10

15

20

DESCRI PTI ON | MAGE PROCESSI NG APPARATUS, PROGRAM | MAGE

FORM NG APPARATUS, | MAGE FORM NG METHOD, AND DI THER
WORRIXSTECHNI CAL FI ELD The present inventi on PEI/aR2067/068484

to an i nmage processing apparatus, a program an inmage

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

di ther matrix. BACKGROUND AR% Known i mage fornlng

appar atuses such as pri nEycRIHFECS M | e nachi nes,

copiers, and nulti-function peripherals thereof convey

a megipak( PRECESATLE APPARATEY, I PRAGRAM, SHAREE" FORMINE
isnot [imted in material and used synonynnusly W th

r di
" ner AR {7 TURER” S8RupE wEREORE RADTBEHER wirRix
and have a recording liquid (hereinafter referred al so
to as "ink") as a liquid adhere to the sheet so as to
Eerforn1an i mage form ng operation ("recording,"”
TEGHNAEARGFIERRD " phot ographi ¢ printing” are also
synonynously used), for exanple, using a |iquid
ej ection appapaEQentndhudhhgoa redetdsngochead imegposed
of liquid ejection heads that eject |iquid droplets of
prbeeksetagdiap@alriatuisy @ iptdgham,Notre ifwde t hermimgeapparatus,
form ng apparatuses refer to an apparatus that ejects
af ihdykdropk9ng medhdm, SHER 8Sddther matrix.

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
ejecﬁion heads that ejecf liquid droplets of the recording

liguid (liquid).
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paper, a thread, a fiber, a cloth, |eather, netal,
pl astic, glass, a ceramc so as to perform an i nmage
WO ooosiosas7oper ati on. Furthernore, the "inmage f oP@i/mmpd07/068484
refers not only to an operation in which nmeani ngf ul
i mages such as characters and graphics are applied to
a medium but also to that ¥ which neani ngl ess i nages

such as ppbterfsafr €ndPphiss Ebgﬁﬁh@ aﬁyakggugggerekgg to
liquid is not limted to a recording liquid or i1nk

a§°£?§§9§9ﬁ§!£ﬁa£ %%éé%ESQ 19§8%8305£%urtﬁeriuﬂbéﬁ%ﬁoas a

rman i nage formng operation nor e
I|qU|d e ection apparatus_refe paratu
PEpEht o ERTSRR0 7 AT Ehe F1qu i) LoRFBRE RGBS hndP Lot ic,
it isnot limted to an apparatus that formimges.
g te JUERTRRBGES? 0T FY) %%ag@amu%@slgégar%@émyn%r|nt
only four types (four tones) of dots, for exanple, "no
oplerat tonsmakFir toe snorerdiuen Yonage émdmimgfgeeﬂ©rs"nas
the sizes of recording liquid droplets, they cannot

oeXpressanubpepheisonas whidhtheadbhgsuzesmafes esockdi ag
liquid droplets. Accordingly, a dither method has been

clHepeEebly H88UgAsSpRiEBtAed L9p11earedusi Raahf tivResalso
by conmbining an area density tone (intensity

thgHéétign%hgéhamé§Xng%8¥§rlﬁQ 8 tga&h°£s$ﬁa9£égﬁ§aére

I mage and an area tone” (area no at on)

appiygg £gégg£¥.dlﬁgg{herﬁggg2 Eﬁgsligﬁld is not limited to

a recording liquid or ink and not especially limited so
long as it is available to pérform 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
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
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

"modulation).
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val ue of each matrix in a dither matrix as a

threshol d, conpares it with the density of a pixel of
w@eo008e3330ndi ng coor di nat es, determ nes whet herP€DJP2007/068484

output 1" (printing or illumnnation) .or "0" (no

printing or no illumnation) to thereby obtain a

bi nari zed image. Wth this né?hod only the conparison

and Ca'CU%HE'QBtHErtﬁétBBHg'B@hak?ﬂgﬁtﬁeg bBehod) uses the
t hreshol d nakes it possible to obtain binarized data

v£9£ea8faé§?%t83€r§9d%ﬁeéf8?E§8§'ﬁ%k?gk09§ 3ty E apold:

eed.  Furthernore uses no
bi .
S e §$n§6%525§n%|81xgﬁeﬂf.ﬁagggsgPBdlng
output by an ink jet recording apparatus that can

C@@ﬁ@#@ﬁt?ﬁe §?§§§méﬁe§nKhGFB§Fe¥§ quetPREeel( efBFénging or
"smal | ," "nmedium" or "large," three types of dither

ibhtmivatiand prepéfednoopdéneingnerwnhet hétumgnatipol to
"0" (no printing) , "1" (printing with small -

tHeopbet shtaid" a(pihakingdwimbgeedi WwitHr opliet sethod, "38hly
(printing with Iarge droplets) for each processing

tRbX8bmpaFUsbheLABr ea1alitheygh ¥artpusorehads fifkge and
determning the threshold of a dither mafrix have been

tgéogﬂ§ggho§8yﬁérgétQﬁrgoggggﬁg]Ebtgﬁ£a+ﬁlﬂ§nggi§gd data

or the e ar nown.
aracterls% of t.,hese nethod

' h d
fesnégn?Fs?e oB& gngpgSFFoEm caichia£1g£s g£sh1g speed

Furthermore, the dither method 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.

Furthermoré, 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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area in an area nodul ation and are arranged so as to
beuniformy distributed, and they are classified into

wa2assepsrsed type net hod. On the other hand, tPEr/aP2067/068484

al so a concentrated type nethod in which dots are
arranged so as to be aggregated in a certain unit. As

an exanpl e of the concent r at €d type nethod, there has

ub@garﬁmpwalseelbﬁtéeLcsna dhépeéraabnaéshmgbadsﬁta a
sub-matrix so as to possess a screen angle. As

dh@%é&ggg 9 geﬁétﬂgdm”tantgﬁedbEHQE HEBBOdthgﬁéeQE also a

unment escrlbes a method i n which pfural

rices t.her c are_pLe ared

C%ﬁ%en?r?ﬁsgaﬁygého?égnatr|ces Fhefkaonfs e EPangea"rE, =

every plural halftone inage or for every randomti
t?n?%r@ 9r§8a5§dtbnp?e9@ﬁF tReUBiEur r BAcBNoFXABPLE OF the

(stripe pattern) in output imges when dot images and
cagneperedtpAngEBeanethpdeesbesge paseheedoknarpt ore; in which

JP- A-57-119564 Patent Docunent 2 al so describes an
aagpaharusathak includes a diubhmetpakt epnageher ppeseter a

generating plural dither patterns and a random nunber
s@esehakngleor generating random nunbers and selects a

di ther pattern depending on a random nunber. Patent

Docurment Zs: hdPrfefd- B%QZ@%sEHatQQ%HD&ﬁe 88 t8EkOhethod,
di ffusi on nethod may al so

Patent Document 1 describes a method in which plural

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 interwval so
as to prevent the occurrence of moire (stripe pattern) in
output images when dot images and dithered images are
processed.

Patent Document 1: JP-A-57-118564

Patent Document 2 also describes an apparatus
that includes a dither pattern generator fof generating
plural dither patterns and a random number generator for
generating random nuﬁbers and selects a dither pattern
depending on a random number.

Patent Document 2: JP-A-04-250769

Furthermore, ah error diffusion method may also
be used for pseudo-tone expression, but it is extremely

complicated in processing compared with the dither method.
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be used for pseudo-tone expression, but it is

extrenely conplicated in processing conpared with the
waleaoRmes28met hod. According to this nethod, for eREIH2007/068484

threshol d processing is perforned for every pixel, and

the error caused by the proc§§3|ng i s mai ntained and

refl ected on the subsequent cal cul ation at a

apegdat gyt pednk a8t nethbhAer efy aﬁgmﬁgelttaeégheha b@ocessing
feed back even information that woul d forcibl y be

n t in o] t d
R e T R
n_ terns_of esolutlgnro% Ilke

ot die fanermrerrhedha: red PR RERE OF ﬁgﬁ SRbsequent
heral |nclud|ga for exang . an image scanning.

gi at4Shaffl anPrREGESFBIREHg 35b8raFU§rePMpHPklng it
picture data are all scanned as inmage data in a copy

phrBEEblA BRI ERedhbarkageescanfPrgatippar ahas youdd forcibly
docunent imges and then the inmage form ng apparatus

berdntsaadddouhpdtisheheprnagesinghepetor eptptiti $mage and
required to once separate i mage areas of the inmge

oHakanasf appb¥ 66r heghkenghseegstAgnt @ Hhehsepar ahBfe in
I mage areas I n accordance with each elenent (a
téPﬁEaSEeEesélﬁ@ﬂbhn59uﬁhéom§ke°r a dot) of an input
docurment, so as to obtain highquality output inmages.
FurthernDre also in the hal ftone processing in which
I nput i nmage data are converted into output dot

pPBLLEEDRE BF" fheihlEREPByPr Ocessing excel fent

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.. Therefore, it is
required to once separate image areas of the image data and
apply correction processing to the sepafated 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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in image reproducibility has been generally
used. However, it is required to use an inmage

WwWEe@sM3srng apparatus (i mage processi ng contr oPCEIN2007/068484
havi ng hi gh cal cul ati on performance to separate inage
areas (image area separation) and perform correction
processing i n accordance wi t191 he i mge area

separati ofoabvBrghi 6pesdrebiiaddi £b0fisel hini $mhgQUI I ed
to use an inmage processing apparatus (inage processing

pf88&£9%ﬁ§. 58§¥é€9sh'ﬂﬁa8% ?Eééé@glﬁgrES?EEB%?e%VCHa9§ng

a capa ensuri ng ge anoun ers to

# ﬁ?guantiza%lon err o as des g i bed_above ?
p%? oGPt the"ePFo Oﬁm?Pﬁgu 6?8@5% ?nbm?%etﬁﬁeas 1mage
halftone processing. A s a result, costs for the
aéﬁ%l?%PﬁﬁPFlRP?laﬁg BRELPFY FREFESEEAD FReFeFdiRy the
om ssion of image area separation and the application
aptorfiendet Wekhprbeesnaag abedhacharétbne prokégBi Ageed.
enabl e hi gh speed processing wthout the use of an
Innagéipionesst niys coaiubrédr tbhausagahi ihagaageocessing
processi ng performance. On the other hand, however,

apﬁgrétﬁﬁlkihggéigﬁo@ésgbﬁglaaﬁeren952$8haglﬂglhlgause
e occurrence of the socalled nmoire. The noire is

p£§8§§919¥ E¥P§B£ﬁ§hé51§§¥HCQE°Q'E QSE%@?Q 8fd8ﬁgﬂ?ﬂhg

conmponent and a. dither mask pattern (dith

1Q? é'xkobﬁt§“89 éu QpET 8“%518@ &ha"Xua§%§%2 1Bh*€k3or

ear on an nage

as described above so as to perform the error diffusion
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/asynchrqnism 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
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if they are patterns, resulting in a remarkabl e
reductionin imge quality. Furthernore, the |lack of
Wa@loa08/039871 al so cause a reduction in inmage denBCT/§P2007/068484
itself. Therefore, as described in Patent Docunents 1
and 2 , several threshold matyices (dither matrices)
are randomy selected for every plural halftone inage
iff iRabkt guglieggesrakthekmeyel ythandankt biedbhtewyal also
to performthe halftone processing so as to prevent

cgageoscyéaeeegoefiﬁvaﬁsggsaéhegtgaaksemk.- Wth this

configuration, however, it is required to prepare

plural ty of. dither trices .and random y _sel ec
Phe sane. TREREB)ccatsi NE & I procBeb Y Dosaicayg & and
conplicated configuration . The present invention is
Zmad8VERAVi BRFEFRPAE QBBﬁéCﬁFoéﬁéﬁﬁeénﬂaﬁﬁ§cﬁﬁbvﬁaé an
I mage_processi ng apparatus, a program_an inmage
repdainky appariedsfoanevanyerivralnhakttnsg, iapgeact
di ther matri x capabl e of enhanci ng out put i nmage
hgqliétphy bpageppres$pmngevheyocendpmntémef imbergan thout
reduci ng the processing speed. In order to solve the

pabevempthbl BABftbhe presebkihfvent keNtpr pyedestanhe
i mage processing apparatus that perforns hal ftone

oPEQEEEAEBIENmAIEN (5BRUbeMbELoYA) uedubbhvabye) tone

i mge data are converted into | ower-valued (N-value: M
cgn%ﬁsuga%igﬂggﬁoggbgr?yiHS&Qgr@qgkgggrtgabEEéare plural.
types»of dither matrices 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
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
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

matrix where the intensity of a frequency characteristic of
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In the image processing apparatus, the dither matrix
is amtrix where the intensity of a frequency
wW@h@smsaser i stic ofan output inmage relatively i|PCT/820€R063484
froma | ow frequency conponent, through an
i nternmedi ate frequency conpoqf to a high frequency
conponent. According to the conflguratlon of the
afir egeptiti amegei ealatheedit NaErBBEEEX frdmad 0bgafirzg@dency
dither matrix conposed of a main matrix having

thEBﬁEﬁtb'khEMueﬂdaﬁ §HP€§EEH§a@@VEQ%qﬁ@H@gnﬁgﬁéonEBt to
hi's case, the main matrix having dispersibility is a

Bﬁ éugﬁﬁékéncg Egggggggg a threshold is assigned to

based on a'generation rate by a
ci rcunfer ntlaII ed t hr.eshol in a
G o R aeRE Do 2R, YRR RS puse P BEu R Peesent

perfornmed usin t he dlther matri x when input data
ip¥APAilAna 8be PibheramatrhE hal ARoREJIpRéEEdsHAghey matrix
performed using a different dither matri x when the
compatedabd dompdh wehraknhavdoy dmagerskEbiflhéyneand, a sub-
the present invention provides a programthat causes a

maomt Raviagpeshdemmbakit one phoeesasey ithewhiaéh maputx
mul ti-valued (Mvalue) tone image data are converted

hkotAgl aWBpeyaigedi tH val HepalWb? Natrix) | MR9endatdre, a
using a dither matri x. The program causes the conputer

tk?egﬁéﬁggg%égéﬁgab%§gﬁgl?B%CE%%LRQtEikngaEQQ gt fer
y of "a frequency

generation rate by a circumferentially assigned threshold
in accordance 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: Mv> 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 relatively increases from

a low frequency component, through an intermediate

frequency component, to a high frequency component.



characteristic of an output inmage relatively increases
froma | ow frequency conponent, through an

WO paosiosasdi at e frequency conponent, to a high fPEHIENCH068484
conmponent . According to the configuration of the
present invention, the dither, matrix is an organi zed
dither matrix conposed of a main matrix having

di spersi bakkbydang &oS¥hEBLLNY iGaYhRE chaBFORRRSSrelslnt
this case, the main matrix having dispersibility is a

i?ﬁ¥ﬁ£igﬁgr£ﬁe EEEBQSrHB%%ixaiEhéﬁsBQBQnE%egiaggﬂ%q hQtrix

e sub-matrix based on a generation-rate

i recunf.erentially assigned_threshold in.accordanc ‘
bR FaneEaentrey. ARBrasy br v PRe R PBgFAPEAdsds Sofea Sub-
hal ftone processing to be performed using the dither
mﬁBFF?xhﬁHgﬂgiﬁﬁﬂgogﬁ?ﬁscon Bi hhasd6eSemagbeafdiph@atrix
hal ftone processing to be performed using a different
hgvingr dhaPerribhéatvhési apBayeat madsinet Eomthemmareot a
image . Furthernore, the present invention provides an
thmagkoldr mengsappaedt i that spbrfretmixhabsednen a
processing in which input multi-valued (Mvalue) tone

gkflsgetdaharate ponuectedumfibechewaniyabdedghbavaheeshihd
> N> 2 ) imge data by using a dither matrix and that

iﬁOEHEoEHﬁﬁéé Wwhth @othHEgs§k9?tiﬂBrggégrtth%jﬁ%%hggm

iquid droplets. In the inage form ng appar at us,

cgpéggrtﬂgtﬁhffkg a E?%Egésﬁﬂgr%otgg 5@&%@%&%& %gi%g the
quency characterrstic o n

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

Furthermofe, 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:uM > N > 2) image data
by using a dither matrix and that forﬁs images with a
liquid ejection head for ejecting liquid dropleté. In the
image forming apparatus, the dither matrix is a matrix
where the intensity of a frequency characteristic of an
output image relatively increases from a low frequency

component, through an intermediate frequency component, to

a high frequency component.



10

15

20

25

out put image relatively increases froma | ow

frequencyconponent, through an internedi ate frequency
w@oreposesmnt , to a high frequency conponent. AccoPdi/mpoe7068484

the configuration of the present invention, the dither

matrix is an organi zed dlthei matri x conposed of a

mai n matri x having dispersib Plty and a submatri x

havi ng randesressg to thesceasegutrheibai BfMahel ¥resent
havi ng dispersibility is a Bayer matrix. Furthernore,

1AvEREE8AO! gnksqasrbgngde Eoxt Rg gHby E?55h§e938§gh89 Ratrix
generatlon rate by a circunf erentially assigned

%ﬁé8§58'9f'9 ﬂ&ERrHQP?%x“5591£§p819§Q§EE%11?@&egﬁﬁra sub-

formng apparatus co
usi n di t her

e t he hal f't one proc | th
mBEE R RRERS RRRECRAF e contl! hPLsdon Prmg6eaRg s matrix
hal ft one processing using a dlfferent dither matrix’
hﬁﬁéﬁgtﬁéspﬁﬁﬁibééigydbsnétBéBﬁFamﬁtéléot Fﬁﬁﬁéermorer a
Furthernore, the present invention provides an inage
thoeﬁhngdnéshedSihaedpeofbhﬁsshhkmaanXpbeeeésbngain
whi ch input multi-valued (Mvalue) tone inage data are
genavetiefl rate bowercvaturdefbnvahley Nezibnad2threshold
I mage data by using a dither matrix and that causes a

lhlgébgrahﬁeEIthheegnéoaeﬁsgeylngmbkaabérdreaée&ﬁabe
ej ect I|qU|d droplets so as to forn1|nages

f%g@?o BEPQtHEtE8H8rE SshQ'BB?@etBEQcﬁé§EBQmESthe

usrng t

halftone processing using the dither matrix when input data
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 prpvides 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 relatively increases from a low frequency
component, through an intermediate frequency component, to

a high frequency component.
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where the intensity of a frequency characteristic of
an output imge relatively increases froma | ow

w0 e@gusascy conponent, through an internmedi at e PCEIRIOITN63484

conmponent, to a high frequency conponent. According to
the configuration of the prgffnt i nvention, the dither

matrix is a matrix where the Tntensity of a frequency

char act erastbedohgaboothpUEohfRgeraeh ahi ¥El Yhenpkeasas
froma | ow frequency conponent, through an

1hPERE IBH] at B f §LANSACH A £PTRONENS . mb Pr 8 N, 9B ET £HUENCY
conponent- . According to the 1 mage processing

AREALALYS. DerBOaRam, LS LIRS, LOLEL0G BRPRLELAR, snace

esent_invention, halftone grogessin I s perforned
rBLF ROVl Ui TREFoRaLs | KX 9er oL bhiet FRERRRFYy CRPgRent
frequency characteristic of an output image relatively
threpghse’ IRbATHCELH ¢r EGEEREYCE oRPBRRRENT hEBughhagh
i nternedi ate frequency conponent, to a high frequency
frouponent compeneby. maki ng it possible to enhance
out put image quality by suppressing the occurrence of

nmoi re W wmdrdiatya iy doessd norspeadindwddherami€, the
according to the dither matrix of the enbodi nent of

pEOrARESERNE 1MYGBt EOPmihhCabpheRshty QhdathbeIMEBEY forming
characteristic of an output 1nmage relatively increases

méfﬁgaaoko@ﬁér%@ﬂ@@fﬁeﬁQ”@f”@ﬂé’?EQ%%Hthﬁgention, halffone

I nternedi ate equency conponen

processing is performed using a dither matrix where the
intensity of a frequency characteristic of an output image
relatively increases from a low frequency compdnent,
through an intermediate frequency component, to a high
frequency component, thereby making it possible to enhancel
output image quality by suppressing the occurrence of moire
without reducing processing speed. Furthermore, according
to the dither matrix of the embodiment of the present
invention, the intensify of a frequency characteristic of
an output image relatively increases from a low frequeﬁcy
component, through an intermediate frequency component, to
a high frequency component, thereby making it possible to
perform halftone processing capable of suppressing'the

occurrence of moire without reducing processing speed.
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a high frequency conponent, thereby making it possible
to perform hal ftone processi ng capabl e of suppressing

W@ b@80saseT r ence of noire without reduci ng procBGHIRRG07/068484

speed. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a
side view for explaining an entire configuration of a
mechani cal section of an ima form ng appar at us

BRLEP! B $IOR 1 Or BoN esposlimentawingde present invention,
whi ch i nclrudes an i nage processi ng apparatus of the

nmbodi f 1h [ j ‘
enbodi mengy@F { NEg pL eseil &fgﬁnf69n?x§%g{?g§ﬁgé? entire

thereof, and a dither matrix thereo nmages

with an image forming nmethod thereof; FIG 2 is a.plan
BTt TRt BT oA S0 ot eghrfrade pifritng
FIG 3 is an enJarged front view of the inmage formng
ARRRER B B2 GEOT RN SRR st tment 91 4the Rreferk
di agram showi ng an outline of a control section of the
invereloor nvichpbaetdes Fp GnEge spapcesplagazppyratus of
draw ng for explaining a flow of inmage processing in a
t lye nemlad d togayt nofl et hé-| 35 s &t t tmoeybi 6, az epexptamatbeyeot,
drawi ngs for expl aining dither processing; FIGS 7A
addta 781 e er exdpt aivat € &'r b AW G ST b Brhis EXRh e 81 WPthhgn image

occurrence of nmoire where a dot inmage matches the
£OARI £g tREENGE endidber matrix; -

FiG.2 is a plan view of the mechanical section at
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;

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
explaining the occurrence of moire where a dot image
matches the basic tone of a dither matfix;

FIGS. BA through 8D are expianatory drawings for
explaining the frequency characteristic pf the dither
matrix according to the embodiment of the present invention

in different tone levels;
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FI GS. 8A through 8D are explanatory draw ngs for

expl aining the frequency characteristic of the dither
woradosioesaccor di ng to the enbodi ment of the preRBenIP2007/068484

invention in different tone levels;FIG 9 is an

expl anatory draw ng for expLiéging the dither matrix

havi ng the bl ue noise characteristic; FIG 10 is an

expl anat oryGdr 3wikg ahoex@iBhaiBirRy drBe ihgeduvenekplaining
characteristic of a dot 1nage; FIGS. HA and H B are

t8¥PHRAER! ha€-aW RAS1HE tAXPLALA! RY:iLRe AULRLL LTRYE ¢ ;
results of I mges when hal ftone processing is

dot
Do e P "L 18, L BRI IBLELK, 26S2L 000 59 Higasging

enbodi nmen he “present “inven

re_expl anatory drawi ngs for explaining the
tBRaf AEEUFIGY| ENBF 2R TGENEEAF A6t oi ARGeLTRAES, 13A
through 13C are _expl anatory draw ngs for explaining an
exanpl e of I&ScoRflPganst L3R éﬁetﬁépgﬁpﬁéprwaﬁﬁﬁwlngs for
according to the enbodi nent of the present invention;
eRpG8iniag theooghpttCimrgeexpbahasory deawimggeksowhen
expl ai ning the threshold arrangenent of a sub-matrix

hefl ftbaedpirbeessahti X sapeerdichgdt asihg erboditbetr ebtrix
the present invention; FIGS. 15A and 15B are

a@¥Br-anabory @naweR8ddfifkneXBlaktRingrageaxanpentien ;a
dither matrix is rotated to be

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 configuration 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 agcording 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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used; FIGS. 16A and 16B are expl anatory draw ngs for
explaining a case where a dither matrix is

WO e®posasivel y arranged in a forward order and BCT/&R200758484
order to be used; FIGS. 17A through 17D are expl anatory
drawi ngs for explaining a nugéé-valued di ther matri x;
FIG 18 is an explanatory drawi ng for explaining a

head in wkirgh.nezZ! enabhghsiabearsyBRBiEh&&bEY drawings
arranged; FIG 19 is an éexplanatory draw ng for

£8¥XPLRL0LDG; A0 SXANPLE_0L13.headchp WaLeD  pozzl e arrays
2af FrechSg

are symmetri |y arranged,; I's an expl anatory

drawi ng f explai ni ng anot her _exanple of a_head in_. .
i ch oz TG aPPaS AMeCERNARE FRER RoSuRPanGaE. Ckpeaining
21 is an explanatory draw ng for explaining stil
aa%%?ﬁe%neﬂﬁﬁﬁhenerieh%éHaYﬁ ARECASHBPRSFE1GR 1 AYsaRFanged;
symetrically arranged; and FIG 22 is a flow chart
for expl aFAfnglaniexanpeeplananpel BapiWiogefproespskaging
Is switched in accordance with a node . BE ST MODE FOR
aCARRYNN: Cff AHEe A AIVENTWENCNerbzzi ef ekrepg hoet he
acconmpanyi ng drawi ngs, a description is nade of an

s et Meat 19f athengeasent invention. FIGS. 1 through 3
descri be an exanple of an

FIG. 20 is an explanatory drawing for explaining
another example of a 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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I mage form ng apparatus according to the enbodi nent of

the present invention. Note that FIGS. 1, 2, and 3
w@e@s@a3sthenati ¢ vi ew showi ng an entire confi gRCHIP2007/068484

of the image form ng apparatus, a plan view of the

engi ne unit sectionthereof,_ﬁgd an enl arged front view

of the engine unit section thereof, respectively. The

thergerf oaAlNgnappakatHe EB@theieﬁnofnﬁﬁé £aEhBAYunit
section (nmeans) 2 that forms images, a sub-scanning

sERYHI BoSEEl! OBebBEARS 3y, and (he Iike inside (in
the ¢

ousing o an paratu main body 1 . In the

i mge forping.a tus nediumtao be recorded .
(herei naf LBF FBREFT 68 - 14 ds “EO=EAbYS, TGUECEResn image
material of it is not limted to a paper) 5 as a
fﬁﬁﬁﬁ@ﬁ F8ChéORoATEFRE) i & Fharvﬁaaaﬁ|9m§esaraeeauanacannlng
fed froma sheet feedlng section (neans) 4 as storage
capiA¥ipgoseaedoat (mRanpot Bonrkdfl the appar anesdegmilan the
body 1 . Then, after the inmage formng section 2
hepethg bifQuad dpppketasombdnt hedghget 5nt ohtodlmege forming
(record) desired inages thereon as the sheet 5 is

appheafiib} eat h¥degrnveyedeatetbedpasihb@BigppPesirNgetbBered to
I mage form ng section 2 by the sub-scanning conveyi ng

aS€§t hQRedt, ~I BELSEA tmété§1gi38?a£99§stﬁo€ §Hﬁ§£?d to a

di scharging tray 7 forned at the upper surface o

o30070 oh 3= B BRE Fot RE HAly B LT TR PR RRNRTL D,

t he sub- scagn %onveglng section.3 are unitized to
ssgaaﬁted an rom eet 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
to 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



engi ne unit 100 and detachably attached to the

apparatus main body 1. Furthernore, the imge formng
wa@ppansses further includes, as an input systePCT/@Ir2007/068484

i mage data (print data) forned in the i mage form ng

section 2 , an inmmge scannipgggction (scanner section)

11 pl aced at the upper part t he apparatus nmai n body

sdctibn€(scaRQ¥e tbersbept1di sthacdi 89 thaYupgpép B&ad of
i mages. In the i mage scanning section 11, a scanning

tﬁ@téﬁﬁér§¥§£eﬂé}§ B8&§ ugli ng_an, 'ébHU&”@EéOEhéggrce 13

a mrror and a scanni ng’ optical system
lncludln rror 6 and 17 are nove d .
R RTES 2]Cage of aed o al BB ERct  prabte 15 agRseRening

scanned | mage of the docupent is read_as, an_inm
SeFyhal by % ?ﬁa@%l%%aﬂthaaé|éMﬁﬁ?mzéga%?ah@@aggnaa
rearward position of a lens 19. The read image signal
5 ijbumigetioedsanaceubfeerddat®irragel provdsai AGanphDg
allow ng the print data subjected to the inmage
optibcaessspgteém be pnchbiéingNofierbhat 16 pnds3iurerpel mbeed to
10 is provided on the contact glass to press a

st ugeabcufest Shodge i P1EtED 8n, ai Bohbect NBUEsEOLN} NGnd the
section-2 of the inmage form ng apparatus, a carriage

sé3nh8dMPMabL Yo hel fei BothfeARI DsSEARAI B Qhr§ﬁ558ns?¥n§l by
carriage guide (guide rod) 21 laterally provid

aR€l EEES §c£%8£‘{,gp%f&ﬁ A0150308-8n588" i B! & Ee%%&énd a

gU| e’stay ?

10 position of a lens 19. The read image signal is digitized
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.

15 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)

20 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

25 ejection heads mounted thereon including recording heads



10

15

20

provided in a rear stay 101B and is noved to scan in

the main scanning direction by a main scanni ng notor
WwWQ@7Z008/008280ph a timng belt 29 suspended bet weenPGI/ar200%068484

pul l ey 28A and a driven pulley 28B. The carriage 23

has totally five liquid dropkzt ej ecti on heads nounted

t hereon i ncl udi ng recording ads24kl and 24k2 of two

2hkguifqdpopbebreipet 19guhaadsopoth efcwhigh ﬁbﬁ@% both of
bl ack (K) ink and recordlng heads 24c, 24m and 24y

wﬁi@ﬁeéﬁgéttBlééka ?eEdeéH 9r§4" mﬂégdgonEs 24f, and

not di erentlate ronweac er or

8 if”% P3nZheads anr ?ﬁ%ﬁ‘ééﬁé 3 (e oppdtots are

§ n and yel | ow ( i nk, respectively. The

nPﬁaaéfF% ﬁ?hgaBESa?59mseﬁ§h Pt e§h9FtW€ePyEEemﬁPEHrdlng
moves the carriage 23 in the main scanning direction

haadscausegivequadnumepiet samg) befef éauéd firomieheejection
recording heads 24 to forminmages as the sheet 5 is

héedsi whibk shieet cgaveyChgidky enbgentésH)sdanrni agd yellow
di rection) by the sub-scanning conveying section 3 .

(Fyr { he| neeepetheveay! i agre28mhgs dosMbnlankpd®afeniedor a
thereon to supply required colors of recording liquid

sBQt%E@ £9§Qeﬁﬁh¥ﬁ hSGQEdtHQ peadsag4. 29Ny Bh€h8tR§EQ

d, as”shown in ) respectlve col ors of

?ﬁﬁin%%?frggtﬁgn g&gr ? nagen %argghg%% gtoeFI%aFCted

fgg% tﬂe recording heads 24 to form images as the sheet 5
is fed in the sheet conveying direction (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 té 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,bmagenta (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
;espective colors of sub-tanks 25 through a tube (not

shown). Note that the black ink is configured to be
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respectively, can be detachably | oaded into a
cartridge | oading section 26A fromthe front side of

w0 b@sapesar at us mai n body 1 , and ink (recordi nBCT/IRpa0TH)68484
Is supplied fromthe respective colors of ink
cartridges 26 to replenish tfﬁ respective col ors of
sub-tanks 25 through a tube thot shown) . Note that

st Phackrbikehs &OF{gkr et pi Bgsupp! £ 8dt h& 0 hguvDLanks
ink cartridge 26 to the two sub-tanks 25. Exanpl es of

4 he recording heads 24 include the so-called

pi ezoel ectric type in which a piezoelectric el enent as

a pressur enerat or ct uating,.neans hat, i.ncr.ease

the pr ess%”% &P %%fn rieﬁl?rgjr}%&‘:’)a(;psr s4sdrné:ludse the

generating, chanber) is used to deforma vibration
SPTGRELeSrPd PEPTHRCWRIF SYPE atl WRi1Ehe2| RkSERRMAEFTLO

change the volunme of the ink channel, thereby ejecting
elerkenit opt et sprévsthergenerathe sactastedgtheanal thpe

can al so be used in which the pressure generated by
iherdangs i tike i pramsunk chatmel imi 4 Ankeahangek! ¢peassure

to produce air bubbles is used to eject ink droplets.

g + DI AP EhamPe £] L rOséat t6 H¥PErMald RiBLabeoHsSgUata
whi ch an" el ectrostatic force generated between a

f%(/#xﬁ%g% | O B+§if %Qf@@e e&f‘:{%@dfnksci-!ﬁﬁﬁeiOtQGEHQHEt;EQ‘She

i ng ate ere the vibrating plate formng
RS L e R ER R T S
Furthermore, the so-called thermal type can 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 electfostatic 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 énd 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.



vol unme of the ink channel, thereby ejecting ink
droplets. Furthernore, as shown in FIG 2 , a linear
wWG@Ee@BM32828 having slits i s extended between t heCT/IrRm07/068484
and rear plates 101F and 101R al ong the scanni ng
direction of the carriage 23, and an encoder sensor
129 conposed of a transnisS|%% type phot osensor that
THEt EchSathecah bt $2805ABAth8 EhBoHERE3ENSER! €20280h8titute
provided in the carriage 23. The linear scale 128 and

at PEREQEO ﬁ&o SPSQénégﬁ €HQ§t&éHé8t$ %h@eﬁ6véﬁgﬁgeé§ the

sensor t etects the novenent o e carriage
Fur ther %e as shown in FIG 2 , a maintenance and
C?EE%@%? chani sm (apparatus) 121 that maintains and
recovers the state of the nozzles of the recording
heads 24 FYThPPamged- i ASaSRBNDptPntThg 4red eﬁlaﬁ@nance
side in the scanning direction of the carriage 23. The
5 andi heepunacE madhanéemedgraechAbnesm221thatl ndésteanags and
suction cap 122a serving also as a noisturizing item
randvépsr thei statezofgthapsoi22bst bfotigh t22erdéngapeads 24
menbers for capping respective nozzle surfaces 24a of

i&h@;féﬁ@eﬁeﬂﬁrﬂiﬁSnPﬁQQﬁtiﬂ? arvhpeh bhadeidd4iastae
wi pi ng nmenber for w ping off the nozzle surfaces 24a

s@hnhPRg" 85 QL Egnh8§d§h@4ca§9gaag lee @h@chbgﬁteaﬁnce and

recei ver 125 for idle ejectlon Furt hernore, an

rS&SSEr ﬁ Yeh 126 1Qr1LdLg SheCkLE bR RLE3R98d 1N
Re

non- ng alrea on

10 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 24é of the recording heads 24, and an idle

15 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 éafriage 23.
The idle ejection receiver 126 has openings 127a through

20 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

25 sheet 5 fed from the lower side of the apparatus main body
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other side in the scanning direction of the carriage
23. The idle ejection receiver 126 has openi ngs 127a

wa boosisps7127e formed therein. The sub-scanni ngPCT/JP2007/068484
conveyi ng section 3 includes an endl ess conveyi ng belt
31 bridged between a conveyi §. roller 32 as a drive
roller and a driven roller 33“as a tension roller to

CB§n9§p£8§1ﬁ§@éE¥|@@ aégeeésosooéstbe ésaeé Sthedsheed s
the lower side o the apparatus mai n % '

1§pPﬂﬁXaﬂPé8£¥o§0 §m%§gg9$¥ﬁ¥n%h§eégfgh 3;

inthe direction © p03| g Séction 2

er 34 as char ans, to c
chafaf08] faltehe %?ser%%tt%% eae F8 Sphrrent  BLas
char ge the front surface_of the conveying belt 31;
V%t%%%% @%lﬂ%t%%%%%+n%5v?h5?g%utaeépPhée@oh9e9hﬁ§96eFPe
31 at the area opposing the inmage form ng section 2 ;
frontrsprpreesof ethel cervephnganedt pptssarpelabeheghide
that presses the sheet 5 against the conveying belt 31
mertbé he3 poshat oguddposting tbevepimgybagtrdll et B8Re area
second pressure roller (tip-end pressure roller) 37

oppas i g ee8€sihdige SheehiBgagatNsbnt Pe sonveyt ngrbskhradl
at the position opposing the platen guide nenber 35

r@ft&eehetbeaﬁQQV§yéagufelt811§2 agg tnstrgfegggggtﬁgagheet

as inmage form ng neans a pressing gu

tt@élt%g:éer%ﬁrﬁgé% 2 BRleSE AR B8, R0
the conveylng roller 32; a second pressure roller (tip-end
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.
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separates the sheet 5 where inmages are fornmed by the
i mge formng section 2 fromthe conveying belt 31.

wah@sosasveyi ng belt 31 of the sub-scanni ng conREIrRGO7/068484

section 3 is configured to rotate in the sheet
conveying direction (sub-scggglng direction) of FIG 2
in such a manner that the cohveying roller 32 is

rotated bynha §Hbe%0§€€uﬂﬁP”§E@Eiéﬁl4tBh@QQHeQ bl Bhegt
belt 132 and a timng roller 133. The sheet feeding

fé@&iggncéséQEkgd§§ @hé@eéénfSédgﬂgeQEéﬁeEheaﬁé thatacted

can Inserted in and extracte romthe appara us
fngintgod% 1a%nguserges gs § neans tgat % res a..ns
hui't FpFi 8PP Phe%shestsY SPACKEd“Faf 8F gS

sheet feedlng roller 42 and a frlctlon pad 43 t
Ehabi SFOEEFI § TBpALRLACARY PéelinEnED §ﬁ§§t5518fatﬁ§30ked

sheet feeding cassette 41, and a pair of resist
mABREEr sa4aheRat Tredisg rhéleedidhest B frigiiher peded3
t he sheet feeding section 4 includes a manual feeding
thatyid8ivhdtadfigr esparaukt apti feey dhet beeshesét 8f5the
a stacked manner, a manual feeding roller 47 used to

shedtvidualhy teedethe gheeund hrpaithernmeadaktf eediBgs 44
tray 46, and a vertically conveying roller 48 used to

tﬁggvggsggg sheetea tRdekrgma sheet feeding cassette
or a double-sided unit that is optionally attached on

the bOttO?h%kﬂgr% r%het%@pghgggsfggdlngog%c%lonsﬂc1ncludes

menbers as

a manual feeding tray 46 that storeé a multiplicity of tﬁe
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
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 Qertically conveying
roller 48, which are used to feed the sheet 5 to the sub-
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

pairs of discharge conveying rollers 61 and 62 that convey
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the sheet feeding roller 42, the resist rollers 44,

the manual feeding roller 47, and the vertically
w@ewsmeyasmy roller 48, which are used to feed tPET/SIROET068484

5 to the subscanning conveying section 3 , are driven

to rotate by a sheet feeding potor (drive neans) 49

conposed of a HB stepping ot oF t hrough an

tﬁ%E%ﬁé@@ngnﬁﬁéfeciﬁﬁ§@s(QPé BOPWEY andhg S£§Eh§fggischarge
conveying section 6 includes two pairs of discharge

ccg%ckgér’gé’rlk 95 P L £ Sg?%f’f‘cﬁ‘da %al@%f%ﬁ%&%%gg%?ggie% 64

gés are forned and @ pair o

conveying rollers 63 and a pajr of discharge rollers
ugef B AT BT ESRal BE THESCrBetO5 PG PRESCHALECHarging tray
di scharging tray 7 . Referring next to a bl ock diagram
Tshown in FIG 4, a description is made of the outline
of the control section of the inmage form ng apparatus
The conRebérseryi nextntbudedlackaidiagoamr gheectionFIG. 4,
301 conposed of a m croconputer containing a CPU, a
a Rid4cri iRAMN ai ¥RédMie anf | £ K avvdt Bipei 0f that coht 86Tt s66tion
302 conposed of a m croconputer responsible for

o£ K& Ol hd H8 BoPhingi opgfakion. The program _
according to the enbodi nent of the present invention

i s exeCUt?H'eb¥oﬁggcifp¥%§£%§di£81ﬁﬁ§ ROM, 9t 1t Bgag%m

control section e maln control section

séé%gégl§0{hgog£égéggof a microcomputer containing a CPU, a

ROM, a RAM, a VRAM, an I/O 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
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of the main scanning notor 27 and the sub-scanning

nmotor 131 through a main scanning notor drive circuit
w@1imsases7a sub- scanni ng notor drive circuit 31PCT/aP2@T(68484

i mages on the sheet 5 based on the information for

print processing input fron1? comuni cation circuit

300 and controls to output p Pht data to the pri nt

psgmﬁieh 586t A8 A6%emEHE! BEEBBr 6 the datech @nZS'SBQEd on
froma carriage position detection circuit 3I3 that

t?%tﬁéEécEESan§PBEQ? Pﬁhéggiﬁé ngégﬁo§§tﬁén'88%%ck90n

e maln controrr section e main control

sect i on 1 co tr s the novenen siti.o .

hEoRhEn? 1SpEEatst SR HIPPFagE 23 has80 e, fanear scale
det ecti on signal The carri age €03|t|on det ecti on

(enFedpr sheefeaddBt RETADABEr 1Bf LEPi £S2BPiPAediFREAEOD Of
scal e (encoder sheet) 128 arranged in the scanning

ther esrroagef 28hkycusinagehe3rhptasengorhdephotesenbeet)
(encoder sheet) 129 nounted on the carriage 23 and
1perhounsedabnuthti casrtagdePd8ctntihpepdsirmsoradtulheions to
carriage 23. The main scanning notor drive circuit 311

ddtk¥esthBephBiBisnaBhi BHeMBhOFiddet 2310t @he MAin scanning
accordance with an output val ue based on the carrlage

mHPX?”HE&v@”EE?Eu&EpﬁﬁlfH?ﬂbégegﬂé'Haﬁ ”EEthi% h8Ror 27

VWM out put val ue per orn1ng
tcont{: g SO ascto ggxg thg arrla % Eescalg%dthe
BosPERGR AP a°pPEsertBed s spee EEpP PS PR
cggifggéoﬂogé%ggk g&ggh% input from the main control
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
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
éontrolé the movement amount and the movement speed of the
conveying belt 31 based on the detection signal. The
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

the sub-scanning motor 131 to rotate in accordance with the
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conveyance anount detection circuit 314 that detects
t he novenent anount of the conveying belt 31 is input

W eooslz2smai N control section 301, and the nai NPCDIM2061/068484
section 301 controls the novenent anount and the

novenent speed of the convezé g belt 31 based on the

detecti on signal. The conveyahce anount detection

cEMFE llﬁcéﬂé‘métﬁ@gsirﬁ%@t NEPBRr t10¢ BhihSs@inAngNsedeion 301,
wheel attached to the rotary shaft of the conveying

sSOLRSE Sfe DWokipd Pehd o PIOL 0SENSOT 4L EPERUEY 8603PE) to move
and perforns calculations to detect a conveyance
apount . The sub-scanning notor drive circuit 31
O R TR RS ol F6 oo~ G518 FoTabEoPit @
accordance with theconveyance anmount input fromthe
PIRF T SReAnFRYELect i on 301, so that the conveying
roller 32 is driven to rotate to nove the conveyi ng
belt 31 tBunthPeeserebedhposainopcntral ppestipped0l applies
speed. Furthernore, the main control section 301
arapht i efaant ACG e ashangimg chhterngd rohteuglBdat hAoughas
an AC bias supply section 315 so that the conveyi ng
ssbly 3detsicnI®I €0t kot benshasgedyidfepart n3zonsr ol
section 301 drives the sheet feeding notor 49 to
céﬁ%f@fﬂéEVQ&QQeacﬁQE?@dfeeﬁh@QmQPﬁoéoﬁffaf SEEEVLL 301

16. The nmin control section 301 drives the nptor

a£ 11905 SERUNLL O L S RL DU 0DE e 8N, T ECOVEL Y. HRERANI S M

o rotateée throug or driving
notor that drives the majnt nce_and recover
feeé£5g motor drfve cfrcuit ?Pg. The mafn congrol section

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-BOl 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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mechani sm so as to nove the caps 122 and the w per
bl ade 124 up and down and drive a suction punp (not
W@ bas32877 Furt hermore, the main control secti oPCBOR007/068484
control s the image scanning section 11 through a
scanner control section 318. ,The main control section
301 outputs required display™rnformation to an
depecatibansipanet 319 and takesohtpyhnkeyahbhatnakiedtion
therefrom The print control section 302 generates

cdataiforydryi pg %Betpaﬁggggetﬁsnsﬁaber1hQ§B @h%st%o a
[1quid droplets fromthe recordi ng heads 24 based

hEQS ﬁk%@é'c358ﬂh£h§2ﬂfg% g%g&%ged§§8téﬁﬁ 3818

e carri age posi conveyance gm)un

fron1the ar e sjtiondetection cir.cui 13 and
tERBoEERoe ahke araabRhy bRt oneh! Tofl pegpaelsioalial

transfer the above imge data to a head drive circuit
sagnajds (BapkaFigread) andndutpat $iket PARSFERATY| 66K, a

| atch signal, an ink droplet control signal (mask
tsagaébrrinandhehémagkedneaessdryeterminangféheimganhéer,
i mmge data and determining the transfer, to the head
tdrte nerdudirisdlcikpuadddRion, ThhedghitthibngoRheobrint
section 302 includes a drive waveform generation

c8getbonseempesaedosf iacPhA=c0RVALEQE QXv@EbQH Bahke&Rion
data of the drive signal stored in the ROM aré

ﬁ8gn¥8%b895daﬁ¥°%t§9% @gﬁbb?%@& bge%HEEﬁnEFttern data

i er e and drive wa orm sel ection

ogeggg EQQEeSEES%EE %thEé in the ROM are D/A-converted, a

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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waveformto be supplied to the head driver, and

generates a drive waveform constituted of either one
wa@lei08®33801 se (drive signal) or plural drive puPGEIP2007/068484

(drive signals) and outputs it/themto the head drive

circuit 321. Based on the se§%ally-input i mage data

corresponding to one |line of“the recordi ng head 24,

ofh&ob§agugﬁla§ €l£5?étd§8§lé€£e@ihﬂ@éYd@@Qb'eS“&Qﬁlum
drive signal constituting the drive maveforn1supp i ed

%68fé£9e é&f&m08§ f'"SSEt“QHa§92d£§%fe95'Y§m§ enEpts) ~

e plezoelecttic el enent” as scri bed above

t hat erates ener fo ejectl qui d_dr Iets
oY ¢ S RECPRcbRa: REL e ot s eohs EPp e  hoBe£vE
recording head 24. At this time, the head drive
wayeERF®- 321 can separately eject different S|zesof
dots such as "large droplets (large dots)," "nedi um
dropl ets Thedimagaof@ymin@rapsﬁﬁatuarpréng gumbl B
dots)" by selecting the drive pulse constituting the
confyvgunavedbor detdbesi thgerdvaniog appanat of hhwi agnveying
such a configuration detects the rotation anount of

rbheccoByeyhay apites BRetB8hvEyiMgSbENE 30NVEYyhBgobs! the
31, controls the driving of the sub-scanning notor 131

dkﬂv?ﬁgoégagﬁg Eﬁ hs&Qﬁngﬁﬁ E@grr9§§thﬁnaéegfaénc@ngath

appl i es rectangul ar-wave vol t age of p05|t|ve an
chgoaLiye. pal £ %8§;g%$§§£ggppgygsgflag Loe:ShgLoLI%uave
high voltage of positive and negative poles 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 iﬁ 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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el ectric charges are alternately applied to the
w@ewsmeyasmy belt 31 in the conveying direction PCEIT067/068484

in a belt shape, so that the conveying belt 31 is

charged in a prescribed charsﬁng width to generate a

non-uni formelectric field en the sheet 5 is fed

fromthe gheepf gadbRgssest hﬁeefmatggh't‘i?r eenb@weeey the
the conveying roller 32 and t e pressure’rol 0,

céﬂgeﬁé §ege99 Eheli YSVH g&tg% £h§£8?%B?H§°§&&h¥8 are

trve c are 0 genera
non- uglforn1e ect nstag aneously

epBFLFFZRA POt SIF Fhé gPrE@FPB SPTERE) oFBEPFF thereon.
field, adhered onto the conveying belt 31 by an

Tbﬁeéhﬁegtétwbeaﬁtpaéﬁtéﬁgféﬁc@ergﬁameénvéyéeparéﬁgd from
with the novenent of the conveying belt 31.As the

tbheebn$eysngnbel i Bieat| yteonvpyeddbhyt hbecerpeyahgng claw
belt 5, liquid droplets of a recording liquid are

39j efiledeOhertietshent Hikehaeger dofpeiythy EBBgESn 6 by
thereon. The sheet 5 where printing is perfornmed is

tggp@gﬁggylgbogbgmgrcggveylng belt 31 at its tip end by
the separating claw 39 and delivered to the di scharge

conveyi ng3e¢hbafcdeby ahilengonrexag okl 86r3Brning o

Furt hernore arin for ormn
otiESHE (b ﬁ%ﬁ%ﬁ%ﬁaﬁESrsﬁagﬁéi%3§e§aﬁ£&ﬁgﬁ.éﬁ?iﬁlmoved to
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,-thereby
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 recqrding 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
124 is 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



where the nozzle surface of the recording head 24 is
capped by the cap 122 to keep the nozzl es noisturized,
w0 b@sekeg7pr eventi ng an ejection failure due toPCTaP2007/068484
drying of ink. Furthernore, a recording liquid is
suctioned (this operation is_called "nozzl e suction”
or "head suction") where thézgécording head 24 is
1G2RPEdeRY s bherstct 0 289, MPhStHELZhAYnEaRPn1RgALNEOstable
performa recovery operation for discharging the
recording lLiquid increa Ln_Vi [ r,air
<hEE01 88 Prh o hatpeRobtr DS pkPePrETS hEaf 22 ot ade
124 is used to performa mﬁping operation to cl ean and
-emove t hCKhK HGREFFRY-BASt AESnB2SPeOLUPPACEGF ( ho
recording head 24. Furthernore, idle ejection is
pperespired BeParetitRecst Ahe eMbedimgnthefnthgl eresent
recordi ng i mages in which the ink not used for the
5 1ineentdlbng aspepgcemdtherehéi dheléjenki pmoreseiingr by25he
t hereby maintaining the stable ejection performance of
ihBger €6omilhgomBendd24heNett; dasicai pgtithes anerimdehefteof,
an i mage processi ng apparatus of the enbodi nent of the

iRr eAENE mhR¥eRLARngRaBpagRaNSE her eof | hal ftone
processing by the image formng nethod thereof; and a

di t her matrix.there iLn.the-i-mge f.qorm r at
TSt e SR pna s Shpp 1 FIGTREC AL E BOnRRAY 398% of
.image processing_fromthe scanning Qf docunent .i mages

L0 OB PP REE S SLPAL AT RD hharEe08 1Pee S EPR i Ate LTHGes by an
out put ther eof
10 image scanning apparatus (scanner) up to the output thereof

by an image forming apparatus Kprinter), the document image
data scanned by the scanner 11 are subjected to a scanner Yy
‘correction unit 411, an.RGB—éYUV conversion unit 412, a
smoothing unit 413, an edge enhancement unit 414, a YUV-—>RGB
15 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
20 .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

25 corrects the deteriorated data and enhances characteristics



by an i mage form ng apparatus (printer) , the docunent

i mge data scanned by the scanner 11 are subjected to
W@2®8asa8eT g correction unit 411, an RGB-" YUV PCT/JP2007/068484

conversion unit 412, a snoothing unit 413, an edge

enhancenent unit 414 a YUV- >RGB conversion unit 415,

a background eI|n1nat|on uni£2216, and an edge anount

fsg'sghﬂtbegeee'ttﬂézebp QEthBUEoCQﬁbﬁebéoﬂh%e%thQty of
SO as be corrected. Mre specifically, although

1@8§unenﬁggetg8t%mgégsagkergﬁg ag . "1 mage" data when

I'magesar & copi ed ang print-output, they may
be read |n a gnre de%erlorat d state than the dgcuneq%
dependi ngl6ntPReipBPfoFREREE TSPt RECSESRARS, Section 401
conditions (recording quality, stain, damage, surface
hgboBspCErSing FﬁﬁablgééuweﬁF CaHSEReap; k@age area
Accordingly, the input correction processing section
5 sdpdrevipactizithél8eter separetiedaranandgenhageegreas so as
characteristicsfor each object, thereby aimng to
tbnpeavechheadualrst yndf piaagesswianahheptiageésmate and
output. If the input correction processing section 401

mAREsPEQERSSiENGheapARLkl b¥eak! c62¥EeS clNasMBERR1BRA above.
separation unit 418 to separate scanning i nmage areas

_Mgggeggggl§9§gl§ ar%ﬁ%ﬁr%ﬁgﬂglﬂgckﬂéeaocﬂmg%toQ

hed € 1 nage areas correcte
e. M
i R S f’i?%%gf%&a

the i mage area
10 separation unit 418 separates 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 ériority.

15 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
20 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 pérforms
magnification processing in accordance with resolution; a
printer y correction unit 424 that performs input/output

25 correction processing reflecting the characteristics of the
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separation unit 418 separates the areas of characters
fromthose of pictures so that they are optinmally
wee@smessetd, because dots may be crushed if thePCT/JP2007/068484
characters are given a higher priority while the
characters may blur if the pictures are given a higher
priority. In an output procéégrng section 402 to which

a%%grgeﬁgegﬁﬁdugggg? g?&feQHBEHE foam LtheahBRUhe processing

Frrection processing section are I nput required

<Bho F2en “%Fiﬁd?ﬁéfgﬁgﬁghaat%a. Avs ERED) orBaahs (fdge aaca

col or.  system - CW color S rocessin
wEh LS SDPRAPTReREFADEETE T & kd8$FoF3§ﬁBePe%6883t§ﬁ Image
undercol or fromthe value of CMy; a magnification
foroéegshpgauALts423ALhpuplr PeENShRHGNANI E36i-0f, the dot
processing in accordance with resolution; a printer g
pebteent dehaunst p424tt hmbgpedhbrnebitapoetodnptithe halftone
correction processing reflecting the characteristics

ppbctbeapganatugiandedsenso paehererRceachasdaaniakf,t one
processing unit 425 including a dither matrix that

é@%@&%éd' %gsedateee%badt herBabhenn iar nangeErh ehen
ots eJected romthe I mage forn1ng apparatus

nozzE OSl 8§1h%m6|{sgrgl:§rd§n hgl %Ogﬁltetder %n%att%e?ls

prln nage data o ine one processing
are divided into data f ch _scannin steri zed
oBEPHby EPOREA SO ALA ER ??ﬁephlpﬁ S Thg, petion 302.
position where recording is perforned, and then
In the BG/UCR processing unit 422, the printer y

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 1is, resulting in the occurrence of
abnormal images. Therefore, the unit for image area
separation is required to have high proceséing capability

and performance.
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-rﬁﬂngg?e 103 FRECY

output (printer output) to the print control section
302. In the BG UCR processing unit 422, the printer ¢
W@ 0oB@sa87on unit 424, and the hal ftone processPCIRMOT068484
425 of the output correction section 402, the
processing is performed in accordance with the
_ separatlon results by the imdbe area separation unit

418. By t way, I 0 a e tion
by the i ge ar%ﬁ sepé |%§du%c%n§%§ Eﬁsg%eggéé
ortant I nfor i,on in per
CHR T BT %r%%%%%@ﬁgo%ft?ﬁepgﬁ%ﬁfm%BF?egF| 3p image
processi ng section 401 and the output processing
pEeees pinaoonral e esuf £, 2pf imAge rREAPEESHNT| Aageroller
area separation are wong, the processing wll be
haw omg| in pef f Dehent asrocessingesapabhyity theused, image
occurrence of abnormal images. Therefore, the unit for
al dRJCc Pl E&t BePakial chmakes edser ed patbave hagbhing,
processi ng capability and performance. Thus, high-speed

f@@Quéﬁ&gr§ﬁ§1§aﬁge 2h@a-REDPAL RE| D11 ARGOLY aflepRRdEasBd
thé pertormance of an i mage processing controller. If

grkio gef8£°8§§§hp9¥£8ﬂtf9gggit9ﬁ§'Eg Lnsubbighent

OCESSI n § use ar ea separ ation

nakes usge of 56 rn gglnﬁtPﬁ%Eg g hoWEisEg the

for cal cul ati on, resultln |n a_ renmar kabl e_reducti on
inptaliaksephpht anokmess Bfﬁé?sﬁéﬁa CRBREQ&L STt Raving

sufficient processing capability will increase costs of an

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

like.

Acdordingly, 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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installation of an inage processing controller having
sufficient processing capability will increase costs

w@hooan3ismage form ng apparatus, an i mage forn PQI/JP2007/068484

apparatus, or the like. Accordingly, the inage formng
apparatus aimng to reduce costs is configured to omt
i mge area separation and u3&only nini mum correction

adf fﬁ]ggg%?rgnjéﬁg%bfﬁ PEaK éggot b 004 20fHe Pagkgroundng is

" reover, t apparatus is required’to

use t di t he rocessin not the,error diffusjion

X GRRSLY nhi 905 R TYERE B blessPRa Ll SEORRE Re meRory for
hal ft one processing unit 25 of the output processin

cabet] ohiabo. DYREUPS ebent OF AIBR POnCPERL AP ndcE TRBES BY
hal ftone processing unit 425. A's shown in FIGS. 6A

pahredghoBcariendpf herdptbeessphgigoapdr é8Phedphiput In
multi-1evel inmage data shown in FIG 6A with the

thdreshotrdaidofushendptbeesmhhgj xoashoiva bhhEBkGhaiB, antl is
repl aces themw th the arrangenent of thedot pattern

r8§MeéNt bl Fer66rmThE1 i BEE ofr PEESELRINGSaehbEepREYal
| ight and uses only a small anount of nenory for

| qg§£9953£%8ﬂ’e998?u§8 sgetsnthEraﬁnQOEﬁei§N¢9@@raknagts

y palred conparison of a dither matrix and i nput

data. In th ffusi
RdranshPe; & PEHArY kot o BLAPaPRLED) A1 SFFOR FaLFBctrRg

a peri pheral uanti zati on_error '
aéﬁ@g;pggfdagggm?nation. In term%oo%si%ggge%%gqh%%,tQ%e

error diffusion processing is superior to the dither
processing in resolution, image reproducibility, or the
like, but it may not be used in some cases due to its heavy
workload in calculation and memory 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
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and ensure a nenory for maintaining an error val ue

even after the determnation. In terns of inage
w@e@Bi082877 t he error di ffusion processing i s SUPET/IRM00V(H8484

the dither processing in resolution, imge

reproduci bility, or the like, _but it may not be used

in some cases due to its heé%?‘morkload in cal culation

1ﬂegrf§PQﬁ%eCQ§£h tﬁ@ﬁﬁgEﬁlhélth§nQ'EQ@ECDE89%5§h@§ bépear;

used In.t copy node e noire caused

akPLEELST £0cE W it herdal BLLELN g8 decyet wi I

Spéci [ call through

6C, even | ta exi st on a,docunen

never be aéﬁeSAFBaruﬁF8§§S§ﬁegdaea brcEogspigien thto 2
threshol ds of the dither matrix. If data are regularly
canserfbated hgPseen RAndasmersadctment depradiagkosf a dot
dots by the dither processing will adversely cause the
geegubbiobhymethodh cHolwdvpossmbliyeappeaikead yntior eccEgr
exanple, if the dot docunent data shown in FIG 7A are

psubjeat edl1yowhbr dhthebnpeaceasedgthpet Hetdetthahd a dot
matri x having the parallel |ine basic tone, the noire

d6URed: b¥k8t gekar @ﬂceomotlhamsnpar @hhgl ikl BecBagkC the
tone wi |l appear, as shomn in FIG 7B, on an out put

cggggﬁt? é&r ﬁgeTB§tg %BnBE§E?§§Eggd8§g H% acco&dance

SSI a concentrate perse

(SR CSBRIIETR 90,8, 00 e gl g0 mLed. Loyt .,
cgggggngaggegntgggcgkggigm3ggygcgggnlsm parts between the
regularity of the concentrated-type dither and the dot
periods of a document, which will be emphasized as moire.

Accordingly, the dither matrix according to the
embodiment of the present invention has a configuration in
which the frequency characteristic of an output image
relatively increases from a low frequency component,
through an intermediate frequency component, to a high
frequency component in each tone level (from 0 to 255, 255
representing a solid image) so as to reduce the occurrence
of 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
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docunment are used in conbination. This is because the
concentrated-type dither concentrates dots in

wa@emenskante with a specific arrangenent. A s aPCEIRMN07/068484

regularity is caused also in synchroni sn asynchroni sm
parts between the regularity of the concentrated-type
di ther and the dot periods ©%%4a docunent, which will

spEcErpha Sfﬁgd?ﬁgan'éf ahCERp i PILY prige plbiDER B EhXw

enbodi ment eseht 1 nvention
has a confi gur at

ch_ the_fr n
LRV SR Er +8¢ F RS ?Oﬁhz%ﬁFﬁkta§ﬁ§g%n?e?H$|%é ensn% eS8l
froma | ow frequency conmponent, throu
fr%@@%ﬂ%ﬂlﬁP@PPP%aEeh%ytE%nﬁ%ﬁEﬁFaltBxg higﬁSf?BaaéﬁE§ from
conponent in each tone level (fromO to 255, 255
FE@Pr e8BnthnguahsBPi dthemfeyasenas cbaraatesishec of an
occurrence of noire and performthe dither processing
oGtptabirage shpjeopydnodethy whiléhogeodrocessing by the
reproducibility is obtained. FIGS. 8A through 8D show
dihﬁeErﬁgﬁgﬂﬁyaQBaféﬁhgrt§ttﬁeOEmbHBgﬁeﬂataf the present
(arrangenent pattern of dots) relating to tone levels

1RpRPi4h BecBls BOcLELGEnED cnd2dctElgstdE) 1nanditi0tne

respective ower spectrum (the square

S BEeRIRbE A g eREG! L %ﬁﬁfﬁ@"%ﬁ%ﬁ%ﬁ?ﬁ%@t‘l@e

conmponent in the_vertical axis. rent from FI GS
iparemPEagh 8D, atﬁewfﬁé388ﬁ8§ycﬁ3P88P8 5t|§r8Fg§E

out put i mage subjected to the hal ftone processing by
inhermediate frequency component, to a high frequeéncy

component. Note that even if such a frequency
characteristic is not seen in 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
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dither matrix according to the enbodi nent of the
present invention becones a frequency characteristic
WO poosls2sh7 t he intensity of a frequency conponePCT/JP2007/068484
relatively gently increases froma |ow frequency
conponent, through an interqggiate frequency
conmponent, to a high frequen —conpongnt: Not e t hat
p&YENa 1 b SHgD BakiEaHERAEYaShaKEEh €L hSELE. | $0NOt ASEEPpbBed
every tone level, the effect of the enbodi ment of tﬁe
resent | ntign e ' . SIC ' ULRS
St G T R SR R

havi ng t he, general | y-known bl ue noi.se _characteristic
ROl St fEqRanty FEREF SRR LR SYF cOoPREh BREbOF [hEgRT 2P
in which the intensity of a frequency conponent is_.
inppeesed %lFEQFFFéa&égzyléoﬂﬁ%ﬁenﬁ? ButPPt fapi dpylikely
i ncreases at a high frequency conponent with a certain
tbriequeasylyoapsngnedasoaabdondaeytagoshpagitaor| & ghe
More specifically, for exanple, in the frequency
debreachetr$ki haef aafdetjudncyneanpdhibnti ipsefemebéyt ba n-
prom nent specific basic tone pattern is seen, peaks

¥ k! cBRpegBRt At ed~at st B fhreqyencyrbands gere¢spegdergthan
to theperiod of the basic tone as shown in FIG 10. As

CGPLEEELach ERaUben-k e bhes UBETLEIRNRD | Beever,
igﬁ%b%?fggéhggcspﬁgg%gg %%gsghépg%skgglha¥hg§ %3%@ixaQS
overconcentrated on the side of higher frequencies, the
dither matiix will enhancé its 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
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
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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to be easily assigned to a docunent dot position if
the dither matrix has a frequency conponent

w@ progdzasabl y an nfold conmponent: n" is an i nt eRer/JR071068484
or nore) higher than the frequency characteristic of a
dot docunent. However, if the frequency characteristic
of the dither matrix is overggncentrated on the side

aPipbi gber £6eﬂl¥§@%1€é,a£@§ Abthest IBhT EXabtteeOBBRNEEOE
|ts characteristic of uniformy assigning dots to a

qdnit . engé‘ocuﬁe§§$% ncdge density of dots for

r €pr oduci ng of S existing as a cluster is

r educed. esul,t,. the c ncentration, of an_out put
oetu 1 fRe8 FER b EmEPRsE harindnaRt, AR-gHEREY
matri x according to_the enbodi nent of the present

chavaptebhsS hhS %¢¢%ﬁﬁ%@%q9@nEbec%ﬁﬁ@ﬁéﬁ?nFn°§oﬁ%ed85?§8nt
(that corresponds to the so-called green noise

izhenbtorr istusedhen pepyodneepar doradgrugentomairgwhardly
frequency conponent to an internedi ate frequency

ocoaponent the cepsodeced) imsgdeshowhednabd@e, 11Reiébyhe dot
making it possible to ensure the reproducibility of

abbempasi Le8 ShoflRt snandct heidensi kyphbeteaf toMehe dither
specifically, dots are caused to be sonewhat

pfgggsgiﬁgteg &Qﬂh?epﬁéggghépggésg qﬁQlEE?tthgh@r@@cument

at arac ristic of s can al 5o
l?rgaﬂgﬁgﬁg&ﬁa?38f8?$§?%%H§2cn?glnéh?g% guggg i REnthe
of the present
reproduced image 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
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invention is used to reproduce a dot docunent, noire
hardly occurs on the reproduced i mage shown in FIG H

w®2008/0823827 dot docunent data shown in FIG H A PGI/JP2007/068484

subj ected to the dither processing, show ng that the
i mage quality of the docunen§ is remarkably inproved
conpared with the quality of TTe reproduced i mage

pE%EW@IIE@%%é%n7@%t§@£§érapgf@9@h£Off$£féaéﬁﬁbangr128

and the subsequent |gures a description is made of

dﬁg?ﬁg | 6,0 @ FRRSL 8fngféé9“r@ﬁé°&og£ Lhe 96£9€£nt1y

rix accor |ng tot odi nent "of "t he present

t As d i bed th ith
AT A RS DR et Sre hESh vt S0 Bh of  RauEPe.

docunent |nage data according to the threshold

The revrefedt TPage8i tRerPAat¥PResSTRR %?o%h%n?%éélagsa fot
a docunment where dots are constantly arranged in the

i$i kedrpesedd aSimbewhhéngfresation apdrdPBatept eft Aadot
FIG 12A schematically shows pixel pitches in a

ateciihesd wbthi regelérbpyut ate08 sphightKspiatewidtreeunse
angle at 45), and FIG 12B shows hori zontal pixe

tPet 6868r £ &0ke PbE CHEEe WRER A SmAT Lol DPUL @L+tREP #RtYix has
relative to the nunber of Ilnes As apparent from

aFLE® s% fdagﬁr%ﬁgem@hEhQHQﬂ h%%g%ﬁgbeﬁMﬁe@h@Q& rst case,

are erent m each ot epen on the nu
d,_at

+ShebhfSFsvh - S5 BpoFeEURMENEY BqRRPIEEE R o
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
ﬁhreshold 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 nolisy tone réproduction 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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The tones of inmages can be expressed as the size of a

dot is increased. Since the generation coordi nates of
wa2aen3nre fixed with regularity, even a sli ghpCER007/068484

wi || cause the occurrence of interference noire if a

dither matrix has a thresholggarrangenent wi th

regularity. In the worst cas a total asynchroni sm
disbBredepunent imageldaga wehkebansawsadomessainesulbcal -

dots may not be reproduced at all. In order to solve

sbASeRr OBheRkhbh dkS aedUir-af gk BAVenkhRal Y ﬁétw'l%es 501
arrangenent including the part that necessari|

h h h hal
SPABBTEATEES ALt S0, OSUTEIL P00, ALt

have n eri dICI The dit matri x according to
afﬁéng og EF Sig ¥W8tﬁF8§§n58?nvention sol ves this

probl emw th randomess. However, the dither matrix

with sinpfe FahdoReRERT catiResdibhertmabeix is configured to

overconcentrated, resulting in a noisy tone
beepnoduqﬁh@nepaﬂﬂEhar Mhtisixi pompeseddt bér thet maxn matrices

according to the enbodi nent of the present invention,
hthengr gaspzedibiihey aabritke560bshavmicesFh@vihdA is

conposed of the main matrices 501 shown in FIG 13B

réﬂgohH§s§UbsBHEﬁb@e§h503b§bgwﬁebErEbgﬁ E3eGuency
constltutlng each part of the main matrices 501°so-

ﬁQ?Eckgﬁlgkﬁ@egaﬂabgoéagﬁﬁyh8E%QﬁﬁeﬁrS'b"'ty ina

arge sense an mess ocal” sense
ThreShO|dfna{ grégg edtﬂg £Q§ufalntgaé£ gayer élther or

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.
Thereforé, the Bayer dither is preferable in this respect.
Furthermore, if the sub;matrices 502 are larger in size
than ﬁhe main matrices 501, the randomness will become
superior to the dispersibility. Therefore, it is required
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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based on the rule of the dispersed dither and randomy

arranged in the sub-matrices 502. In this manner, the
waleaoRes28mat ri x i s configured to be an organi zePCHIR240&r068484

matri x conposed of the main matrices having

di spersibility and the sub-_A%Lices havi ng randommess,

so that the. above-descri bed equency characteristic

béBnabeoepsth¥enbtBENgdjatBnt hssbcmaerithe beQUl arht Yhe
of Bayer dither or that of other dispersed dithers may

ab6vaPRLsediboqt Pe1ARER HBL! I €8S PRRdoHOMEYREr $LNEEifched
ot docunent is based on a square dot arrangenent, It

d d
t#SaOSE&efﬁg!geBgéétﬁBS ngPgﬁéﬁg di ther 98,2 EEfﬁégncﬁot
of reqgularity be al'so based on the squar é t hresho g
arrangepent for easy. sypnchronization. Therefore, the
2 B5PBF BRE HRFSFSORrRREFADIER ATt APLS  GapREE. bY the
Furthernore, if the sub-matrices 502 are larger in .
cepbenghafnt A€ FRPnSHRTRAEESCED1702handadaemmBes @plve it
beconme superior to the dispersibility. Therefore, it
agsarpgtuteedofoconkeet he size of the main matrices 501
| arger than that of the sub-matrices 502. Although

t hr eshol dm asedenntodyevast gited ¢wetdenseb: ret 16£eSf dots
502, conplete randomess may cause dots to be

bOVREEANERB sabefat 0i FeHUSE2 | Mgt aual | 1) oFAES £8 prevent
because dots nmay be overconcentrated not only in one

tﬁ&bévéiééécégﬁﬁggi?ﬁ'§§e88£EE§Er5881§9538$QE the sub-

sub-matrices

matrices 502, a threshold is preferably assigned based on a
generation rate by circumferentially assigﬁed (e.qg., eight.
circumferential) 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 Bayeér 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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above-described related art, the randomdither is
swtched to avoid the generation of texture. However,

wo 2oodoszs7not assune the overconcentrati on of dPECEJIP2007/068484

caused by the conbination of the sub-matrices 502 and

does not solve it as a matter,,of course. In order to

prevent the overconcentration of dots between the
detubriahedcey b2 fotrhahgl weightahdeatt @ ighevedaldkat matrix

overconcentration of dots straddling over the .
ps4BRAbhCS . 902, taet Aaeshekd H%_Qh%f@ﬁ%%bﬁaqsﬁb@ﬂ%qon are

based on a generation rate by circunferéntially

' d.(,engr, kL0 Lr rential ) _t shql ds i

wB3ghaagdpieng . JBLoRhoCL! MkRLeALYl ) iREeShaLdS Lig

ancé with tone density. wever, éscr

i ith the di i x having the bl
hUEGEOTRL 3Bt LS Lher R DR Lhe BV o

not preferable as is the case with the concentration
tBe WeLghtiRgsatsthecRASetine ybRIFt Fh6r thseshpdd has been
reproduci ng docunent dots existing as a cluster is
apedgoed. (Abealedsubpperhmatgigednr LGon F36.ad 4But, patf a
imge wll be reduced. Mire specifically, where, for
genamplépnt hatd by3civbundtriexti@2 liys aasignged thtesh®lds is
i ndi vi dual Bayer main matrix 501, when a threshold is

adgskenedate pRopbRiLibaRY R RhePXohe bhesdat13rh! eelk, dot
the threshold as to whether a dot is caused to be

wienehal gdndtath8 PR £he3 QhaRp16LN€ne dot is generated,
because the sum of the weighting is “17).

In this case, the generation rate by
circumferentially assigned thresholds can be adjustable.
For exaﬁple, 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. Accofdingly, 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
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matrix attached with the mark * ) as shown in FIG 14B
i sdeterm ned by perform ng wei ghting at ei ght adjacent

woredosiosesposi ti ons (e.g., the matrices in the dPemyaread’/ 068484

position are weighted by "1" and those in the left,

right, top, and botton1posighggs are wei ghted by "3")

. Based on the sumof the werghting at the position
tWbesRol le thr aghelrdahas haem assigneshdithe. | efh UppeF words,
matrix in FIG FIG 14B) , if a generation rate by
tBbr syBtRRepi kakkyqasshaRgdtbhheshoLdschstand ¥eRhiBEed-
proportional to the tone or smaller, the dot wll be

e ' hi,s_e e h ' e t

R b nt T hATRA i 5 iRhab ol EER' B gne

case, _.the generation.,rate by cifc erenti al :
S e R TBASRRLALhg) A8 LHRCHe R HEPLBPeshPN dekbrpte

when the 50%tone matrix_is selected, the maxi num of
PERECHRTBARPAGIBY St RE SMRLAFYr BALLE DARLPDCcE3nHemmess .

(1 x4+ 3x4) inthe above exanple. Therefore, if
Thharebkol it 16 pakeibhentdopsebengehbeabwdraprecentibeation of
assigned, it is required to select matrices whose
deesghttwgesutthesstibi-ght ratesmahbeeisonyavehag®e khe above-
this case, however, the matrices where thresholds are
dassr9ped areqghkAtiedhataeeedingliy, it is possible to
allow a certain degree, e.g., three out of ten to

assign t i ' i.ng:

g rWﬁ%%T%%?fﬁg?%h§ﬂg@é§éfﬁ r?@ﬁﬁ@rf@%@@& uglﬁgglhe

is "10 or snm I'S mann e sub-natri x
dggﬂgkgﬁgggi%nthus configured according to the embodiment

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

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,
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.
Particﬁlarly, since a print document has an
inherent screen angle for each color of CMYK, the main

matrix 501 is rotated in accordance with the screen angle



10

15

20

25

such a manner that the threshol ds are assi gned based
on the generation rate by the circunferentially
w@z®snsesdt hr eshol ds in accordance with tone dePGI/iB2001088484
ot her words, the sub-matrix is designed to have a
constant prohibitedrule arrgﬂggnent (in which the
generation rate by the circunferentially assigned
sé htlesbote sépubdubebalityppedebesntafdbeak@reher enhanced
smal l er) while having randommess. Thereby, it is
£pPSShbhect oo prevent the overconcentration of dots
bet ween t he sub- natrices and easily achi eve the

abovedesGAl oL LEMIOTEY SIAEACLErESHLC Mt bl 1 on

processing 1s pert orne matTi x

R e R

each plate_of CMYK where an inmage is to be outp
tm%mé%%?rS?hé epteraftBRt RAYi AONReANsEBFecl 68 @a ¥héch

di ther processing are likely to be overlapped with
thoetholéerare réeepsatpvsassi@wi, @ibrchacbutdlpossiwbeyeby

generate col or nmuddi ness and reduce granul ar feeling.

tHéeseépl @ppihgi of peetkerablert ofudeta diuhf beepetdunasl.
for each color of the plates. For exanple, as shown in

e Eulafiandi 458; HherarspngenBnte9edst fhet BeqBRI Bf C
matri x 501 1s changed (here, the matrix of FIG. 15A is

aﬂﬁtﬁteghgy 89tt9eﬁgﬁﬁégetQ% %%hk. y%&szer ont la o%OY and K,

er eby na e it possible to great

sg§51{§%éogoord éroéuggggegor each col or.

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 drpplet (or the
density of ink to be used) as shown in FIG. 172 and
generate a multi—&alued dither matrix for small dots,
medium dots, and large dots to which wvalues for each tone
section are assigned, as shown in FIGS. 17B, 17C, and 17D.

Furthermore, some liquid~ejec£ion—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 solving bi-
directional color difference and aiming for high-speed

printing. The symmetrical arrangement here refers to a
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Particularly, since a print docunment has an inherent

screen angle for each color of CWK, the nmain matrix
w®GRmsH328rot at ed i n accordance with the screen BODIESG/068484

that the reproducibility of dots can be further

enhanced for each color. Fur Sgrnore, as shown in

FIGS. 16A and 16B, the normallFy-ordered matri x shown

cbfEhEratbbni sncarbiched1wirkh hBeznevarsahy- ebdpoadd of
matri x shown in FIG 16B in which thresholds are

pi§¥§i3§b¥z§§§i99§gngE8riﬁaEHeCQLBLscﬁggg%?g8&Q%gtion are

over | appi ng of each”col or of dots can uce

icul arl sl referable.to reverse the order of
= EPEhE T, Fnenbei A BREPRIDE BitRarantey St B Thie Spezte
Y and ,.sensitive to col or _nuddi_ness. Moreover, when
afﬁ@yaighéF ﬁﬁ?FFxt§308?@Fn§°98rtﬁ§ effo@rReREOYiOeRe one
present invention is applied to a nulti val ued dither,
OthP§ep6§§F%Pe3Féa§éttgaFeEﬂ@é@cﬁidﬁfﬁéﬁ@n§e§Pﬂ9ﬁ o ink
accordance with the size of a droplet (or the density
apé pnkvidebebeswdnashshowmzir ErGays7Ahandegjener ahe aame
mul ti-valued dither matrix for small dots, medium

c6db 8, oindnkar gaddavszie whireksvahuesefecteask tame color
section are assigned, as shown in FIGS. 17B, 17C, and

o§7£hkFHEEhgyﬂﬁégriégﬂﬁylEQBBQF@HGSEBQQ'%ﬁg%xﬁg?%%Fgogonal

form ng apparatuses have nozzles at hi gh densi

cBethar i ACOEdLATNG! bR GYRLI LY. Among the
appar at uses, ere-ls

For example, when a head in which nozzle 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
overlabped 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 §rder of yellow — cyan for
the forward direction and in the order of cyan — yellow for

the backward direction, thereby causing stripe color
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one that has nozzles arranged therein in color
symmetry to perform bi-directional recording, thereby
w@eiosioses7bi directional col or difference and aPei/mRpoé168484
hi gh-speed printing. The symetrical arrangenent here
refers to aconfiguration in_?QLch pl ural nozzle arrays
conposed of plural nozzles arranged in the
ufidbenaassi Agvihgeat Hoffarenar canged tiohet.he main
scanning direction, two or nore nozzle arrays that

ej ect thersafeyep! 05 9b1v8ktAECLPERYEAEd; 0N PELIRER] to
nozzle arrays that eject a different color of 1nk are

(,ded e nezzle.akr at._eject ane
TR R T A S R e
color qof ink.are._s nne&ricall arrangs% about an axi.s
CBIPREGENSE POUERE MRPALECaARTAGIES, &8t (F8f. SEprsScanning
exanpl e, when a head in which nozzle arrays of each
dé8P6F 1are 2r8spEERRIE Y 18r fa/gE@ 1N SCRENgPgndilggetion, two
direction (e.g., a head in which nozzle arrays are
oar mamgedozaleherorpger tbhtYRMIKLti $hesedmeo cpdrofroofi ink are
bi -directional printing, bi-directional color
pibof/fi geancands oaausedmb@ etz 1at aa rpgist thiaer @ jplatr al
recording liquids are overlapped with each other. In

dereeend £8¢8kdbRJ i hikqUrds pRbvYelelOWerRd Y @M eS A dA2Alke
they are overl apped with each other, color tones are

oTRFgitbeg Sfbedounaduaeon e il ocers, |
Wil be epgcted. aren L0esh8eR fhngrBeadsl nivhieh  csiple
to eject the recording liquids so that they are overlapped
with each other in the orders of C > 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
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
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

configuration in which plural nozzle arrays composed of
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the nozzles of each color are respectively arranged as
shown in FIG 18 is used to perform bi-directiona

wW@riosn328g] droplets will be ejected in the ordeCT/@if2007/068484

yellow - cyan for the forward direction and in the
order of cyan - yellow for the backward direction,
t hereby causing stripe col orunevenness having a
pllutéereorztekoartranged| hnotHer stb-sohiaihbedprebkesn are
it isrequired to enploy a configuration in which
aPLah@bd NV Zt Be ahh B Ss6QARPR8UdOFcBLYEA] BRBZL8Smore nozzle
arranged in the sub-scanning direction are arranged in
cak g r 0 rsapr 0 ; ay
Ry o L e Lt e e P o AR S BB bPLREE e
or_nmore nozzle_arrays,that eject _a different color af,
of OBF enPhlr cafiEbEY nehRE: REtRE, 21 aEFPESEE, RATOE) ad ik
the sane color of ink, For exanple, as shown.in FIG
ayg Previdedotefweent 6hej BeEzt ReaFEesfdiRgt| P4Grlsths same
that they are overlapped with each other in the orders
ceotor of ¥nks apf|nggzye-srrayeghhdtesseot the semgardlor
and backward directions with the configuration in
ofihivh &he symméeracadyg dhatnegdchibbnk ah Exasdolktabgonal
arranged between the nozzle array that ejects ink of Y
to FHEtREIADEEanhingSAPessthbbr.t0 €j ect the recording
liquids so that they are overl apped with each other in

the orderg,ofe Mimple aSa yRIlo@s M -rET e8@T dlgssnof .1 be

forward and backward directions. Thereby, if is

arrays that eject the same color of ink are symmetrically
arranged about an axis orthogonal to the main scanning
direction, i.e., the nozzlé 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 célor 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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possi ble to performbi-directional printing while
i ncreasing a color reproduction area and print out

w@ 081032871 nt ed matter having a | arge col or repPOHIR0710$8484
area at high speed. Furthernore, it is possible to
enpl oy a configuration in mhégh plural nozzle arrays
conposed of plural nozzles arfanged in the sub-scanni ng

pHbtecytep are) acaangedoi Pet isedRi NTEEARBENGFAE HRCHhROANG a
two or nore nozzle arrays that eject the sane col or of

lb@kcéigrpagﬂég€9’mQE@soitn85§SQBZélﬁo@r6§¥§ tBat neirgke a
different color of are provi ded between the

cgféflge E&gﬁét%ﬁgta§é50tb§E aignggg 2rof Fﬁébg?gginted

ozzle rrays that ejett e sane col or 0

arranged a an axis qrthqgonal to the

AAPRE o@ nﬁfiﬁéhdgrae?faﬁ 2281 180.05) Bedheedhomn i 0 FI &

20, the nozzle arrays that eject the same color of ink

are symeths carage a%lqgwgw R s @ sing t Hegonai gk o
the main scanning direction, i.e., the nozzle arrays

dameiavrangebe$nanﬁeSEMMetrbtaC nokkleaadryngemeaki mgll

on K, so that two or nore colors of ink can be

heyechrdinorasséq beloudatappedovklbagasbcatiber itnian
arbitrary overl appi ng order regardl ess of the forward

réfdi bagkver grote86thoge HehsMRyedsehoks. hI?ﬁrgagedlt
iS possible to performbi-directional prinfing while

HORLELDPI Ngra hUTEPShe! BELERSENNGOLOEnECPRRIUSELAR ALER: «

according to the embodiment of the present invention makes
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 aé 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
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and print out color printed matter having a | arge
col or reproduction area at high speed. Moreover, as
wabsn3asm? FI G 21, ink of yellow, magenta, cyaPCT/@red07/068484
bl ack having a | ow color density, namely , ink of
photo yellow (PY) , photo nagzgta (PM , and photo
cyan (PC) can be used, besid normal ink of yell ow
thd) imagByesERih p§¥§ﬁu§C)theaﬂﬁfgkﬁﬁkleﬁ) roce551ng
Furthernore, in ?photo gray (PG can aiso ge used

%§9r3g§603ekgk §¥'ngér50%609h8r ﬁsgé' §§§ngt

SSI not only to I ncrease pro ucti

0 f
oS B LR gL e ot oL
appar at us havi ng such hi gh density nozzles and

1§VﬁﬁE%PPEaI nozzl e arrangement will have an increased
cal cul ati on workl oad because it is required to process
hi gh densTuythreroze, ighlspekeh poweikle theswat¢l obke
processing using the dither matrix according to the

helbodnaeptooésthagpnesegt thavénthen makesxi tcposdibheto
to reduce the cal cul ati on workl oad, ensure a

tReocaBsHNgefipeed, tpRdpachbavei At 860F¥bhOAal ftone
Furthernore, the dither processing using the dither

prEééélﬁﬁcgggh gatelkﬁsréHPOQhHEEE HBtEEQ pr?ﬁgetéuf there

I nventi on can be not onl Yy |nsta [ed as hardware

8! 591 £0SALPBEREEITALOAALBRLALEL HULKSE B8a3PLO9(RPLe

one pr cessli ng

gcrlbed above.
with respect to continuous tone document images, although

it is inferior in reduction of moire for dot document
images and calculationrwprkload. For example, as shown in
FIG. 22, the halftone processing (first halftone
processing) using the dither matrix according to the
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.
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

the embodiment, but variations and modifications may be



Accordingly, the cal cul ati on workl oad can be reduced.
Particularly, a conputer can be nore quickly rel eased
WO e@s03e8pT i nt t ask when the dither processing PGI/JP2007/068484
applied not only to the processing of the inmage
form ng apparatus havi ng the ﬁopy node as described in
t he enbodi nent, but also to the imge formng
magpawathsuthdepprinhg dremouhpuksopbeocitmage gatachrom
the host. Moreover, it can also be applied to an
iheEAEMBLI on processi ng apparatus that outputs print
data tothe image form ng apparatus (the information

Sﬁgﬁiiil N ORI MR B A itk Q&‘n%@@%%
PEOSE bl o P8 ERFEARP N h AT IoGe et 1A U8 rgephenber 16,

dither nmatrjx according to the enbodi ment of the
2PPesetit thnbBRt PBR2PFEM RAFFRENBLfi6EessPRgensing gontents
different dither matrix. That is, there is halftone
O§rwbé§biﬁgeehabebngiachrgheatqdabwtyeéampupemﬁth
_respect to continuous tone docunent inages, although
it is inferior in reduction of moire for dot docunent
I mges and cal cul ati on workl oad. For exanple, as shown
in FIG 22, the halftone processing (first halftone
processing) using the dither matrix according to the
enbodi nent of the present invention is selected for a
copy node (and a facsimle node) in which use
frequency of a dot
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docunent is high, while the other halftone processing
(second hal ftone processing) is selected for a printer

wOore@s/03287Whi ch t he conti nuous tone document i SPCHIR0Y7/068484

used. Accordingly, it is possible to perform

hi gh-quality image reproducghgg. These processi ng can
be switched automatically in‘response to the node

sel ection or in accordancecwmntrtimsusers' instructions.
Further, the present invention is not limted to the

embodi menty, BWt YRR RS sAN gTRGhi-GR L0 4 Yerforms
beitiade wi thout departing fromthe scope o f the

nBaesent L;gts%efs!sg;y-g T8° Bl eReah e ARPLLARY OB LAY e

apanese Priori Appl i'cation

on Septenber 16, 2006, with the Japanese Patent
tBPp CBaGEn G2t n FFE CORMEREEORTHR QHWETS YRLHERy (N-value: M
incorporated b y reference. CLAIMS 1 . An inmage .
>pNoee§éiﬁ@aaﬁpéﬁéﬁUQYtwéﬂnseﬁféﬂﬁ@eﬁamﬁﬁéﬁé,pw®@é§§mng

in which input multi-valued (Mvalue) tone i nage data
are convetheddither owtrivalised (twdkuerheMe>aN inZzensity
i mage data by using a dither nmatrix, wherein the

odi thétemakhicy ichazathbriistWaebE an oNLensi tiyhadk aelatively
frequency characteristic of an output inmage relatively

1hBeEaases rirbAMaa 1beWiHeeddarey coapraBanrt . thiHoRugh an
i ntermedi ate frequency conponent, "to a high fréquency
1heERARARL e frequency component, to a high 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 accofding to

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

1, wherein the dither matrix is an organi zed dither
woredosiosesconposed of a nmain matrix havi ng di spePGI/irA0071068484

and a submatri x having randommess. 3 . The inage

processi ng appar at us accordng_to claim2 , wherein

the main matri x having dispersibility is a Bayer

matri x. 4a.tHbheshobgeipr asesghag appahat gabanedkdiknBased

toclaim2 , whereina threshold is assigned to the

oRUR- gBhErXthenedaPl ByJsNeL atiRRerahei1BY19 assigned
circunferentially assigned threshold in aCccordance

| e:densi he, i i ng appar at us

t%%%%?%?ﬁgl?ogé#%¥%$§c? &EgPegﬁgghggﬁgﬁﬁﬁéne processi ng

Is perfornmed using the dither matrix when input data

contain a dot image and the hal ftone processing is

performed_using a different dither matrix when the

i nput dat a- d6PRotMRERt RFACESAdNTi ARGaArabus ACEP&giam to

t hat causes a conputer to perform hal ftone processing
ciaimhlchwhepeinnul ti-val ued (M val ue) tone i mage data

are converted into |lower-valued (N-value: M> N > 2")

I mge dat aheshayifaodet heoceaking, ithpepfogmnat 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.

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

an ihtensity of a frequency characteristic of an
output image relatively increases from a low frequency
componeﬁt, through an intermediate frequency component, to

a high frequency component.

7. The program according to claim 6, wherein

M
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causi ng the conputer to performthe halftone
processing using the dither matri x where an intensity
w@booa/0sasenjuency characteristic of an output i NegBEIP2007/068484
relatively increases froma | ow frequency conponent,
through an internediate fregyency conponent, to a high
frequency conponent. 7 . The program according to
claim6 , theedeihekemdiirher igathi ¥rigandkedr gafhzedmatrix
dither matrix conposed of a main matrix having
cEhppseai Bl bt yadRdmat sURMALLEXghaY5PE r53RdeARES8nd8a: sub-
The program according to claim7 , wherein thé nmain

m%ﬁ}{QXhQ@yhagrghagﬁaggg[Iity is a Bayer matrix. 9 .

e programaccording to claim7 , wherein a threshold
Is assigned to the sub-matrix based on a generation
rate by a circunferentially assigned threshold in
accordance with tone density. 10. The program o
accor di ng8t o TBRaPKPET AN aGSPAREIPHe tRarCLBdRe Tor HBEESIAG
to be performed using the dither matrix when i nput
dat a cont &he madot mphugs havinpedhabkrenbiphityessi agBayer
to be performed using a different dither nmatrix when
méheiknput data do not contain a dot image . 11. An
i mage form ng nethod that perforns
9. The program according to claim 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.

11. 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



hal ft one processing in which input nulti-val ued
(Mvalue) tone image data are converted into
wo owe03282f ued (N-value: M > N > 2 ) inmage dat aP@yJRee) 8484
a dither matri x and thatcauses a liquid ejection head
for ejecting liquid droplets 50 eject liquid droplets
so as to formimages, mherei% the hal ftone processing
chasperorngdigséngct hendheher ront e ¥cwhfge1@guid droplets
intensity of a frequency characteristic of an out put

tbMBYect el aghve! Yrbpeeessss L5omyarbeW {h8QUENCY¥herein
conponent, "through an internedi ate frequency

component 0 ' f oppo o A_dith
i i thaeecyer P REVEREY E TR RE bR 0n, By Shbnghe
diﬂa e data,into |l ower-val ued, (NvaLue: _ M > N > 2 )
11RG5 BAtAI* WRRFEPNoRhEnBFRRLFY naf r fXEFETHCRAYT i x
where an intensity of a frequency characteristic of an
5 chyrputerhabicrefagnveniPihciBagesretahivelywincegasasyfrom
conponent, through an internedi ate frequency
a cbapoheatuenoy achingbnéntguehcyugbngonéntermediate

frequency component, to a high frequency component.

12. A dither matrix that converts input multi-
10 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 relatively
increases from a low frequency component, through an
15 intermediate frequency component, to a high frequency

component.



