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" -1 DESCRI PTI ON AN | MAGE- PROCESSI NG APPARATUS, AN
| MAGE- FORM NG APPARATUS, AND A PROGRAM TECHNI CAL
FI ELD The present invention generally relates to an
I mage- processi ng apparatus, an inage-formng
apparatus, and a 10 program BACKGROUND ART A
pseudo-i nt er medi ate tone-brocess is known as a 15
nmet hod of converting, in an inmge input/output system
for outputting to an ouppstrBERP@iAt US such as a
printer or a display multi-value inmage data read wth
an i nput apparatus such as a scanner or a digital
canmera, the nulti-level (eg. 256 tones for an B-bit

accuracy) e data
Thto | b o e RGeS B PG TE G AR R R
out put apparatus can out put and pseudo-representing
APE&B&E@%iﬁ@“iéh@@OGﬂthhls pseudo-i nt ernedi ate tone
process, a bi- level process is conventionally
performed when the output 25 apparatus can only
represent a bi-level of OV OFF of a dot. As -2- this
TeohNTexel Frgcess, there are an error-diffusion process
and a m ni mum average error nethod that produce
~superior resolution and tone. The error-diffusion and
m ni mnum average error methods which differ only in

.~ when to ptheor Tr88eRE" Olnvention generally relates to an

image-processing apparatus, an image-forming apparatus, and a

program.

- BACKGROUND ART

A pseudo-intermediate tone process is k_ﬁown as a
method of converting, in an image input/output system for
outputting to an output apparatus such as | a printer or a
display multi-value image data read with an input apparatus
such as a scanner or a digital camera, the multi-level (eq.
256 tones for an 8-bit accuracy) image data read with the
input apparatus into image data having a number of tones which
the output_ apparatus can output and pseudo-representing
successive tones.

As this pseudo-intermediate tone process, a bi-
level process is conventionally performed when the output

apparatus can only represent a bi-level of ON/OFF of a dot. As
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5 diffusing task are |l ogically equival ent. Moreover,
~there is a multi-level error-diffusion process as one

"to which this error-diffusion process is applied to

the nunber of tones of not only two | evels but also

three or nore levels. Simlar to the bi-I|evel

error-diffusion 10 process, this multi-I|evel

error-diffusion process again produces superior tone

and_r.esol ution. On the other_hand, various t.hods are
thkRoR L8V s EEHIG t H*ThmbBTe of Pt o‘?Fersor'PlgﬁPEéc’%r process

nore |levels in the output apparatus For exanple, in
andn & nkjetimEcaveraget yperasn inatdess ofhithg EER%H%&(ﬁ?uPerlor

for dispensing ink droplets so as to form an inage,
resepeothrei agdt teneuntie oértaneki fdusthbneandeveinimyraverage

nore is performed by such as: a nmethod of controlling
ertbe matRYnR: @hidkopl efer dbspensedwheherebyerdbyinngna error—

dot dianeter as small, medium or |arge; a nmethod of
dl?fﬁéﬁé@ 4419 4! Sog 9F2 20y deRihAGRS, USi ng a recor ding

: yrng cohcentrations or a

vari abl e- [ in It is_nqt Aty Jh

concentra?ﬁg%ob¥ra h%ﬁ?}engst% ﬁﬁﬁhﬁé generaT']fror -diffusion

diluted to between /6 and 1/ 2 of ? densrt I nk. .
PIREPEDVEFS Hn T8l e¥ rslahor affirOt 5,33 P cess 1s

form ng apparatus, pulse-w dth dividing | ght exposure
apphigd-Bo thegurderoir &oRest PhgNed BBLY ct¥dntewls hat also

anmount of |ight exposure that one dot forns, and
thvaeybegmblre devehgt hSbhidar| tsethéi ghtlersel $Im¢i1ﬂﬁffusion

exposure so as to nodul ate the dot

process, this multi-level error-diffusion process again
produces superior tone and resolution.

On the other hand, wvarious methods are known for
securing the number of tones of three or more levels in the
output apparatus. For example, in an inkjet recording-type
image-forming apparatus for dispensing ink droplets so as to

form an image, reproducing the number of tones of three levels

‘or more is performed by such as: a method of contrelling the

amount of droplets dispensed, thereby varying a dot diameter
as small, medium, or large; a method of overprinting dots; or
a method of using a recording 1ligquid ink of . varying
concentrations or a variable-density ink. It is noted that the
concentration of a low-density ink is generally diluted to
between 1/6 and 1/2 of a high-density ink.

Moreover, in an electrophotographic-type image-

forming apparatus, pulse-~width dividing 31ight exposure in
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di aneter, etc., are performed. Now, it is known as one
probl em of the error- diffusion process as descri bed
above that a pseudo-contour R is produced as shown in
FIG 10 in proximty to a white- background portion
(tone value 0) or a solidly-shaded portion (tone

val ue 255) due to a del ay3+n dot generation. 10 As
descri bed in Japanese Patent Laid-Open Publication

.07-111591 (Patent. d it Qs K , .
AR, D Hpl ool kgl oe siont

concentration and to elimnate a del gy in . dot
eXgefBEat ithAtatong fﬁ?fghEP&H?ed 256 R BE ol sprepgth of a
hol e generation at a 15 solidly-shaded portion in the
laber| dughtersed dif fldghSn sxpEsEserC BA (e MAdWatee e dot
error-diffusion process, there is also a probl em of
didmeteasesk ¢ nagerequelrifoym@8. due to a delay in dot
generation in a portion such that an N | evel

quanti zat i), OUL PUti LhRAERSE. aFNeBne aproBIenmi hefl the error-
Japanese Patent Laid-Open Publication 2003-219161

dig%ﬁgfgé gQBHQEQFag)de%E§EEeE$a%Bvei%BQ%‘QPrﬁgéﬁhd—qontour R
apparatu f

CONpri sing quanti zing means for “quanti zing

(oL Sl s orsaeh Bl xelcof an Wt one Jmge (aherensc

r process usin
N-1 25 reference threshol d val ues, wherein.the t ones
bagkgrahps deart4on i hEePN- 12tk ePlabs anEOél%Yé%*Fﬁh)&%ﬂo porticn
value in each interval is varied depending on the
(tonpuvaloae2¥a) uineoftot hedpilry| inpdot generation.

As described in Japanese Patent Laid-Open
Publication 07-111591 (Patent document 1), it is known, for
example, to <vary a threshold value depending on thé
concentration and to eliminate a delay in dot generation at a
highlighted portion or a delay in hole generation at a
solidly-shaded portion in the bi-level error diffusion.

Moreover, in the multi-level error-diffusion

process, there is also a problem of decreased image gquality

‘due to a delay in dot generation in a portion such that an N-

level quantization output changes.

Then, as described in Japanese Patent Laid-Open
Publication 2003-219161 (Patent document 2), there is an
image-forming apparatus comprising quantizing means for
guantizing tb N wvalues for each pixel of an M-tone image
(where M>N) according to the error-diffusion process using N-1

reference threshold wvalues, wherein the M tones are divided
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question. Moreover, as described in Japanese Patent

Lai d-OQpen 5 Publication 2004-112089 (Patent docunent'

3), a configuration is known for solving a probl em of

a pseudo-contour being produced in a case of uneven

intervals of tones when the concentration in the

vicinity of a tone (a quantization |level) which an

out put apparatus has is output, the the configuration

10 conprisin nmeans for , out ing.correction data_.in
inghi SnladoCerPaIs dFRuSed PRONPLRr E4UDS qUanerobd IRErEL is

therearound is added to nulti-Ievel |nage data of

a .
vapigd| depegdései om fmBansinmWr ekei yglye of the pixel in

quanti zati on-threshol d val ue based on the nulti- |evel
quesBgendata of the pixel in question; means for
conparing 15 the correction data and the

quant i zat iMyreloheeshak dgyad ritoeD ias Jabanest ppatdht eveld-Open
i mge data; and neans for calculating an error

Pugfﬂﬁéﬂ&q whER_ JEseE Rt '(?ﬁt&b@ Noleyeht 1 ARge Hdat@nfili@ation

Iguration is set such that, assum ng quantized

ues ar.e N S
iy o OFal SRV Blapﬁ‘%”ﬁ“ o £10eiABRCBhebYl veing
an i-th threshold valLue Thi be| an |nte er mhg h
progdpcedy ) | A RSt @de‘}neﬁ@ﬁ/\/ejerﬁ %‘%&ﬁd su the
i nput val ue, when an input concentration value is set
conoebbrahion i i AhelUeiodtybaded sAne (a quantization level)
Thi =Ki xI n+(Ca+Qh) *(1-Ki)/2-(Ca-G ), Ki being a rea
whidghben whtphbt i spmester Hasad soouegual tbezehe aodfi@bration
i being an integer where 0<i:9N-1. -5- However, while

coﬂ(ﬁ@&siﬁgdeﬁtééh.@e@okn duteuPat gt cBeedsedn 1d§ﬂ<hve$1 &hich an
probl em of an inmage distortion due to a
error diffused from already-quantized pixels therearound is
added to multi-level image data of a pixel in question; means
for setting a quantization-threshold value based on the multi—
level image data of the pixel in question; means for comparing
the correction data and the quantization-threshold wvalue so as
to output N-level image data; and means for calculating an
error generated when generating the N-level image data. The
configuration is set such that, assuming quantized values are
1, 2, ., a, b, .., N and tones of the guantized values are 01,
02, .., Oa, Ob, .., ON, an i-th threshold value Thi (i being an
integer where 0<i<N-1) in an interval between Oa and Ob of an
input value, when an input concentration value is set to be In,
is a value set based on Thi=KixIn+ (0a+Ob}* (1-Ki)/2-(0a-0i), Ki
being a real number which is greater than or equal to zero and

i being an integer where O0<i<N-1.
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delay in dot generation, it focuses attention on a
single imge or on an output result in a single
error-diffusion 5 process. Therefore, it does not
address a problem of a pseudo- contour (a portion
indicated with Rin FIG 11) being produced when
adj oining and conbining ngdtiple error-diffused i mages
or when dividing a single image into nultiple areas
so as to _error-diffuse ea%h of.thg_are
e

. ,1Q _Th
there i s &PETEFem Ti-that g pstiid 5‘85?%%? lrﬁay%%g Patent
produced such as a portion indicated wwith Rin FIG 13
Dogusend dotsolyeeng gairdtidedt odh s6BAIRNEASERELipRgEYe to a
are adjoined even when a delay in dot generation is
deilapr areddsticlyerasagipost iidn fnditsas e@tiienbifni rorFl & single
12. 15 For a single inage, dot generation being

imdgkayed om | gadidigput asshimgdnedge siardliconedpes-dpffusion
ténd to be visually wunconfortable for humans.

er Leinl ng jeni ch pregesntoged do-
S N o e Beudo

bor der

. d. ow . di
co@%éﬁkg gmﬁgﬁééﬁgﬁﬁf %:%%%.%ﬁ%ﬁeﬁ &hs§§b. i§f0§£§%%ﬁproduced

I'scontinuity, eSpécia

bot h of .the border ortions are_of the s tone..
whgBr a8y einipgr 2Rg cFo T L E; ﬁgraamﬁffﬁ%secgrﬂd‘aﬁﬁes or

of menory used in the error-diffusion process, there
whies diwialiegsuzh sihaleevielngg simgd emidhigele s agegsdedP as to

into multiple 25 small areas so as to error-diffuse
erfrer~-dachueé ¢duh iofagheunireas.-6- In such a case, it is

likely that the sane tone will continue in the

process borgled, Eeddais s dgtaylen anlehskia getudo~-contour
may be produced such as a portion indicated with R in FIG. 13
due to dots being generated too soon when the Iimages are
adjoined even when a delay in dot generation is improved such
as a portion indicated with R in FIG. 12.
For a single image, dot generation being delayed or leading in
an image-edge portion does not tend to be visually
uncomfortable for humans. However, adjoining and combining
such images together as described above causes a tendency of
border portions to stand out and causes visual discomfort even
with a small discontinuity, especially when both of the boxder
portions are of the same tone.

Moreover, for such reasons as holding down the

amount of memory used in the error-diffusion process, there is

" a case such that even a single image is divided into multiple

small areas so as to error-diffuse for each of the image units.
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generation is prone to becom ng a problem There is a
problemthat in such a border at which 5 the
error-diffused inage units adjoin, a stripe shape such
that there is an enpty gap (a portion indicated with R
in FIG 11) appears when there is a delay in dot
generation while a denseestripe shape (a portion
indicated with Rin FIG 13) appears when there is a

| ead. in dot generation 0 DI SCLOSURE OF THE | =NT]| .
InlﬁqugﬁtCBFethégp?ﬁbﬁéﬁﬁi%sggéédﬁg et a &ﬁ?ei&$f% %ég%lnue
_ general object of the present invention to provide ap
inj fehfe- PTSCRESC&NARF apPartdiafs, 2arf$ifageOFordi ngad in dot
apparatus, and a programthat prevent a stripe-shaped
gepseadbern oig @uonepitodbeedning & mxsidem.wher e
error-diffused processing units adjoin, from standing
out, SO asrHewer dduce meglasatihen iim tdveh rademisal idty which
of the processed inmage, making it possible to divide
thbN& 20 AQeessERY MRS iiis MHEbPhe SMBbtrAs®ashsBe such
as to thereby enablé a reduction in the anount of
S d ad S:0f- r tm
enfEuBhErints oL HEF S ORI MG R R R 4n PG
follows, and in part wl]l Heione.ap%%rent from.the hil
11deSBPRAEPONTERD TTE Sadconpaifiny 28 GPawdrES ot Ofayhite @
be | earned by practice of the invention -7- accordin
denget e ripgc hape pfovrashien dreigatedi pitbn R B géi%s 13)
as well as other features and advantages of the '
appeesenvhemviedicon snial Lebd iradldoz egbrmyditdonai ned by the
i mage-

DISCLOSURE COF THE INVENTION

In light of the problems as described above, it is
a general object of the present invention tb provide an image-
processing apparatus, an image-forming apparatus, and a
program that prevent a stripe-shaped pseudo-contour, produced
at a border where error-diffused processing units adjoin, from
standing out, so as to reduce degradation in the image quality
of the processed image, making it possible to divide the
processing.units into multiple small areas so as to thereby
enablé a reduction in the amount of memory use.

Features and advantages of the present invention
are set forth in the description that follows, and in part
will become apparent from the description and the accompanying

drawings, or may be learned by practice of the invention
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processi ng apparatus, the image-form ng apparatus, and
the 5 programin the specification in such full,
clear, concise, and exact terns as to enable a person
having ordinary skill in the art to practice the
i nvention. To achi eve these and ot her advant ages and
in accordance wth the pwurpose of the invention, as
enbodi ed and 10 broadly described herein, the
i nvention provides as follows. According to one
aceesding o¢°trﬁhﬁnwiﬁﬁﬂhﬁnﬁ§enPF@ﬁlde@he%% i Shpr oY PEEPtion.
an i mage- processi ng apparatus for quanti zi ng
Obfatts - |&vewellt | @veldthamgdedanacs ntand\ edvaasageperef the
M>N>1, wusing a nmulti-level error-diffusion process or
pras&hii MHiRAd @y erge el téaliorml aid crttEinked by the image-
i ncludi ng: nmeans for outputting correction data in

prﬁ’ﬁéggl %E:a‘ﬂbgf usegk f iamyeakbeasyy dudparaedspi Xg8hé the

erear un |s addéd to the mul ti- Ievel I mage dat a_ of

L xel uestl s .for t a
PragBRE 2ac Fon- TR T 0 08 BHehd Bnet REFRT SRS =
i mge 20 data of t i xel in estion . .
exesﬁggﬁm@ thet %ﬁgap.ao&e&é% hE i pRcordtiaty (i1t in the
quanti zati on- threshold val ue so as to out put N-1 evel
artnhgepyataicarndendavsntépneal cul ating an error
gener ated when generating the N-|level image data,
wher ei n, Esswohigveuabhheged amd uesthmre @dvantages. .gnd in
N-1, and tones of 25 the quantized values are VO, Vi,

ac}&@rdance WiH, tRé beASEsONEE - Bhet Deshoish, valgleerhaiikd and
in an interval between V, and V, +3. (mhere O<a<N-1)

briefsadggt 5;@%‘5%3*{3,? HetRh, V#hilei nyben: & d r'Eaerifcie;SO% ¥l Ubws.

I's sef based on equation (1

According to one feature oX the present :anentlon,
there is provided an image-processing apparatus. for quantizing
multi-level (M-level) image data into N values, where M>N>1,
using a multi-level errorjdiffusion process or a minimum-
average multi-level error method, including: means for
outputting correction data in which an error diffused from
already-quantized pixels therearound is added to the multi-
level image data of a pixel in question; means for setting a
quantization-threshold value based on the multi-level image
data of the pixel in questioﬁ; means for comparing the
correction data and the quantization-threshold value so as to
output N-level image data; and means for calculating an error
generated when generating the N-level image data, wherein,
assuming quantized wvalues are 0, 1, 2, .., N-1, and tones .of

the quantized values are V0O, V1, V2, ., VN-1l, at least one
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"Tha+,= (,F (V -V.) (V.+-V.) /2) ) ) +V. ... (1) 5
According to another feature of the present
i nvention, there is provided an inage-formng
apparatus for quantizing input nulti-level (Mlevel)
i mage data into N values, where M>N>l, using a
mul ti-level error-diffusign process or a
m ni nrum average nulti-Ilevel error nethod and 10
form ng an i mage using dots which correspond to each
thoeshelkd Nvalug (B i Hel 2l FgteRenPIoreBut utichg/=: (where
correction data in which an error diffused from
0 <al<neady ofuant Lessk pineel snputheedaepunbensandiepit o-erive value
multi-level inmage data of a pixel in question; neans

1sf QétS@étbéWQf? Oyt Zaldednohhegsdolsh valjue 15 based on
he multi-level imge data of the pixel in questl on;

rreans for s cRyregt an
quant i zat |Tg'lﬁ+ 6(lﬁf ghol aa)v(g{aﬁegsfo@sq%}aoutgu{ N-1 evel
i mage dat nmean far | cul n er or
gener at ed%?@ d’gﬁer§t°| ngarﬂ%g‘e%-l g%/eéallEgrg %fr afyy bresent
wher ei n, assum ng quant | val yes ar
ingentiemd £BRES of t%owieﬁf i #8d PaLse Oﬁ%ﬁ%aﬁwraws for

. "MI"  at least one threshold value Tha+l in an
quntérimg bemvdenmultandevel + (fwreied)o: imagel )dgFagtinto N
| east one input value, when an input tone value is
va3@ks) 0 heede iM>Mel, baseichoon equatlicdrlétel: 25rFhaddffusion
(~ ( (V-V.) (va.1-Va) /2) ) ) tM ... (1)

prBEE8Edi g 50 ANALHEGH~ é&éﬁ%? ﬁ&ltﬂeléﬁ@ﬁeﬁﬁnkﬁr method and
invention, there is provided a program for causing a

fogﬁgﬁgtgevé#ggﬁrﬁeve &eﬁéggﬁféhcgofﬁégﬂdﬂﬁ'ﬂb each of the N
values, including: means for outputting correction data in
which an error diffused from already-quantized pixels
therearound is added to the multi-level image data of a pixel
in question; means for setting a guantization-threshold value

based on the multi-level image data of the pixel in guestion;

means for comparing the correction data and the quantization-

~ threshold value so as to output N-level image data; and means

for calculating an error generated when generating the N-level
image data, wherein, assuming quantized values are 0, 1, 2, ..
N-1, and tones cf the quantized values are V0, V1, V2, .., VN-1,
at least one threshold value Th.a in an interval between V., and
Va1 (where 0<a<N-1) of at least one input value, when an input
tone value 1is set to be Vv, is set based on equation (1):

Thas=(/ ((¥-Va) (Vas1=Va) /2)))#Va  ..(1).

According to another feature of the present
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data into N val ues, where M>N>I, using a nulti-Ievel
error- diffusion process or a m ni num aver age
multi-level error 5, method, including: a code for a
step of outputting correction data in which an error
di ffused from al ready-quanti zed pi xels therearound is
added to the multi-level_dmage data of a pixel in
question; a code for a step of setting a quantization-
threshol d val ue based on the nmulti-Ilevel imge data of
invere 0L, pibheiTe iguRESicRd @ CIOSTRBr TRTsCERSeRg A computer
conparing the correction data and the
to Qerathitzatd grddesesiodl duaatieisg melti-leglpuiM-Neavele| image
i mage data; and a code for a step of calculating an
da‘@é r O tgemeradekyhamhgenenating tiend\ hewrllti-degel error-
data, wherein, assum ng quantized values are 0, 1, 2,

di %us J\# %rjoce%{%ﬁ 1to‘?:n es ohihRRLAUARLIZEd vRlMes-1aR1V0error

| east one threshol d val ue Tha+i
n al betwee and _Va+l
meUFO‘%t %ﬁ Ot |anprfﬁ&1evafﬁfeav&1t a%jglnp toct e vaIIJI) §gton
is set to be v, is set ed. o equ Tha
da’(a(q,n\/g;u@&yaan gr;:o;czsia.?? grorgl %\SE@ 1ze:rI:'i (plxels
DESCRI PTI ON OF THE DRAMVNGS Fig.. 1 is an explanatory

thetezkoutidigramddrd & | thggamitpderes pRadsy seém @i éhpixel
i ncludes an inmage-processing 25 apparatus to which

int hwepréoant d nveddi diori sa appkpechf _i6ttHg. a2 qeantization-
functional block diagram of an image processor of the

thrERISTRT 96888 %s@ﬁpadrﬁt HRet Iﬂ@ﬂtﬂ@&éaens itmaget hdata of the
present invention.
pixel in question; a code for a step of comparing the
correction data and the quantizatioh—threshold value so as to
output N-level image data; and a code for a step of
calculating an error generated when generating the N-level
image data, wherein, assuming quantized values are 0, 1, 2, ..,
N-1, and tones of the quantized values are V0O, V1, V2, ., VN-1,
at least one threshold value Thay in an interval between V, and

Vo1  (where 0<a<N-1) of at least one input value, when an input

tone value is set to be v, is set based on equation (1):

Thas= (4] ((V=Va) (Vas1=Va) /2)))4Va (1)

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an explanatory block diagram for an image
input/output system which includes an  image-processing

apparatus to which the present invention is applied.
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Fig. 3 is an explanatory diagramwhich is made 5

avai |l able for explaining a three-level dot which is

output at an image-form ng apparatus to which the

present invention is applied. Fig. 4 is an

expl anatory di agram for explaining an exanple of

error coefficients for usgin an error-diffusing 10

section of the inmage processor. Fig. 5 is an

expl anatory side view for explaining an exanple of a

mechani smrdegct iZoniofat fenthbgea¥ ophedlg dbppratat 95, an image

Fig. 6 is an explanatory plan view of a main part 15
pr@éeé@@tngfh@ﬁbsmh%@@LbQBcéésim@ appgeafws nthgt pertains to

apparatus. Fig. 7 is an explanatory perspective view

th%géreg al pjdag sanconfiguration of a recording head of
nechani sm secti on of the image-form ng apparatus.

Fig. 8is ga%gﬁl anatg,l;yleggggggﬁéé'f%g%agwa{no_fwhi%@l is made

séggfankn 8o sfkﬁxanp uration of the
. | ead of  the necq%?is section o .tﬁe.

avpirhglels pg@@; n@xp%rﬁ L%_t -ege_—q]@vieg éjﬁte)? TNeioe youtput at

b[ock diagramillustrating an overview of a control_, .
anseotigenfofmihe BRRYEatR? ntAgWhAShafpgr AHESEt Ve On 1S

10 is an explanatory di agram for expl aining a delay in
ap%ggegeneratlon in a general error-diffused image. Fig.

1 is an explanatory diagram for explaining a

Fig. 4 is an explanatory diagram for explaining an
example of error coeificients for use in an error-diffusing
section of the 1lmage processor.

Fig. 5 is an explanatory side view for explaining
an example "of a mechanism section of the image-forming
apparatus.

Fig. 6 is an explanatory plan view of a mein part
of the mechanism section of the image-forming apparatus.

Fig. 7 1is an explanatory perspective view for
explaining a configuration of a recording head of the
mechanism section of the image-forming apparatus.

~Fig. 8 1is an explanatory perspective view for
explaining another example of the configuration of the
recording head of the mechanism section of the image-forming
apparatus.

Fig. 9 is an explanatory block diagram illustrating

an overview of a control section of the image-forming

apparatus.
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pseudo- cont our produced at their conmon border, when
the 5 inmages in FIG 10 are placed in an adjoi ning
manner. Fig. 12 is an explanatory diagramillustrating
an error-diffused imge in which the delay in dot
generation is addressed. Fig. 13 is an explanatory
di agram for expl ai ning aq410 pseudo-contour produced
at their common border, en the images in FIG 12
are placed in an adjoining manner. BEST MODE FCR ..
CARRYI NG GLF. THE LEVENTEERLABA1oTY HE fHBIefloWofg explaining a
enbodi nents of the present invention are described
deVh ¥ hid efdr geaerbeibheimce agranpilngrrdradi ijssediimsge .
an i mage i nput/output system conprising an
| Tage progEae! g BPAKALUSLARALGIN dikdinl Iforpreagdatining a
invention 20 is described with reference to Fig. 1.
This | e._in / ut_.sy 0 | SBS: i JTRg the
M TN N R L
. scanner _or a digital_ camera; an j.nage-pr i ng
images i SO 1@0ﬁ%?gﬁ#%$ﬁé§aq1%¥ ﬁgbgéﬁgpgc%%%% %?,
etc., which includes processing neaps for ntizing
mul ti -1 evdlig:MUi2e\id )an nafel R iR, HadFal st tating an
(where MPN>I') using a nulti-level error -12- diffusion
erpoocebSiged middd -irevehich nthendaleyage pitodensgafégn 1S
for taking in input-inmage (eg., 256-tone imge for B-
adhirbsasguracy) data fromthe inmage-input apparatus 1
and performng on this 256-tone i mage data necessary

Processes piy. 13 is an explanatory diagram for explaining a
pseudo-contour produced at their common border, when the

images in FIG. 12 are placed in an adjoining manner.

BEST MODE FOR CARRYING OUT THE INVENTION

in the following, embodiments of the present

invention are described with reference to the accompanying

drawings. First, an image input/output system comprising an

image-processing apparatus pertaining to the present invention
is described with reference to Fig. 1.

This image input/output system comprises: an image-
input apparatus 1 which is an input device such as a scanner
or a digital camera; an image-processsing apparatus 2
configured with a personal computer, etc., which includes
pro-cessing means for gquantizing multi-level (M-level) image

data into N values (where M>N>1) using a multi-level error-
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5 such as converting to a nunber of tones which it is
possible to output at a | ater-stage inmage-out put
apparatus 3 so as to output as inmage data; and an
i mage-form ng apparatus 3 with which a three-tone
representation is possible based on the inage data
fromthe i mage-processing Aapparatus 2 using dots 10
per one-dot unit formi ng an i nmage. Next, a portion
related to the inmage processing pertaining to the
diffeston ionomesisonofha i BulH 1TSlnafel i BrBceRSF RS Srror
apparatus 2 is explained with reference to a
metHBat Fopakaklingk idi dgpam-inageg.(e@., 185Fhkoper image for B-
pertaining to the image processing (belowreferred to
pifS 28PutdMPe PRIa@GeS$erm) ERAPringee-iaputer appanepmsy 1 and
11 for storing errors which have been diffused and
ted t 9B 530 Orinfidef ug HeRelsar rocesses
pe%?éce |€g%gthgﬁ%%r?g%ttg?éef?%§%fa%%g$ 12 v\/hichyislD
ans for outputting_20 correct ta..l. i,ch :
SUehr §F AFFGS Sngrkﬁ1§|Fgg§ : %EanQP%%d%Eﬁ%gﬂ}tt1§”b0551b1e
therearound that is read qut fromthe error. _megor
to1 PUtPUAGAEd & ol ARATIS PEFCI BRI BUEPYC | FRBETHENS of S8 a5 o
pi xel in question that are input; a th(eshold-settin% .
ouspoti @z iBashi ddtds apdnenf gimagerfprgiag apparatus with
quanti zati on-threshol d val ue 25 based on the
whikht iz | evebeitoge depacobntieiqr xéb ippspibdel dpesed 3on the
conparing and determ ning section 14 for conparing the
i g%r et Ons AGh atﬁéOmnbgé—ﬁ;@ig@éséﬁl@ndpp@mtus 2 using dots
guanti zati on- threshold value fromthe
t hreshql d- [ LON s 0 as to output N-Ievel
per Sl gg?aégggsugtrg'tg? iéggé' 0

I'mage or calculating an

Next, a portion related to the image processing
pertaining to the present invention that is in the image-
processing apparatus 2 1s explained with reference to a
functional-block diagram in Fig. 2.

The portion pertaining to the image processing
(below referred to as “an image processor”) comprises: an
error memory 11 for stéring errors which have been diffused
and accumulated through an error-diffusion process preceding
the current pixel; an adder 12 which is means for outputting
correction data in ‘which an error diffused from already-
quantized pixels therearound that is read out from the error
memory 11 is added to multi-level (M-level) image data of a
pixel in question that are input; =a threshold-setting section
13 which is means for setting a quantization-threshold value

based on the mulii-level image data of the pixel in question;
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corparigxentant asdekrminipg,  SecdioRs

5 error generated when generating the N-level inmage
data; and an error-diffusing section 16 for
perform ng an error diffusion based on the error from
the subtractor 15 and diffusion coefficients set in
advance. In a such-configured inmge processor,
multi-level 10 inmage datgzare input fromthe
i mage-i nput apparatus 1 using an input termnal 17.
Here, a set of two-dinensional image data is .
gﬁ ad@FesSFRaging the
mai n- scanning direction of an inmage, while y shows an. :
coafleteirm | mazal5fsab- stlaniadpadi r deti epd) Wen qyrntization-
i nput data set In (x,y) is provided to the adder 12,
thibenhsddefa i igve $han teresholdrpeneinty Eqotipn 13 so as to
allocated to the current pixel out of the errors

D'ng#lfl{ ugedl.And ; el & e dy t hnoughetidie 187 Ry didfdiSia®ing an
process preceding the current pixel that are stored
in the erroor nmor . 20_ t . d
b RrRrE s (RS s aRiis Ele - Pived Mndtd Aacas and an
the added result as a correction_data set C (x s .
CRBFeRVERIS A PHFACTIaS COF FRLERT)nd o oS Ty diffpsion
t hreshol d-val ue setting section 13 wherein_a threshold |,
basatiuecTh the, ypreer ubeon nthepupebptragtqr 15 and diffusion

error-diffusion 25 process pertaining to the present
cobf¥ €0l é0ts i setsdin adidnchlot e that, while the nunber of

- possible tones that the inmage-formng apparatus 3 can

out put is gdesgrsheH-asnfidueet | exele forosésgid f yimbti-level
‘the explanation, it is a matter of
image data are input from the image-input apparatus 1 using an
input terminal 17. Here, a set of two-dimensional image data
is represented as In (X,y). (x shows an address in a main-
scanning direction of an image, while y shows an address in a
sub-scanning direction.)

When the input data set In (x,y) is provided to the

adder 12, the adder 12 inputs an error component E (x,v)

allocated to the current pixel out of the errors diffused and

" accumulated -through the error-diffusion process preceding the

current pixel that are stored in the error memory 11 so as to
add the error component to the input data set In (X,y) and
output the added result as a correction data set C (%,vy).
Moreover, the input data set In (x,y) is input to
the threshold-value setting section 13 wherein a threshold
value Th (x,y) | for use in' a multi-level error-diffusion

process pertaining to the present invention is set.
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course that a nunber of tones other than three-|evel

is 5 simlarly applicable. Mreover, the inage-formng
apparatus 3 is to use a normal ink, and a | owdensity

ink for which the normal ink diluted to 1/4 is to be

used. Furthernore, as illustrated in Fig. 3, the

i mage-form ng apparatus 3;14s to represent the three

| evel s as a dot off (0), a lowdensity ink 10 dot (1),

and a normal ink dot (2) so an explanation is

provi ded Wate &hdst- ohileoFhe onenar (@l \BreEiyle tones that
| ow-density ink-dot (1) tone-value V1=64, and a

thBOT i gd-ortiding( 2xpbaretuy alduece= 258 pHer 65 wilescnibed as

i nput tone value being v, the 15 threshold value Th

th'réesfévé‘PCPéld'é‘ﬂnﬁl‘lﬂﬁn@qkﬁﬁbl eRpasnstéed itelova matter of
ther words, Wen 0< (x, y) <_ 64, threshold val ues

Thl d t t .
cogaugt( f(%l'rl%g (%)n aﬁ%g%%) %I %%%e%ﬁl o’?l?(&.@{/;jdl{éﬁ[ﬁ (‘El(n\:;e? level is

) Al o s 7 S Sz

val ues Thl (x,y) and Th2(x,y) are set a cor.di
isediatighsa pq;mg.‘hdl{lg) Béfioﬁr l—pﬁﬂ-— nﬂ. %’V@j@ 1 © which the
.(4) -15 Th2 (x,y)=([ ( (v-M) : V2-M') /2)

npxma@Z)lﬂm dihetedortts, Likheri s heoi tugada rthﬁgwoy?r as

is 0< _In(x,y) < 64, the threshold value Thl(x,Yy)
iwhisgRatsdseln Wid. 3, the image-forming apparatus 3 is to
represent the three levels as a dot off (0), a low-density ink
dot (1), and a normal ink dot (2) so an explanation is
provided with a dot-off (0) tone-value V0=0, a low-density
ink-dot (1) tone-value V1=64, and a normal ink-dot (2) tone-
value V2=255.

Here, with an input tone value being Vv , the
threshold value Th is set according to an equation as stlated
below. In other words,

When 0<In(x,y) £64, threshold values Thl(x,y) and
Th2 (x,y) are set according to equations (2) and (3) below:

Thl(x, y)=(4 ({(¥=V0) (V1-V0)/2)))+V0 ..(2)

Th2 (x,y)={(V1+V2)/2 w{3)

Moreover, when 64<In(x,y) < 255, the threshold
values Thl(x,y) and Th2(x,y) are set according to equations
(4) and (5) below:

Thl (x,y)={(V0+V1) /2 . (4)
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the equation (2) and the input data set In(x,y), and
the 5 threshold value Th2(x,y) which is set with the
equation (3) and the input data set In(x,y) are
respectively output to the conparing and determn ning
section 14. Moreover, when the input data set In(x,y)

i's 64<In(x,y) _< 256, theijthreshold value Thl(Xx,y)

which is set with the equation (4) and the |nput dat a

10 set In(x, Z, andughe threshold v whi ch

is set wEH the)eduat | Oh~¥E) %%dvjtt/@ ﬁf)’ﬁftl dat{ }set
In(x,y) are respectively output to the conparing and .
det er m ni nn seEtaomokdls, THaetokbSr LABLANda Rt 8¢k AR gy v) is
section 14 determnes 15 as follows an

0 O PK} y camaentuhat ithite¥hble @HlGx, hlbasgd wnich is set with
correction data set C(x,y) which is the input data set

n( gdded)widhy t BReerir@iutE( da¥a @é‘i Ofn th and the
th% é%%o % vaques Thli (xeyfjgﬁh Th% X, whi ch g%e set

tt-%esb?ﬁpthr '%;D'w)‘iazsﬁg%”&l}l %Ctj')s?” %ﬁ ?25ch'ef dadton (3)
an (e Yraas oEs Fhe IBIEX)y FEFe rsatsa‘?lt%fﬁ? Fstput to the

i mage- output
comparing and determining section 14. Moreover, when the input

data set In(x,y) is 64<In(x,y) £ 256, the threshold wvalue
Thl (x,y) which is set with the equation (4) and the input data
set In{x,y), and the threshold value Th2(x,¥y) which i1s set
with the equation (5) and the dinput daté set In{x,y) are
respectively output to the comparing and determining section
14.

The comparing and determining section 14 determines
as follows an output-concentration value Out(x,y) based on a
correction data set C(X,y) which is the input data set In(x,y)
added with the error E(x,y) and on the threshold values
Thl(x,y) and Th2(x,y) which are set at the threshold-setting
section 13:

If (C(x,y)<Thl(x,¥y))

then Outtx,y)=0

Else If (C(x,y)<ThZ(x,y))

then Out (x,y)=64

Else

Then Out (x,y) =255
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apparatus 3 froman output term nal 18. Mreover, the
out put value Qut(x,y) is input to a subtractor 15
where the output value input is subtracted fromthe 5
correction data C(x,y) so that the error e(x,y)
produced at the current pixel is calculated. Next,
based on diffusion coeffitéents set in advance, the
error- diffusing section 16 allocates the error e(X, y)
fromthe sybtractor, 15 .so.as to ad% it_to the error

data set E(XY) Actinlat &f i P er st neior y*19e” Sutput

Here, the follow ng process is perforned in the
apéﬁrétu@|3ﬁ@§mh@ﬂ5@@ peh tapmipeh i ng coefficients as
shown in Fig. 4 for the diffusion coefficients, for
Moe&anete:thé ﬁﬁtﬁutxyaymé)OnE(gxy)yiB)iﬁ@u@xjxy)axsqbtractor
/16 E (x+l, y-1) =E (x+l, y-1) +e (x, y) x 3/16 E
15( Xttherd) Eﬁé()ﬁﬂtput) vﬁlﬁé, put 546 subtracted from the
E(x+l,y+l)=E(x+l ,y+l)+e(x,y)x1/16 Then, error data

cogﬁggﬁfgg Hgtéhng ?Bo%dmgﬁé§'Qﬂepé998§3eﬁ&ey§t%ﬁ%@dd@d at

€ error nmenory Thus, this i mage-processing

Egr?\%u C.o r| se%al@g&g%?%or out put t [ ng correct ion

an Sertor used from
already quantlzed I xel s they. round 'S ) .
nul ti - | evéie%tm gé’a(%ﬁda & a ¥ élf'slpﬂ qﬁ%%ggbﬁl%%% set 1in
quantizing nmulti-level (Mlevel) inmage data into N
advahges (bhieereriean<aiff2sinsi rpctiom 16| akdpcates the error
error-diffusion process; neans for setting
e(%,y) from the subtractor 15 so as to add it to the error

data set E(X,y) accumulated in the error memory 1l. Here, the
following process is performed in the error-diffusing section
16 when using coefficients as shown in Fig. 4 for the
diffusion coefficients, for example: |

E(x,y+1)=E(x,y+1l)+e (X,y)x7/16

E(x+l,y-1)=E(x+1,y-1)+e(x,y) X3/16

E(x+1,y)=E(x+l,y)+e(x,y)X5/16

E(x+1,y+1)=E(x+1,y+1l)+e(x,y) x1/16

Then, errcr data produced in this error-diffusion
process are stored in the error memory 1l.

Thus, this image-processing apparatus comprises
means for outputting correction data in which an error
diffused from already-quantized pixels therearound is added to
multi-level image data of a pixel in guestion when quantizing
multi-level (M-level) image data into N values (where M>N>1)

using a multi-level error-diffusion process; means for setting
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-17 a quanti zation-threshold val ue based on the
multi-level image data of the pixel in question; neans
for conparing the correction data and the
quanti zation-threshol d value. so as to output N-Ievel
I mage data; and neans for calculating an error 5
gener at ed when generatinggthe N-level inmage data. In
the inmge-processing apparatus as descri bed above,
assum n uanti zed _val I 1, 2, ...

a ﬁﬁﬁ@%iégt%qgfé-ﬂm%ﬁmlﬁedfu 3 Eﬁéﬁ%sg}de d%?o,’ﬂ’*\ﬁ,m%!\lh.]lfe."faeqd image
VN-1, at |east one threshold value Tha+l in an )

datat erfalthset wderlVainndavesiiquwhemeang ofor<NcaPafing the
| east one input value, when an input tone value is

coBeéctvbedata i snd Sthe basent orettihe-euwashohdbshdwe so as to
Tha+1=(U ( (v-VvVa) (Va+l-Va) /2) ) ) +va ... (1)

outBhebN-18%e1 Nikiyal adia doindenaidd | for IdhBIodel an error
portion of an error-diffusion process is optim zed,

. . 5 : L . _
sefBEkfey | l? RSSLIL G0 B MLpvBReMtBReTtalt: 3o ene
i mages are %gjoined or, when_a skp

, | e.. image,is divi .
impGe PTRFSTHIE ar BBRALTHY ( B5er 8%959P? se “ANE’ 6tming
mul ti pl e areas; and reducing_a degradation jn_the
qupRbgeed qualiveg ofTehdprdeesded -irmalel(i MtbvitRgSEheot the
i mge quality of 20 the processed i nage) so as to make
quehtpesdi btalues davedeVéhe Vlpr o¥@ssi-ag Miitls | ato least one
mul tiple small areas, thereby enabling a reduction in
thirBehaI@URA160é TRNPr ynusedinteredhebetwsats, V., satd ihg afwhere
i nterval between an image-border portion and where a
o<dQtndiS gengkat gdst Nofe t PASLIOTvAMd, NRUENY BhUenpht htdie value
is set to be v, is set based on the eguation below:

Than=(y ((¥-Va) (Vaa=Va) /2)))4Va  ..(1)

Hereby, an interval of dot generation in a border
portion of an error-diffusion process is optimized, making it
possible to minimize pseudo-contours produced at a border when
multiple error-diffused images are adjoined or when a single
image is divided into multiple areas so as to error-diffuse
the multiple areas; and reducing a degradation in the image
quality of the processed image (improving the image quality of
the processed image) so as to make it possible to divide the
processing units into multiple small areas, thereby enabling a
reduction in the amount of memory used. In other words,
setting an interval between an image-border portion and where

a dot is generated in a tone of an input value with the

average dot interval in that tone as a reference, makes it
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25 average dot interval in that tone as a reference,
makes it -18- possible to set a threshold val ue such
that dot intervals becone uniformeven at the

i mage- border portion, so as to prevent a

stri pe-shaped pseudo-contour produced at a border
where i mages adjoin fromsganding out, and to reduce a
5 degradation in or inprove the inage quality of the

rocessed inmge, Ki S|ble vi d

pofrdebS oty S S | Mirs A | BRESE maichr G agohe frpervals
t hereby enable a reduction in the annunt of menory

begemel. Uy forns e, ahs s cimpae-bewas §@i—”?ilﬁ@rtt$é> as to
10 threshol d val ue based on the above equation (1)

prenéyt wWaenst i ipe-tshepedp wsawmlarecnitery girdskiosse rat/aaartbrder
Va+i (where 0<_ a<N 1), the input value v is larger

whbhan smsqast aptjola (whene sMamddarVatik, Okndn obhereduce a
wor ds, deactivating a function of setting the

_ deg?éﬁ%@f&g Al ye gﬁ\?%@v@”thge ighgue qgﬁr HatkoR { Ihal Sprocessed

an ar |trary onstant Ka a def nmakes it

. .avoi d et e C Y .
inB337 REFEHE 1 Befiofafe Ve L bite G f eSS Yonies dnto
- equation when convolutlng o the t valu
i hiPAB| éméﬂlnéﬁﬁéssﬁé’h &S F%nafaﬁm%yssna%e and?%démtlon in
and white noise, etc. in error diffusion. 20 Moreover,
thebembwihef mamchyl gsedkues Thl (x,y) and Th2(x,y) from
the equations (2) through (5) and the input value
t hrough a Bequedsi abape pcess desthibadoeboahodspbhing the
makes it possible to save nenory in that a LUT

thboRK1 Upvdald edasd@rokeemd ngbdby eshed i oral ues drslynathen, in
needed. On the other hand,

the input value interval between V, and Van (where 0=<a<iN-1),

the input wvalue Vv 1is larger than a constant K, (whére

Va<Ka<Vas+1), or 1in other words, deactivating a function of

setting the threshold value based on the above equation (1)

with an arbitrary constant K. as a border makes it possible to

avold a detrimental effect caused by setting the threshold

value based on the above equation (1) when convoluting to the

input value variable elements such as random noise, blue noise,
and white noise, etc. in error diffusion.

Moreover, obtaining threshold values Thl(x,y) and
Th2 {x,y} from the egquations (2} through (5) and the input
value through a sequential process in the above embodiment
makes it possible to save memory in that a LUT (Look-Up Table)
for keeping threshold values is not needed. On the other hand,

computing threshold values Thl and Th2 in advance for input-
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25 conputing threshold values Thl and Th2 in advance
for input _19- value 256 tones and storing the
conmputed results in the LUT so as to use the stored
results f or obtaining the threshold values nmake it
- possi ble to speed up the process. Furthernore, while
an exanple of performng-B9-5 nulti-I|evel

error di ffusion process is described in the above

a case of ,using_a mni aver.age ,
b b ebaied it e COTPRERRy T SPH f St cEhgy LUT so
mell Next, an exanple of an inage-form ng appara us
aspek? aimsengthe tHerplesertul iy edOtonoba e | 66§ wia¥eshold
10 reference to Figs. 5 and 6. Note that Fig. 5 is an
vagupt anaterit sicdeivilewcbospespl @ rileg pavceser al |
configuration of the 1imge-form ng apparatus while
Fig. 6 is miriexsimnal oryhplan awi emepleri ofpapérodrming a
the image-form ng apparatus. In this image-formng

Imuﬂega%%\fré'f Br P L5 S:!L%?l iﬁ:oc%@ss lil.%p‘?:fés%qu%ﬁh 1% A& hove

1 and a gul rai 02 which are guide nenbers
oss si.d m t he | ef i [ _
empRIEmBRT o tr abesy Sien ATAP 1€ CorieffiavREagh pitaci-Level
scanni ng directiaons, and a_ai. scannl not or 104
erpgyeRehied it MEULATAYr BRPHHCR eﬁgctlons (the
mai n-scanning 20 directions) in Flg. 6 via a timng
bel t 105 Wxh | snwoekRIPkR o@dd andrimpgepdiorsyngoegoparatus
and a driven pulley 106B. For exanple as illustrated
perhakbhiing 7, toecahdi ngpreseads liGFemteocar r dsgeddesciiiest with
carriage 103 in directions along the main-scanning

re@brERELORS Bk Are i d.hareen tsdehrig. 5 is an explanatory

side view for explaining an overall configuration of the
image-forming apparatus while Fig. 6 1s an explanatory plan
view of main part of the image-forming apparatus.

In this image-forming apparatus a carriage 103 is
supported with a guide rod 101 and a guide rail 102 which are
guide members laid across side plates on thé left and the
right (not illustrated) such fhatr it can slide in main-
scanning directions, and a main scanning motor 104 moves and
scans 1in arrow-indicated directions (the main-scanning
directions) in Fig. 6 via a timing belt 105 which is wound
around a drive pulley 106A and a driven pulley 106B.

For example as illustrated in Fig. 7, recording
heads 107 are arranged in this carriage 103 in directions
along the Hain—scanning directions and are put thereon such

that 1liquid dispensing is in a downward direction, the
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25 that liquid dispensing is in a dowward direction,
the -20- recordi ng heads. 107 being configured from
seven i ndependent |i quid-di spendi ng heads 107k, 107c,
107m 107y, 1071c, 1071m and 1071y for di spensing
fromnozzles 107n droplets (ink droplets) of
recording liquids of each2gel or of black (K), 5 cyan
(©, mgenta (M, yellow (Y), light cyan (LC), Iight

<o RAERRRABE U b ShnErf ehcets 2PE” ot ot fponcent

is also possible to use one or nore heads having
llﬁHH’lT +%t>%:§1ﬂge RAIAML Hor i Spenki Wy 13 4971, 1071m,
droplets of recording liquids of each col or. Mreover,
antihel0hlwbdiorandisphensinandgawror derzbés collons drephets (ink
limted to what is described above so that a
darbpletspl @f heatbrdionf | pladdoncf f eackxamle; ©f &lsek (K),

possi bl e as iIIustrated in Fig. 8 Furthernore, as a
%8l | ey dokabengs hi EhyPOr(Y) On 1k HhascRaPr qm@r)ty light
cysuchg?hat a? I's dlf |cu t to seeb ||gﬁﬂ yelfa g

I e tqts t he concentratlon of
H@ggcﬁg iﬂygr K l%;%: E% Eangﬁgn magenta, yellow, and
bl ack may ., djvided o thr e/fo 9es,.$ .
achi eve alﬁwﬁﬁ pFQ?EreWh&gﬁll e§6n§ﬁ§§ Pﬁglg $spénsing
foll owi ng may be psedAaslactuators for the recor di ng
hepdadareopsedhherady: bet usedabfe: Pessikey fedise one or more
pi ezo-type for deformng a vibrating plate which forns
headwal havifracemolt fiplé nkofzizdw renilwemnssi Agramispensing liquid
el ectr o- mechani cal
droplets of recording liquids of each color. Morecover, the

number and the arranged order of colors are not limited to
what is described above so that a  four-color Thead
configuration,'for example, is also possible as illustrated in
Fig. 8. Furthermore, as a yellow dot in a highlighted portion
has a property such that it is difficult to see, light yellow
(LY) may also be omitted. Even more, the concentration of each

color of light black, cyan, magenta, yellow, and black may be

divided into three/four stages so as to achieve a high picture

guality.

Any of the following may be used as actuators for
the recording heads 107, what may be used are: a so-called
piezo-type for deforming a vibrating plate which forms a wall

face of an ink flow route using an electro-mechanical

converting element such as a piezoelectric element as

pressure-generating means for pressurizing ink within a
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converting el ement such as a piezoelectric elenent as
25 pressure-generating neans for pressurizing ink
within a -21- pressurizing-liquid chanber so as to
vary the volume within the ink flow route to di spense
ink droplets; a so-called thermal-type for utilizing
filmboiling of the recof2llhg |iquid using an

el ectro-thermal converting el enment such as a 5

heat - di ssi pating, r esi tor a so-cal |l ed A
PEERRRT T BIPSYr FAn G nd O HEPRY bFBE; Y g, grithin
which forns the wall face of the ink flow route, and
thgn Hiecflele SFEhator h‘é]ySR%RS@ eaBk dlfrletsig a so-called

deforming the vibrating plate with an electrostatic
theoral-tygemerkamed uséilheangt hel Wi biwstiligapl afe Bhel tiecording
el ectrode, 10 thereby varying the volune within the

- lignkdf ewhgouhe e ct-@hedinspensaveheingke demghet sich as a

and a shape-nenory alloy actuator which uses

heBBL @] s PSS g aRSd 14103 ;t T OBghc¥BIaH NG1é SRt CSype for
In the carrlage 103, subtanks 108 of each col or fof

ar?.‘gffcg:‘.ﬁfdg n‘%i = e e? [ﬂ%ﬁlﬂgagﬁléﬁ éﬂﬁi oigl{é SeLen dfaﬂ:Qa of the

ese su
. _epleni shed th nk s lie i a S n
inke BASHOB0 Fom Hitor ELGRETIR o5 | SRSt (ot FA6 Rqhy other
det achably put on the apparatus itself. On the other

anflafgfoasing phper ikt Hed SeRTRriviEr FR et Pt EtRig s Gorforce

paper 112 | oaded on a paper-|loading section 20 (a
gepeesten e tatesn 1thesuvhbratmpaperticedindg thssetlectrode,
110, there are configured a half noon-shaped roller
théaepppearyimpdiing voluned )wilthd of ahesdpar atiehy rfeeel 3 as to
sheet by sheet the sheets of paper 112 fromthe
diBgeREs | eadi Hglks%f‘rtdpqgtgsllian@n_% 8shape-memory alloy actuator
which uses metal-phase transition through varying temperatures.
In the carriage 103, subtanks 108 of each color
for supplying the recording heads 107 the corresponding color
are loaded. These subtanks 108 are replenished with ink
supplied via an ink-supplying tube 109 from a main tank (not
illustrated) which is detachably put on the apparatus itself.
On the other hand, as a paper-feeding section for
feeding sheets of paper 112 loaded on a paper-loading section
(a pressure plate) 111 such as a paper-feeding cassette 110,
there are configured a half moon-shaped roller (a paper-
feeding roller) 113 for separately feeding sheet by sheet the
sheets of paper 112 from the paper-loading section 111; and a

separating pad 114 facing the paper-feeding roller 113 that is

made of a material having a large friction coefficient. The
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separating pad 114 facing the paper-feeding roller 113
that is 25 nade of a material having a large friction
coefficient. The -22- separating pad 114 is biased to
the paper-feeding roller 113 side. A conveying
section for conveying, on the |ower side of the
recordi ng head 107, the sheets of paper 112 fed 5 from
thi s paper-feeding section conprises: a conveying belt
e t tati gal ly attr ' '
Seééégﬁgﬁ%Zbgéo&gé ?o %§ﬁ€é9 %heﬁ%ﬁéqggﬁﬂféigggkﬁe%% r 113
,for conveying the sheets of paper 122 fed fromthe
Sif§per-feeding section via a guide 115 such that they
are sandw ched between the conveying 10 belt 121 and
itself; aZoRVBRYEWHGHUFEELIPR for CHAMAWGMyY on the lower
generally 90 degrees a direction of the sheets of
sigapex Il2 mévaddiage Heed! ilD7a gemer shégtapwbr gaper 112 fed
direction so as to cause themto follow on the
freanveyishgphed - fedbiingnteaticdr EEmSsSidsA Ng Icnkveki4g5 belt
bi ased to the conveying-belt side 121 15 with a

a ni h j o} nti d
12 RS U REPLACL AI OO TR paper 11

charging. a urface of the.conveyin t 121, Now,. ..
(R ST ToReying ST PR S NOund? AP R oving the
conveying roller 127 and a tension rol]er 128 so that
r

shogtehBTc&RPETi ng2r SFFer 1P8Y7 118 miRated °PAdREa Section via a
sub-scanning roller .131 via a timng belt 132 and a .
guifei AdgSr suFkr thaB, thagr aby spndwichern Pefwean tthe conveying

conti nuously nmove around in a belt- conveying :

bedltr d&tli amd t hesslby seanmnvgydngecfuiale) 128 FEgr Ghanging by
generally 90 degrees a direction of the sheets of paper 112
which are fed in a generally upward direction so as to cause
them to follow on the conveying belt 121; and a tip-
pressurizing roller 125 biased to the conveying-belt side 121
with a fastening member 124. There is also configured a
charging roller 126 which is charging means for charging a
surface of the conveying belt 121.

Now, the endless conveying belt 121 is wound

around a conveying roller 127 and a tension roller 128 so that

the conveying roller 127 is rotated from a sub-scanning roller

2131 wvia a timing belt 132 and a timing roller 133, thereby

providing. for it to continuously move arocund in a belt-
conveying direction (the sub-scanning direction) in Fig.. 6.
Note that a guide member 129 corresponding to an image-forming

region by the recording head 107 is arranged on the back-face
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Note that a guide nmenber 129 corresponding to an

i mge-formng 25 region by the recording head 107 is
arranged on the back-face -23- side of the conveying
belt 121. The charging roller 126 which is in contact
with a surf ace |ayer of the conveying belt 121 is
arranged such that it is28¢iven by the tangentia

| inear notion of the conveying 5 belt 121 so as to

.rotate_and appli.es to,each.end of its axle 2.5 N as
Slg?eggiEgef%ﬁigéyﬁﬁgfég%grggé'paper-outputting section
for outputting the sheets of paper 112 that are .
recorded at’ H&ALHEEGr aiq%éeﬁeégfimbl%nﬁié%s@%tact with a
separating claw 151 for 10 separating the sheets of
supdpee lagefrofm the conveyimy belt 12D1is satrmwamged such that
paper-outputting roller 152 and an upper paper-

itodtspulrtiveg bol ltke tadgeaddad papesr andipidd i thaycddreying
stocking the sheets of paper 111 output. Furthernore,

bedtPQbh- Sl sPaper-fiaed neditidpites kd chend@iRChablits axle
put on the back. This both-si"de paper-feeding unit

2_éf?hggkﬁf%%%hégu%d§%ggts of paper 112 that are returned

onTn a reverse direction of the
conveying belt 121 so as to turn %gen1u side down to

agai n be FEFEReen the EGERCEPUFBITE00 S5TERR - for
conveying belt 121. 20 In the inmge-form ng apparatus
CULRUStERAf LhEr Sheetehefsiraner ofldaphit 1apegrecorded at the
separately fed fromthe paper- feeding section sheet
rebprdheet  hadre sidet somprpaper 142 sdyatratang fedlawn 1¥e for
general | y-upward direction are guided with the
separating the sheets of paper 112 from the conveying belt
121; a lower paper-outputting roller 152 and an upper paper-
ocutputting roller 153; and a paper-outputting tray for
stocking the sheets of paper 111 output.

Furthermore, a both-side paper-feeding unit 155 is
detachably put on the back. This both-side paper-feeding unit
155 takes in the sheets of paper 112 that are returned with a
rotation in a reverse .direction of the conveying belt 121 so
as to turn them upside down to again be fed between the
counter roller 122 and the conveying belt 121.

In the image-forming apparatus thus configured,
the sheets of paper 112 are separately fed from the paper-
feeding section sheet by sheet, the sheets of paper 112 that
are fed in the generally-upward direction are guided with the

guide 115 and are conveyed such that they are sandwiched

between the conveying belt 121 and the counter zroller 122.
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gui de 115 and are conveyed such that they are

sandwi ched 25 between the conveying belt 121 and the
counter roller 122. -24 Their |eading edges are
further guided with the conveying guide 123 so as to
be fastened to the conveying belt 121 with the
tip-pressing roller 125 aBd-the conveying direction is
changed by generally 90 degrees. 5 Here, an

.ter {sng. vV e J.s a ' b 0 Lrcuj .
ok e e JBUGPOT % CRERG b dgsl M B oveying
char gi roller 126, and the conveying belt 121 .
I B0 Re SEaPata Bt feaheAPE ef nat e ORI o Kag? with
pattern, or a pattern such that a positive voltage .
thgndipregacing \@tklage 185 acadal the nepeVoYHppl idddercsion is

predeterm ned widths in bands in the sub-scanning

chdngedt byrngave il liys 0hdegoageyi ng- belt 121 novenent
direction. Wien the sheets of paper 112 are fed onto

the conveyidue,beldn 131twbhebing aldiapat ehy CBFpEfé’d by a
wth the positive voltage and the negative voltage,

cohh§o§h%§E§uQE-W%@%'ﬁ%ﬁﬁ%ﬁ%&%@@ge?%%hfoéﬁahbgﬂhgg suggéy to

attracted to the conveyi ng bel , and are conve
LN 1 -SC ningEggrect'o wi th the. noyegent, of
thEnSTRERIEG: NG Nert T en by CHPYOY ATt RELFeddraiRromes
heads 107 _dependi on the ipage data fromthe
CHRRARR.- (Fodbs SPngP HOREIEANG 2 CHAFRT- SOl YAGR ngatkern, or a
carriage 103 in outbound and inbound directions, ink
Pagteph eBychr dhgits penBedl biveneobiagheasfeat Negatyypervoltage
112 at rest so as to record the space correspondi ng
arto adrterhbhelyamgplabtiert o opweaie rggntimedoneldtiteet i0f bands in
paper 112 by a
the sub-scanning direction which is the conveying-belt 121
movement direction. When the sheets of paper 112 are fed onto
the conveying belt 121 which is alternately charged with the
positive voltage and the negative voltage, the sheets of paper
112 are electrostatically attracted to the conveying belt 121,
and are conveyed in the sub-scanning direction with the
movement of the conveying belt 121.
Then, by driving the recording heads 107 depending
on the image data from the image-processing apparatus 2 while

moving the carriage 103 in outbound and inbound directions,

ink droplets are dispensed on one of the sheets of paper 112

at rest so as to record the space corresponding to one 1line

and, after conveying the one sheet of paper 112 by a
predetermined amount, recording for the next line is performed.

Once a recording-completion signal or a signal that the




10

15

20

25

predet erm ned anmount, recording for the next line is
perfornmed. 25 Once a recording-conpletion signal or a
signal that the -25- trailing edge of the one sheet of
paper 112 has reached a recording region is received,
the recording operation is 5 termnated and the one
sheet of paper 112 is outpbt to the paper-outputting
tray 154. Moreover, in a case of printing both sides,

;L Qt a4 e n ' t 4210t e S
tr%%%éggig%k&%é%p Fg§o¥%¥%3&g%9%hg%f%E%Prfgggj(gg%aggaChed &
which is printed . first) is finished, the recorded . .
relelrabo  Pafer i BPEer TRt i nE REENTG: debpapkion is

feeding unit, 155, and the sheets of paper 112 10 are
terfiRRECApside WGPPSR hehdakkOf ad@PrE Sei2 t 55 peulput to the

printing face) so as to be again fed between the

- papsuneetpwibting thxy 4A8d4. the conveying belt 121, a

timng control is perforned, and the sheets of paper

112 are canveyectgn imeacorweyi Bf hetintlidly asoth sides, by
descri bed above so as to be recorded on the back face

ro@htehg tReWBbAhe{ QY BEB: O PUint Ehd heverse direction when
paper-outputting tray 154. Next, an overview of a

resggééﬁée%fﬁﬁﬁnfrﬁf%% dis i%f‘%?gfi&ﬂﬁ%t EOTRER R Furst) s

di . : 0

i P et PG S BURR FERFEP Cite R of LA oRER ofSdTiRSO the
control section 200 conprises a CPU 201 which is

borRspoRg | BRRSY of SSHF dFHitngl the aWerdld sifeheatals paper 112

ROM -
are turned upside down (the back face is set to be a printing

face) so as to be again fed between the counter roller 122 and
the conveying belt 121, a timing control is performed, and the
sheets of paper 112 are conveyed on the conveying belt 121 as
described above so as to be recorded on the back face after
which they are output to the paper-outputting tray 154.

Next, an overview of a control section of this
im?ge—forming apparatus is described with reference to Fig. 9.
Nofe that this diagram is an explanatory block diagram
illustrating an overview of the control section.

This control section 200 comprises a CPU 201 which

is responsible for controlling the overall apparatus; a ROM

202 for storing programs which the CPU 201 executes and other

fixed data; a RAM 203 for temporarily storing image data,

etc.; a non-volatile memory (NVRAM) for keeping data even

during the period in which the power'of the apparatus is shut
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202 for storing prograns which the CPU 201 executes
and other fixed data; a RAM 203 for tenporarily
storing i mage data, etc.; a non-volatile nmenory
(NVRAM for keeping data even 25 during the period in
whi ch the power of the apparatus is shut -26- down;
and an ASI C 205 for perfe2®ér ng vari ous signa
processing on the inage data, inmage processing for

doﬁﬁéﬁ%@ #8281, BB B RaPe, e °r5‘f<'9 Sessing

Mor eover, this control section 200 conprises an
onpdrer &m%d@%?r r eERPYi RyCFdaratand f§FgrPoﬁrsf%’i“tlF?-gt h‘%ortlng ’
host side which is an image-processing apparatus (or
eta. dagnd processimy dppalkausduts yslongd sa fvar semdirolling the
conputer; a drive- waveform generator 207 for
whobaesppargrus . dri ve waveform for 10 driving the
recordi ng heads 107; a head driver 208 for driving

~and cont r glddeRgelhe f186Pr dbngrbeadectbn 200 | ¥8fpkPEes an
mai n- scanni ng nmot or 211 for driving the mai n-scanni ng

I/ﬁ.mb% Jf% &noﬁ%@‘/%céﬂuﬁ%dé@”%&g EB%%EEZ%:?:tflorﬂﬁey host

the su canni ng i as supp

| AC- 15 t
Sl%ﬁar@h#g}? o Y R G es s g PR PHb O fphg & data-

sense signals fromvarious sensors (not illustrated).
PrRBPEdd | 2RA2BPEISL | BRChaRSl 217eFrndhpGPTPRECAndd drive-
dlsplaylng information necessary for this apparatus is '
wavehpart geneoathr s 200ntfof gevershizgOa 2drivtay, wekeform for
control section 200 receives at the I/F 206 via a
driebh® tiie aratisding pibdsi 01Q7¢dakahead| dl ngr i NYefor driving
and controlling the recording heads 107; a driver for main-
scanning motor 211 for driving the main-scanning motor 104; a
driver for sub-scanning motor 213 for driving the sub-scanning
motor 131; an AC-~bias supply 214 Ifor supplying an AC-bias
voltage to the charging roller 126; and an I/0 216 for
inputting sense signals from various sensors {(not illustrated).
Moreover, an operation panel 217 for inputting and
displaying informaticn necessary for this apparatus is
connected to this control secticn 200.
Now, the centrel section 200 receives at the I/F
206 wvia a cable or a network printing data including image
data from the host side such as the image-processing apparatus
2 such as the personal computer.

Then, the CPU 201 reads out and analyzes the

printing data within a receive buffer included in the I/F 206,
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data fromthe host side such as the inmage-processing

apparatus 2 such as the personal conputer. Then, the

CPU 201 reads out and anal yzes the 25 printing data

within a receive buffer included in the I/F 206, -27-

and perforns necessary i mage processing and data

sorting operations, etc-27-at the ASIC 205 so as to

transfer the inmage data to the head driver 208 The

arive- vef orm gener at or IS

and; R CORVEPTRF Tt o i CIRFEREIRg aFige WghaiSorting

pattern data, outputs a drive maveforn1conpr|3|ng one

OP%Fah%ﬁIeS*rdrEFt\Fe rsigdthe e thededP @S V& YERsErRe theadmage

driver 208 selectively applies to the actuators of

~ datheto ey disegl dméuds 209-the drive signals configuring

the drive waveform 10 provided fromthe drive-waveform
gener at or T3/ bdastdeoravemgen dgbsefalod= paliDgnrn dalibgh is
corresponding to one line of the recording heads 107

coﬁfﬁéu:?éc? ienpHt se/al | ¥onddr@as t eodriya tbavBesdsy |ldkive-
his inmage-formng apparatus 3, as illustrated 157in

815%%% 8adeacx | bedpr extously, ﬁg&%eg&ageggghgﬁon%.r3318g one
ox PREF Tk LBVt Fh RN 1A TS0 0oand oA hedd driver

i ndi cates that dots can be placed that are of a )
20B o @sEdmel it i arPiife (FewdehsPEYURRRYS 24 whheh jecording
the normal ink in "2" diluted.
heads 107 the drive signals configuring the drive waveform

provided from the drive-waveform generator 207 besed on image
data (dot-pattern data) corresponding to one line of the
recording heads 107 that are input serially, so as to drive
the heads.

In this image-forming apparatus 3, as illustrated
in Fig. 3 described previously, dots to be output are
controlled. An “0” indicates that dots are not placed (a dot
off), Y27 indicates that dots are placed with a normal ink
concentration (normal ink), and “1” indicates that dots can be
placed that are of a low—concentr_ation ink (low-density ink)
which is the normal ink in “2” diluted.

Moreover, generating and outputting multiple drive
waveforms from the drive-waveform generator 207 which allows
for dispensing droplets cof varying sizes within one drive
period, for instance, as the drive waveforms as described

above for selectively providing from multiple drive waveforms
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Mor eover, generating and outputting nultiple drive
wavefornms fromthe drive-wavef orm generator 207 which
allows for dispensing droplets of varying sizes
within one drive period, for instance, as the drive
wavefornms as descri bed 25 above for selectively
providing fromnmnultiple degve waveforns -28- to the
recordi ng heads 107, also nmakes it possible to adopt a
dot - di_anet er_nodul gt i met hod for placing - -dgt.s of

oy Ot TREPFarBHL PRGRI S5 FLTO KRt DEFRAILe iy adopt 2

null. Note that while an ink-jet recording-type inmage-

- do5-gHaRE YT appeiitdcing deddrrpedoss RhaFHRGe-BokFi ngf four

apparatus for formng an i nage output fromthe

diffegenprbeesss mf lapgeranediemj nendlel erodinmdAt as

descri bed above, simlarly applying an electronic
phot o- t ypeNdmgeh&br whigeappar tks et dreadrd i1ef+fBlpe image-
transfer-type i nage-form ng apparatus to the 10

foeRba i%%%%rb%u@'%% RASRIAbRg |4y the image—formi%? apparatus
el ectrophot ographi c-type inmage-form ng” apparat us,

<ol B S IR SO, |, sppgerprgessios

| ight exposure, that one . dot_ forns, thereby .
2PPRRRELENE! it nERT | STPBOATSTbn@S SERFRLRS APAYR Similarly
strength of a laser |ight used in 15 |ight exposure,
aPPhE¥LBYy 2Pe FLESERONAG ﬁgptpftﬁw%l1?%@@5i%ﬁ%ionﬁﬁﬁaﬂaius and
Mor eover, while the enbodi nent above describes the

ani migerpadcessangfapphyie usinoppricimigagan dppegetus to  the
processor pertaining to the present invention, the

embbBgRehDPUE IR apoiss A JRYIEORREI 4 eldt@chbABEBgraphic-type

processor as well as the inmage-formng
image-forming apparatus, pulse-width dividing light exposure
in a light-exposure writing so as to control the amount of
light exposure that one dot forms, thereby represénting mulii-
level tones, and varying the strength of a laser light used in
light exposure, thereby representing multi-level tones are
possible.

Moreover, while the embodiment above describes the
image-processing apparatus comprising an image processor
pertaining to the present invention, the image—input apparatus
may comprise the image processor as well as the image-forming
apparatus comprising the image processor. Furthermofe, the
present invention may be applied to a system configured from
multiple equipment wunits (for example, a host computer, an

interface-equipment unit, a reader, a printer, etc.) as well

as to an apparatus configured from one equipment unit (for
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apparatus conprising the image processor. Furthernore,
the present invention nmay be applied to a system
configured from nmultiple equipnment units (for
exanpl e, a host conputer, an interface-equipnent
unit, a reader, a printer, etc.) as well 25 as to an
apparatus configured from2dne equi pnment unit (for -29-
exanpl e, a copy nachine, a facsinmle apparatus). Even
progr am

gl i f
PP enu PR NGper 1 GOBRUEIN & B AARAC] one of

t he i mage rocessor pertaining to the present

i nvention ¥fRR BPEie HestF i Behla Hed afeorkloure a software

enbodiment. In this case, the programpertaining to
propeamnvent i@msiogpra sesmpuitetietporexgcuteephef operations of

outputting correction data in which an error diffused

ther dmaajer eatceggant irzedaphials tohatearmesbrits hodat ich that
multi- |level imge data of a pixel in question; a code

arbordgsstaRof 140 gatt 'aBgav@ %Bdﬁt%trﬂton thr Q%ﬁ%! dcase, the

val ue based on the nulti- |evel image data of the

png”eC g%‘égﬁﬁhan' eﬂ-&}%n@l Jue%omg%l% f%(rj'g éh%or a

a an e quan I zatl on- res

t t N dat nd d
St8PeHto P UL PERI AT ﬁa}?%%ca%r et e qSFEv el e fused

15 the N-level image data., In the program as descri bed
frapovd reagysarpnel geAnpizels vahasgarpend 13 agdest fogrpplti-

tones of the quantized values are VO, VI, V2, VN1,
leaelléasgeodetathfeshpiﬁebaimeqﬁéstioﬁn1&utddﬂeﬁq&ﬂa step of

between V, and Va+j (where O0O<a<N-1) of at |east one
setBpty ol geanvbhest ssh-4dnéshicode valwe BAskd sei tBebenulti-

V , is set based on the equation (1) as described

level image data of the pixel in question; a code for a step
of comparing the correction data and the guantization-
thresheld value so as to output N-level image data; and a.code
for a step of calculating an error generated when generating
the N-level image data. In the program as described above,
assuming quantized values are 0, 1, 2, .., N-1 and tones of the
quantized values are V0, V1, VZ, m; VN-1, at least one
threshold wvalue Th:.y1 in an interval between V, and Vi (where
0£a<N-1) of at least one input value, when an input tone value
is set to be v, is set based on the equation (1) as described
above.

The program may also be achieved by supplying to a
system or an apparatus a storage medium in which the program

codes are recorded so that a computer (a CPU or a MPU} of the

system or the apparatus reads out and executes the program
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above. The program may al so be achi eved by supplying
to a systemor an apparatus a storage nediumin which
the program codes are recorded so that a conputer (a .
CPU or a MPU) of the 25 system or the apparatus reads
out and executes the program-30- codes stored in the
storage nedium In this cgge, the program codes
t hensel ves read out fromthe recordi ng nedi um
i mpl enent .~ the functions of the enpodjnment as
c°§8§015i1:8€8dp|18vitg83f5 Prageam?amui"ﬁ@ f Uit For the program
supplying the program 5 codes, such nedia as a .
cofdesxi SgL¥RS Hepdr gulli §komakhepreeardipgy skedjum implement
magnet o- opti cal disk, a nmagnetic tape, a non-volatile
theedonyttansl, of REA@VlembodSBenenes ydesttihed gresianple,
may be used. Moreover, a case is also included such
that not A9 anlieddr@iingnché@nsn Ofok heupphodhFethedSprogram
descri bed above are inplenented by executing the
coRESg! 80LGOAEs: WNLENat BeoCORPUI Gl s/ CA0n0HE BHLKA! S0 optical
eirbo I bed  above

the functions of the I ment as descr

.are realized b he eratin ste etc. .
a1 Bl o PREPE SR B Ber FoPHRRGLLL phtheor S alprpTolatile
the actual process 15 based on instructions of the
MeRPEYr &AtCodds . R theliBr BEMQT¥asEtls s afsd iSAMRdEd may be
such that the functions of the enbodi nent as
usgelscri bed above are realized by, after the program
codes read out fromthe storage nediumare witten
into a nendsyemed,i gur edsen is falwsd | dnaluéxd esschn 231t not
board inserted into the conmputer or in a

onflYNHONBhn@XERRSI ON the embodiment as described above are
implemented by executing the program codes which the computer

read out but also the functions of the embodiment as described

‘above are realized by the 0S (Operating System), etc., running

on the computer performing a part or all of the actual process
based on instructions of the program codes.

Furthermore, a case is also included such that the
functions of the embodiment as described above are realized by,
after the program codes read out from the storage medium are
written into a memory configured in a functional-extension
board ingerted into the computer or in a functional-extension
unit connected to the computer, the CPU, etc., configured in
the functional-extension board or the functional-extension
unit performing a part or all of the actual process based on

instructions of the program codes.
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unit connected to the conputer, the CPU, etc., .
configured in the functional -extension board or the
functional -extension wunit performng a part or all of
the actual process based on instructions of the
program codes. -31 CLAIM5S 1. An inmage-processing
apparatus for quantizing-3multi-level (Mlevel) inmage
data into N val ues, where M>N>I, 5 using a multi-| evel

error-diffusion process or. Lhi mum 10 aver age

multi-level error nethod, I sing: neans for

outputting correction data in which an error diffused

from al ready-quanti zed pi xels therearound is added to

the multi-level inmage data of a pixel in question;

means for Isett Ang inapeapriorassongt kppaerdsydlaye quantizing

based on the nulti-level image data of the pixel in
multesiswsl (MebnseX)or inofpadaty fheocHr vedticen daicareamntbi>1,

t he quantization-threshold value so as to out put
ushh%e%§lnhﬁ%gelegéiaieﬂﬁbf”ﬂif@ﬁ@ﬁ§nfQErdéﬂégﬂ 3kl Ng &l nimum-

erfor generated when generating the N-Ievel inage

X ei ] [ | . 0, 1, 2,
av8BLde Ryl B BP0 SRS 08 s are o

Vi, V2, ..., VN1, respectjvely at |least one . .
t hr eshol d RRAAFe +Put UBF%I?%%?% P, IRkt n s YRHGR an

Va+i (where 0:5a<N-1) of at |east one input val ue, ,
erghen i fuspdt feme fareedysayantizedsepipaked thgrearound 1is
equation (1) ,
added to the multi-level image data of a pixel in question;
means for. setting a guantization-threshold wvalue
based on the multi-level image data of the pixel in question;
means for comparing the correction data and the
gquantization-threshold value so as to output N-level image
data;
and means for calculating an error generated when
generating the N-level image data;
wherein, assuming guantized values are 0, 1, 2,-"q
N-1, and tones of the quantized wvalues are VO, V1, V2, .., VN-1,
respectively at least one threshold value Thayn in an interval
between V, and Vau1 {(where 0<a<N-l1l) of at least one input value,
when an input tone ﬁalue is v, is set based on equation (1),

where the equation (1) is:

Thau=(~/ ((V-Va} (Vas1=Va) /2)) ) +V,.

2. The image-processing apparatus as claimed in
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where the equation (1) is: Tha+l= ([ ( (v -Va)
(Va+l-Va) /2))) +Va. 25 2. The inage-processing
apparatus as clainmed in -32- Caim1, wherein the
threshol d value is set based on said equation (1)
only when, in the input value interval between V. and
Va+l (where 0< a<N-1), thgz+nput value v is greater
than a constant Ka (where Va<Ka<Va+i) 5 3. The

nmage- pr ocessi ng par.at u inmed.i
CIaRBrh PRETTH GGRB diusaeins B it SRFogPs on said
sequentlal process dependlng on the input value_ V.
eqyatypR {hagenpr %@%@lﬂdléﬁﬁhﬂdEW§ JeleeaineBrval EFEWﬁ?n Va
2, wherein the threshold value is obtained through a
ansleéruent wherer 0Ges@i-dgperidiengnpntt veliapiyt isalgmeaters. than a
The i mage-processi ng apparatus as clained in 15 daim

cohstaherel Nwhbeet iragkuld) val ue is obtained froma
| ook- up table depending on the input value v. 6. The
I mage- processi ng apparatus as clainmed in Caim 2,
wherein the threshold value is obtained froma | ook-

20 up tablf de&%%dlg%%%n Eggeégf ¢ gﬁég§a¥US asA%lalmed in

i mage- f orm ng appar quant
nultl | evel (Ml evel) e.data.into, N v Iues r
CIRERIL, (TR nahe) %@éﬁoégrarﬁl&ef P SREaE Bt Hhgpuon @
a 25 m ni numaverage nulti-level error nethod and
sepBeRf byl PreGRRFe depgnding on the 1nput value v.

4. The image-processing apparatus as claimed in
Claim 2, wherein the threshold value is obtained through a

sequential process depending on the input value v.

5. The image~processing apparatus as claimed in
Claim 1, wherein the threshold value is obtained from a look-

up table depending on the input value v.

6. The image-processing apparatus as claimed in
Claim 2, wherein the threshold value is obtained from a look-

up table depending on the input value v.

7. An image-forming apparatus for quantizing
input multi-level (M-level) image data into N wvalues, where
M>N>1, wusing a multi-level error-diffusion process or a

minimum-average multi-level error method and forming an image
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usi ng dots which correspond to each of the N val ues,
conprising: nmeans for outputting correction data in
which an error diffused from already-quantized pixels
therearound is 5 added to the nulti-Ilevel inage data
of a pixel in question; neans for setting a
quanti zation-threshold vaBBe based on the nulti-|evel
i mage data of the pixel in question; neans for

a.and t

| da
csFRERTELRS, LGRSO S A0 A e ong g venses,

i mage, 10 data, and neans for calculating an error
CogRReFHE®d when generating the N-level inage data;

wherei n, assum ng quantized values are 0, 1, 2, ..

N-1, and treess ofor heummlrz@dcvarmca‘r edaVOa wh, wmch an

..., VN1, 15 respectively at |east one threshold
ervakuaelifitakkd nfadmi aleexdl-deinmeered/apindl Yathefshetend is

0<- a<N-1) of at l|east one input value, when an input

acHeReL ¥t He Ih@lt\i 1Ie%e§e&m9§ée@a@£ SAuatdigr1( 1h, quibelsn;
t he equatlon (1) is: Tha+tl=(f ( (v-Va) (Va+l- va) /2))

Gaim?7, WREE ntlhe e %6‘@8?*3‘21%%%3{ %asé‘ﬁglﬁ” value
pa2fipy et ”%téw%&énjl) Eaﬁaghwgﬂqa?%é{ drg Bl T3 appge Lons
i nput value Vis greater than a_25 constant K. (where
Va<Ka<Va-+ileang4for comparing the correction data and the
quantization~threshold wvalue so as to output N-level image
data;
and means for calculating an error generated when
generating the N-level image data;
wherein, assuming quantized values are 0, 1, 2, ..,
N-1, and tones of the quantized values are V0O, V1, V2, .., VN-1,
respectively at least one threshold wvaluve Ths: in an interval
between V, and V.4, (where 0<a<N-1) of at least one input wvalue,
when an input tone wvalue is v, is set based on eguation (1),

where the equation (1} is:

Thasi= (| ( (¥ —Va) (Vas1=Va) /2)) ) +V,.

8. The image-forming apparatus as claimed in
Claim 7, wherein the threshold value is set based on said
equation (1) only when, in the input value interval between V.
and V.u (where 0=<a<N-1), the input value v is greater than a

constant K; (where Vi<K;<Vat+i) .
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9. The image-form ng apparatus as clained in Caim7, -
wherein the threshold value is obtained through a ‘
sequenti al process depending on the input value v. 5
10. The inage-form ng apparatus as clainmed in Caim
8, wherein the threshold value is obtained through a
sequenti al process dependBég on the input value V. 10
11. The inage-form ng apparatus as claimed in Caim
7, wherein the threshold value is obtained froma
| ook- up table depending on the input value v. 12. The
I mage-form ng apparatus as clainmed in 15 Caim$8, . .
wherein the thrEgﬁol%W%Bﬂﬁﬁ?qménabt%P?&%P?qﬁanﬁé | gbgimed in
up tabl e dependi ng on the input value v. 13. The
Clammgd-f ovimerairapphe atthsegbodtaiviedaei nis Cobtaired through a
wherein the image is forned with one of an 20
seqlhentiaphotagisapicpendt hoden athe nloguet vektibod,, and a
thermal transfer nmethod. 14. The i mage-form ng
apparatus as clainmed in Claim@8, wherein the inage is
formed with one of an 25 el ectrophot ographi ¢ net hod,
an ink-jet th an t he) - er :
5. The i ko f o 18 nataBsaroritia , d8paraBs Mlad thhffned tn
9 erein the i e .is formed wi.th one of apn 5
CLBHBC o R Taphhe FBERGRCLan TS o nPHomSdndhgoush
thermal _ transfer nethod. ) :
sequential process depending on the input value Vv.

11. The image-forming apparatus as claimed in
Claim 7, wherein the threshold wvalue is obtained from a look-

up table depending con the input value v.

12. The image~forming apparatus as claimed in

Claim 8, wherein the threshcld value is obtained from a look-

.up table depending on the input value v.

- 13. The image-forming apparatus as claimed in

Claim 7, wherein the . image is formed with one of an

electrophotegraphic method, an ink-jet method, and a thermal

transfer method.

14. The image-forming apparatus as claimed in
Claim 8, wherein the image is formed with one of an

electrophotographic method, an ink-jet method, and a thermal
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16. The inmage-form ng apparatus as clainmed in Caim

10, wherein the image is forned with one of an 10

el ectrophot ographi ¢ net hod, an ink-jet nmethod, and a

thermal transfer nmethod. 17. The i mage-form ng

apparatus as clainmed in Caim1ll, wherein the inmage

is formed with one of an-15-el ectrophot ographic

nethod an i nk-jet method, and a thermal transfer
t E The i mage- fornlng apparatus as clainmed in

réf"?x ﬁFﬁ Tein the image is formed with one of an

20 electrophotographlc nmet hod, an ink-jet nethod, and

a thermal transfer nethod. 19. A program for causing

a conputer to execute a process of quantizing

mul ti-level5({ M | Byel imagegfodaing i eppakalBsvalueslaimed in

where M>N>I, using a nulti-level error-diffusion -36-
Clpimcess Owhareimi nle avinage nmdtifdevel eritdr reidhodf an

conprising: 10 15 a code for a step of outputting
el@@&k@ﬁﬁb@é‘gf’éﬁfﬁd r}neﬁ’}chPh 20 ehkofedi hEvsed, LA a thermal

al ready quantlzed pi xel S therearound is added to the
trgﬂgk énage data of a pixel in question; a code

s of setting a quantization- threshold value
based on the nmulti-level inmage data of the

16. The image-forming apparatﬁs' as claimed in

Claim 10, wherein the 1image is formed with one of an

 electrophotographic method, an ink-jet method, and a thermal

transfer method.

17. The image-forming apparatus as claimed in
Claim 11, wherein the image 1is formed with one of an
electrophotographic method, an ink-jet method, and a thermal

transfer method.

18. The image-forming apparatus as claimed in
Claim 12, wherein the image 1s formed with one of an
electrophotographic method, an ink-jet method, and a thermal

transfer method.

19. A program for causing a computer to execute a
process of quantizing muliti-level (M-level) image data into N

values, where M>N>1, wusing a multi-level error-diffusion
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pi xel in question; a code for a step of conparing the
correction data and the quantization-threshold val ue
so as to output N-level imge data; and a code for a
step of calculating an error generated when
generating the N-level image data, wherein, assum ng
quanti zed values are 0, 2362, ..., N1, and tones of
the quantized values are VO, V1, V2, ..., VN1,
resgectively at_l east one thresholq: g]ue Tha+l in

PTORERPvalor bet weBHVIBA HEPE (dEre GSYSA<N- DG dpethod.

| east ,one input value, when an input tone value is
COHepfLiEdi®e v , is set based on 20 equation (1), where
the equation (1) is: Tha+l=([ ( (v-Va) (Va+l-V.)
" /2)))+Va. 20codhefqur ayraherasiclitpetitingGhaknedgion data in
wherein the threshold value is set based on said
wheghat izan ( &yronl y AT fubed, ifircnrhe alhpsddyw-ahumtinker vapixels
between Va and Va+l (where -37- 0 <_ a<N-1), the input

thé2kHBoYNd S1 9 884&d tHath@ RODEL Adveid indRETRita of a pixel
Va<Ka<Va+i )
in guestion;

a code for a step of setting. a quantization-
threshold value based on the multi-level image data of the
pixel in question;

a code for a step of comparing the correction data
and the quantization-threshold value so as to output N-level
image data;

and a ccde for a step of calculating an error
generated when generating the N-level image data,

wherein, assuming quantized values are 0, 1, 2, ..,
N-1, and tones of the quantized wvalues are V0, Vi, V2, .. VN-1,
respecitively at least one threshold value Th.y in an interval
between‘vg and Vi (where 0f£a<N-1) of at least one input value,
when an input tone wvalue i1s set to be Vv, is set based on

eguation (1), where the eguation (1) is:

Thasa= (] ((V=Va) (Vars—Va) /2) ) ) +Va.

20. The program as claimed in Claim 19, wherein
the threshold value is set based on said eguation (1) only

when, in the input wvalue interval between V, and V.. (where




-37-

0 £ a<N-1), the input wvalue v is greater than a constant K,

{(where V.<K;<Va4i).




