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The invention relates to an ima9e processing apparatus, 

In the past, multlgradation image dat~ read using image 

input f.rom a scanner or multigradation graphic image data 

computed using a c:omp':lter was reprcductivel).1 displAyed by, for 

example, a displAy or printer etc.1 or suC:if··~·s· a facsimile machine or 

copier. At this time, as an image output apparatus, in the 

. case of being used to reproductively ·display rnul ti gradation 

image data there was no problem, but, for example, in the case 

of using a printer ·apparatus o:t: 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 c:asa where the volume of the 

a.fore-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 grada tio~s of each 

pixel to 2. 

There are many types 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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one with superior picture quality. An error diffusion method or 

a min~mwn average error method, haying high resolution, has the 

superior characteristic of the possibility of continuous 

gradation reproduction. 

In the above-mentioned error diffusion method, a 

quantiza~ion 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 the error diffusion operation is carried out, 

so logicaily they are the same. Unexamined Japanese Patent 

Publication No. Hei. 1-28417 3 i~ an example employing the e.rror 

diffusion method. 

However, in the previous image processing apparatus 

utilizing the error diffusion m~thod 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 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 ~iqh density were finished, the~e was the problem that a 

phenomenon (tailing} developed, in which image data fol~owing 

the finishing of an area of low density was deflected towards 
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the high density side, and image data followinq the finishinq 

of an area of high density was deflected towards the low 

density aide. 

Considerinq the case of the firet problem in a 

bigradational printer apparatus printing black ink dots on 

white paper, because the black dots got biqqer due to ink 

blurring, the white dots were difficult to distinguish because 

of blurring from the surrounding black dots, and the result was 

that fonne.r problem was especially noticeable in the low 

density portion. 

The afo.re-m.entione.d problems will be discussed in 

detail usinq 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 (high~st 

value- 255), there is a low density square area 120 with a 
density g.;radation value of e.g. 3 (lowest density - 0). 

Further, at the bottom right of the low density square 

area 120 a 45 de9ree 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, ~he o~iginal 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 proca~·s, with the upper left-hand corner pixel of .. . .. . .. . . . .. . 
original image 100 as the binary codinq 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 
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the process is continued. In contrast to this, Fig. 12 is an example of the 

output in the case of ideal binary coding of the same_oriqinal 

image 100 by -the imaqe processing apparatus o~ the present 

invention. If we compare the two, in Fig.14 in the upper and 

left-hand portions of the hiqh density square area 140 (Please 

refer to Fig.14 (B}) the generation of white dots was delayed; 

fuz:ther, 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 

disappeared. In this way, the above-mentioned later 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 this proposal, in the case of managing from 0-255 

256 gradation input density aata, where the input deneity 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 f rem l - 4-, 

± 75 when the data was from 5 - 14 and ± 25 when the data '*las 

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 
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the delay in dot generation was improved, because the case 

· d.eveloped wherein when the density was low the threshold value 

became exceptional_ly sJUall due to a la.rqe threshold value 

noise, and even in the transitional portion of an 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 noise·· in 

the area of low density, a low quality image resulted. Further, 

in this previous example a special st.ructure called a 

dete:cmining circuit was provided. Using this determining 

circuit, in the case wherein, if upon examination of the bina~ 

coding result of binary-coded. pixels surrounding the target 

pixel there were already dots adjacent, a determining process 

wherein the tarqet 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 that purpose, to re£er 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 

picture quality. In addition to this, in this related art the 

improvement in the second p~oblem was insufficient. 

Still further, in the 'Other Embodiments l' 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 unders.tand it.However, as it· is 

stated in the relat.ed art, 'it haa a threshold value setting 

function in the same way as in the a.bove-mentioned embodiment, 

moreover the scale of the hardware is small' it ie considered 

- 5 -



r.~1at J.n ·t:he &·&Ule way ·~'a·' in· the fira·t embodiment a larg~ volume 
. -... 

of noise was·{i~ided to t}le ·threshold value i~~,'.~the area cf low 
density. Accordingly, the 'Other Embodim&h~s l' mentioned in 
this related art had the same problems as 'First Embodiment'. 

Further, as othei: methods of impi:ovinq the afore­
mentioned 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 Forming Apparatus' 
of Unexamined ~apariese 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 that as a threshold value. 
However / in this method there were problems which are: 

{l) 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 edqe portions where the data changed suddenly it 
was inappropriate to· use a.n ·average density value from the 
surrounding pixels, the result was the problem of incorrect 
binary c:odinq 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 
specific aspect) to an improvement of an image processing apparatus 
outputting multigradaticin 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 
p~ocessinq apparatus, which can process multigradation image. 
data into binary~coded image data at high-speed without usinq 
a complicated processing circuit and having no side effects 
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·involving picture deterioration, to solve problems such as 

delayed qeneration of dots in the initial portion of a low 

density area and hiqh density area, and tailing after finishing 

an area of low I high density. 

The present invention according to a preferred aspect provides an 

image processing apparatus for converting multigradation imaqe 

data into bigradation image data made from only 2 gradations~ 

First .gradation value and Second gradation value (First 

: qradati·on value < Second gradation value): the apparatus prefer:!>ly. 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 tarqet pixel multigradation image data); a 
advantageously the apparatus also comprises J · 

threshold value setting means _which sets a binary threshold 

value based on the gradation value of the multigradation imaqe 

data of said target pixelsj the apparatus further may contain a binary 
coding means, 

outputtinq said bigradation image data changed from said 

corrected pixel data based on a set threshold value; wherein, 

with said ~arqet 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 1 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 ~hown. in the following 

equations is satisfied: 

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

.value, data s slsh ~ (rn+data)/2. 
ln the case where the value of 
aata ~s close to second gradation value, (m+data)/2 s slsh ~ 

data. 
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Here, when said target pixel multigradation imo.qe 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 multiqradation image 

data gradation value data is in t~e neighborhood of said first . 
gradation value or .second gradation value, said threshold 

setting means can set said binary coding threshold value slsh 

within said toler~nce 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 foll~wing equation: 

slsh = (data*(K~l)+m)/K, 
provided· t~at K is a constant expressed by an integer greater 
than 2. 
According to a still further aspect of the inventfon-·(see e.g. claim 3) 
threshol.ct value setting means cor.responding to sa.id 

target pixel multigradation image data gradation value data, 
sets said ~ina:ry coding threshold value slsh step by step. 

Yet ac.cording to a further aspect of the invention (see e.g. claim 4), 
. . 

threshold value setting means . based on said target 
pixel multfgradation image da.ta gradation value data, sets said 

_binary coding threshold·value slsh ·according to the following 
equations: 

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

when m-Ll <·data < m+L2, slsh = m, 

when rn+L2 < data, slsh = data-L2 
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provided that Ll, L2 are constants expressed by integ~rs 

between O to m. 

Yet according to a further aspect of the invention (see e.g. claim 5), the 

binary coding mean~_of Claims 1 - 4 adds random noise to the 

set threshold value or said corrected pixel data and performs 

said binary codinq processing on said corrected pixel'data, 
As per a further aspect of the invention (see e.g. claim 6), the error 

corre'i:tion means may i.nclude 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 binazy coding 

result, diffuses that binary codinq error to the non· 

binary-coded pixels adjacent to the target pixels us_ing 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 storag.e 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 tarqet pixel 

multiqradation image data and the tar"get pixel diffused er.ror 

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 method and ou~puts it as corrected 
pixel dat.a. 

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; 

--------
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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 correcti~n 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 por~ion and applying a 

predetermined weighting and adding this average erro~ to the 

target pixel multigradation data; 1and corrects target pixel 

multiq.radation imaqe data using e.g. a minimum average error m~thod 

and outputs it as corrected pixel data. 
Acco~ding to a specific preferred embodiment of the invention 

multi gradation image data is input into ·the error 

corr~ction means and the threshold value setting means. The 

error correction~eans corrects_ the target pixel data by addin9 

the error diffused from the ·adjacent al.ready binary-coded 

pixels and outputs this as corrected pixel data. Said ~hreshold 

value setting means- sets the binary coding- threshold value 

based on the target pixel rnultigradation image data gr~dations. 

At this time, when the gradation value data of the target pixel 

multiqradation 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 sleh is 

set within the range.shown in the following equations: when 

data is a value close to the first gradation value, th~~-d~ta · 

~ slsh ~ {m+data)/2 when data is a value close to the second 

gradation value, (m+data}/2 s slsh s data, further, the 

threshold value setting means, based on the set threshold 

value, changes said corrected pixel data into bigradation imdge 

data capable of displayinq half tones composed of only the 
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first qradation 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 larqe: in this way, by optimizing the binary 

cod~ng threshold value corresponding to the gradation value of 

the target pixel muitigradation image data, the accumulation of 
errors accompanying binary coding can be eliminated and 

generation of target pixel dots can be satisfactorily perf~rmed. 

Fur_ther, in an embodimen.t of the present invention / in the case of 

binary coding processinq u~ilizinq an error diffusion method or 

a minimum average error method being performed, even if the 

binary codinq threshold value was chanqed, it was confirmed 

that the overall output densit~ qenerally 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 ~f 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 witnout any acc~mpanyinq side effects of 

quality depletion. 

Figure l is 'an outline explana~ory diagram of the image 

process.ing system applied to the present invention; 
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Fiqu.re 2 is . a function block diaqram of an image 

processing apparatus in which the image processinq system shown 

in Fiq.l ia utilized1 

Figure 3 is ·an .explanatory diagram of an actual example 

of a diffusion weighting matrix used in the embodiment1 

Figure 4 is an explanatory diagram showing th_e original 

image data use~ to.find the average_binary coding error and the 

relationship with the averaqe binary coding error 

discovery area; 

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 diagram explaining how the_ average binary 

coding error is gene.rated in the first embodiment of the 

present invention; 

Figure 7 is an explanatory diagram of the binary coding 

threshold value .with the average binary coding error 

continuously at o. 
Figure 8 is an explanatory . diaqram 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 utili 2ed in the 

present invention; 
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Figure 11 is an explanatory diaqrarn of the hardware 

construction cf an example of the threshold settinq means 

utilized in the present inventicn1 

Fiqure 12 .is an explanatory diagram of the binary 

codinq result used in the image processing apparatus cf the 

present invention; 

Figure 13 is an explanatory diaqram of the original 

image used to obtain the binary coding image showed in Fige.12 

and 13; 

Figures 14(A) and l4(B) are an explanatory diagram of 

a binary coding result obtained by a related art error 

diffusion method; J 

Figure 15 is a complete outline 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.15; 

Figure 17 is an explanatory diagram of another 

embodiment of the system in Fiq.15; and 

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

in correcting multiqradation ima9e data. 

The preferxed 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 rnultigradation image data 200, output:. from image. 
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gradation data output apparatus 10 is input to image processing 

apparatue 30. Image processing apparatus JO chanqes the 

gradient value of the input original image multiqradation imaqe . . 
data 200 into 2 gradations outputtable by the binary image 

output apparatus. 20 and output~ it. That is, the multigradation 

imaqe data 200 is corrected utilizing an error diffusion method 

or a minimum averaqe error method, it is changed into 

bigradation imaqe 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 biqradation 

imaqe data output from image processing apparatus 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 ~he like is output to 

image processing apparatus 30. Said multiqradation 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, compute~ 

graphic multiqradation image data, and further, aoart- from . . . 

computers, various means- for e~ample 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 

ima~e data 230 comp9sed of only a (white) and 255 (black), and 

outputs it. Further, binary image output apparatus 20 in the 

present embodiment is constructed utillzing a printer which 

does not control the gra~ation of pixel units and, based on the 
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input biqradation image data 230, it reproduces and outputs 

original image data capable of displaying half tones. Still 

further, said binary imaqe output apparatus 20 apart from 

printers, may utilize displays, facsimile apparatus or digital 

copiers depending on the situation. 

Actual System Examole 

Said image processing apparatus 30 in the present 

inven:tion can be constructed equally effect:ively 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 Fiq.15,· in the case of 
. . 

utilizing a host computer 12 as the image qradation data output 

apparatus 10 and utilizinq a printer 22 as the binary image 

output apparatus 20, it is suitable for the image processing 

apparatus 30 of the presen~ invention to be inteqrally 

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 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 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 

processing apparatus 30) is constructed in such a way as to 

control printer 22 based on the printer control commands,· 
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Yet further / as show in Fig .17, in the caae where 

scanner 50 is utilized.as image.gradation data output apparatua 

10 and multiqradation 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 3Q of the present invention 

to be integrally con•tructed within scanner 50. In this case, 

scanner SO is constructed including imaqe gradation data 

readinq portion 52 which reads images optically, the imaqe 

processing apparatus 30 of the present invention which outputs 

the read multiqradation image data 200 as bigradation image 

data 230 and binary coded data output portion 54 which outputs 

the output bigradation im~qe data 230 to the host computer. 

Still further, if necessary the ima9e processing 

apparatus 30 of the present invention can be integrally 

constructed within apparatus other than those mentioned above •.. 

FurtheJ:more, f'or the sake of ease of explanation~ in 

the following explanation the construction wherein the image 

processinq 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.l, is 

explained. 

Image Processing Apoaratus 

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 .codinq means 36. Tlie' ·data (i I j) of. pix~l p ( i, j] in 

line i, row j is input to said optimum threshoid value setting 

means 32 and error correction means 34 as the target pixel 
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multiqrad4tion data 200. Said optimum threshold value setting 
means 32 sets slsh (i, j), used to binary-code the 
multigradaticn image data 200 of tarqet pixel P [i, j], 
corresponding to the multigradation image data (i, j), based on 
the following equation: 

slsh (i,j) • (dati (i,j) * (K-1) + 128) I K •. · · · (1) 
here, K is a constant represented by an integer larger than 2. 

Said error correction means 34 corrects the 
multigradation imaqe data 200 of target pixel P [i, j 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 c ( i, j) to the binary 
codinq means 36. 

Binaz:y coding means 3 s· compares the input corrected 
pixel data c (i, j) of ta~get pixel P [i, j) with the threshold 
value slsh (i, j) and binary codes ·1t, outputting the result of 
this binary codinq 1 result (i, j) as bigradation pixel data 

. I 230. That is, the corrected pixel data is binary-coded and 
·output in the followinq way: 

if data c {i,j) > slsh (i,j), then result (i,j)" = 255 
if data c (i,j) < slsh {i,j), then result (i,j) = O, ... (2) 

The error correction means of said embodiment a.re 
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 or.igin~l 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 c (i, j) in the following way: 
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err (i,j) • data c (.i,j) - result (i,j) . · · • (3) 

Next, this binary codinq error err (i, j) is diffused 
. 

to and divided among the adjacent non binary coded pixels P [.m, 

nJ (P [i, j +l], p·[i·+ 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 

pixel stored in the error.diffusion storaqe means 42. Now, 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 we~ghting is 16, and the binary coding error in the present 

pixel (as a fraction of 16), ~orresponding 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 belowJ 

total err(i,j+l)•total err(i,j+l)+err(i,j)*3/l6 

tot~l 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)+err(i,j)/16 

total err(i+l,j-l)=total err(i+l,j-1)+er~(i,j)*2/l6 

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

total err(i+l,j+l)•total err(i+l,j+l)+err(i,j)•2/l6 

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

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

total err(i+2,j)=total err(i+2,j)+err(i1 j}/16 

total err(i+2,j+l)•total err(i+2 1 j+l}+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 wit}:t each binary coding result output from· · · - · · 
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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 

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, 

usinq this as a basis the targe~ pixel p (i, j) multiqradation 

imaqe 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 followinq operation on all the pixels: data c 

(i,j =data (i,j) + total_err {i,j)" ••••• (5) 

Solution of First and Second Problems 

In this way,· the imaqe-pro~essing apparatus 30 of the 

embodiment, usinq an error diffusion method, tr~nslates the 

input tarqet 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 ch~rac:teristic of the image processinr;1 

apparatus 30 of the present embodiment is that the problem of 

a large volume of binary coding errors accwnulatinq 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 c:lensi ty areas and tailing after low and high · 

density areas are finished caused by such an accumulation are 

also solved. 
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The following is an explanation of the reason why both 

the above-mentioned f i.rst problem (delay in dot qenera. ti on) and 

second' problem (tailin9) in the image processing apparatus of 

the present invention are solved. The inventor of the present 
.... . 

invention fir1St determined the cause of the above-mentioned 

first and second problems. In order to do this, in the image 

processinq 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 havinq a unifcrm gradation value. Then the average 

value of the binary coding error err ( i, j) added to the 

oriqinal image· data by the above-mentioned Equation 5 was 

checked. 

To be precise, the optimum threshold value eetting 

means 32 was removed from the i~age 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 pixel.s in size- with all pixels of a 

uniform gradation- was bina:ry coded starting from the top 

left-hand corner. Then, when the dot formation was considered 

to have reached a stable condition, the average binary codinq 

error (the average value of the binary coding error err (i, j}. 

added to the original image data by .Equation S) 0£ the 200 x 

100 pixel c:-rea. .170 in the ~ottom right-hand corner was found ... 

However, the threshold value was not completely fixed 

at 128; with the object of avoiding the generation of a 

specific, regular pattern,· a small a~ount of random noise was 

added in the range plus I minus 6. This noise was added to 

avoid the regulAr generation of a pattern as the original data 

- 20 -



in the case of the present example was computer-9enera.ted 

artificial data. 

Fiq.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 a.reas with a. 
gradation value l - 4 1 also high density areas with a value_ of 
251 - 254, the average binary coding error didn't become O; on 
the contrary the absolute value even reached as high as 100. 
The average binary coding error corresponded to the expected 
values of error diffusion I 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 experimental ciata shown in Fig. 5 it is 
possible to ~nalyze the genera~ion mechanism of the previously­
mentioned first arid second problems in the following way: l. 

In the case where the gradation values of the original. 
image 160 are l - 8 and 247 - 254; close to O or 255, with the 
threshold value fixed at around 128, before settling in a 
condition where dots are stably formed, a large volume error 
accumulation (with the absolute value of the average binary 
coding erro.z- reaching over SO) is necessary. Especially with 
original image data with gradation values of l - 4 and 251 -
254, it is necessary to accumulate a volume of errors over 100 
before settling in a condition where dot~ can be formed stably. 
When the density values of the multigradation image data 200 
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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 O, even wi t"h .. 0 binary coded only· a few binary coding 

errors develop. Due to this, a considerable amount cf 

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 valu~s are close to 

O and 255. 

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 foi:m 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 ·1s the cause of the second problem; the 

previously-mentioned problem of 'tailing' occurs. 
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As stated in the above 1 - 4, in the case where the 

imaqe data density values as binary coded density values are 

close to 0 and 255, the average binary codinq 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 the first and second 

problems. That is, it is a means wherein when the original 

imaqe 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 fo:cma-tion 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 threshold 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 
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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. Fer 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 lowerinq 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, 

Fiq.6 is a figure c+arifyinq what became of the average binary 

codinq 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 K of the present embodiment was 2, 4, 

a and = was plotted. 

In the case wherein K = ~, 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 Fiq.6 we c~n understand that, if K=2, 

that· is siah··... (·data + 128) I 2 1 the average ?inary coding 

·erro~ is reduced to less than half· (at the maximum less than 

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

greatly reduced. FuJ:"thermore, if K=4, the averag_e binary coding 

error is generally close to O; when K=B, even in the case with 
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imaqe data gradations of 1 1 ·2 and.253, 254 (gradation values 

e~tremely close to O er 255), it almost becomes zero. 

Based on bi-qradation data output from image precessing 

apparatus 30 shown ·in Fig.1, actual printing using a printer 

was performed / and an evaluation of the influence of the 

previously-mentiorted 8&COnd problem 'tailing' WAS conducted • 
. 

The result of this evaluation experiment was that it was 

possible to confirm that if the ab8olute value of the averaqe 

binary coding error is kept below. SO, the effect of the 

'tailing' of problem B is substantially alleviated. From this, 

the value of K from th~ previously-mentioned Equation l is set 
. . 

in a ran9e of K•2 - =; that is, the threshold value corresponds 

to the image data gradation value, 

when data <128, data s slsh s (128+data) I 2, 

when data >128, {l28+data) I 2 s slsh s da~a ... (6) 

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 

influence of the previously- mention·ed first problem, dot 

generation delay. The result of the evaluation experiment was 

that it was possible to confirm th~t 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 larqe, the average binary 

coding error exceeds O, tha signal is reversed, and an 'over­

correction condition' develops. 

Howeve.r in a .subjective evaluation of actual print 

results, .there were signs of the speed of dot generation 
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accelerating up to a condition of .sliqht 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-generatinq largest data area with the data values at 1, 2 

and 253, 254, a level range K = 8 - 24 was especially qood, 

with K = 16 b.einq the optimum level. In Fig. 7 , the binary 

coding threshold value with the average binary coding error 

continuously at O 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 ~f 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 pl:'eviously-mentioned second 

problem becomes O / and the best optimum th.reshold value setting 

means is realized. 

In Fiq. 7 '· the charact~ristics diagrams for lines for 

the cases whereby the value of K (in Equation 1) is 2, 8 and w, 

are simultaneously 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 ·id~al approximate value for 

making the average binary coding error O. 

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 

w~en there was ·the tendency for reversal of the signal 

(ov~r-correction condition) where the average binary coding 

error exceeded 0, · a qood s'u.bjective evaluation was obtained, 
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the optimum result was obtained wh~n the approximation X • 16 
was used. Up to K • = there is a considerable edge intensifyinq 
result in the data chanqin9 portion, this is also sufficiently 
valuable for the objective of using an image. 

Further, in Fig. 7, even thouqh one ·made the optimum 
threshold value 128 when the data values were 0 or 255, no 
matter how we made the threshold value, the qreat difference in 
the result (when the data gradation value and binary coding 
result values were equal) disappeared. Accordingly, even in the 
optimum threshold value sefting means of this embodiment, where 
the data values are O or 255 1 it is satisfactory whichever way 
the threshold value is set. 

In thi~ way, in the present embodiment, using an error 
diffusion method, multigradation image data 200 was converted 
into biqradation image data 2!0 (capable of display~nq half 
tones) and output, Also, the previously mentioned first and 
second problems could be fundamentally solved without any 
accompanying side effects ~f quality depletion by the binary 
codinq threshold value used·in the binary coding processing 
being set within the :range of the previously mentioned Equation 
6, based on the gradation values of multigradation imaqe da~a 
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 Fiqs. 6 and 7, 
there is an example of the case of error diffusion using the 
error diffusion weighting matrix ahown in Fig.3. In the ease of 
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using different weighting matrices, quantitatively speakinq a 

sliqhtly diffe.rent result is obtained, but the qualitative 

tendency generally doesn't chAnge. In this way, the present 

invention is effective even in the case of utiliiinq a 

different error diffusion weighting matrix. 

ComDarison between the Present Invention and the Related ~ 

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'bina.ry coding 

threshold value corresponding to the qradation ~alues of the 

oriqinal image data 200. However, as the primary object of this 

method was control of noise in character and line image 

portions, by employinq the process of 'if the oriqinal imaqe 

density data is large, the corresponding binary 'coding 

threshold value is made small' t[lie chanqes 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 ave.rage 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 

pro~essi~q~ppara~us 39 _of the present invention as shown in .... 

Fig· 2 · ~he complete solution of the dot generation delay 

problem Of Fig.14 and such problems as the disappearance of the 

central portiori·of ~traiqht ·line 130 due to tailing from low 

density area 120 can be understood. 
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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 firet and 

second problems without any damaging side effects is also 

confirtned: 

Other Embodiments of the Optimum Threshold Value Setting Means 

In the previously mentioned embodiment the optimum 

th%eshold value settinq means ·32 set the binary coding 

threshold value based on Equation l. 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 v~lue. 

In Fig.B another embodiment of optimum threshold value 

setting me~s 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 

multiqradation data 200, as·shown in the following equations1 

if 0 ~data (i,j) < 128-Ll, sleh {i,j) ~data (i,j)+Ll, 

if 128-Ll =data (i,j) .s 128 + L2, slsh (i,j) = 128, 

if 128+L2 < data(i,j) :S. 255, s·lsh (i,j) - data (i,j}-L2., (7) 

An appropriate value for Ll, L2 is 0 - 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 .s slsh ~ (l28+data} I 2·, 

when data > 128, (l28+data) I 2 ~ slsh s data 

but the first and eecond problems to be solved by the present 

invention became especially conspicuous in the case wherein 
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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 setting 

of the binary coding threshold value a.s shown in the previous.ly 

. mentioned Equation 7, it is possible to solve the first and 

second problems and to obtain a satisfactory binary-coded imaqe 

in .the same way as in the previously mentioned the first 

enlbodiment. 

In Fig. 9 a further separate embodiment of the optimum 

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 correspondinq 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 ae 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 O on the low density area 

side, the optimum threehcld value is aet to satisfy the 
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previously mentioned Equation 6. For example, in a printing 
• 

apparatus with a larqe volume of dot blurring, because isolated 

white dots in high density pprtions are generally lost, in high 

density portions the first problem does not appear to be so 

conspicuous from the beginning. For that reason the present 

invention only improves the low density p~rtions 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 density area. In this way, in 

response to this output app~ratus, 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 portions. 

Actual Example of the Threshold Value Setting Means 

In t~e optimum threshold value settinq means 32 in each 

of the previously mentioned embodiments, i~ order· to set the 

threshold value from the original image data, a construction 

wherein calculation according to the previous1y 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 AO - A7, 6-bit threshold values corresponding to these 

are output from data buses DO - 07. Further, among the 
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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 oriqinal imaqe data is exceptionally systematic 

data drawn by a computer etc., this is to protect against a 

specific ~eqular pattern being formed by .the binary coding of 

the error diffusion method. Consequently, in ·the case of a 

natural imaqe wherein the original image dat~ 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 ranqe 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 Embodiments 

The present invention ie 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 O, black by 255 was taken as an example and explained, but 

needless to say the present i.nvention can be applied in the 

same way in the case where there is brightness data wherein the 

original image data becomes black by.O and white by 255. 

Further, where the original image data takes values in 

the range A - B (A> B), in the case where this i~ binary coded 

into a orb (a< b}, Equation 1 in the first Embodiment changes 

thus: 
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slah (i,j) =·(data (i,j}*(X-l)+(a+b)/2) I K .. (l) 
and it is desirable if Equation 2 changes in this fashions 

if data C(i,j) ~ slsh (i,j), then result (1,j) =a· 
if data c ( i, j) < slsh ( i, j) , then result { i, j) "' b. ( 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 case, wit·h the 
conditional expression m = (a + b) I 2 to set the threshold 
value of Equation 6, it becomes: 

when data < m, data ~ slsh ~ (m+data)/2 , 
when data> m, (m+data)/2 ~ slsh ~data . (8). 
Further, in a previously mentioned embodiment the case 

of oriqinAl imaqe 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 an 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 hae been omitted. In this embodiment errol:' · 
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 errol:' 
based on the previously mentioned Equation 3, and writes the 
value to the address in error storage means 46 corresponding to 
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the target pixel. The result· of this ia tha_t the binary coding 

errors of binary-c:od_ed pixels are written and stored one by one 

in the storage area corresp?nding to each pixel address of 

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

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

the errors of the already binary-coded pixels adjacent to this 

tarqet 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 tarqet pixelntultiqradation image data (i, j), ana 

this is output to the binary coding means 36 as corrected pixel 

data c ( i , j ) , 

Further, apart from this, as ~he 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 previously 

mentioned first embodiment can be achieved. 

Advantages of The Invention 

As explained above, in the present invention 

multiqradation 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 

setting means which optimizes the threshold value based on _the 

gradation value of the tarqet pixel image gradation value data, 

has the advantage of being able to. fundamentally solve the 

development of the phenomenon of a large · error· volume 

accwnulating in low density and high density areas, and the 

problems of delay in dot qeneration in beginning portions of 

areas of low and high density and tailing after finishing areas 
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of low and high density which are caused by the previously 

mentioned er:ror accumulation, without accompanying aide effects 

of quality depletio~. 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 c~mparison table is referenced, both speedy and satisfactory 

image processinq can be carried out without t~e need for a 

complicated processing circuit. Still further, by varyinq the 

threshold value set by the threshold value setting means of the 

present invention, adjuetment oi the speed of dot generation is 

poeeible and, depending on the situation, by setting an 

~var-correction condition, a secondary advantage, for example 

an edge intensification effect, can be obtained. 
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CLAIMS 

l. An image processing apparatus, comprising an image 

processing apparatus ( 30) for converting multigradation 

image data into .hi gradation image data made from only 2 

gradations: first gradation value and 

value (first gr~dation value < second 

including an error correction means 

.. 
second gradation 

gradation value); 

(34) outputting 

corrected pixel data, preferably corrected by adding an 

error diffused from the adjacent already binary-coded 

pixels to the target pixel mul tigradation image data; a 

threshold value setting means ( 32) which sets a binary 

threshold value based on the gradation value of the 

multi gradation image data of said target pixels; and a 

binary coding means (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 value slsh, corresponding to said target 

pixel multigradation image data gradation value data, and 

preferably satisfying at least 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) I 2, in the case 

where the value of data is close to No. 2 gradation 

value, (m + data) I 2 ~ slsh ~ data. 

30 2. An image processing apparatus, wherein said threshold 

35 

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 equation: 

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

-36-
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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 image 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: 

15 

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

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

provided that Ll, L2 are constantr 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 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 

35 

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; 
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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. 

7. 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 rnul tigradation image data using a minimum average 

error method and outputs it as corrected pixel data. 
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