it is possible that the threshold value may
deviate from the range shown in Equation 6, however it is
good if the threshold value lies within the range of Equation
6.

Further, even if the noise is added to the original image,
not to the threshold value, the same result is obtained.

Other Embodiménts

The present invention is still not limited to each of the
previously mentioned embodiments, within the scope of the
present invention all types of different embodiments are
possible. For example, in a previously mentioned embodi-
ment the case of density data wherein original image data
became white by 0, black by 255 was taken as an example
and explained, but needless to say the present invention can
be applied in the same way in the case where there is
brightness data wherein the original imiage data becomes
black by 0 and white by 255.

Further, where the original image data takes values in the
range A-B (A>B), in the case where this is binary coded into
a or b (a< b), Equation 1 in the first Embodiment changes
thus: )

" sish(i.f)= (data G Hy*(R~1 ) (a+D)V2)K (1)
“and it is desirable if Equation 2 changes in this fashion:
if data CUENZslsh(ij), then result ()= a
if data O(i;)< slsh(i,), then result G,/)=b. @
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the value of input data is close to said first gradation val
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Generally A= 2 and B= b, but in the case whereby the
possible output density of the output apparatus di'ﬂ'ers
greatly from the range of the original image data.thegexs an
example where Aand a, Bandb do not match. In this case,
with the conditional expression m=(a+ b)/2 to set the thresh-
old value of Equation 6, it becomes:

when data< m, data=sishS(midata)/2,

when data> m, (m+data)2Sslsh=data @®).

Further, in a previously mentioned embodiment the case
of original image data 200 being corrected utilizing an error
diffusion method was taken as an example and explained,
but the present invention is not limited to that; a case
wherein correction is done utilizing a minimum average
error method can also be applied.

In FIG. 18, an ideal embodiment of image processing
apparatus 30 utilizing an minimum average error method is

- shown. Further, as the same reference marks are attached to
the parts corresponding to those in the embodiment shown
in FIG. 2, that explanation has been omitted. In this embodi-
ment error correction means 34 is constructed including data
correction means 38, error calculation means 44 and error
storage means 46. Said error calculation means 44 is con-
structed in such a way that it calculates the target pixel
binary coding error err based on the previously mentioned
Equation 3, and writes the value to the address in emor
storage means 46 corresponding to the target pixel. The
result of this is that the binary coding errors of binary-coded
pixels are written and stored one by one in the storage area
corresponding to each pixel address of error storage means
46. The multigradation image data (i, j) of target pixel P fi,
j1 is input to data correction means 38 and the errors of the
already binary-coded pixels proximate to this target pixel P
[i, j1 arc read from error storage means 46. Next, -the
prescribed weighting is applied to the read error data and the
average error is found, this average error is added to the
target pixel multigradation image data (i, j), and this is

. output to the binary coding means 36 as corrected pixel data

c @, j)-
Further, apart from this, as the construction is the same as the
previously mentioned first embodiment, that explanation is
omitted here. Also in this case, utilizing an minimum
average error method, the same effect as that in the previ-
ously mentioned first embodiment can be achieved.
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Advantages of The Invention

As explained above, in the present invention multigrada-
tion image data is corrected by an error diffusion method or
a minimum average error method. Morcover, the image
processing apparatus, by the provision of the threshold value
setting means which optimizes the threshold value based on
the gradation value of the target pixel image gradation value
data, has the advantage of being able to fundamentally solve
the development of the phenomenon of a large error volume
accumulating in low density and high density areas, and the
problems of delay in dot generation in beginning portions of
arcas of low and high density and tailing after completing
areas of low and high density which are cansed by the
previously mentioned error accumnlation, without accom-
panying side effects of quality depletion. Furthermore,
because the threshold value seiting means of the present
invention is realized by a simple construction wherein just a
simple calculation is performed or a comparison table is
referenced. Both speedy and satisfactory image processing
can be camried out without the need for a complicated
processing circuit. Still further, by varying the threshold
value set by the threshold value setting means of the present
invention, adjustment of the speed of dot geaeration is
possible and depending on the situation, by setting an
over-correction condition, a secondary advantage, for
example an edge intensification effect, can be obtained.

What is claimed is:

1. An image processing apparatus for converting mul-
tigradation image data into bigradation image data of a first

~ and second gradation value comprising:

an error correction means to correct an input multigrada-
tion image data of a target pixel (data) by adding an
error diffused from a proximal previously binary-coded
pixel to said input to produce a corrected pixel data;

a threshold value setting means for setting a binary
threshold value based on 2 gradation value of said
input; and

a binary coding means which accepts said binary thresh-
old value and said corrected pixel data and outputs said
bigradation image data based on said threshold value .
and said corrected pixel data; wherein said first and
second gradation value have a median m and said
threshold value setting means sets said binary coding
threshold value slsh, satisfying at least one of the
tolerance ranges shown in the following equations:

of



val ue sl sh step by étep. 4. An image processing-apparatus of claim1l

wherein said threshold val ue sett|j i d birgary—t | d val ue
" slsh according to the foll ow ng emm@ﬂmﬁwumt a< EE(AGEMENIFa
when M L1< data< m+L2, sl sh=m whehy S h=daj a

L1, L2 are constants expressed by integers 20 DEC 1997
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in the case where the value of input data is close to said
first gradation value, dataSslishS((m+data)/2), and in
the case where the value of input data is close to said
second gradation value, ((m+data)/2)Ssish=data.
2. An image processing apparatus of claim 1 wherein said
threshold value setting means, sets said binary threshold
value slsh according to the following equation:

sish=(data®(X-1 )+ m)/K,

provided that K is a constant expressed by an integer greater
than 2.

3. An image processing apparatus of claim 1 wherein said
threshold value setting means sets said binary threshold
value slsh step by step. :

4. Animage processing apparatus of claim 1 wherein said
threshold value setting means sets said binary threshold
value slsh according to the following equations:

when data< m—L1, sish=data+- L1,
when M-L1< data< m+L2, sish=m
when M+L2< data, sish=data—L2

provided that L1, L2 are constants expressed by integers
between 0-m.

§. An image processihg apparatus, wherein the binarcy
coding means of claims 1, 2, 3 or 4 adds random noise to at
least one of said threshold value and said corrected pixel
data.

6. An image processing apparatus of claims 1, 2, 3, or 4
whereir said error correction means further comprises:

a diffused erxor storage means for storing a diffused error

total value for each pixel;

an error diffusion means for calculating 2 binary codi

error, for diffusing said binary coding mma?l‘:sgt
one non-binary-coded pixel proximate to the target
pixel using an error diffusion method, calculating an
updated diffosed error total value for each proximate
pixel by adding a predetermined portion of said binary
coding error from said target pixel to the diffused error

. This Sheet Has Been Replaced
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total value for each proximate pixel stored in said
diffused error storage means;

and a data correction means for calculating said corrected
pixel data by adding the target pixel multigradation
image data and the diffused error total value for the
target pixel;
and outputting said corrected pixel data.
7. An image processing apparatus of claims 1, 2, 3, or4
wherein said error correction means further comprises:

an error storage means which stores cach error informa-
tion for each pixel;

an error-calculation means for calculating a binary coding
error and writing said binary coding error to said error
storage means; and

a data correction means for calculating an average error
by reading the binary coding error for pixcls proximate
. to the target pixel from said error storage means and
applying a predetermined weighting for each proximal
pixel; adding said average enor to the input multigra-
dation image data of the target pixel; and outputting
corrected pixel data.

8. An image processing apparatus according to claim 5,

wherein said error comrection means further comprises:

a diffused etror storage means for storing a diffused error
total value for each pixel;

an error diffusion means for calculating a binary coding
error, for diffusing said binary coding error to at least
one non-binary-coded pixel proximate to the target
" pixel using an error diffusion method, calculating an
updated diffused error total value for each proximate
pixel by adding a predetermined portion of said binary-
coding exror from said target pixel to the diffused erxor
total value for each proximate pixel stored in said
diffused error storage means;

and a data correction means for calculating said corrected
pixel data by adding the target pixel multigradation
image data and the diffused error total value for the
target pixel; and outputting said corrected pixe! data.

9. An image processing apparatus according to claim §,

wherein said error correction means further comprises:
anetrorstoragemeanswhnchstoteseacherrormfonna

tion for each pixel:
Sheet Has Been Replaced
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6. -An i mage processing apparatus of clainms 1,2,3, or 4 wherein said error
correction nean further conprises: a diffused erroi
‘'storing a diffused error total value for each pixe
nmeans for calculating a binary coding error, for dfffustmg sard~bmnary
coding error to at |east one non-binary-coded pixe r tlhg t arget
pi xel using an error diffusion nethod, calculating|ah ?)ﬁ ﬁl’,‘ﬁéﬁ
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an error calculation means for calculating a binary coding
error and writing said binary coding error to said error
storage means; and: '
a data comrection means for calculating an average error
by reading the binary coding error for pixels proximate
to the target pixel from said error storage means and
applying a predetermined weighting for each proximal
“pixel; adding said avemgeexmrtothemputnmlngm-
dation image data of the target pixel; and

outputting;orrectedpixeldata.
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target pixel; and outputting said corrected pixel data. 7. An inage _
processing apparatus-of ctaims 1, 2, 3, or 4 wherein said error correction
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tion for each pixel: an error calculation neans for calculating a binary
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pixel ; adding said average error to the input multigra- dation inage data
‘'of the target pixel; and outputting corrected pixel data. _
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Advantages of The Inveation

As explained above, in the present invention multigrada-
tion image data is corrected by an error diffusion method or
2 minimum average error method. Moreover, the image
processing apparatus, by the provision of the threshold value
setting means which optimizes the threshold value based on
the gradation value of the target pixel image gradation value
- data, has the advantage of being able to fundamentally solve
 the development of the phenomenon of a large error volume

accumulating in low density and high density areas, and the
problems of delay in dot generation in beginning portions of
arcas of low and high density and tailing after completing
areas of low and high density which are caused by the
previously mentioned error accumulation, without accom-
panying side effects of quality depletion. Furthermore,
because the threshold value setting means of the present
invention is realized by a simple construction wherein just a
simple calculation is performed or a comparison table is
referenced. Both speedy and satisfactory image processing
can be camied out without the need for a complicated
processing circuit. Stll further, by varying the threshold
value set by the threshold value setting means of the present
invention, adjustment of the speed of dot generation is
possible and depending on the sitmation, by setting an
over-correction condition, a secondary advantage, for
example an edge intensification effect, can be obtained.
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“1. An image processing apparatus for converting mul-
tigradation image data into bigradation image data of a first
and second gradation value comprising:

an error correction means to correct an nput multigrada-
tion image data of a target pixel (data) by adding an
error diffused from a proximal previously binary-coded
pixel to said input to produce a corrected pixel data;

a threshold valie setting means for setting & binary
threshold value based on a gradation value of said

~ input; and

a binary coding means which accepts said binacy thresl}-
old value and said corrected pixel data and outputs said
bigradation image data based on said threshold value
and said corrected pixel datz; wherein said first and
second gradation value have a median m and md
threshold value setting means sets said binary coding
threshold value sish, satisfying at least onme of the
tolerance ranges shown in the following equations:

in the case where the value of input data is close to said
first gradation value, datasSslshS((m+data)/2), and in
the case where the value of input data is close to said
second gradation value, ((m+data)/2)Ssish=data.

2. An image processing 2pparatus of claim 1 wherein said

threshold value setting means, sets said binary threshold
value slsh according to the following equation:

sisie={data* (K-l m)/K,

provided that X is a constant expressed by an integer greater
than 2. .

3. An image processing apparatus of claim 1 wherein said
threshold value setting means sets said binary threshold
value sish step by step.

4. An image processing apparatus of claim 1 wherein said
threshold value seting means sets said binary threshold
value sish according to the following equations:

_ when date< m—L1, sish=datat L1,
véhen M-L1< data< m+L2, sish=m
when M+L2< data, slsh=data—L2

provided that L1, 12 are constants expressed by integers
between 0-m.
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§. An image processing apparatus, wherein the binary
coding means of claims 1, 2, 3 or 4 adds random noise to at
least onc of said threshold value and said corrected pixel
data.

6. An image processing apparatus of claims 1, 2,3, or 4
wherein said etror correction means further comprises:

a diffused emar storage means for storing a diffused error

total value for each pixel;

an exror diffusion means for calculating a binary coding

exror, for diffusing said binary coding error to at least
one non-binary-coded pixel proximate to the target
pixel vsing an error diffusion method, calculating an
u?datcddiﬁuedcnormlalvalucforcachpmximm
pixel by adding a predetermined portion of said binary
coding error from said target pixel to the diffused error
total value for each proximate pixel stored in said
diffused error storage means;

and a data correction means for calculating said corrected
pixel data by adding the target pixel multigradation
image data and the diffused error total value for the
target pixel;

and outputting said corrected pixel data. ‘

7. An image processing apparatus of claims 1,2, 3, or 4

wherein said error correction means further comprises:

an error storage means which stores each error informa-
tion for each pixel; '

an error-calculation means for calculating a binary coding
error and writing said binary coding error o said emxor
storage means; and

a data cormrection means for calculating an average error
by reading the binary coding error for pixels proximate

. to the target pixel from said error storage means and

applying a predetermined weighting for each proximal
pixel; adding said average emor to the input multigra-
dation image data of the target pixel; and outputting
corrected pixel data.

8. An image processing apparatus according to claim S,

wherein said error correction means further comprises:

a diffused error storage means for storing a diffused error
total value for each pixel;

an error diffusion means for calculating a binary coding
error, for diffusing said binary coding error to at least

_one non-binary-coded pixel proximate to the target

pixel using an error diffusion method, calculating an
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diffused error total value for each proximate

pixel by adding a predetermined portion of said binacy
coding exror from said target pixel to the diffused erxor
total value for each proximate pixel stored in sa:d
diffused error storage means;

and a data correction means for calculating szid corrected
pixel data by adding the target pixel multigradation
image data and the diffused exror total value for the
target pixel; and outputting said corrected pixel data.

9. An image processing apparatus according to claim §,

wherein said error correction means further comprises:

an error storage means which stores each error informa-
tion for cach pixel:

an error calculation means for calculating a bmaq coding
error and writing said binary coding error to said emor
storage means; and -

a data correction means for calculating an average crror
by reading the binary coding error for pixels proximate
to the target pixel from said error storage means and
applying a predetermined weighting for cach proximal

' pixel; adding said average error to the input muitigra-
dation image data of the target pixel; and

outputting corrected pixel data.
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ABSTRACT

IMAGE PROCESSING APPARATUS

An image processing apparatus 30, which can solve the
problems of delay in dot generation in beginning portions of
areas of low or high density and tailing after finishing areas
of low or high density and carry out speedy binary coding
image processing without accompanying side effects of
quality depletion and without the need to utilize a2 compli-
cated processing circuit: includes error correction unit 34
which corrects multigradation image data 200 and outputs it,
threshold error setting unit which sets a binary coding
threshold valuc based on the gradation value of said target
pixel multigradation image data 200 and binary coding unit |
36 which, based on the set threshold value, converts the
previously mentioned cormrected pixel data into the previ-
ously mentioned bigradation image data and outputs it; the
gradation value of the previously mentioned target pixel
multigradation image data being data, the median value of
the previously mentioned first gradation value and second
gradation value being m and the previously mentioged
threshold value being sish, the previously mentioned thresh-
old setting unit 36, when the gradation value of the previ-
ously mentioned target pixel multigradation image data is in
the neighborhood of the previously mentioned first and
second gradation values, the binary coding threshold value .
is set within the tolerance range shown in the following

equations:
when data< m, dataSsishS(n+data)2,

when date> m, (nidate)/2SclshSdata,

rig. 2 | REPLAGEMENT SHEET
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