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| MAGE PROCESSI NG APPARATUS, PROGRAM | MAGE FORM NG
WONPRRATIIS, | MACE FORM NG METHOD, AND DI THER NK&ETRIP$007968484

TECHNI CAL FI ELD The present invention relates to an

i mage processing apparatushla program an inmage

form ng apparatus, an inmage form ng nethod, and a

dither matri x. 10 BACKGBEdNRIARToKNOWN i mage form ng
apparatuses such as printers, facsimle machines,

Copi RixGE m%w& U A 0 (e i m%@&nt%,o %@ﬁgﬁ%mmc

convey a ereinafter referre

“sh ! it L4 i tard

synaryastils o hSE oile ST ik Haktke

"recording nedium" a "transfer material," a

"recordi ng paper,"” or the |I|ike) and have a recording

liquid (hereinafter referred also to as "ink") as a
TEGHNAGRIadflF Dt o t he sheet so as to performan image

form ng operation ("recording,"” 20 "printing," and
"phot ogr dffie coypeEsent nirivemel ah soelsyasnyooas| imaged) ,
for exanple, using a liquid ejection apparatus
prdtdsimy fopLeLtds Ngahprdgeamposed idfadd Fbrhing apparatus,
ej ection heads that eject liquid droplets of the
arf eﬁ%gé Nehrod ! e kAU S VY 2OPSE ORLB4 k.
PCT/ JP2007/ 068484 -2

BACKGROUND ART

" Known image forming apparatuses such as printers,
facsimile machines, copiers, and multi-function peripherals
thereof convey a medium (hereinafter referred to as a
“sheet,” but it is not limited in material and used
synonymously with a “medium to be recorded,” a “recording
medium,” a “transfer material,” a “recording paper,” or the
like) and have a recording liquid (hereinafter referred
also to as “ink”) as a liquid adhere to the sheet so as to
perform an image forming operation (“recording,”
“printing,” and “photographic printing” are also
synonymously used), for example, using a liquid ejection
apparatus ihcluding a recordiﬁg head composed of liquid
ejection heads that eject liquid droplets of the recording

liquid (liquid).



Note that the inmage form ng apparatuses refer to an
that ejects a liquid onto a nmedi um

Wopg?g@ 3%%St hread, a fiber, a cloth, |eather, rfrt?tpig 20571085484
plastic, glass, a ceramc so as to perforn1an |nage
formng 5 operation. Furtherpwre, the "imge form ng"
refers not only to _an operation in which neaningful
i mages st @stNath i tidtag kP hdishi P A M i Y0 t°
a medium but also to that in which neaningless

arni represrauch wE thatiestss aarld qulshldnd therestiom such as a
Furthernore, the liquid is not limted to 10 a

pd RO i Nghitéafy th dfibenk andlth esizeditedd,y netrdl,eplsstic,
long as it is available to performan i mage form ng

g1OPSS atd Obe rdmhid Ny Y &0 tdeerddMnizh eiredd cTbamipay at us
refers to an apparatus that ejects a liquid fromthe

5  ofd g?us 1@14&% i3 UL SO d §é sfamlad'mfeeﬂutsorﬁft

appar m i nages. nce such image

RSB AT e

f'orexa
dot s, nedlun1dots " and "Iar e dots" as the sizes of
chakaf R iy IMYERRNGT ake at @ é%‘;ﬂ[] Z%t
multiple tones with the dot sizes of recordin qui d
telrgpietsn ket digrjlinglesh tHeageetHydh s rns are

generally wused as a nethod for reproducing hal ftones
agyl tedbtime rgtan RumEhasnsiey tlomel {duiicbriss tnot limited to
modul ation) of a level |ower than that of an origina
10 alrfegsraity ani Qied doONEhK e 2ot nespdatddn) .1M0Gted so

2008/ 032877 PCTIJP2 0 O 710 6 84 84
long as it is available to perform an image forming
operation. Furthermore, the liquid ejection apparatus
refers to an apparatus that ejects a liquid from the liquid
ejection head, and so it is not limited to an apparatus
15 that form images.

Since such image forming apparatuses separately
print only four types (four tones) of dots, for example,
“no dots,” “small dots, “medium dots,” and “large dots” as
the sizes of recording liquid droplets, they cannot express
20 multiple tones with the dot sizes of recording liquid
droplets. Accordingly, a dither method has been generally
used as a method for reproducing halftones by combining an
area density tone (intensity modulation) of a level lower

than that of an original image and an area tone (area

25 "modulation).
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_3_ The dither nethod (binary dither nethod) uses the
val ue of each matrix in a dither nmatrix as a

worhesaskgy’d, conpares it with the density of a@cmisezlo7/068484

correspondi ng coordi nates, determ nes whether to

out put "1" (printing or 5 ilgurri nation) or "0" (no
printing or no illumnation]J“to thereby obtain a

bi nari zedpgmgenaW e tHiS MHY LHher M¥hod) uses the
conpari son and cal cul ation of thé original 1nmge and

val 18 U eshal dmmlkes 4t poswilile Lo.abtaln bioaidged g

for an areéa tone an perform cal cu 1 ons

it T S, 25, L PSR i

(multi-valued) system For exanple, when images are

coggdpnatey afeitermides rdedhfim g cappimittus’ YhatP gt ing or
control the sizes of ink droplets at three |Ievels of

illgmdinatiohreditu0” ond |prige: fngl®n reed ilypeiqagfion) to
dither matrices are prepared to determ ne whether to

thedepyt obdaifn@ prinddingd imEgd.priwittmoehid etded,! only
droplets), "2" (printing with nedium droplets), or

‘the3 compairlsnd aMd f&d12n 08 APl Dhd UriRAGH PTOGRAS I4HH

pi xel . 20 Furthernore, although various nethods for
eteri_Rni thr. : | t AL :
et pake R T S T
di ther, _or the |like are w dely knqwn. Th .
ot APaCTER SE Y RSO R TR Hotsiah SRR
concentrated on a specific 25 area in an area
nodul at i SMIEREERE & ridify it e et q uses not only a

binary system but also a ternary or more (multi-valued)
system. For example, when images are output by an ink jet
recording apparatus that can control the sizes of ink
droplets at three levels of “small,” “medium,” or “large,”
three types of dither matrices are prepared to determine
whether to output “0” (no printing), “1” (printing with
small droplets), “2” (printing with medium droplets), or
“3” (printing with large droplets) for each processing
pixel.

Furthermore, although various methods for
determining the threshold of a dither matrix have been
proposed, Bayer dither, random dither, blue noise dither,
or the like are widely known. The characteristic of these
methods is that dots are not concentrated on a specific

area in an area modulation and are arranged so as to be
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distributed, and they are classified into a dis
WO I080R8Thod. On the other hand, there is alsd q/ 33 siss

concentrated type nethod in mhlch dots are arranged so

as to be aggregated in a ceptain unit. As an exanple

of the 5 concentrated type nethod, there has been
urkdnawmbnedi st pipeteda aidheheysd¥e xclaes Lfkad ainto a

sub-matrix so as to possess a screen angle. As
dimpdt et pypeesstmgdw tOnt tiee dother hEndodthefatentalso a

Docunent 1 describes a nmethod in which plural 10

cdhe&steh tedat ypeesefilod hen wRich cSY s adre piepaniged and as
one of the threshold matrices is randomy sel ected

tcﬁ Pe e¥YSGYegRtaialnhal £ELPPLI A MRYLL OF AOTaRVEX¥MPPEIOM the
tinme in erval SO as to prevent t he occurrence of

5 c%ﬁ%éé%é&é%&g?¥£glﬁgﬁﬁgd'nthgyép%% 'ﬂ@@ﬁs 99é in which

mages processed Pat ent

cunent 1- JP-A-5 19564 Pat ent Docu
2 RS Dent bk P LRAES ¢ natbT R TReEa BF « o/ PRATees o2
generator for generating plural dither patterns and a
S¢EeRIb N RekPer generator for 20 generating random
nunbers and selects a dither pattern depending on a
random nulbehal Phorat pPocaaehng 2wigp- phe4dspgsomethod,
Furthernore, an error diffusion nmethod may al so be
rasedt f Docupsrtdd- Heser Ekxps essmethoduini thisheplueakl y

10 threshold matrices (dither matrices) are prepared and one
of the threshold matrices is randomly selected for every
plural halftone image or for every random time interval so
as to prevent the occurrence of moire (stripe pattern) in
output images when dot images and dithered images are

15 processed.

Patent Document 1: JP-A-57-119564

Patent Document 2 also describes an apparatus
that includes a dither pattern generator for generating
plural dither patterns and a random number generator for

20 generating random numbers and selects a dither pattern
depending on a random number.

Patent Document 2: JP-A-04-250769
Furthermore, an error diffusion method may also
be used for pseudo-tone expression, but it is extremely

25 complicated in processing compared with the dither method.
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nmet hod. WD 2008/ 032877 PC /JP2007/ 068484 -5_
woAmoegexdgg to this nethod, for exanple, thresh@dwirro007/068484

processing is perfornmed for every pixel, and the

error caused by the processing is naintained and

refl ected on the subsequent'SCaIcuIation at a

Saet j (o er ekl it { bl ;

Ad¥ R idech{ath o ndher &by v%%?'d tflng'%?]g?%/g §%58e351ng

feed back even information that

. di ' [t r oc, in o_,an out put inmage .and
RSO Rl SRR, R a1 PR ST 50H cireg BY ‘the
image in terns, of resplution or the |ike. 10
D15 S CRE TR 3 MRFFS, OF rthe subsequent
mul ti-function peripheral including, for exanple, an
calipyakhmthe etemninr aratiemgehevely mpking it
~apparatus, input picture data are all scanned as
paswmidel eldt@ fierd lwopy ezte imfarmati dhethatgeostanfvngibly
15 apparatus scans docunent inmages and then the inmage
bd atiddigrdeappiad alitshdf | gt e i iyt it $n t HeL pEBIBRage and
Therefore, it is required to once separate inage
ot £a8 £ {hiRyd Y At 1 A0P| 9h £07 L €I L0 ed image in
processing to the separated | nage areas I n accor dance
| Nt ( ct,er, a continuous 20 tone,
téc/)!}ﬁgzjl o%t%)na%ﬁgﬁﬂ%r}}pu oc?‘rrle]%', so as to obtain high-
qual ity output inages. Furthernore, also in the
hal ftone processing in which input inmge data are

converted into output dot patterns, error diffusion
IRHQIRE PRIt | IMENTION nmge reproduci bility has

=4

been general |y used.
Meanwhile, in a multi-function peripheral

including, for example, an image scanning apparatus and an
image forming apparatﬁs, input picture data are all scanned
as image data in a copy mode in which the image scanning
apparatus scans document images and then the image forming
apparatus prints and outputs the images.l Therefore, it is
required to once separate image areas of the image data and
apply correction processing to the separated image areas in
accordance with each element (a character, a continuous
tone, or a dot) of an input document, so as to obtain high-
quality output images. Furthermore, also in the halftone
processing in which input image data are converted into
output dot patterns, error diffusion processing excellent

in image reproducibility has been generally used.
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required to use an inmage processing appar at j e
wor}ro ‘\?§§7|7ng controller) having high cal cul at ;%r}&jp%g&“m

performance to separate i mage areas (inage area
separation) and perform corrgetion processing in 5
accordance with the i mage area separation at high
speed. |IHPWRIR%A okt 13 FRAVEERA r'eRl 4P A dRI%mge
processi ng apparatus (inmage processing controller)
prvens SEi g (pparatnes si imp grerfmersians wintaeokler) having
capability of ensuring |arge anounts of buffers to
hifg il dula s tp el o e rere oro 1€k @esr ades cimaipsl abxase Gignage
as to performthe error diffusion processing in the

a i 4 ONEr PERGES AW . pBE S @Skt tecttiasii prds¥sdirgy in

entire unit wll be greatly increased. Therefore, the

a BRI G5 HBGE ARl SPAAL Qb AL Nk SPRIH CHId Y.

0 eé@ht er processihg to the%%ftone procgsgés,i ng
enabl e hi gh speed processing wthout .

Ir} r?égcgltp]r%rg’esjs' n’gs c]g%‘ﬁloﬁéer@%al%/lgngar%]ilgré?fen:t%r:ogésgﬁg
processin?,perfornance.,Ch t he ot her hgg?,,howfy r,

aRRFF & Wl [ 7298 iRFPTTISSHHE FIRIGER HrTe s i % Jréi'(‘:ause
the occurrence of the so- 20 called npire. The moire

procestisRg ByrE9rRIneni SHhsYH chreaRad bEtweeh ensuring
docunment dot conponent and a dither mask pattern

1dxhd hemourmt ¢ i of bhunf Berch o menbetrain atqpantization error
| acki ng pi xel s appear on an output image as if they

aR e PH1BENSabs RS Usd | &g td Per BoE kisthe eeresiticdi Dfusion

processing in the halftone processing. As a result, costs

for the entire unit will be greatly increased.

Therefore, the omission of image area separation
and the application of the dither processing to the
halftone processing enable high speed processing without
the use of an image processing controller having high image
processing performance.

On the other hand, however, the simplification of
the image processing will cause the occurrence of the so-
called moire. The moire is caused by
synchronism/asynchronism between a document dot component
and a dither mask pattern (dither matrix) in such a manner

that partially lacking pixels appear on an output image as

if they are patterns, resulting in a remarkable reduction



WO 2008/ 032877 PCT/ JP2007/068484 -T in inmage quality.
Furthernore, the lack of dots will also cause a

WO mdgiet28on i n i mage density itsel f. Theref ore, p@BIP2007/068484
described in Patent Docunments 1 and 2, severa
threshold matrices (dither trices) are 5 randonly
sel ected for every plural hal'ftone i nage of halftone

ith "BE&§e Odud DIt PVer yuf endpmbEl Mec h Ot eRNRI o EO4oPEN {21 M 2150
the hal ftone processing so as to prevent the

cAFSUT L CREG,OL 1 I [ £r§£5ép§e9ﬂ£gffks fth this

configuration, however,”Tt Ts require ] o pgeﬁ?re
[ ural, t s_of dither tri.ces and randonly
gelect tﬁgh%g. ?reth%?egﬁsﬁggg?ﬂgl% Fateprobesuppgts 1 and
speed and a conplicated ,confi%pration. The present
2i RRYRTdh thresleld mateires {(Rbthapovetpiessknsrand
may provi de an i mage processing 15 apparatus, a _
ranermim sededtedef doreveyy apbarat usal fnonenieagé oo fii ng
met hod, and a dither matrix capabl e of enhancing
haoliff tporte i imeagpe s ust | for byvstppr €58oMat ithe OEESFTENCES Of
noire W thout reducing the processing speed. In order

P IOE S Viend Nea BOIOYISe 15 00 €883 nd NSo PEESEH pr2Pah OVERLT ON
R 0

provi des an inmage processing apparatus that perforns

e . , . ti-val ued
AR Mool Sl Sl it gl enelied
e data by using

R A e T T agkop beed R Sppar  BLaraL
10 t;;g%(% igqtﬂg¥régigfzég and randomly select the same,
thereby causing a low processing speed and a complicated
configuration.
The present invention is made in view of the
above problems and may provide an image processing
15 apparatus, a program, an image forming apparatus, an image
forming method, and a dither matrix capable of enhancing
output image quality by suppressing the occurrence of moire
without reducing the processing speed.
In order to solve the above problems, the present
20 invention provides an image processing apparatus that
performs halftone processing in which input multi-valued
(M-value) tone image data are converted into lower-valued
(N-value: M > N > 2) image data by using a dither matrix.

In the image processing apparatus, the dither matrix is a

25 matrix where the intensity of a frequency characteristic of



25 matrix where the intensity of a frequency
characteristic of --8 an output inage increases from
a | ower frequency conponent, through an internedi ate
frequency conponent, to a hfgher frequency conponent.
According to the configuration of the present

an ¢uvennt i omgg¢ hendiddess nft o Xa | Sowadr of gadp &edy didriesnent,
matri x conposed of a nmain matrix having

threligpedsi Diddiye @itk @ sthqudd§ i Xohavh &gt f angdomesshed
this case, the main matrix having dlsper3|b|||ty Is a

freBayEy Minpodene Furthernore, a threshold. is assigned

the sub matri x based on a generation rate gy a
C|rcunf S hreshold | ccordance
it to}%{e&%}%‘*}w?}% S e R AP b SRR
mat ri x mhen i nput data

f th d th
v kit %Snaaérdlﬁes it {2 G G eSS i 17

erforned u5|n a different dither matrix when the
coml?cr&ﬁﬁ Ofdat aﬂ%ﬁ Attt tlohthsa Wil g dot SR eayed L Rkt Herdror esub-
the present invention provides a programthat causes
mat gighpgiaemna or gpetdorarhal In orfel s praoses sing nai minatrix
input multi-valued (N-v lue) tone inage data are
haviconwerdped: d itid 1toners -a/aaed (iktvealue: PN thdN o 2,
i mge data using a dither matrix. The program causes

thrddie 1 oMWy driederd arma the half fohe  processing using
the dither matrix where the |ntenS|ty of a frequency

oun S B ELEL £yt LN | RSSO SRR L 1 fonone
in JéggHSQSXe with tone density, and the halftone
processing is performed using the dither matrix when input
data contain a dot image and the halftone processing is
performed using a different dither matrix when the input
data do not contain a dot image.

Furthermore, the present invention provides a
program that causes a computer to perform halftone
processing in which input multi-valued (M-value) tone image
data are converted into lower-valued (N-value: M > N > 2)
image data using a dither matrix. The program causes the
computer to perform the halftone processing using the
dither matrix where the intensity of a frequency
characteristic of an output image increases from a lower

frequency component, through an intermediate frequency

component, to a higher frequency component.



conmponent, to a higher frequency conponent. --9-

According to the configuration of the present

invention, the dither matri.x is an organi zed dither

matri conposed of a main WEfrix having

di sper.sibility and a sub- matrix having randommess.

I n thisAcasedinhetomime nednfxguhavioy of the present

di spers-" _:ilit_y is a Bayer matrix. Furthernore, a
invdihit eshpl thé sdasisé gnegt £ ox t he suborpdfixXedbasethOn Matrix

generation rate by a circunferentially assigned

comp s £$ hot dy ﬁé]irﬁcrﬁé)tfﬁﬁzﬂcﬁaxy\iﬁ%‘ §.088: fensi 1 ¥e v Mxgoyesyy, -
the program causes the hal ftone processing to be

f yyhu' di trix, when, i .

mat%%ﬁtkg&l{n a d%%@(?onrglgéés%hdb?ﬁ%hf%aﬁ%%’ne per o@%ﬁilﬁ%ﬁ%}( be

h vferf$rged u inﬂ.a differﬁnt dit@er rix when the

AVITHDUT HATE ot hotY contai XS ddte T rage” W Fur ¢ HEP Ty

the present invention provides an inmage forning

thrﬁﬁg‘ai’r]a?uést [t S pEFFSH meC halfd ohePpriGdessitngasedi An 2
which input nu..!.t i-~%i, _tea (ht-;railue) tone

gen¢page odatre b eby convérmcain i e ont orelyw @i ddvahgeshold
PP_ > N> 2) imge data by using dither matri x and

in thatofdansd nages widre adelnisgui d. ejMecte omelgadc fier program
ejecting liquid droplets. In the imge formng

causppaited Usalthendiphete s@imd Xt d So@ Pt fdxnedhes End Nene
intensity of a frequency characteristic of an output

ditHdBaes ¢ NCE 6ASEs {H,0M aqd ONeEoh £ LONENCYo COMPONEN ng the
through an internedi ate frequency conponent, to a

hal@k@%% processing to be performed using a different
dither matrix when the input data do not contain a dot
image.

Furthermore, the present invention provides an
image forming apparatus that performs halftone processing
in which input multi-valued (M-value) tone image data are
converted into lower-valued (N-value: M > N > 2) image data
by using a dither matrix and that forms images with a
liquid ejection head for ejecting liquid droplets. In the
image forming apparatus, the dither matrix is a matrix
where the intensity of a frequency characteristic of an
output image increases from a lower frequency component,
through an intermediate frequency component, to a higher

frequency component.



frequency conponent. 0 According to the configuration
of the present invention, the dither matrix is an
organi zed dither matrix conposed of a main matrix
havi ng di spersi.bis..ity and®a sub- matrix having
randommess. in this case, the main matrix having
di sper shdtrdrding st@ Sy eromtt guxat Fom t hEr e eprasent
threshold is assigned the sub-nmatri x based on a
invgenesaf i eie ratendy mat &1t cusf & edtghd Lyd asst e thatrix
threshold 1in accordance with tone density. Mbreover,

comé@@ed NBRPes 01 MM NG APPAL AT USy C@f@ﬁéﬁ@f’b@li@ytaﬁcﬂa& sub-
perfornms the halftone processing using the d

matf@g rlllgl(v %nrérpcp&ﬁnéjég a Irﬁ:gﬂ'ngaéercg QOttfk%matgal nrr?athra%en

e pr ssing using a di
the ut d do not contain a dot image.
haVJFrEJ?t $ Bf)rlesse&h?g]?%%rﬁ?%”ﬁr o@?]g%}%e%or?waage
formn nethod that performs hal ftone processing in
thrggihchl Enpat W%gn\%fu%@ ERE -3aPud)e t bhe dafa a
are converted into |ower-valued (N-value: N> N > 2)
gengpagecdatra t by usi ngl acdinfleercntuita  ky andstibakedc disesstao 1d
liquid ejection head for ejecting liquid droplets to
in efeotdbinqei diidrioptets dsasas yt.0 Moravvergeshel Artshes
i mge formng nethod, the halftone processing is

forPenfornpRd rusiug d&t@pﬂigegr ARl i X t MRer getfe ridt ensd ty
of a frequency characteristic of an output image

halfi&{@ag%césrsofﬁé domer frequency, cemponent;, nt%{eak@*hata

I nternmedi ate frequency conponent, to a

contain a dot image and halftone processing using a
different dither matrix when the input data do not contain
a dot image.

Furthermore, the present invention provides an
image forming method that performs halftone processing in
which input multi-valued (M-value) tone image data are
converted into lower-valued (N-value: M > N > 2) image data
by using a dither matrix and that causes a liquid ejection
head for ejecting liquid droplets to eject liquid droplets
so as to form images. In the image forming method, the
halftone processing is performed using the dither matrix
where the intensity of a frequency characteristic of an
output image increases from a lower frequency component,
through an intermediate frequency component, to a higher

frequency component.



frequency conponent. -ii- According to the
configuration of the present invention, the dither
matrix is a ma:rix Where the intensity of a frequency
characteristic of an outputlifage :increases froma
| ower frequency conponent, through an internediate
fr equentycecoaponentd , the aohfgheratiengueficyhe conpasent .
According to the i mage processing apparatus, the
invehegbam tiHe diegerf armimg appat atasriandhthe idmge
form ng nethodof the enbodi nent of the present
int&MYERLi OR, o hal £4008c p&@§§§§tggié§i@eéfOéﬁegugéﬁﬁgiﬂage
dither matri x where ¥he intensity of a frequency
; r.act [ g [ es. fr :
e B Bty St e B A o e R =
.. frequenc onponent, to a higher frequenc conponent,
Lt HETREY Tkt T A pBSSPBR Rt enhante b Ut T T FRYERCY
qual ity by suppressing the occurrence of noire wthout
CompRitt ng processing speed. Furthernore, according to
the dither matrix of the enbodi nent of the present.

i nvent i PCOTHENT | B ebise t ymafe apfeegaehey apparatus, the
characteristic of an output inage increases froma
prodoawes fhequengy Conpomenippihaough and tid etmegk aft€rming
frequency conponent, to a higher frequency conponent,
mettibe@r &byt makémigod { m@essh bl ené op peséff M hadht DHE, halftone

processi ng capabl e of suppressing the occurrence of

prod®iL enqW & hout £ £ £dUGT Ng; P 0gesSi NG, SRLeH: x W ere the
2008/ 032877 PCT/ JP2007/ 068484

intensity of a frequency characteristic of an output image
increases from a lower frequency component, through an
intermediate frequency component, to a higher frequency
component, thereby making it possible to enhance output image
quality by suppressing the occurrence of moiré without
reducing processing speed. Furthermore, according to the
dither matrix of the embodiment of the present invention, the
intensity of a frequency characteristic of an output image
increases from a lower frequency component, through an
intermediate frequency component, to a higher frequency
component, thereby making it possible to perform halftone
processing capable of suppressing the occurrence of moiré

without reducing processing speed.



-12 BRI EF- DESCRI PTION OF THE DRAWNGS FIG 1 is a side

woYosh@r explaining an entire configurati onPefr/ng007/068484
nmechani cal section of an inmage form ng apparatu

according to an enbodi nent of the present 5 |nvent|on,
-whi ch includes an i nage prodéssi ng apparatus of the

' he prese ' tion, a program
= %b RIpfiol"Gr A ereof and forns i mages

with an imge form ng nethod thereof FIG2 is a plan

vi ew of Fﬁggnécﬁénﬁcé dee¥ieyn for exglpisisgsant eatire

part; FIG 3 is an enlarged front view of the inmage
copgigingtappapit asmgchangd cads epcitabnpaft anFi@age iforaing

bl ock di agram showi ng an outline of a control section
appirahesi pagerfiangi ng appambbdimedd BIEGthE pxeaent

expl anatory drawi ng for explaining a flow of inmge

5 inpeat&ssinghishaigenadak aapimagéefr6b@§51ﬁe thpavaR ueCor
are explanatory drawi ngs for explaining dither

ther eﬁ.séamanth@SthéA 28d /B %B%eﬁ’ﬁ@.#:ﬂnatao?f NQEQW @9& reof,

for 20 exp al ni ng t e occurrence o ere

wob BB B ah o RS, B deafly apdongRipyan inase
he, f h t t t I t her
foﬁggkg;REEBBEdghsggg%ency cnharacteristic o e

the enbodi nent of the present

invention_ 25 in different tone |evels;
FIG.2 is a plan view of the mechanical section at

10 its essential part;
FIG. 3 is an enlarged front view of the image
forming apparatus at its essential part;
FIG. 4 is a block diagram showing an outline of a
control section of the image forming apparatus;
15 FIG. 5 is an explanatory drawing for explaining a
flow of image processing in a general copy mode;
FIGS. 6A through 6C are explanatory drawings for
explaining dither processing;
FIGS. 7A and 7B are explanatory drawings for
20 explaining the occurrence of moire where a dot image
matches the basic tone of a dither matrix;
FIGS. B8A through 8D are expianatory drawings for
explaining the frequency characteristic pf the dither
matrix according to the embodiment of the present invention

25 in different tone levels;
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WO 2008/ 032877 PCTI JP2007/068484 -13 FIG 9 is an
expl anatory drawi ng for explaining the dither matrix

WOn08/083817he bl ue noi se characteristic; FIG 2CIP2607/068484

expl anatory draw ng for explaining the frequency
characteristic of a dot inege, 5 FIGS. 11A and 11B are
expl anatory draw ngs for exg?aining t he out put inmage

results ofIGpt9ipmges éﬁpDanQﬁbffoﬂﬁa@Iﬂgﬁﬁéfngx%§aining
performed using the dither matrix according to the

t IR hork K tm 0 r £ en D6 886 NER rwp% i ﬁ@i?g! GPar %ﬁgﬁf&%@?

are explanatory draw ngs for expl ai ni ng

charactergsti ¢y ©of . n ' e; .FIGS 13A . . .

t hr ough 1%%&&%@5(% %ﬁa%%ﬁ/arg‘ggﬁgg%ri%}n%x Pai ARG ARinG

ex le of a configuration of _the dither matrix
t%%i%?ecﬁ‘hegn?% T ae'?ﬂb%ﬁ%ﬁ of HPHrHERFR’ i nventi on;

15 FIGS. 14A through 14C are explanatory draw ngs for

expl ai ni % he 1A and| HlRr2 o gereanatony sdbawangs xfor

of the dither matrix according to the enbodi nent of
exthila i ming drte i awkpn § oimade Gsubss anfl d&B aneges when

expl anatory draw ngs for 20 explaining an exanpl e

hathiroree dtdwsrsSiid i Xs i Set f6 et UOihe ths et i Cohatfk
and 16B are explanatory drawings for explaining a

ad@SR MEHe a Kl thffodBhdix 46 FIRSRSSIdNel Vi nddlanged
in a forward order and a reverse order to be used,

FIGS. 12A and 12B are explanatory drawings for
explaining the characteristic of a general dot image;

FIGS. 13A through 13C are explanatory drawings
for explaining an example of a confiquration of the dither
matrix according to the embodiment of the present
invention;

FIGS. 14A through 14C are explanatory drawings
for explaining the threshold arrangement of a sub-matrix of
the dither matrix according to the embodiment of the
present invention;

FIGS. 15A and 15B are explanatory drawings for
explaining an example when a dither matrix is rotated to be
used;

FIGS. 16A and 16B are explanatory drawings for

explaining a case where a dither matrix is respectively

arranged in a forward order and a reverse order to be used;
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WO 2008/ 032877 PCT/ SP2007/ 068484 -14 FIGS. 17A
through 17D are explanatory drawi ngs for eXHJC%i/J@‘.Jbg/O@S‘lSnl

WO ued dither matrix: FIG 18 is an explanat ory

drawi ng for explaining a head in which nozzle arrays
are asymmetrically arranged146 FIG 19 is an
expl anatory drawi ng for explaining an exa Ie(ff a
head in %%-hBE%I%h%ﬁ?%@slkPea%ﬁwﬁﬁﬁ¥?Q§#g%ﬁ rawings
arranged; FIG 20 is an explanatory draw ng for

fex pdxp Y8 il nqrotiek t exeadled oiitheratrifixvwhi ch nozzl e
arrays are 10 symmetrically arranged; FIG 21 is an
expl anat oFryG drBsv 1y doresxpimatnomng dsdwing afmt heplaining
exanpl e of a head in which nozzle arrays are

a SYAURRt {1 Ch oh ks 2P 0e i r s Rlfe 22yrinse tor fd0ML € hftanged;
for explaining an exanple 15 in which halftone

processi ngrkS i{ch j ' ini
R3S Sk, BT L PRy e sasnins
referri to the acconpanyi L N

a@e%’é?‘f‘%fgo%gi% %é ot %y%%%%%tgﬁ?aﬁe%? esent
invention, FIGS. 1 through 3 describe an exanple of an

SYaRler $ e M NP2 BPpRF%RUs according to the enbodi ment of
the present invention. Note that FIGS. 1, 2, and 3 |
are a scREPat2@ ¥$edn sHvM a0 BRrendraeied oy midhning
of the image 25 form ng apparatus, a plan view of the

aedghee exampbdecéfom head in which nozzle arrays are

symmetrically arranged;

FIG. 21 is an explanatory drawing for explaining
stiil another example of a head in which nozzle arrays are
symmetrically arranged; and

FIG. 22 is a flow chart for explaining an example
in which halftone processing is switched in accordance with

a mode.

BEST MODE FOR CARRYING OUT THE INVENTION

Next, referring to the accompanying drawings,.a
description is made of an embodiment of the present
invention. FIGS. 1 through 3 describe an example of an
image forming apparatus according to the embodiment of the
present invention. Note that FIGS. 1, 2, and 3 are a
schematic view showing an entire configuration of the image

forming apparatus, a plan view of the engine unit section
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WD 2008/ 032877 PCT/JP2007/ 068484 -15 thereof, and an

enl arged front view of the engine unit section
wotdoes/en$7r respectively. The i mage form ng appacali®s007/068484

i ncludes an inmage form ng section (nmeans) 2 that

fornms i mages, a sub-scannin 5 conveyi ng section

(nmeans) 3, and the like insi‘o® (in the housing of) an

t AR At Ush el SpdYrded | Ard e x}{@vgeo%gt;lg@; %%J’ér}e unit

apparatus, a nediumto be recorded ( f
; S : ., ", but the material of it is

S(Jﬁ%{lecfll{ ;g}éergec%% araes;PZ%c:trel)v%lg's a nenber to be conveyed

is individqually 10 separated and fed froma sheet,

f eedi ng s“g“tetildﬁl?‘-’( 100 APPIL AT el Hearie Hravi Heege

at the bottomof the apparatus main body 1. Then, _
foHmidtg t3RCY iRty el MR )ng’f ddvati ofprmejEvages, iguuwb-scanning

droplets onto the sheet 5 to form(record) desired
cantegeisnd erauras(ndmnshebt dnd stheitkrke tiresidey (in the

conveyed at 15 the position opposing the image form ng

haecinPro? kn tdarsits et MhdPnveying sectiniyed, forming
the sheet 5 is discharged to a sheet discharging tray

appdtRY & e PR RUINfassad H@r@ﬂpa?f%ygré%{keed to

body 1 through a di scharge conveying section

N\ i 1 -t i . ) »
ad Bl s TR A0 800 ef dpited o
100 ,and detachabuy ached to the

PR G B Ty P THA YRS cLo (TR VAR ¥ i ng
apparatus further includes, as an input system for

sqgﬁﬁﬁ;qﬁﬂ%gqFﬁqq“fqﬂﬁzg sheet feeding section (means) 4 as
storage means provided at the bottom of the apparatus main
body 1. Then, after the image forming section 2 ejects
liquid droplets onto the sheet 5 to form (record) desired
images thereon as the sheet 5 is intermittently conveyed at
the position opposing the image forming section 2 by the
sub-scanning conveying section 3, the sheet 5 is discharged
to6 a sheet discharging tray 7 formed at the upper surface
of the apparatus main body 1 through a discharge conveying
section 6. Note that the image forming section 2 and the
sub-scanning conveying section 3 are unitized to be an
engine unit 100 and detachably attached to the apparatus
main body 1.

Furthermore, the image forming apparatus further

includes, as an input system for image data (print data)

formed in the image forming section 2, an image scanning
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25 fornmed in the image formng section 2, an inage
scanni ng WO 2008/ 032877 PCTt.JP2007/ 068 484 ,
““%%@Wﬁgﬁgkscanner section) 11 placed at the udﬁéﬁ“%%?@6&“4

of the apparatus main body 1, i.e., above the sheet
di scharging tray 7 to scan +1@ges. in the imge
scanninaa:section 11, a scannjng optical system 15

SQHCIQRII RPN 133G i bh RIS A8 Bifl WPRRT AT LT
and a scanning optical system 18 including mrrors 16
then e pTa ma u sronasih thrdg chn - Yoc uakeie | thg)eShReited on a
contact glass 12, and the scanned inmage of the
didshaeging st rasad] aso ascamegeagegnal Ihythanimaggescanning
scanni ng el enent 20 arranged in a rearward 10 position,
st forh €15, 19. sddven TeRtbp tBEge] Sé@eedm i 55 digt Thaity and

subj ected to i mage processing, thus allow ng the print

| ected I prof . . !
4@@& i SEtEt e tI® A4ROS RIPFESSINGad® Desdhmisd

at a pressure plate 10 1s provided on the

contact_gl.as (o} . c . o] [
AL, PR 4 Bl TRy EELERES 18 A8 s bwed o
form ng apparatus, a carriage 23 i s novabl he in
Seh Prder Bhaal HEAYS (ST 0 3 CaTToh i tar il s dhd the
(guide rod) 21 laterally provided between a front |
spinned IMATE HE W cdPCHIeRE 19 rEAR PR Yui HERGR fignal by
(not shown) 20 provided in a rear stay 101B and is
ampirealg¢ osczmming ¢hememipi 20 seananged din ezt FORCWITd
mai n scanning notor 27 through a timng belt 29
pSsIspesaedt bet veesn BO dr i Tiee pubddyimdde aptigral di s vébhgitized

pul | ey 28B.

and subjected to image processing, thus allowing the print
data subjected to the image processing to be printed. Note
that a pressure plate 10 is provided on the contact glass
to press a document.

As shown in FIG. 2, in the image forming section
2 of the image forming apparatus, a carriage 23 is movably
held in the main scanning direction by a carriage guide
(guide rod) 21 laterally provided between a front plate
101F and a rear plate 101R and a guide stay (not shown)
provided in a rear stay 101B and is moved to scan in the
main scanning direction by a main scanning motor 27 through
a timing belt 29 suspended between a drive pulley 28A and a
driven pulley 28B.

The carriage 23 has totally five liquid droplet

ejection heads mounted thereon including recording heads
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The carriage 23 has totally five liquid droplet 25
ej ection heads nounted thereon including recording
WOReeiss 28D 2008/ 032877 PCT/ 3P20071068484 - 17 24RUP2000/068484
24k2 of two liquid droplet ejection heads both of
whi ch eject black (K) ink agg_yecording heads 24c,
a

24m and 24y (referred to = "recordi ng head 24"

2aiierreplzane e twtl ididferand e d fdom sade M eotH of
when the recording z heads are given a nuneric name)

wrdfer i g o t‘.@L%&%?@%H%%QCirhn%&ctz‘?‘-y'a%“g and

I nk, rmagenta (

ively.. The i f i MS i f
24 T AL it Trove B N kne B3 THoR e This are
sc j % direction and causes liquid droplets to be_
nog 352&& fFAtGH tHem &St ate s Wer o HdrifGrtjag

as the.sheet 5 is fed in the sheet conveying

hegidse @fico g i(varh s came s rdimedctdfon)idid roplet ejection
sub-scanni ng conveyi ng section 3. Furthernore, the

hegals iwgeh22 jrat acyaub-(GNkindg maygertted (Mleriad, tand yellow
supply required colors of recording 15 liquid to the

(MedpaGt inggeraarading heads i%éa%é)fdﬂheiﬁ hegpa it 85 of a

shown in FIG 1, respective colors of ink cartridges
s 0% A0 il A, S8 QARG o 6 NPl L)
<SPS, SO0 B Sl RS, S g qgecten
£ I, SRS, LD b L 800 L0k (1SS0 Ng e s
isC a}‘fretdr ii%g ?:Sfle26shteoetr ecpc!nirnei;ir;'xgt r:ieirect ion (sub-scanning
direction) by the sub-scanning conveying section 3.

Furthermore, the carriage 23 has a sub-tank 25

mounted thereoﬁ to supply required colors of recording
liquid to the respective recording heads 24. On the other
hand, as shown in FIG. 1, respective colors of ink
cartridges 26 as recording liquid cartridges storing black
(K), cyan (C) ink, magenta (M) ink, and yellow (Y) ink,
respectively, can be detachably loaded into a cartridge
loading section 26A from the front side of the apparatus
main body 1, and ink (recording liquid) is supplied from
the respective colors of ink cartridges 26 to replenish the

respective colors of sub-tanks 25 through a tube (not

shown). Note that the black ink is configured to be
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respective colors of sub-tanks 25 through a tube (not

sho . te that the black ink is configure .
W%’E?B%%% 877 PCT/ JP2007/ 068484 -18 suppl i ed &r‘%ﬁn fhobbiss

one ink cartridge 26 to the two sub-tanks 25.

Exanpl es of the recordi ng heagds 24 incl.ude the

so-cal | ed piezoelectric type in which a piezoelectric
suppdl i rfiras e s ik geerEkdge (R ttatthy iyp-tanks

that increases the pressure of ink in an ink channe
25.pressure generating chanber) is used to deforma

vibration plate formng the wall surface of the ink

channel t@axahpnge blietheokrenerdinghéciadls eHarimelude the

thereby ejecting ink droplets. 10 Furthernore, the

soiLal d @b idesdBd cdyRe e alswbechsedigzomeetridie

pressure ‘generated by heating ink in an ink channe
e\@ﬁéhéi%§¥g' §§§¥@3 eﬁé& Sduge-@idt bybbhesnd s tised
]to €] ec lnkﬂ]%rop etgi. urﬁer m)(:fce, an e ectros)tsati C

. type can al so be used i mh%ch an_ el ect | C
e e et BT Do 4TS SRR OO SR

electrode is used to deformthe_vibrati ate where
ISTHEE A R R FRPD P at 6 1T e t FeF et | 2 s’ﬁﬁ?’é&l%? éﬂate

i nk channel and the electrode are arranged to oppose
fearinotthe walkhewgtacane! vihaininbfcharnehktenahweds the

thereby ejecting ink droplets. 20 Furthernore, as
vehowe ofi Fhés iRk chdnmeby shtateby 1@B8ebbimagiskidsopkets.

extended between the front and rear plates 101F and
rdPd8e 2hOPS, t fige SE@FEH NDedi t18€th®&D ©fpéhe€an also be used in-
which the pressure generated by heating ink in an ink
channel with a heating element to produce air bubbles is
used to eject ink droplets. Furthermore, an electrostatic
type can also be used in which an electrostatic force
generated between a vibrating plate and an electrode is
used to deform the vibrating plate where the vibrating
plate forming the wall surface of an ink channel and the
electrode are arranged to oppose each other to change the
volume of the ink channel, thereby ejecting ink droplets.

Furthermore, as shown in FIG. 2, a linear scale

128 having slits is extended between the front and rear
plates 101F and 101R along the scanning direction of the
carriage 23, and an encoder sensor 129 composed of a

transmission-type photosensor that detects the slits formed

in the linear scale 128 is provided in the carriage 23.
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carriage 23, and an encoder sensor 129 conposed of a
transm ssi on-type photosensor that detects the slits

wdmosrexds?5 in the |inear scale 128 is provi deddmypbée/osssss

carriage 23. WD 2008/ 032877 PCTfJP2007/ 068484 -19 The
li near scale 128 and the encoder sensor 129 constitute
a linear encoder sensor thatl%etects the novenent of

THdE 1 G 1 806 2312 dé:Lgr{J‘etrI{@r&c eI.Shé) sb P fé?usfnslt%ltute

mai nt enance 5 an recovery nmecnani sm appar

+ FOlAP I Pt Y T ol el s e

non ng area on one side in the scanni ng
c%ﬁ%%iﬁ of the carriage 23. The mai ntenance and
recovery nechani sm 121 includes one suction cap 122a
10 servi rpetikereere, ms sthavniiy FiI@m 2ancke fmakntenance
noi sturi zing caps 122b through 122e as cap nenbers
arfdyrr egapE 1y measpecin viepezd i surf 2t esh24anaintdiens and
five recording heads 24, a w per blade 124 as a

redduidigs ety o piHY M fz 1de oMo er S FRLRS Heds 24
of the recording heads 24, and an idle 15 ejection

1§“¥¥¥éﬁﬂédughfé”ndﬁ%#%#ﬂf%HdEﬁ}egagﬁrgﬁémgfheeqh'fﬂg

ej ection receiver eJectlon I'S” arranged

Sdﬂ]rﬁl{%r&lﬁ!&({g Cﬂ'g Oa{ q:%} oncatrhrela Ot 'H’ﬁ%én?](ﬂfeenance and

scanni i rection of carri

ctlon ceiver 6 has ni ngs 127a t hr ough 20
B e b Jé-lff?%@d‘rﬁu%c PR SARG 22

seqtlon 3 includes an . , o
serving also as a moisturizing item and four moisturizing

caps 122b through 122e as cap members for capping
respective nozzle surfaces 24a of the five recording heads
24, a wiper blade 124 as a wiping member for wiping off the
nozzle surfaces 245 of the recording heads 24, and an idle
ejection receiver 125 fof idle ejection.

Furthermore, an idle ejection receiver 126 for
idle ejection is arranged in a non-printing area on the
other side in.the scanning direction of the carriage 23.
The idle ejection receiver 126 has openings 127a through
127e formed therein.

The sub-scanning conveying section 3 includes an
endless conveying belt 31 bridged between a conveying
roller 32 as a drive roller and a driven roller 33 as a
tension roller to change the conveying direction of the

sheet 5 fed from the lower side of the apparatus main body
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WO2008238770n roller to change t he conveying di reg

endl ess conveying belt 31 bridged between a conveying
roller 32 as a drive roller and a driven rol lﬁ{ﬁ%o%?ﬁa
I On o

the 25 sheet 5 fed fromthe | ower side of the
apparatus main body WO 2008/2p32877 PCT/ JP20071068484
-20 1 by approximately 90 degrees so as to convey the
1 mapwroxmaqﬁelmi%%gq%?ﬁ%w&i%ﬁg R FRE RET O
section 2; a charging roller 34 as charging neans to
inwtiteh QiGdnitaison \agipcejincast hee tiamags | farmiglg |Rction 257 a
applied to charge the 5 front surface of the conveying
crhetdirdd; rél dmtBh giiidtmrgienhenefs ttmtwigiid s thias
conveying belt 31 at the area opposing the inmage

vd GG $ 0Ll & i iy VdBlady eSS Wbl idd [&d dretdanae
pressure roller) 36 that presses the sheet 5 against

ffJH%(§H9@3@é$§{ﬁ%%ﬁf%%ﬁv%gx”]Fggﬁgi3§¥ OPRYS] tich

conveying ro ;a s pressure roller (t1p-end

r.ess roller). 37 that presses the sh '
ndEE ChVA S SF % UTE T (o obbdli nas rrea
pl aten gui de, nenber 35 between the conyeying roller
OEPO R t HRe r AR IR A S SAE RN i g %fljog?ﬁ TS
a pressing guide nenber 38 15 that presses the sheet 5
rahkee |(emigeance lersiee byolrr) i Maddhdbregersaecihorsheet
2; and a separating claw 39 that separates the sheet
5 St St i thee) esoravesy froy reell Hhy31 het | gy epo s Drivmpepposing
section 2 fromthe conveying belt 31. The conveying
tiel dosde Pind Neo BLEr STANMN Nge 26 & Opveys e Sestien Bcis-end

configured to rotate in the sheet
pressure roller) 37 that presses the sheet 5 against the
conveying belt 31 at the position opposing the platen guide
member 35 between the conveying roller 32 and the recording
head 24 as image forming means; a pressing guide member 38
that presses the sheet 5 where images are formed by the
image forming section 2; and a separating claw 39 that
separates the sheet 5 where images are formed by the image
forming section 2 from the conveying belt 31.

The conveying belt 31 of the sub-scanning
conveying section 3 is configured to rotate in the sheet
conveying direction (sub-scanning direction) of FIG. 2 in
such a manner that the conveying roller 32 is rotated by a
sub-scanning motor 131 through a timing belt 132 and a

timing roller 133.



conveyi ng direction (sub-scanning direction) of FIG 2
in such a manner that the conveying roller 32 is
WO aded7hby a sub-scanning notor 131 through ECHIPWOID68484
belt 132 and a timng roller 133. WO 20081032877
PCT/ JP24107/ 068484 -21 Thedigeet feedi ng section 4
i ncludes a sheet feeding cassette 41 that can be

inserted e agide £t FASHESY éé@mwez;apﬁeta&aé Fokfleet
body 1 and serves as storage neans that stores a

£4 1hPligd dgéft@é ﬁoetﬁ el $h bd m&%t@&&efa a@@ﬂggtfa&ed

eet"feeding ro and a fricirton pa
|nd|V|duaII arate fe e sheet 5 of
Rt on e RS Bt u ey Sh i Cadr et fachipfave means
roIIers 44 that resist the fed sheet 5. Furthernore,
thale SHRERS fadiiheiREEE BN Af | Hee uRfeRet 305 alAmpuatacked
feeding tray 46 that stores a nultiplicity of the
S5 mamets & sheet sfeedtbng mohker 42 nemdiad freedtbhgnrpadet3
47 used to individually feed the sheet 5 fromthe
t et uirk d 1 ¥ Jeduch gy t s @pya M6t e adied af akedl t tig@l $ye€ONYEYE NEhe
roller 48 used to convey the sheet 5 fed froma sheet

sHeedi fupLassetd Ssottd5a B, dowbl £- ééﬁffdoﬂn}:ésig"@trbﬁlers 44
optionally attached on the bottom side of

PP aF AL Use ntz[q.llét pé)&iys eSUEh nmembers as the sheet
I

feeding roller 42, e resist rollers 44, the manua

feeding r II r 47 andthe vertigcal l conveln .
rol ler 4 “r SHAAF % u‘é*é% 9% ?h%n%h'@%t: 80 t'h’écludes
ng conve section 3, are drlven to
10 za§%$ s %%Eing tray 6 t at stores a multiplicity of the

sheets 5 in a stacked manner, a manual feeding roller 47
used to individually feed the sheet 5 from the manual
feeding tray 46, and a vertically conveying roller 48 used
to convey the sheet 5 fed from a sheet feeding cassette or
15 a double-sided unit that is optionally attached on the
bottom side of the apparatus main body 1. Such members as
the sheet feeding roller 42, the resist rollers 44, the
manual feeding roller 47, and the éertically conveying
roller 48, which are used to feed the sheet 5 to the sub-
20 scanning conveying section 3, are driven to rotate by a
sheet feeding motor (drive means) 49 composed of a HB
stepping motor through an electromagnetic clutch (not
shown) .
The discharge conveying section 6 includes two

25 pairs of discharge conveying rollers 61 and 62 that convey
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sheet feeding notor (drive neans) 49 conposed of a HT3

st eppi ng notor through an el ectromagnetic cl ,
WO 18 ?%Whe di scharge conveying section 6 ingﬁﬁggé&ﬁ&g”&‘

25 pairs of discharge conveying rollers 61 and 62 that

convey WO 2008/ 032877 PCT/ 1BP2007/ 068484 -22 the sheet

5 where images are forned and a pair of discharge
theomr@athd nildre singgemb e parmest andchaaje rQﬁl@r%charge

64 wused to discharge the sheet 5 to the sheet
cotiveshatgimgl temy 6% .arkl Refperird ngf nkddcharge bialclers 64

di agram shown in FIG 4, a description is made of the
usd lHdhaapfcHdey£aiid dhsacts ap e tdied s diirgingy tray

apparatus. The control section includes a nain contro
7 section 301 conposed of a mcroconputer containing a

CPU, a 10 ROM a RAM a VRAM an I/O and a print

contr ol ction 302 ¢ e ] :
Fesponsi BT RO mTAT | Pagt oB plienriag b dbBlis, inpze- 4
program accordin 0 the enbaodj nent of the present .

a [dRRFEIRIN 9 Je&égéé%oogyt%&lég"&n%t%f T P HO Tt ion
the main control section 301. 15 The nmain contro

ofsddie ok LVFIRY ARBECHFYSi ng  of the main scanning
notor 27 and the sub-scanning notor 131 through a
mai n - scanbheagcomt ool dseévien rondluddy armmRin control

sub-scanning nmotor drive circuit 312 to formimges on
sddteios el Sompseed apf tdheni cf exxombuiosr fasnyaiming a CPU, a

processi ng i nput
ROM, a RAM, a VRAM, an I/0 and a print control section 302
composed of a microcomputer responsible for controlling a
pfinting operation. The. program according to the
embodiment of the present invention is executed by the CPU
stored in the ROM of the main control section 301.

The main control section 301 controls the driving
of the main scanning motor 27 and the sub-scanning motor
131 through a main scanning motor drive circuit 311 and a
sub-scanning motor drive circuit 312 to fofm images on the
sheet 5 based on the information for print processing input
from a communication circuit 300 and controls to output
print data to the print control section 302.

Furthermore, the detection signal from a carriage
position detection circuit 313 that detects the position of

the carriage 23 is input to the main control section 301,

and the main control section 301 controls the movement



20 froma communication circuit 300 and controls to
output print data to the print control section 302.

woRs0g/bmsyor e, the detection signal from a car raca@2007/068484
position detection circuit 313 that detects the

position of the carriage 23 is input to the main
control section 301, 25 and 43 main control section

: t t 008/ 8 .
P C%%‘]I% ch%g OEB—% égg% gﬁwg@%ﬁﬁ OSSI%/%% m l’;n%?% h%grn%%/%%% n% 2 shf)aesee on
of(%hg carriage 23 based on the detection signal., The
R T e 15051 T1DIF et €1 STRTTHTRIROSHB PR AR Rt on
hunmber of slits of the |inear scale (encoder sheet)
CIERLy 1 HntPAFs e SHUMRh P Hi Tkt s f ofhg lirear scale

carriage 23 by using the photosensor (encoder sheet)
(erppdmurahebton 2fe aarange® 28 thel pednimg direction of
calculations to detect the position of the carriage
5 th8.cahheiags 23 dannisichg niiorphtbioseds e u{énSddedr sivest )
the main scanning notor 27 to rotate in accordance

129 bt Qutqitt heal eter based 0N ddte pdOr&ahd | @9Fculations to
novenent anmount input fromthe nain control section

dex®et r%bp@sipé%rp%f)%}hé’aé&er{é)%%p%%f Or i DGy, PV scanning

contro as to nove the carria to a prescri
osition at_a prescrjbed speed., Furthernore,.the

ndi e s S £ T SR s i i R TR P
circuit 314 that detects, the novenent anount of the

QR IR G HATCTIAIRCS (IptRD 13 tHEEPYai Yo tomtpased on the

section 301, and the main control section 301
10 cammtaas JnQvRMey arernanprt afebn Heheronehentospeel of
t he
section 301, e.g., a PWM output value for performing PWM

control so as to move the carriage 23 to a prescribed
position at a prescribed speed.
Furthermore, the detection signal from a

15 conveyance amount detection circuit 314 that detects the
movement amount of the conveying belt 31 is input to the
main control section 301, and the main control section 301
éontrols the movement amount and the movement speed of the
conveying belt 31 based on the detection signal. The

20 conveyance amount detection circuit 314 reads the number of
slits of an encoder wheel attached to the rotary shaft of
the conveying roller 32 by using the photosensor (encoder
sensor) and performs calculations to detect a conveyance
amount. The sub-scanning motor drive circuit 312 drives

25 the sub-scanning motor 131 to rotate in accordance with the
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conveying belt 31 based on the detection signal. The

20 conveyance anpunt detection circuit 314 rﬁﬂﬁzﬂ%ﬂﬁm6&W4
WO 200823287 slits of an encoder wheel attache e

rotary shaft of the conveying roller 32 by using the

phot osensor (encoder sensosl4-and perforns

cal cul ations to detect a conveyance anmount. The |
CORVME WA | P URE OFDRIFE VECQIT el thasly SRR P55 e¢elon 301,

sub-scanning notor 131 to rotate in accordance with
sa HehaND 1209 8 @BE8TiN PAT VR0 0372 068487l verp4Lo crptiaiainee move

anount input fromthe main scanning section 301, so
tHdhatord ey onueyitng3 Y otd ex BPessribbed gpoditiod adte 4 0

nove the conveying belt 31 to a prescribed position

prds@ripsesspaded speed. 5 Furthernore, the main
control section 301 applies an AC bias to the

chargin 4 _thr i S i :
e S D et el [ O an ARt A51. DDl dn 5561 Bfpties

c ed. The in.control seciio 0, dri,ves_ t i
R T iR T g D I B TS Torate Throti o sfdfé mias
feeding notor drive circuit 316. The, mai.n confr o]
SURRAY OTECBEEN oF 1 YE50 (HIA otlee TORTCRHURBE LY Thets
mai nt enance and recovery nechanism 121 to rotate
canroohhed &0 rkeichaugedor Thieinahy ¢oRCFDY oFe¢hben 301
drives the mai ntenance and recovery mechanism so as
di Dvemviehé hehesipsf 4221y dno ber Wi peto bt eitet d StHedugip ansheet
down and drive a suction punp (not shown).

fEi NGBt 6r dPEveBtireent rolesecthomaid cewtits Dl Section
the i mage scanni ng section 11 through a scanner

301 drives the motor (not shown) of the maintenance and
recovery mechanism 121 to rotate through a circuit 317 for
driving the motor that drives the maintenance and recovery
mechanism so as to move the caps 122 and the wiper blade
124 up and down and drive a suction pump (not shown).

Furthermore, the main control section 301
controls the image scanning section 11 through a scanner
control section 318. The main control section.301 outputs
required display information to an operations panel 319 and
takes input key information therefrom.

The print control section 302 generates data for
driving the pressure generator that ejects liquid droplets
from the recording heads 24 based on the signal from the

main control section 301 as well as the carriage position

and the conveyance amount from the carriage position
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control section 318. The main control section 301
outputs required display information to an operations
wWOoang0328179 and 20 takes input key information PCT/JP2007/068484

therefrom The print control section 302 generates
data for driving the pressz% > generator that ejects
r

liquid droplets fromthe re di ng heads 24 based on

dédthectsignadi fE0it tHE3 400d Nt KONES e Fittdd APt age &t ion
as the carriage position 25 and the conveyance anount

f [ L1 4
CLARLIR NS IS I IOARS T ip s =

veyance ection.circuit 314 so as_to
he%rlgns lg{gt%%e%naﬁée Sd%flaa o‘f‘%a HEKY YFRRERi? cui t
321 as seriagl data and outputs a transfer_clock, a
tyag rsi‘ér%ﬁqf' &h %%W%r%’p? Lic it rigtk HseRiel ¢emisRol
signal&%%and the |ike necessary for transferring the

sighfje AKX et lor Mo nghe Hel ke ametetsary ofehe head
drive circuit 321. In addition, the print contro

trgstfianri30R tihel indege adalta vendvadesf cormn rgienep r i@t @ otwransfer,
section conposed of a D/A converter by which pattern

tolaftee Head ditevelr¢ivecwignadl st orechddy i ien RM&rgrint
D/ A-converted, a voltage anplifier, a current

coBdd T iRfat @ dde ke, 5 q{fj}@e LI fﬂ\scgérfé:féto n

nmeans that selects a drive waveformto be supplied to
<A PR LR o800 SRACEHAE A UL BB e cacs
oS e B PR KL PSR Yo, S A A oo,
voltage amplifier, a current amplifier, and the like and
drive waveform sélection means that selects a drive
waveform to be supplied to the head driver, and generates a
drive waveform constituted of either one drive pulse (drive
signal) or plural drive pulses (drive signals) and outputs
it/them to the head drive circuit 321.

Based on the serially-input image data
corresponding to one line of the recording head 24, the
head drive circuit 321 selectively applies the drive signal
constituting the drive waveform supplied from the print
control section 302 to a drive element ke.g., the
piezoelectric element as described above) that generates
energy for ejecting liquid droplets from the recording head

24 so as to drive the recording head 24. At this time, the

head drive circuit 321 can separately eject different sizes
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Based on the serially-input inmage data corresponding

to one line of the recording head 24, the h '
WOAPEUM2B77321 sel ectively applies the drive sig a{ﬁ%{?\ﬁa“"m

constituting the drive waveform supplied fromthe
print control section 302 4xg-a drive elenment (e.g.,
the piezoelectric elenment as described above) that
ofyeslndrmtich arer'haidn kst (1aa Rodl et s HabH™
the recording head 24 so as to drive the recording
drrugsce t2% . (mdium datiste, ” tde 2Endldladimhplet i ikl 3potEs) ”
can separately eject different sizes WO 2008/ 032877
b PG VAN Ot 8t 1 v 6o sesl cd en ssitiichu taisnd | t@reg ed liraapl et s
(large dots),"™ "nmedium droplets (nmediumdots)," or

wavd®lp droplets (small dots)" by selecting the drive
pul se constituting the drive waveform 5 The inmage

form ng apparal ehg%#rgﬁ%u%% aCONTR M AL | Qp-ileg ect s

t he rotation anount veying roller 32 that
drives the conveyin elt_ 31, control he | V] ;
¢ %W%%%n$% %go&elﬁo‘f%tja%%oarm a%(l:ée %ttﬂ{é t‘:h{el'gve%;lng
detected rotation anount, and applies, rectangul ar-wav,
£l 9 1P VEI gt DTS pOSTE | GG gat & pol Gt LS the
alternating voltage to the chargi ng roller 34 from,
diirei i€ &f ashe upgryScarein®mausr Wt okrli 3RFYLdanas tHiveh
and negative electric charges are alternately applied
the déiescoayeyorgt beh taBdunt, ame appleys nediargtian-wave
thereof in a belt shape, so that 15 the conveying belt
h3dh | Sorhaggeslt i fogi pLescandesegiiol @ NGoles as alternating
voltage to the charging roller 34 from the AC bias supply
section 315. Accordingly, positive and negative electric
charges are alternately applied to the conveying belt 31 in
the conveying direction thereof in a belt shape, so that
the conveying belt 31 is charged in a prescribed charging
width to generate a non-uniform electric field.

When the sheet 5 is fed from the sheet feeding
section 4, delivered between the conveying roller 32 and
the pressure roller 36, and placed on the conveying belt 31
where the positive and negative charges are formed to
generate the non-uniform electric field, it is
instantaneously polarized to follow the direction of the
electric field, adhered onto the conveying belt 31 by an

electrostatic attraction force, and conveyed along with the

movement of the conveying belt 31.
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width to generate a non-uniformelectric field. Wen
the sheet 5 is fed fromthe sheet feeding section 4,
wolmbsvsed between the conveying roller 32 antcti#8007/068484
pressure roller 36, and placed on the conveying belt
31 20 where the positive and negative charges are
formed to generate the nomairformelectric field, it
is inst u olarjze follow the direction .-
of the  erbotrrcsidePes LhnEutAnPeePhlY CErbusrey 87 cne
belt 31 n_electrostatic attraction force, and |
cEtichin B Bncs i LHIVEE SEORESEheat BT SO Coi o Wi are
belt 31. WO 2008/032877 PCT/JP2007/ 068484 -27 As the
eelerd RO e rshedent | (o corveydd(pyinhle inagaeyihrreon.
belt 5, liquid droplets of a recording liquid are
Theg eshazk dntwhete phbeting tbs reeoforrigd | s ) sepagpeised from
thereon. The sheet 5 where printing is perforned is
tisepesmtegiig e bt tHE gonveyihgp berd Bi tﬂie%@a&f@tﬁﬁ@ claw
by the separating claw 39 and delivered to the
391 S OB FORVEVE O BECA SEnOr Y cdAFe GORY YL OG: 60! 6 by

38. Furthernore, during standby for performng a

tﬁgié%ﬁ{%&£%%qgigiggéégperation, the carriage 23 is

nove € Side of the maintenance and recovery
mechani sm, 121 where the npzzle surface of th ,
recordin ?ﬁé&ﬁ5ﬁ9?§’c§$5%ﬁg %Ea?ﬁgycgﬁrlﬁﬁrf%rQ%%% 8
the nozzles noisturized, therebg preventing_ an

PRIetR DN FeFP TR BRI 2 RECRr yiRR) @ArFHKIe 23 1s moved to
Furthernore, a recording liquid is suctioned (this

the side of the maintenance and recovery mechanism 121

where the nozzle surface of the.recording head 24 is capped
by the cap 122 to keep the nozzles moisturized,lthereby
preventing an ejection failure due to the drying of ink.
Furthermore, a recording liéuid is suctioned (this
operation is called “nozzle suction” or “head suction”)
where the recording head 24 is capped by the suction and
moisturizing cap 122a, to perform a recovery operation for
discharging the recording liquid increased in viscosity or
air bubbles. 1In the recovery operation, the wiper blade
124Iis used to perform a wiping operation to clean and
remove the ink adhering on the nozzle surface of the
recording head 24. Furthermore, idle ejection is performed
before the start of or in the middle of recording images in

which the ink not used for the recording is ejected to the
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.15 operation is called "nozzle suction” or "head
suction where the recording head 24 is ca

“K}ﬂ@wgﬁgp?on and noisturizing cap 122a, to pgﬁﬁgg?¥QMG&m4

recovery operation for discharging the recording

liquid increased in viscositygor air bubbles. In the

recovery operation, the wiper blade 20 124 is used to
ighks ferestion piege bper at2on therehynmabetainipgthqestable

i nk adhering on the nozzle surface of the recording
eheath & . pdrfohreamos eof i the epectdbngikepdr?ér med

before the start of or in the mddle of recording

i mages i nNexdj CesbBeiptkonst avseslafior of henr tmageli ng is

ejected to the WD 2008/ 032877 PC /JP2007/068484 -28

t LV : hat gl Qi

pggégfgiﬁgj%§§a£§€§é §F 4R8. ehbSECRYnFRS Pt @I Pse s biet

Seat € ction performance of the recording head 24.

. Next . . ' i

158 4950 PGP CL G FRAE: oot Shsopegesas! o9 cne
.l nvent ; h f: i

TN TR0 o RO nEEROUOLhePBOr * ANERGE dFE Pt bt FTSO%-

‘thereof, in the image form ng apparatus. First, as
ishbhe imagefooning appeRdFYP-fl ow of i mage
processing fromthe scanning of docunent inages by an
10 i mage Btamhi ngsappavat 48 FEGanher jnup genekeloblputof
thereof by an inmage form ng apparatus (printer), the
iflegenpRbceBBYRy dabm shansednhynyhefsdanumentlimages by an
subjected to a scanner y correction unit 411, an

| BB - YN ERYVEpPLeALHBI {sdiAnea) ADEbNtRE vitbudldh £
l§§§%dge eﬂhagce%%nt unitq214,n§ ¢U¢ﬂ3%13 ¢ bu eree

by an image forming apparatus fprinter), the document image

data scanned by the scanner 11 are subjected to a scanner Yy

‘correction unit 411, an RGB—YUV conversion unit 412, a

smoothing unit 413, an edge enhancement unit 414, a YUV-—>RGB
conversion unit 415, a background elimination unit 416, and
an edge amount calculation unit 417 in an input correction
section 401 so as to be corrected.

More specifically, although input image data are

all read as “image” data when document images are copied

and print-output, they may be read in a more deteriorated
state than the document depending on the performance of the
scanner, conditions (recording quality, stain, damage,
surface gloss) of the input document, or the like.

Accordingly, the input correction processing section 401

corrects the deteriorated data and enhances characteristics
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15 conversion unit 415, a background elimnation unit
416, and an edge anount calculation unit 417 in an

WO fos8yv328or recti on section 401 so as to be corg@giresh7/o68484
More specifically, although input inage data are all
read as "image" data when docunent inmages are copied
20 and print-output, they me32be read in a nore

<" AUR L0151 080 MBS AETUT e SEPITERBO,ERLES o

. qual it staﬁn,.dana e, sSurface gl oss) of the input
IPRIEFet el or N HHRFIRE. 3T AcRYFRYhgl'y, the i nput
correction_processing section 401 25 corrects the
det eri or afBdtliat BNRRE eAREAEELORNRFAEREFIREI E§ChEPn 401
2008/ 032877 PCT/ JP2007/ 068484 -29 for each object,
hahepebyess magcapabhhpibye ihecguakst gnoimagengesawhen
the i mages are output. If the input correction
sPPOLLSEONQuSECt 4 0B B0 lsepasapeosesshbggcapalel atgasi o as
causes an inmage area 5 separation unit 418 to separate

t § CE8Eh NSh4 FREE BS €284 SP1i8Burkd $R2BnCHAE 8Rh e fod8dand
pictures in an optimal node and nakes each of the

méﬂ@ge?géﬁ gf@&%efﬁg ea§rg§§Cﬁépggcegavgsmﬁg?éfibed above.

speci fi cal en stanning t ocunent

characters. an ictures exist together, the,i e _area
MepE LaReFLE T SRTLR WHeE s EhhRuctfhoShpulefy; VREEe
- characters from those of pictures so that they are
CB@%?ﬁB?F? %P%c@%%%ﬂ?esb66é5§et86?§hﬁﬁy bBecipaHegarea

the characters are given a higher priority while the
separatiensunay #L8rseparhtes the areas of characters from

those of pictures so that they are optimally processed,
because dots may be crushed if the characters are given a
higher priority while the characters may blur if the
pictures are given a higher priority.

In an output processing section 402 to which the
cprrected image data output from the input correction
processing section 401 are input, required processing is
performed by a CMY processing unit 421 that converts the
image data into a color space (RGB color system — CMY color
system); a BG/UCR processing unit 422 that generates a
black color and reduces an undercolor from the value of
CMY; a magnification processing unit 423 that performs
magnification processing in accordance with resoclution; a
printer y correction unit 424 that performs input/output

correction processing reflecting the characteristics of the
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pictures are given a higher priority. 15 In an out put

(grocessing section 402 to which the corrected ina&F
WQ080¥8{hut from the i nput correction procesdlfzo07/068484

section 401 are input, required processing is

performed by a CMY processingpunit 421 that converts

the inmage data into a color space (RGB col or system
appafiMisochnd 20esySt pnyfeacBGE I CRgr achsdfhgnanprod@gsing

that generates a black color and reduces an

undes 29l orcin@mighe datberomat EMY; tRatageplacasi tmage data
processing unit 423 that perforns magnification

CESS PYrtOrAcC Lt Brr @8ekULlEBted £PEMNEREY
w%%?ré%?ig%ttﬁf? %gggﬁﬁgfeg%r?orns inpat/oﬁtput 25 b

correction_pr Ssi cLlhg char er kst
CGPRRE S 2b0Ei0a0en R hBETFBRRTaAT L5 apparae et
and users' preferences; and_.,a halft{one processin
Dah B8 FACE BPRGNG. SNEABr SAERr PREARIED: OB BRRoHRhEGERS
data with the pattern arrangenment of dots ejected
preeasshegi aagedivodpfingnapparirusorAPRRBU§R2RBE S hown
in FIG 5, the dot 5 pattern data as print inage data
rabtarieddi hot he Haveloped pnbocedstagiaréideviilel FAED
data for each scanning, rasterized to be devel oped
nbpkledpbaitiiohi whevnkt beeaelingoisl pepdsirinedn ahdr ehen
recording is performed, and then output (printer

oQE}QHtXpEQnEQ§_Bﬁkﬁht?oﬁbrQhesé%&hﬁnCSQZroloséﬂtibﬁ 302.
BG UCR processing unit 422, the printer y correction

out put - coFPolPoRCdBEt: BResEr R FRe s g2 ngfip Brihter v
correction unit 424, and the halftone processing unit 425
of the output correction section 402, the processing is
performed in accordance with the separation results by the
image area separation unit 418.

By the way, the results of image area separation
by the image area separation unit 418 will become important
information in performing the above-described processing of
the input correction processing section 401 and the output
processing section 402. As a result, if the results of
image area separation are wrong, the processing will be
wrongly performed as it is, resulting in the occurrence of
abnormal images. Therefore, the unit for image area
separation is required to have high processing capability

and performance.
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performed in accordance with the separation results by
the 1image area separation unit 418. 15 By the way,
wo hesoRsul ts of inage area separation by the pd@@g8007/068484
area separation unit 418 will becone inportant
information in perform ng the above-descri bed
processi ng of the input coetr3lecti on processing section
401 and the out put rocessi ng section 402. As a
result, iF4sve }Pegém%e%ﬂ | HHEYE e aBeParatTdn are
wrong, the processing will be wongly perfornmed as it
separatdayl tiargaly drpencdtureeride der kbrernee ?hedesimage
Therefore, the unit for inage area separation is
prcemps siedy tawritancd lemgh prbcessimage gpaddéssing apentroller
performance. WO 2008/ 032877 PC7'/. P2007/068484 -31
haWhiusy i GiFsReeth sk ase i@ ddRPei BIeR isepssdf i Dilage
| argely depends on the performance of an inage

ar@éxse%%f&}:iccﬁf‘tvfrﬁléﬂ?rmaﬁés alsd Y PFOLESShdching,

contraller having 1nsufficient processing capabi ?I ty
is used, | b5 ar S rati i k

ASERY A~ FRLORE L L] RIS, e ploea
wi |l have an increased workload for cal cul atj on

WORKIART P PR Sh koI oSSBT | 5 nE e FE SR put

On the other hand, however, the install ation of

an
. TQGREHE PF e oS I QEIRBWT | erOhavhgeale s hang; ehpwever, the

processing capability will increase costs of an inmge
ifsrad Yat apparfatars, image negecéos magcoppaeiies, havinge
l'i ke.

sufficient processing capability will increase costs of an

.image forming apparatus, an image forming apparatus, or the

like.

Accordingly, the image forming apparatus aiming
to reduce costs is configured to omit image area separation
and use only minimum correction processing (such as weak
smoothing and background elimination). Moreover, the
apparatus is required to use the dither processing, not the
error diffusion processing, as halftone processing also in
the halftone processing unit 25 of the output processing
section 402. The present invention pertains to the
halftone processing unit 425.

As shown in FIGS. 6A through 6C, the dithef
processing compares the input multi-level image data shown
in FIG.. 6A with the thresholds of the dither matrix shown

in FIG. 6B and replaces them with the arrangement of the
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A@gordingly, the image form ng apparatus aimng to
reduce costs is configured to omt inmage area
WQ2ME03B7bn 15 and usg only mini mum co?r ect | oRCT/AP2007/068484
processing (such as weak snoothing and background
el imnation). Mreover, the_ jygpparatus is required to
use the dither processing, not the error diffusion
AP os£E6é Ag, sAswhalht PI@. pfOcesBhagdatberi protéesing is
hal ft one processing unit 25 of the output processing
eOrSREL 0N 4RE. ardieuPeesenlyi Avemal Dnapeuhei 65 memdhg for
hal ft one processing unit 425. As shown in FIGS. 6A

c$f§ ygh; 8¢, bbeadiihehe ONPELESHRIAEEEPALEqetBEni ARd by
mul't1-Tevel Tnage data shown in FIG 6A with the

thresholds of the dith rj 5.] I B
oL cRPHERE e RenP b ¢ Ot Haehr PAREEReard ot PR fRp® T
2008/ 032877 _PCT/,JP20071068484 -3% dot . pattern . shown,
the eFEPTe@lffHaiont REPCPPOLRdsi AY FBC 8§g?5nEP9drié S
and uses only a small _anpunt of nenory for ,
re@ﬂsuﬁdtt@nPeﬁﬁéamséaiﬁélEKFQFFrSfl86¥éngsad@?é?ﬁpﬁéal
by paired conparison of a dither matrix and i nput
gdahaizhhibnt hererreo dsffasdehepmbvesshagONdAFFhef dots
other.hand, it is required to performcal cul ation

ah@f bRShirBJaampRbPhebal magnaathzagi an error selas ewven
deternmine the OV OFF of dots and enisure a nmenory for

agEEQtEh@iHQt@Bm@ﬁEQEoM@'UQn?ESBmsaBEeﬁmbbé quality, the
etermnation. In terns of image quality, the 10 error

di f f usi . QCess| ' uper | he jdi-hReH;
T e R s £ S e
pgggessing in resolution, image reproducibility, or the

like, but it may not be used in some cases due to its heavy
workload in calculation and meméry cost.

However, if the dither processing is used in the
copy mode, the moire caused by interference with the dot
pattern of a document will occur. More specifically, as
shown in FIGS. 6A through 6C, even if data exist on a
document image, dots will never be generated unless the
data exceed the thresholds of the dither matrix. ' If data
are regularly distributed as seen in a dot document, the
lack of dots by the dither processing will adversely cause
the regularity, which could possibly appear as moire. For
example, if the dot document data shown in FIG. 7A are
subjected to the dither processing by the dither matrix

having the parallel line basic tone, the moire caused by



like, but it may not be used in sonme cases due to its

heavy workload in calculation and nenory cost.

However, if the dither processing is used in the 15

copy node, the noire causeddby interference with the

dot pattern of a docunment will occur. More
intspéeréncal Vyth ashe shonnl 1al FI Go 6Asibrovgd 6L 1 exvgpear,

if data exist on a docunent inmage, dots will never be
as gesenatedrun| ess, the adlat@cgxeepdadbeat hyeshol ds of

the dither matrix. If data 20 are regularly

distri b@ﬁ@%@@hiﬁ?ﬁr&@e@s%%ggﬁﬁrkﬁgnélaégffiéécfn&g a

dots by the dit processi adversely cause

rity, which. could possibly appear as npire,.
congfc EEL U o iR e e S e BEER Bl T T £
7A are subﬁq&ted to the dither,grocessing by the
IeNGF ThEP™ BT r XY 25T HASY Ty tTRe par Bf | eF<F1%etBalFev ¥ one,
the noire caused by Q 3 interference with the parallel
particeldaky cvidmet W | Foppelaratedst ghpvil tihe FI @d 78, doh
an output image as it is. The dither processing can be
docwherisidredised ol cooncent tat edl'typel orbacaispetrised
type depending on a dot generation method. However,
cont®nt eatsdritkeky die heac WonartitLud ardiytwhen theordance
concentrated--type dither and a dot docunent are used

with Na COBRE NAL & Ofhe r I Snd St PeLauserd hie1 + consent £ 3t ed-1ype
dither concentrates dots in accordance wth a

causSPecifis fﬁr§%§Eﬂ¥%ﬁﬁs ,aégﬁéﬁ%%ﬂisﬁeﬁgiég'%gtﬁéen the
caused al so i'h synch on m asynchroni smparts
regl?f%r\’\ftfe,r\g %Petr{eegé%r?éér% rHedNE, sONgef LAt edtype dither
an ot
periods of a document, which will be emphasized as moiré.
Accordingly, the dither matrix according to the
embodiment of the present invention has a configuration in
which the frequency characteristic of an output image
increases from a lower frequency component, through an
intermediate frequency component, to a higher frequency
component in each tone level (from O to 255, 255 representing
a solid image) so as to reduce the occurrence if moire and
perform the dither processing suitable to the copy mode by
which good reproducibility is obtained.
FIGS. 8A through 8D show the frequency
characteristic of image data (arrangement pattern of dots)

relating to tone levels of 40 (FIG. 8A), 80 (FIG. 8B), 120

(FIG. 8C, and 160 (FIG. 8D), respectively: a power



peri ods of a document, which will be enphasized as
nmoire. Accordingly, the dither matrix accordi ng co
t he enbodi nent of the present invention has a
configuration in which th&4requency characteristic
of an output image increases froma |ower frequency
speCONPONEIHe ddrptghy @nan | HiErinmdiaties fgeguentto show
conmponent, to a higher frequency conponent in each

fred@iife eMelLHd R 0, 4.0 255« 295 I ERRS el d 1 1 18, 4 id
I mage) so as to reduce the occurrence if noire and

e di t.her [N uitabl e y
£ e B o b 1 11515 bt e oL
A thrqugh ow the_frequency characteristic. of
PG ot R o T odorE Sh SHALC et S @1
tone |l evels of 40 CSBFIG BA), 80 (FIG 8B), 120 (FI G
outmgy: HMPEEOHIMGEBO)C Theds geet| iRl PrOGovRing 4 the
spectrumthe square of an anplitude):is plotted to
dithdhowa frigguenmsrdimg tthe Hor izdmalnexi sofanda heresent
intensity of a frequency conponent in the ver"tical.
inveaiison Ass@ppar entf faeq@mid G h8A dtwmoiughi 8O,n thteich the
frequency characteristic of an output imge subjected

intdras tthe drld toneosessiigbiint hencid ey M iX lower

according to the enbodi nent of the present invention

OPW £guen ]_c(hgag ri.Std.Gd '
fre I nt ensisctf/}n%# a fr g%kbency@g%ﬁplorﬁ%énﬁnél%c%gaggsé%onn%ya

frequency ¢ nent hr ough_an, i nt.er. nedi_at. e
com i O T raiory Bl hents ot ale e

£ Notg that even if hsuch a frequencg characteristic is
1t 5t sRe rpﬂuggépyc aracteristlic 1S not seen 1in every

tone level, the effect of the embodiment of the present
invention can be obtained.

Such a frequency characteristic greatly differs
from the dither matrix having the generally-known blue
noise characteristic, i.e., the frequency characteristic of
an output image in which the intensity of a frequency
component is small at a low frequency component, but it
rapidly increases at a high frequency component with a
certain frequency component as a boundary as shown in FIG.
9.

More specifically, for example, in the frequency
characteristic of a dot document (65 lines) where the
prominent specific basic tone pattern is seen, peaks will

be generated at the frequency bands corresponding to the



tone level, the effect of the enbodi nent of the

present invention can be obtained. Such a frequency
WwWas/exBeristic 'irea' nly differs fromthe diRd@rrP2007/068484

matri x having the generally-known blue noise

characteristic, i the frequre;,'t

r%cy characteristic of an
output image in which the imensity of a frequency

peAMRPENttHes B ¢ |t dHe aad AMJWEGUENENG COTPONERY \ ot sed
it rapidly increases at a high frequency conponent

e R A R e HUE &

t he frequenc characteristic .of a,.dqt docunment (65,
chanasde Zcr’e the @ Er~e.91?eo5rﬁ’}tr?eq‘n‘. S Gt i B okt c‘s%’rfég £
. pattern is seen, peaks will be generated at the _.

I rERRSTE P IRRRISS ok dsporitlitipdro A WP Yook o3bs i kely

PCT/ JP20071069484 -35 period of the basic tone as

5 toshevedsily @ssigned wpposktunantt et newiticore of ttke

matri x having the blue noise characteristic as a
dirdheresetmis veaslid hirequdndx danporeratn (prefessielly an n-

di spersibility is used, an output dot is likely 5 to
fdIl edsridonansd oned 19 #h dopid Jotl POsiheAd) iKidWer than

dither matrix has a frequency conponent (preferably an

- "N d4.S: i nor
t}{{kl gffh%cﬂ{%a ?)q{tlﬁe{eg ctdridSi@he M 8 Qdcdmdbt! d%%wever,

requency characteristic of a

SN e B nped L 0P ARt oL £
10 oégrggégggtggégﬁmggnéﬁg éfﬁ% of higher frequencies, the
dither matfix will enhance ifs characteristic of uniformly
assigning dots to a unit area. Accordingly, the density of
dots for reproducing document dots existing as a cluster is
reduced. As a result, the concentration of an output image
15 will be reduced.

On the other hand, the dither matrix according to
the embodiment of the present invention has a low frequency
component in some degree (that corresponds to the so-called
green noise characteristic when only the part ranging from

20 a low frequency component to an intermediate frequency
component is considered) as described above, thereby making
it possible to ensure the reproducibility of the position

of dots and the density thereof. More specifically, dots

are caused to be somewhat concentrated while being
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dither matrix will enhance its characteristic of

W(}l@’@&&&%y assigning dots to a unit area.' PCT/IP2007/068484

gly, the density of dots for reproducing
docunment dots existing as a cluster is reduced. As a
result, the concentration of3en output inmage 15 wl|
be reduced. on the other hand, the dither matrix
dimreFeRthg 30 thate @ibcthisRMOBILa hehrdeRACTiFheti ot
has a | ow frequency conponent in sone degree (that
daios responkso the ttapraducgd ed green noi se
characteristic when only the part ranging from 20 a

| ow frequeney tlospdiendr toatani x ntav gl tte fregusmey
conmponent is considered) as described above, thereby

cHBKd Ber i 4t ROSSE R a1y efts U ige tdibdetiaxtticd bidhid ypodsent
the position of dots and the density thereof. Mre

: i fi Y, t dyt t i
OB hol s SESRice (0 a0 noice neraly
PCT/ JP20071068484

- 36, dj S 0; t r
OFDUEF a?F o E TR EIT ST i %‘ﬁ%i %g?ggc%%hg{%bh‘gle§ £f the dot
reproduced. When the dither trix havin he A
de¢wneRhcyat2 nEh AR et St 1@- at rﬂ?n@g?%ﬁ?ﬁ%ééﬁﬁJayﬁé%%ther
of the present 5 invention is used to reproduce a dot
procesehng, nohewingrdrgt beeuiBagn Twelikyprobiuthe Fdegeent
shown in FIG 11B if the dot docunent data shown in
il femd#Rabdy simpecred tompheedi vheh the ogeakidy, of the
showi ng that the image quality of the document s
rﬁgﬂaaﬁaébyimﬂ@éOyﬁdwﬁOHnaFEG.mﬂBh the quality of the

reproduced i mage shown in FIG 7B
Referring now to FIGS. 12A and 12B and the
subsequent figures, a description is made of an example of
a specific configuration of the dither matrix according to
the embodiment of the present invention.

As described above, the dither processing
necessarily causes synchronism/asynchronism with document
image data according to the threshold arrangement of a
dither matrix. The problem reéides in a document where
dots are constantly arranged in the fixed period as shown
in FIGS. 12A and 12B. Note that FIG. 12A schematically
shows pixel pitches in a document dot image (input at 600
dpi) (K-plate: screen angle at 45°), and FIG. 12B shows
horizontal pixel pitches (dot pitches.when dots are input

at 600 dpi) relative to the number of lines.

As apparent from FIGS. 12A and 12B, although the



10

15

20

29

Referring now to FIGS. 12A and 12B and the subsequent

figures, a description is nade of an exanple of a
woepegfs configuration of the dither matri X aeQpdidessss

to the enbodi ment of the present invention. 15 As

descri bed above, the dither rocessing necessarily

causes synchroni s asynchrom’sm wi th docunent i mage

plg"%t esfcbfrel?%“%%(}g &Fﬁce pr oébIrHel‘ranéEr%y ;fﬁtgzéged&%unen% wher e
RS AR 9D 6 A R Qfancy

schematically shows pixel pitches in a docunent dot
ANLAE] iFp R RREGUC YRS (RGATHE: Rased Pyl wauare -
45), and FIG 12B shows horizontal pixel pitches (dot
Thei fremes Wermeges gan i axpres oD aipidhe e ise vaf tap dot
t he nunber of lines. 25 As apparent fromFIGS. 12A and
isl A%cradseaiigh Sireca\® H20 QR RR2B8AH PCUIRAGOA 68484 dot
-37 pitches between dots are different from each ot her

ar@eFEn@E G idh theyUldwiely Ofeddmes, s tith tddisi ¥ 8vill cause
constantly arranged at a predetermned interval based

tH REAYIe o géﬂq&égkeéeﬁnam:gmg% he eXESSeL A has

t he SI ze of a I'S I ncrease nce the generation
tes a dot . are fixed regulari even
a Ct% %.aehlr?{a%?rp SR ]ethtﬁ%g%@%ﬁ”%hce& ‘thl WBiSh EasSE,

|nterferenc nmoire if, a dither mtrix has a threshol d
2 FRy SRMCRAIH Sl i9]Fument Hanas Jatageill

total asynchronismw th docunment inmage data w || be
caused. As a result, dots may not be reproduced at all.

In order to solve the problem, it is required to
have the threshold arrangement including the part that
necessarily synchronizes with a dot document and the
threshold arrangement in which synchronism/asynchronism
parts have no periodicity. The dither matrix according to
the embodiment of the present invention solves this problem
with randomness. However, the dither matrix with simple
randomness causes dots to be overconcentrated, resulting in
a noisy tone reproduction pattern.

Thus, in the dither matrix according to the
embodiment of the present invention, the organized dither
matrix 500 shown in FIG. 13A is composed of the main
matrices 501 shown in FIG. 13B and the sub-matrices 502
shown in FIG. 13 C constituting each part of the main

matrices 501 so that the dither matrix can have
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10 caused. As a result, dots may not be reproduced at
In order to solve the problem it isr '
Wor@{}%”czﬁg t hr eshol d arrangenent i ncl udi ng thee"&gﬂfﬁ’g‘ﬁ%}é{?”““
necessarily synchronizes with a dot document and the
t hreshol d arrangenent in whig$-
synthroni sm asynchroni sm 15 parts have no periodicity
diffreFs bk i Bt 1 x2 abRBP8| ABNED a%ﬁer%%%%%mﬂ%ﬁtl%fath%cal
present invention solves this problem wth
seraselonmBEBseshbldyearet avrangadr inathe xnain matppees 501
randommess causes dots to be overconcentrat ed,
bd €sdll dh Nghé Nrude NOf syhé odtspepsedudi tivar patd erand@0l y
Thus, in the dither matrix according to the

afpbosiaent ehet S€pPRESEDECENYENLi ON, the organi zed
di t her natrlx 500 shown in FIG 13A is conposed of

the main ; 2 iﬁ§§1| %gkﬁﬂfamé¥¥i§“¥Etéthlgu ed to

sub- natrlces C constituting eac

art of the . matrices 20
ofth | SRR AT e e Sh 08 b TR 9 RS Sbooh 7 Dealieh haprices
di spersibility in a large sense and randonness in a
h3 vty dééﬂ%éswh}égnomg BRe arhanyet ¢S t RRVHRI n
matrices 501 based on the rule of the dispersed
rzndeoereand pantbatytharahaygeddescrbeed ubraguenees 502.
5 1n this manner, the dither matrix is configured to
cheranterijahizedadi bheeasilyi abtaipeded of the main
matrices having dispersibility and the sub-matrices
PaVi ng rendHiessass0 thatrddiel ahioke-cleBadydedither or
requency

that of other dispersed dithers may be applied to the main

matrices 502. However, since a dot document is based on a
square dot arrangement, it is preferable that the dispersed
dither as a reference for regularity be also based on the
square threshold arrangement for easy synchronization.
Therefore, the Bayer dither is preferable in this respect.
Furthermore, if the sub;matrices 502 are larger in size
than the main matrices 501, the randomness will become
superior to the dispersibility. Therefore, it is reqqired
to make the size of the main matrices 501 larger than that
of the sub-matrices 502.

Although thresholds are randomly assigned to the
sub-matrices 502, complete randomness may cause dots to be
overconcentrated to reduce image quality. This is because

"dots may be overconcentrated not only in one sub-matrix 502,
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characteristic can be easily obtained. 10 In this
case, the regularity of Bayer dither or that of other

woioege2sed dithers nmay be applied to the main pdf@irprdeRS8484
502. However, since a dot docunent is based on a
square dot arrangenent, it is preferable that the
di spersed dither as a r ef et etice for regul arity be

bt 01 S8k e hiend 52 Soiad S taneshol & aL L asgenent f.or,

easy synchroni zation. ~ Therefore, the Bayer dither Is

- 0 thi . r r if _the .

M E AR R SR St ge T itoned
matri.c 501, the randonmess will becone superior to

tq R A pl R G135 T br O 118 - | SRR Fedt DR Dot
make the size of the main matrices 501 | arger than

agypge e (e LEAnsRnraeom ot dQthotapsehrreoiels are
random y assigned to the sub-matrices 502, conplete

comdnidwitiens dfaythaussb duitriceHeb0Dvand chosntnaet exblwe it
reduce i mage quality. This is because 25 dots may be

a\emeErtsentagftesirgd. only in one sub-matrix 502, WO
2008/ 032877 PGTI J1' 2007/ 068484 -39 but al so between

the adj aganbraiel- MR HreRen?02he Buldi@ orkoMe-38%H ioge%ots

related art, the randomdither is switched to avoi

bettﬂﬁaé}ie @témngtfﬁfgéﬂﬁ%,;%}fﬁ/dgj%s i tirgooe%d%zgt'%%eprsevent

assune the overconcentra s’ cause

e e U TRLLL o5 S0 806 s 80 0 e
mé?gﬁéggufggjzgiéﬂ}éghé¥gsis preferably assigned based on a
generation rate by circumferentially assigﬁed (e.g., eight.
circumﬁerential) thresholds in accordance with tone density.
However, as described in the comparison with the dither
matrix having the blue noise characteristic, the
overdispersion of dots is not preferable as is the case
with the concentration of dots. This is because the
density of dots for reproducing-document dots existing as a
cluster is reduced. As a result, the concentration of an
output image will be reduced.

More specifically, where, for example, the 3 x 3
sub-matrix 502 is arranged in the individual Bayér main
matrix 501, when a threshold is assigned to an arbitrary
point Px in the 3 x 3 block, the threshold as to whether a

dot is caused to be generated at the position of Px (the

matrix attached with the mark *) as shown in FIG. 14B is
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bet ween the sub-matrices 502, that is, in order to

revent the overconcentration of dots straddlj [
W 31088/831287710 matrices 502, a threshold is prefgﬁggﬁg&ﬁﬁﬁ&m4

assi gned based on a generation rate by
circunferentially assigned ¢e0g., eight
circunferential) thresholds |n,accordance with t

defepsmined Pweeéﬁorr&énaegewBEaannth@l%FrpaPa@faﬁnsv. PRLTix
the dither matrix having the blue noise .

pepihtheneristfe, the matsierdi speFbPofiagonatspPpsikhypn are
preferable as is the case wth the concentration of

welbgystedhbg I'3”bendusbosheindehsi lgfof dogbtfotop, and
reproduci ng docunent dots existing as a cluster is

béetbegosfBiankeaubt wei GRteanpgntpay i onBakednonothpubum of
image wll be reduced. 20 More specifically, where,

tﬁﬁ wéégﬂghﬁg LhetBeXpdsit¥BnMheik¥ BAE tArash8NdeHakNbeen
the individial Bayer main matrix 501, when a

ht g g g b nt |n h
-S0I8308 $ohe FRE-OIpHekorestirubrBe, PR B0 nukhs
caused.to be geperated a t he tion of é
IRRFEAK 0t SEHBADN ERECHATREFREIAIAY SREVRPPH f‘EfS%édS is

is WO 2008/ 032877 PCb'/322007/ 068484 -40 determ ned
apgipenf sRAPnGrRBPERLPAG lat CeflRt taBPaPENEMARLPFx the dot

positions (e.g., the matrices in the diagonal position
walé beeggheedtby '(ih &hdst hzempila,t hbel dbt, ipi gAnerated,

top, and bottom positions are weighted by "3"). Based
bedatibe shm etiimSofheheeiwghyhngnat ish@1positi on where

the threshold has been assigned (the left upper

matrix i nifl&i§l&sd4Bihel feReration rate by
circumferentially assigned thresholds can be adjustable.
For example, when the 50% tone matrix is selected, the
maximum of the weighting by the circumferential matrices is
“16” (1 x 4 + 3 x 4) in the above example. Therefore, if
thresholds to make thin dots be generated are to be
assigned, it is required to select matrices whose weighting
sum is “eight or smaller” on average. In this case,
however, the matrices where thresholds are assigned are
limited. Accordingly, it is possible to allow a certain
degree, e.g., three out of ten to assign thresholds to the
matrices whose weighting sum is “10 or smaller.”

In this manner, the sub-matrix is configured in

such a manner that the thresholds are assigned based on the

generation rate by the circumferentially assigned



generation rate by circunferentially assigned

thresholds is a given rate proportional to the tone
womvogesizer, the dot will be generated (in tHCI/IP2007/068484

exanpl e, the dot is generated 10 because the sum of

the weighting is "1"). Int é case, the generation

rate by circunferentially assigned thresholds can be

troe sred ladd ein §@éo§d§ﬁ§éew1ﬂﬁeﬁohaed@Q%EEQne'YH'HBhéf5words,
sel ected, the maxi numof the weighting by the

r f i o 6" N
e B Y e fenite
assi gned

t eto be
r%%q%%gaﬁ% e JFI@n‘gltgllrl el m%%% AR %tes% fle
el or s, Ier" on av e. In this case, however,
C%%gﬁtéﬁ%wee S hher s LTS of Hee el A8 st hpelA e 30 a
limted. Accordingly, it is possible to allow a
> pradet@rminpgyeate 0f. snahiew) othils haning nandgmess.
thresholds to the matrices whose weighting sumis "10
Therehmml |idy .1i's Ippd il erapmepretdret stie netetrXonsentration of
configured in such a manner that the thresholds are

dass ik dinsgte afub-heat 2hc@genai@td 081 I @t £clVeddethe above-
circunferentially assigned WO 2008/ 032877

dégzyxggaxggégggggb cﬁgrg$gé¥gg%f§'ln accordance with

tone density. In other words e sub-matrix is
desi gned h n ted uIe
arr angerrewht% T Bl gt %’%es%elrgj[ i'Sh B °r6“e°} fsing the

cunf entl || ass ned threshol ds shoul be at a 5
dﬁ) %} ég%%f? r3°§9ﬁ$%P%a9?n§he embodiment
randonness.

of the present invention, the dither matrix may use a mask

10

common- to each plate of CMYK where an image is to be output.
However, the dots after having been subjected to the dither
processing are likely to be overlapped with each other in
15 the plates of CMYK, which could possibly generate color
muddiness and reduce granular feeling. Therefore, it is
preferable to use a different mask for each color of the
plates. For example, as shown in FIGS. 15A and 15B, the
arrangement order of the main matrix 501 is changed (here,
20 the matrix of FIG. 15A is rotated by 90° to obtain the
matrix of FIG. 15B), to thereby make it possible to greatly
differentiate the generation order of dots for each color.
Particularly, since a print document has an
inherent screen angle for each color of CMYK, the main

25 matrix 501 is rotated in accordance with the screen angle
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Thereby, it is possible to prevent the
overconcentration of dots between the SUb'”qkﬁ&ﬁSQWM6&m4
y

“Khﬁﬂwgggply achi eve the above- described frequenc

characteristic. Wen halftone processing is perforned
using the 10 dither matrix-42hws configured accordi ng
to the enbodi nent of the prgs nt inveggio

,_th
St ThE rTSPTRAM R B askt Cohfron? %aglﬁr‘%r%eerbﬁanced

CWMYK where an image is to be output. However, the
faotendi 1291 dawi ng been subjected to the dither
processing are likely to be overl apped with each other
in 15 t hé&ultiteemaafe,CeK, shewrchiirc UGS pdsd Bnd 16B, the
generate col or nuddi ness and reduce granul ar feeling.

ndet Ef perddted matpr £t esledble 10 DBE. al6hf{ieremibivesk with
for each color of the plates. For exanple, as shown

thd FAFS sdDA Fek dEP md HEi x AR SRR NEFTIE! dEsB Ofn ti€ich

main matri X 501 i s changed (here, 20 the matrix of
' 2rd OLAY 0o BYy 9L 25008 A1 Pot Nea cAIPLe] & Ofu,
tkﬁ%h%% If% ]%%ége%%y%a segjlc')? po'ss?%{:e ?% greatly MRERSbyY
differentiate th eneratjon order, of dots for. eac
EhG | BYET L ARG PR T35 ST RERT a0 br TRES dERrRt - AL
I nherent screen angle for each color of CWK, the main
Pt i ka sl Bo1l t <13 RERERF Rl acker BaVRES R tihe t Pl (e
angl e WO 2008/ 032877 PCT/JP2007/068484 -42 so that
anheMr epreduesbi Benpibivaots bamape sy@sther éfdnedd Y and K,
for each color. Furthernore, as shown in FIGS. 16A and
sdpBitihe toocobdt ymoddenedsmatri x shown in FIG 16A is
conbi ned with
Moreover, when the dither matrix according to the
embodiment of the present invention is applied to a multi-
valued dither, it is possible to set a reproduction tone
section in accordance with the size of a droplet (or the
density of ink to be used) as shown in FIG. 17A and
generate a multi-valued dither matrix for small dots,
medium dots, and large dots to which values for each tone
section are assigned, as shown in FIGS. 17B, 17C, and 17D.
Furthermore, some liquid—ejecfion—type image
forming apparatuses have nozzles at high density to perform
recording at high quality. Among the apparatuses, there is
one that has nozzles arranged therein in color symmetry to
perform bi-directional recording, thereby sclving bi-

directional color difference and aiming for high-speed

printing. The symmetrical arrangement here refers to a
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5 the reversely-ordered matrix shown in FIG 16B in

whi ch threshol ds are reversely assigned, for each
wOocwbg03281her eby the overl appi ng of each col orpcafyrd@iz®68484

can be reduced. Particularly, it is preferable to

reverse the order of C and (l;ﬂ t he nost sensitive to

human eyes, or that of Y an %T 10 sensitive to col or

dﬁﬂk&dﬁéﬁio&mI&OW@IchVﬁﬁﬁkéﬁengtihéraﬂgﬁpbxcéﬁﬁgégangf
to the enbodinent of the present invention is applied

plhtrl Miiireyal podh shgher, cid éﬁbpggﬁhgkﬁaﬁgh§§%tfon are

reproductlon tone Section I n accordance

= Gasladt e Hadieds dlﬁ%i’a%%r%%wt€5$ﬁaﬁslﬁ?%ﬁe?ozéle

mat r i or smal | t rredl um dots, and large dots to
AnGAYh ‘h&l%‘? rﬁ%lb%eCO%%t?Bnllakeaa@,speﬁwde%s one
shown in FIGS. 17B, 17C, and 17D. Furthernore, sone
oY MAHY-NG Ak ATIYPR thalgeeDect or ndbEfappat acokes bAvenk
nozzl es at high density to perform recording at high
anpu g navi dethnret wéen apfparmbzsks, atheye tlatosgetbathdasame
nozzl es arranged therein in color symetry to perform

cdlictiog®ciriohadnd ee®f i\ th rid\ps eya 606 ¥E88 Phe same color
directional color difference and aimng for high-speed

nt_.h r
Oftzo&rg{l\ﬁ%tézog‘s/ 328%%/\]%00% A BGIE ey S8k s §EAdgonal
@Hé gtlfgﬁ-flso({gﬂ I&l}éaé@ﬂ nozzl e arrays conposed
|

I'ural nozzl'es” arranged in the sub-scanning

e arrange in the |n scannin
g::gg::g a{ﬁgﬁmp g b gea in which é%zzle arrays of

each color are respectively arranged in the printing
direction (e.g., a head in which nozzle arrays are arranged
in the order of YMCK) is used to perform bi-directional
printing, bi—diréctional color difference is caused to
occur at a part where plural recording liquids are
overlaéped with each other. 1In ejecting recording liquids
of yellow and cyan so that they are overlapped with each
other, color tones are made different depending on which of
the orders, yellow — cyan, cyan — yellow, the recording
liquids will be ejected. When the recording head in which
the nozzles of each color are respectively arranged as
shown in FIG. 18 is used to perform bi-directional printing,
droplets will be ejected in the order of yellow -» cyan for
the forward direction and in the order of cyan — yellow for

the backward direction, thereby causing stripe color



arrays that eject the same color of ink are provided,

one 5 or nore nozzle arrays that eject a diff
WOIPHP28Y ink are provided between the nozzl g%’g?l?g(i})g/%mm

that eject the sane color of ink, and nozzle arrays
that eject the sane color ef4+nk are symretrically
arranged about an axjs_orthogonal to the main
URRERHIRYS dF R BERT oh. A4 BEEBRNEXGAPPE, EARBN a head in
whi ch nozzle arrays of each color are respectivel
arranged Im andepintsge direRIGNg®. gt & Heagpiged to
whi ch nozzle arrays are arranged in the order of
endKy & scos£igtoaipeet oim bhidhretbrahahozplenaingys
bi -directional color difference is caused to 15 occur

cEhp8sPAr b WEhfa Pl ns k16 eCoF dangedi gii H8e ag@b-scanning
over | apped with each other. In ejecting recording

L Q4 y d; gy s a r8; ion,
s ol shosthanaiensa it suscrion, o

differen end] o) %@i : e ?e yelko 4
ot yarel hEAE TR TE 8n, CoeE £t rhg sBhF e Al R T f e
e%ecéeg. When t he recording head_in mhigg tthe ngzzles
PEPVLSER: cBISr OBF cOF BPBE! MOBT 1S aP FARYEABET sRERAT | A
FIG 18 is used to performbi--directional Erinting.
dyfbprerts Gplerpefcjrktanei ArevédeddeptyeepeFnawnozzle
cyan for the forward direction and in the order of
acyapys- thgel épect othe 28ambecbhekwafdidkr ecti on, thereby
causi ng stripe color W 2008/ 032877 PCT/ JP20071068484
10 - 44 unevergessxkdmplidag @ didwet et EDGorldonet is moskeible
to solve the problem it is required to
to eject the recording liquids so that they are overlapped
with each other in the orders of C =5 Y as well as Y —» C
regardless of the forward and backward directions with the
configuration in which the nozzle arrays that eject ink of
15 C and M are arranged between the nozzle array that ejects
ink of Y. Furthermore, it is possible to eject the
recording liquids so that they are overlapped with each
other in the orders of M > Y as well as Y = M regardless
of the forward and backward directions. Thereby, it is
20 possible to perform bi-directional printing while
increasing a color reproduction area and print out color
printed matter having a large color reproduction area at
high speed.

Furthermore, it is possible to employ a

25 configuration in which plural nozzle arrays composed of
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enpl oy a configuration in which plural nozzle arrays
conposed of plural nozzles arranged in the

wosaabs/egnsgmni ng > direction are arranged in the pgaiI®2007/068484

scanning direction, two or nore nozzle arrays that
ej ect the same color of ink gre provided, and one or
nore nozzle arrays that ejeét a different color of

pliute 1A AU 1RY dad-hafdearmh ths naa Scai Ay sai bate £08C i re

the same col or of ink. 10 For exanple, as shown in

arF:!a(ﬁge]cP’ir{ teHeS 0SS U nit ﬁlefécgdl%v\ﬁr ?ﬁ% dnj)lﬁg% re nozzle

i qui ds so that they are overl appe eac

j d f.C-3Y Il as Y -* C |
g R Ve AR T 8 1 HE 9 1P RBLded, one

configuration in which the nozzle arrays that eject

Or MIPLS NOEFIE AfFaMSartd el Riifdd DA MiEr e FR¥F e0f ink.
array that ejects ink of Y. Furthernore, it is

argo PHPicladh betatgen Hdie megrld rtaypitratseidet theysame
are overl apped with each other in the orders of M-*

coYoas ofelilnkgs anid nddzlegarmitanss thaft tdipedorvies ds#&ingl color
backward directions. Thereby, it is 20 possible to

ofparflolapdisyitidedaticanaly pidrddqed WHdie: dNC4e881 ¥k fogonal
col or reproduction area and print out color printe

t IR L MANRY I NG fh 1Y 96 LRl eproduction-area at  high
speed. Furthernore, it Is possible to enploy a 25

Com A Bh Lot OB, TR o mand
a rl}%zyzsl %% a%r reajne%etd tihne tsha?neS lJé:kga_lsocra rl)nfi nign ]éj | ar re 9? ! SI ?Ig]mea tr re ically
arranged about an axis orthogonal to the main scanning
direction, i.e., the nozzle arrays are arranged in the
order of C, M, and Y centering on K, so that two or more
colors of ink can be ejected so as to be overlapped with
each other in an arbitrary overlapping order regardless of
the forward and backward directions for more colors.
Thereby, it is possible to perform bi-directional printing
while obtaining a further increased color reproduction area
and print out c&lor printed matter having a large color

reproduction area at high speed.

Moreover, as shown in FIG. 21, ink of yellow,

magenta, cyan, and black having a low color density, namely,.

ink of photo yellow (PY), photo magenta (PM), and photo
cyan (PC) can be used, besides normal ink of yellow (Y),

magenta (M), cyan (C), and black (K). Furthermore, ink of
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arranged in the main scanning direction, two or nore

| e rrays that eject the same col or of i ;
W"p%f‘]@?%f%’a one or nore nozzle arrays that ejec 12571068484

different color of ink. u are provided between the
nozzl e arrays that eject thed&ane color of ink, and
nozzl e arrays that eject the sane col or re .

PR red T3 %al ¥y a‘F"i‘%n"gL%O BOULSSH axtRe o‘r‘fﬁo@gnh’f‘kal?%vmg a
the main scanning direction. For_ exa as shown in

1o Gobor dewrsieoy Zheka® hf regssipke n@c‘?n%het%ahﬁcrease a
color of ink are symmetrically arranged about an axis

catdhogepadbdictide aeea, scannihge piisttoen, coler, priwted
nozzl e arrays are arranged in the order of C M and

mat €&At &f | Wi oM diram@lidhafeé Won@risoreducediors of ink
can be ejected so as to be overlapped with 15 each

other in @R anbidd aornBuRy | AR fi Y delvimgadiessi of
the forward and backward directions for nore col ors.

I0S1 EPVnot i1l Lo1 o2l 1002 L - SEESELLACAL will
de ngO m% % 6%ta nl%g a ?urt% %ncreasgdﬁco o?l
roductlon ar nd i nt out r.printed, patter
%ﬁ@ SedratsdorelOonRt i siveefordipBGedoeni att
speed Mor eover, as shown in FIG, 21, ink of %el Iavv,
regabhed, teyRROCaRd i gl kdengihy %aF%mPthbs deRefey
nanely,. ink of photo yellow (PY), photo magenta
Hewayeranthphbe bf tgae PrROFesahndeussed, thesddeBeropatrix
ink of yellow (Y), 25 magenta (M, cyan (O, and
abb@ﬁ&iﬁ&)toFuhéhemhﬁdfmehnkoﬁftwt)ﬁﬁ@SéﬂBZBﬁVention makes
PCTI JP2007/ 068484 - 46
it possible to reduce the calculation workload, ensure a
processing speed, and achieve high resolution.
Furthermore, the dither processing using the
dither matrix according to the embodiment of the present
invention can be not only installed as hardware, but also
incorporated into a printer driver as a program, e.g., as
halftone processing for a printer mode as described above.
Accordingly, the calculation workload can be reduced.
Particularly, a computer cah be more quickly released from
a print task when the dither processing is applied not only
to the processing of the image forming apparatus having the
copy mode as described in the embodiment, but also to the
image forming apparatus that prints and outputs the image

data from the host. Moreover, it can also be applied to an

information processing apparatus that outputs print data to



photo gray (PG can also be used. The use of ink
having a |ow color density nmakes it possible not only
WO 2908/om28Base a col or reproduction area, but HCIAIPRON7/0H8484
out color printed matter of which granular feeling is
reduced. a The image form ng, .apparatus having such
hi gh density nozzles and sy trical nozzle
t 1o r aNgeefdritind apeyea @l | M@@%ﬁ%@%ﬁt%%essing
wor kl oad because it is required to process high
agSiSd e GRd e al1 Y O ADPRGo HIRlRIge [ BP0 0851 00e
processing using the dither matrix 10 according to the
| ment he present invention make it_possijble
P R ST £ TRT I CRk ifne presSst
_rg&?cessing speed, and achi eve high resol ution.
IR R Wor e, the dither processing using the dither
matri x according to the enbodi ment of the present 15
5 i nvent i oFUEAReFEOT®, oifl 1S @dtsel IRe sdd Ieartoneiwel t PButthe
al so incorporated into a printer driver as a program
hal fronapriwddsione wsooestshegdittrea metni eracodedasg to
descri bed above. Accordingly, the cal cul ation
t W r dehiSidhi gt Ref rgelyi Getle sear ineahal by, £ Bo ORPLE €6n&an
be nore quickly released from20 a print task when the

prbddedi pf g&g?:ﬁ% Ng & frAPPLACH I e PN riL. t PBhat i?]é there

processin he 1 mage form ng apparatus having t

. i bed i i I
L0805 ER LBl o 6y SRORELIEP Ly Bl 1 80
data fromthe host. Mdreover,.it can

10 Wit AETHRF (P PP RHTG neRRrr P OREeE] HIaBBar at Heough
LG S ROE oA edaction of moite fof dot document
images and calculation workload. For example, as shown in
FIG. 22, the halftone processing (first halftone
processing) using the dither matrix according to the

15 embodiment of the present invention is selected for a copy
mode (and a facsimile mode) in which use frequency of a dot
document is high, while the other halftone processing
(second halftone processing) is selected for a printer mode
in which the continuous tone document is mainly used.

20 Accordingly, it is possible to perform high-quality image
reproduction. These processing can be switched
automatically in response to the mode selection or in
accordance with users’ instructions.

Further, the present invention is not limited to

25 the embodiment, but variations and modifications may be



-47 the image form ng apparatus (the information
LNg apparatus here also refers to the
W%?@%@Z@?ﬂg apparatus according to the errbodlIr’r(::e’ﬁ?ﬂ&*7/06848‘l
the present invention). 5 Furthernore, it is also
possible to switch the halfﬂ&ne processi ng using t he
t acco rdln
ma8 o BhE PG e PO CF PanERaRY FBRe>ChPacREarhg REFRE™E
different dither matrix. That is, there is halftone
iRY8RELSPNng enabling a hi gher quallty out put 10 with
respect to continuous tone document inages, although
it is infefherPTesendd rRRIICaTiamike Jagedan dRaRaRe
i mges and cal cul ati on workl oad. For exanple, as shown
Priorkt@ Applitheibal Noon&Ofreo@eddiddy (filed dral $epiember 16,
processing) using the dither matrix according to the
2066pmpedhnent ohphhespreseshti 0OYeEntepnthe spteetedoheents
a copy node (and a facsim|e node) in which use
ofrﬁﬂyeﬁcxrefhereey ifecypBRhtLa B#ggeféﬂéh@ethe ot her
ftone processing (second hal ftone processing) is
selected for a printer node in which the continuous
tone docunent is mainly used. 20 Accordingly, it is
possible to performhigh-quality inmge reproduction.
These processing can be swtched automatically in
response to the node selection or in accordance with
users' instructions. Further, the present invention is
not limted to 25 the enbodi nent, but variations and
nodi fi cati ons may be



WD 2008/ 032877 PCT/ JP20071068484 -49 made wi t hout
departing fromthe scope of the present invention.
The present application is based on Japanese Priority
Appl i cation No. 2006-251949%°filed on Septenber 16, 5
2006, with the Japanese Patent O fice, the entire
contents of which are her@&winscor porated by
reference. 1. An inage processing apparatus that
perfornms hal ftone processing in which input

mul ti-valued (N-value) tone inmage data are converted

oo overnuelue, (evelygind geila el Lomge, doioiy

using a dither natr ere

i -intensity. of a frequency
hall aé%é?%?%%%p%flrgn"?%b(f%ujtnﬁa%g%uhﬁ?‘é%g%%d ¥ oRs Hae)
to | omer fr q%Jenc corrrE)onentd throui;h an internedi ate
ong rjé&%%%c‘ga dponem Vet e htgHer TP Y efuentye offporrebiie: M
2. The inmmge processing apparatus according to claim
> N1> wherEMad€nhéladia hey Retim& s ddr he ganpzed ®li tberein
matri x conposed of a main matrix having
di sper stipe | fi ghamd metsubx  at gi maHavi ngvhandommesisit &ysity
The i mage processi ng apparatus according to claim 2,
of ahErejuendye dredradedrisc havengadli Spesst bihddy isc@eases
Bayer na't.cix. 4. The inmage processi ng apparat us
fromCLordlidd tquency component, through an intermediate

frequency component, to a higher frequency component.

2. The image processing apparatus according to
claim 1, wherein

the dither matrix is an organized dither matrix
composed of a main matrix having dispersibility and a sub-

matrix having randomness.

3. The image processing apparatus according to
claim 2, wherein
the main matrix having dispersibility is a Bayer

matrix.

4. The image processing apparatus according to

claim 2, wherein



claim2, wherein a threshold is assigned to the

sub-el.atr. LX based on a generation: by a

circunferentially assigned ::hreshol, in accordance

with tone density. 5. The T3f{age processing

al :)paratus acccrding to claim1l, wherein, the

hal ft one phoeessilng iis Ppesfonaedtositig the-mht hek based

mari X when input data contain a dc-)L inmage and the
on dafdtene:ion OFa€SSh & Sc Petfier &Bsh ush DOy a; 8i f §esgnt

dither matrix when the input data do not contain dot
thré SRge: Hn AP AYLAM Lhal, CAYSESadn cppputer to perform

hal ft one processing in which input mu _t .- cilue:d

:Mvalue) tone inmage data are converted into | ower.

val ued hi value: MfJ > 2) image data using a dither

matri x, th@lﬁror?ram C.uUs-i,r,o the conputer to,

per f or m t he'hatFEtoneP proTess iy . HP2 IRy TR tHerto

matri x where an intensity of a frequency
claighalactti®tic of an output inmage :Lncreases froma

| ower frequency conponent, through an internedi ate

f requendye iakitene (erocessimg al higheformdéad eqrienyythe

, conp-orent. The program according to claimo, wherein
dithadr 20087 D328Yeh PCIDIP2007d 068484 n -Hlddheimmhddesnd the

matrix is an organi zed dither matrix conposed of a
halfMdre MMatddes iavd Ngs db SPes shdd | id yn@ngd ¢ 8 Sibsn Bl fier

havi ng randommess.

matrix when the input data do not contain a dot image.

6. A program that causes a computer to perform
halftone processing in which input multi-valued (M-value)
tone image data are converted into lower-valued (N-value: M
> N > 2) image data using a dither matrix, the program
causing the computer to perform the halftone processing
using the dither matrix where

an intensity of a frequency characteristic of an
output image increases from a lower frequency component,
through an intermediate frequency component, to a higher

frequency component.

7. The program according to claim 6, wherein
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5 9. The program according to claim7, wherein the

main matri x having dispersibility is a Bayer matri x.
wo2o008f¢32812r ogr am according to claim 7, wherein pk@d/@2007/068484

threshold is assigned to the sub-matrix based on a

generation rate by a circunferentially assigned

threshol d in accordance witTtone density. 10. The

Pr ogr am ageordh i £ Qnst 2140 Hs éiﬁuc?'f@&iniléeﬁh&ibﬁéfmé‘@rix
processing to be perfornmed using the dither matrix

' : ' ' : .. halftone
coM SR £ AL hhng R LE Y et Sue-
nd Lriﬁlwhen t@ﬁﬁggﬁgt data do not contain a dot

i rage. 120 L. TP IRIRES T or mi ng net hod that perforns

hal ft one processing in which input nulti-val ued

(Mvalue) tone image data are converted into

| ower -val ued (N-value: M > N> 2) inage data by using

a dit her GmatTh prebridmtaceanding to qulaie| ot wverdiad

for ejecting liquid droplets to elect | :quid

dropl et s tdoe asaim ratmt riaw ogesdisper eivilhey hos f4 oBgyer

processing is perforned using the tYer matrix where
madriiitensity of a frequency characteristic of an

out put image increases froma |ower frequency

conponent, through an internedi ate frequency

conmponent, t. a. h.:i.roher frequency conponent. 12. A

di ther e Il d hpaJ.IogCr.Qar}tYearct:c‘:S’ofg:Prlfg s ct:iéj_.rﬁ 7, wherein

a threshold is assigned to the sub-matrix based
on a generation rate by a circumferentially assigned

threshold in accordance with tone density.

10. The program according to claim 6, causing

the halftone processing to be performed using the
dither matrix when input data contain a dét image and the
halftone processing to be performed using a different
dither matrix when the input data do not contain a dot

image.

1l. An image forming method that performs
halftone processing in which input multi-valued (M-value)
tone image data are converted into lower-valued (N-value: M

> N> 2) image data by using a dither matrix and that



va-lued ;ii-value; tone inmage data into | ower-val ued
value. M> N > 2) image data, .wherein the dither
matrix Is a matrix cr rr- r an intensity of a
frequency characteristic of5Zan output inage increases
f.roma. |lower frequency conoontn::, through an

caus8tenmedigati’l dyeauensy head anentejdOt anhi ghghid droplets
frequency ,.om ponent.
to eject liquid droplets so as to form images, wherein
the halftone processing is performed using the
dither matrix where an intensity of a frequency
characteristic of an output image increases from a lower

frequency component, through an intermediate frequency

component, to a higher frequency component.

12. A dither matrix that converts input multi-
valued (M-value) tone image data into lower-valued (N-
value: M > N > 2) image data, wherein

the dither matrix is a matrix where an intensity
of a frequency characteristic of an output image increases
from a lower frequency component, through an intermediate

frequency component, to a higher frequency component.



